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Foreword

This a long road knows no turning (Sophokles: Ajax)

In the “sleepwalkers” (1964) Arthur Koestler
remarks that “I mistrust the word progress and much
prefer the word evolution simply because progress,
by definition, can never go wrong, whereas evolu-
tion constantly does and so does the evolution of
the ideas. Indeed, it is fascinating to observe
throughout history the evolution of quite a few “rul-
ing” ideas , moving from gradual acceptance, to
popularization, vulgarization, overextension, col-
lapse and disappearance. At the height of their
importance, some of them are so generally accepted,
that they become the spirit of the time (the famous
“Zeitgeist” in German) with all of its societal conse-
quences, masterfully characterized by Virginia
Woolf (1929) saying that “what is amusing now had
to be taken in desperate earnest once”. Other ideas
may show a markedly different evolution; as Jean
Monnet (1978) emphasized in his Mémoires, “When
an idea corresponds to the necessity of an epoch , it
ceases to belong to those who invented it and it
becomes stronger than those who are in charge of
it”. In fact, such an idea may become stronger than
political power by developing into the common
property of humankind ; it may deeply influence the
spiritual content of an entire era and may resist the
historical forces of destruction for a long time. In a
few, rare , cases a new idea becomes exceptionally
strong, when – in addition – it is generated as a
response to powerful historical challenges by some
new realities. The ageing of populations presents
such a challenge. It is a fundamentally new and
unique problem in our history, with no previous
analogies. Hence, people and their governments
have not had yet enough time (and/or courage?) to
consider the necessary - and in part fundamental –
socioeconomical and political adjustments needed

to meet one of the greatest challenges of the 21st
century, which will profoundly affect many aspects
of our life, social institutions and perhaps even eth-
ical values. The Population division of the United
Nations Secretariat estimates that last year (2006)
some 11% of the global population (688 million
persons) were aged 60 years or more and 13% of
these persons were aged 80 years and over. The sex
ratio of those aged 60 and over was 82 men for 100
women and among those aged 80 years and more it
was 55 men for 100 women. Life expectancy at the
age of 60 was 17 years for men and 21 years for
women. The Population division projects that by
the year 2050 , 22% of the world population (or
almost 2 billion people) will be aged 60 years and
over and that 20% of these 2 billion persons will be
aged 80 years or more. The United Nations also
point out that, by the year 2050 – for the first time
in our history – the population of persons older than
60 years will be larger than the population of chil-
dren (0 to 14 years of age). Humankind is growing
rapidly and it is ageing very rapidly… Fortunately,
scientific knowledge is growing even more rapidly .
In 1830, Alfred Tennyson still could say with some
justification that “Science moves, but slowly slowly,
creeping on from point to point ”. However, by the
mid-fiftees of the 20th century it was recognized,
that science progresses in proportion to the mass of
knowledge that is left to it by preceding generations,
that is under the most ordinary circumstances in
geometrical proportion (F.Engels, 1963). The same
year Derek John de Solla Price has put this progress
in a proper perspective: “Using any reasonable defi-
nition of a scientist, we can say that between 80 and
90 per cent of all scientists that have ever lived are
alive now. Now depending on what one measures
and how, the crude size of science in manpower or
in publications tends to double within a period of
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10 to 15 years”. This was 44 years ago and nowadays
it is often said that today the amount of new infor-
mation tends to double every 6 to 7 years…. And
when the amount of new information increases so
rapidly, the perimeter between the known and
unknown also increases and opens new avenues
for fruitful investigation. If I am allowed to quote
another forword written more than 400 years ago, in
the Preface to De La Sagesse, Pierre Charron
remarks that “La vraye science et le vray étude de
l´homme c´est l´homme” (The true science and study
of mankind is
man). This will particularly be true in the world of
tomorrow, where the octagenarian populations will
grow most rapidly of all groups and lot of new infor-
mation will be required on their pathophysiology
and optimal medical care.It is said, that Leonardo
da Vinci was the last scientist in history, who still
could grasp the entire body of knowledge of his
epoch. I doubt very much that there exists any med-
ical scientist today, who could claim to grasp all
medical knowledge, or eventhat of any major disci-
pline, the Study of the Ageing Male being no
exception. It is sufficient to look at a few of the
almost 60 excellent articles of the present textbook
to be convinced. Science is organized knowledge, said
Herbert Spencer; therefore, a textbook will always
represent an important contribution to the body of

contemporary knowledge, particularly, when it
contains so many carefully selected articles, as the
present textbook. In fact, when the perimeter
between the known and unknown rapidly increases,
it inevitably results in increasing specialisation and
in the establishment of new disciplines. The estab-
lishment of a new discipline for the Study of the
Ageing Male slightly more than a decade ago, was
considered then by some medical scientists as a
courageous innovation with a somewhat uncertain
future. Few, if any of them would doubt today that
this discipline has come to stay and for a long time,
since more and more evidence is forthcoming to
indicate that many aspects of ageing are gender spe-
cific, like the localisation of certain receptors in dif-
ferent tissues or the functions of the blood-brain
barrier. Therefore, an in-depth study of the various
aspects of gender specificity is likely to lead to
improved diagnostic and therapeutic methods for
ageing populations. Therefore, as Shakespeare says
“What is past is prologue”. Last, but not least, I feel
that the scientific community ought to be grateful
to theeditors and contributors of this Textbook.
Their effort should remind us that the acquisition,
critical evaluation, systematisation and dissemina-
tion of positive knowledge are the only human
activities which are truly cumulative and progres-
sive (George Sarton, 1930, paraphrased).
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1

INTRODUCTION

History of research on the
aging male – selected aspects
Michael Oettel, Sergio Musitelli, and Dirk Schultheiss

Doubtless, in all periods of the history of mankind
the possibility of prolonging the life of the man
including the preservation of his masculinity has
claimed more attention than the treatment and/or
cure of, e.g., specific infectious, cardiovascular,
mental, or tumor diseases. This interest was also
often greater than the impetus to find new ways for
the treatment of women’s diseases – at least in patri-
archal periods. In early primitive civilizations,
erotic matters including those of aging males were
of prime importance and became an integral part of
life. According to Hippocrates, old men suffer from
difficulty in breathing, catarrh accompanied by
coughing, strangury, difficult micturition, pains at
the joints, kidney diseases, dizziness, apoplexy,
cachexia, pruritus of the whole body, sleeplessness,
watery discharges from the bowels, eyes and nostrils,
dullness of sight, cataract, and hardness of hearing.1

The history of research on elderly men’s health
reflects most parts of the broad cultural history and,
therefore, an attempt to press this field into only
one chapter of a textbook is at the beginning an act
of despair. Additionally, the story of the ‘fountain of
youth’ for males is also the story of wrong ways,
blind alleys, hasty speculations, and of charla-
tanism. Christian Wilhelm Hufeland (1762–1836)
characterized the unsuccessful attempts to prolong
life simply as ‘gerontokomic’. Furthermore, describ-
ing our object in ancient times we are often unable
to distinguish between historic facts, mysticisms,
and mythologic or religious interpretations.

Here we can discuss and reflect only selected
historic aspects pronouncing the endocrinologic back-
ground of hypogonadism and testosterone therapy. For
more historic details, see references 1 to 14. 

Obviously, the highly sophisticated molecular
pharmacology of androgen action substantially
improved our knowledge of the molecular biology of
endogenous signal systems in the second half of the
last century. Nevertheless, there is still a certain sus-
picion in some quarters about androgen therapy.
Why should that be so? A look at the history of
testosterone therapy in aging men shows remark-
able scientific achievements, but often, however,
also a great deal of speculation and many dubious
practices. Already John Hunter (1728–1793) per-
formed testicular transplantation experiments while
studying tissue transplantation techniques in 1767
and, almost a century later, Arnold Berthold
(1801–1863) linked the physiologic and behavioral
changes of castration to a substance secreted by
the testes. He wrote in 184915 ‘Da nun aber an
fremden Stellen transplantierte Hoden mit ihren
ursprünglichen Nerven nicht mehr in Verbindung
stehen können, und da es, …, keine specifischen, der
Secretion vorstehenden Nerven giebt, so folgt, dass
der fragliche Consensus durch das productive
Verhältnis der Hoden, d.h. durch deren Einwirkung
auf das Blut, und dann durch entsprechende
Einwirkung des Blutes auf den allgemeinen
Organismus überhaupt, …, bedingt wird.’ Summarizing
transplanted testes affect behavioral and sexual

Lunenfeld Introduction.qxd  8/23/2007  4:48 PM  Page 1



characteristics by secreting a substance into the
blood stream.

Aging as an endocrine disorder?

The earliest contribution of modern medicine to
the understanding of the clinical features of a disor-
der related to the beginning of aging was the article
‘On the climacteric disease’ by Sir Henry Halford,
which was read at the Royal College of Physicians
in London in 1813:16 … ‘I will venture to question,
whether it be not, in truth, a disease rather than a
mere declension of strength and decay of the nat-
ural powers.’ He seems to be the first to connect the
term climacteric with the symptoms observed in
some men between the ages of 50 and 75:
‘Sometimes the disorder comes on so gradually and
insensibly, that the patient is hardly aware of its
commencement. He perceives that he is sooner
tired than usual, and that he is thinner than he was;
but yet he has nothing material to complain of. In
process of time his appetite becomes seriously
impaired: his nights are sleepless, or if he gets sleep,
he is not refreshed by it. His face becomes visibly
extenuated, or perhaps acquires a bloated look. His
tongue is white, and he suspects that he has fever.’
Halford pointed out that this disease had been over-
looked so far: ‘We find it generally complicated with
other complaints, assuming their character, and
accompanying them in their course, and perhaps
this may be the reason why we do not find the cli-
macteric disease described in books of nosology as a
distinct and particular distemper.’ Interestingly,
concerning the etiology of this climacteric disease,
he drew no connection to the testes: ‘It is not very
improbable that this important change in the con-
dition of the constitution is connected with a defi-
ciency in the energy of the brain itself, and an
irregular supply of the nervous influence to the
heart.’ The therapeutic options were rather limited.
‘In fact, I have nothing to offer with confidence, in
that view, beyond a caution that the symptoms of
the disease be not met by too active a treatment.’
And, after suggesting ‘local evacuations’ and ‘warm
purgatives’, Halford came to the conclusion: ‘For
the rest, “the patient must minister to himself ”.’ 

‘To be able to contemplate with complacency
either issue of a disorder which the great Author of
our being may, in his kindness, have intended as a
warning to us to prepare for a better existence, is of
prodigious advantage to recovery, as well as to comfort,
and the retrospect of a well-spent life is a cordial of
infinitely more efficacy than all resources of the med-
ical art.’ And this was just the opinion of the
90-year-old Cephalus at the very beginning of the
dialogue ‘The Republic’ of Plato (428–348 BC).

For unknown reasons, the term climacteric was
not used again in relation to the aging male for
more than 100 years, although the problem in gen-
eral was discussed by other scientists, as demon-
strated, for example, in the studies of Charles
Edouard Brown-Séquard (see below). The French
physician Maurice de Fleury reactivated the topic in
1909 with his contribution ‘Sur le retour d’àge de
l’homme,’ a condition detected in males ‘de quar-
ante et quelques années.’17 In addition to the clini-
cal symptoms, he found significant changes in the
genital organs of women. The thyroid gland was the
main cause of the disease in men: ‘Pourtant, il est
une autre glande à secretion interne qui me paraît
jouer un role dans la genèse de ce faux retour d’àge:
je veux parler de la thyroid’.

In July 1910, Archibald Church, professor of ner-
vous and mental diseases in Chicago, Illinois, USA,
published his article on ‘Nervous and mental distur-
bances of the male climacteric’, not citing any of the
above-mentioned works.18 On the other hand, he
gave a detailed review of the literature dealing with
the issue of certain symptoms that might occur in a
‘monthly rhythm in men’, e.g. variations in weight
and temperature, frequency of nocturnal emissions,
hemorrhoidal flux, or attacks of cardiac asthma. He
even refers to the earlier ‘Selected papers on hysteria’
of Sigmund Freud, who wrote ‘There are men who
show a climacterium like woman, and merge into an
anxiety neurosis at the time when their potency
diminishes.’ Church continues with his own descrip-
tion of symptoms observed over 10 years at the ‘invo-
lutional or climacteric period’ of his patients between
the ages of 50 and 65: ‘the particular interest of my
subject does not pertain to the insanities, but to
minor psychoses and neurotic disturbances. These,
one and all, however, have mental background.’
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In October 1910, the German physician Kurt
Mendel19 and, in response to Mendel’s article,
Bernard Hollander20 from England both published
articles entitled ‘Die Wechseljahre des Mannes
(Climacterium virile),’ claiming that they were also
aware of this clinical entity and had treated patients
over the last decade. Mendel’s father, a well-known
university professor of neurology, had already used
the term when dealing with such in his lectures.
Although Mendel and Hollander approached the
problem from the point of view of neurologists, they
both agreed that the involution of the testes is the
main pathomechanism responsible for the climac-
teric disease that can then be influenced by other
factors:19 ‘Sehe ich somit die Hypofunktion der
Keimdrüsen als Grundursache des beschriebenen
Krankheitsbildes an, so können daneben aber andere
Momente in Betracht kommen, die als mitwirkende
Faktoren bei Auslösung und Entwicklung des
Leidens anzusprechen sind.’ Despite organotherapy
with ‘Spermin’ and unspecific treatments like cold
showers and faradization of the body, Mendel sug-
gested psychotherapy as the preferable and most
successful therapeutic modality. Furthermore, he
discussed some forensic aspects of the climacteric in
males. As is the case with women, a higher rate of
criminal acts – mainly consisting of insults towards
others – is to be expected in the sixth decade of
man’s life and this circumstance should be kept in
mind by medical experts who are asked for their
professional opinion in court.

In 1916, the dermatologist and sexologist Max
Marcuse from Berlin drew a connection between
the ‘climacterium virile’ and some urosexual distur-
bances or changes of the prostate making his work
of special interest to urologists.21 In most of his
patients he detected an involuted small and soft
prostate, a status he called ‘Prostata-Atonie’. In sev-
eral cases, he successfully applied either organother-
apy with ‘Testikulin’, ‘Testogan’ and ‘Hormin’, or
faradization of the prostate.

Two examples of comprehensive monographies
on the topic written in German are ‘Über den Mann
von 50 Jahren’ by FK Wenckebach22 in 1915 and
‘Die Wechseljahre des Mannes’ by A Hoche23 in
1928. According to Hoche, in the sixth decade of
life a deep decline in psychic and physical fitness

occurs in men. In this period, for example, poets,
writers, and musicians have passed their zenith. Well
known exceptions are Joseph Haydn, who composed
the ‘The Creation’ with 66 and ‘The Seasons’ at 68
years of age, and Konrad Ferdinand Meyer and
Theodor Fontane, who in their sixth and seventh
decades respectively reached the top of their artistic
work. Hoche concluded that a true male climacteric
doesn’t exist, but men aged between 40 and 60 years
show many typical natural as well as pathologic
changes, which need mainly psychologic or psychi-
atric care. According to Diepgen (cited by Hoche23)
the term ‘Wechseljahre’ (changing years for turn of
life) is exemplified in German literature in the 17th
and 18th centuries.

August Werner from St Louis, USA, re-introduced
the term male climacteric (from the Greek for ‘rung
of a ladder’) in the late 1930s and today his name is
still associated with it by most authors. In 1939,
Werner suggested the following theoretic back-
ground for this clinical condition:24 ‘it seems reason-
able to believe that many if not all men pass
through a climacteric period somewhat similar to
that of women, usually in a less severe but perhaps
more prolonged form … . The endocrine dysfunc-
tion, plus the imbalance of equilibrium between the
two divisions of the autonomic nervous system,
with evidence at times of disturbance in psychic
centres, is the climacteric. The true climacteric is
due primarily to decline of function of the sex
glands. Decline of sex function is not limited to
women but is also a heritage of all men.’25,26

Testosterone and the aging male

Throughout history, many concepts have been sug-
gested and practiced to achieve eternal youth,
longevity, and rejuvenation. To point out only one
example, one might think of the biblical case
(Kings, III, 1, 3 ff) of King David, who was old in
years and showed a significant loss of ‘heat’.
A young virgin was chosen to compensate this
deficit: … ‘and let her lie in thy bosom, that my lord
the king may get heat’. As the name of this virgin
was Abhisag the Sunamite, the method of bringing
an aged man in close contact with a young woman
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was, henceforth, called ‘sunamitism’ and this idea
was kept up among many others until recent cen-
turies and is still an attractive option of machismo
for the future of mankind.27

Tales and myths about aphrodisiacs and rejuvena-
tion extracts from testicular tissue or blood were
reported from ancient times up to the present. As
early as 140 BC Suçruta of India advocated the
ingestion of testis tissue for the cure of impotence. A
vague foreshadow of the endocrine function of the
testis was speculated by Aretaeus of Cappadocia
(2nd to 3rd century AD) and more vigorously in
1775 by de Bordeu. They proposed that each organ
of the body produced a substance, which was
secreted into the blood to regulate bodily function.28

With the birth of modern endocrinology in the
19th century, the testes and, later, their identified
hormonal product testosterone increasingly
attracted the interest of scientists who were investi-
gating the aging process. The first considerations
regarding the relationship between hormone pro-
duction and the aging process stemmed from the
French neurologist Charles Edouard Brown-Séquard
(1817–94), the son of a Philadelphia seaman, giving
rise to the field of organotherapy. In 1869 he sug-
gested injecting semen into the blood of old men in
order to increase mental and physical strength and
performed the first animal experiments 6 years later.
His famous self-experiment at the age of 72 with
several subcutaneous injections of a mixture of
blood from the testicular veins, semen, and juice
extracted from crushed testicles of young and vigor-
ous dogs and guinea pigs in 1889 was one of the first
milestones for androgen therapy in the aging male.
He reported an increase in his physical and mental
abilities, a better stream of urine and the relief of
constipation. Brown-Séquard had inspired physi-
cians around the world to investigate the nature of
this compound, and by the end 1889 over 12 000
physicians were administering this new ‘elixir of
life’.29 Nevertheless, Brown-Séquard’s ‘pharmaceu-
tic’ prescription must have been equivalent to a
placebo.27,30,31 The following passage on ‘seminal
losses’, a condition Brown-Séquard also called ‘sper-
matic anemia’, and which was generally better
known as ‘spermatorrhoea’, reveals the limited
understanding of testicular endocrinology at that

time:30 ‘Besides, it is well known that seminal losses,
arising from any cause, produce a mental and phys-
ical debility which is in proportion to their fre-
quency. These facts and many others have led to the
generally admitted view that in the seminal fluid, as
secreted by the testicles, a substance or several sub-
stances exist which, entering the blood by resorp-
tion, have a most essential use in giving strength to
the nervous system and to other parts.’ Arthur
Biedl,32 the author of the first textbook on internal
secretory organs in 1910 categorically states that:
‘The date of birth of “the science of internal secre-
tion” is that memorable meeting of the Société de
Biologie of Paris of June 1st 1889, where Brown-
Séquard, then 72 years of age reported on his exper-
iments undertaken to prove his hypothesis by means
of subcutaneous injections of testicular juice into
himself.’

In 1902, Ancel and Bouin in France ligated the
ductus deferens in rabbits and noted atrophy of the
seminal epithelium. However, the Leydig cells
remained unchanged, and many of the animals
appeared to have increased sexual activity.33 This
paved the way for Eugen Steinach (1861–1944) in
Vienna. This physiologist started conducting experi-
ments with testicular transplantation in animals at
the turn of the century in order to study the sexual
differentiation and the hormonal function of the
gonads. In this theory of ‘autoplastic’ treatment of
aging, he postulated an increased incretory hor-
monal production following the cessation of the
secretory output of the gonads after surgical ligation
of the seminal ducts.34 The basic idea was that liga-
ture of the spermatic ducts leads to an atrophy of the
seminal epithelium and (hopefully) to hypertrophy
of the Leydig cells. The first operation was per-
formed in 1918 and resulted in a worldwide vasoli-
gation boom over the next two decades. Steinach
nicely summarized the results of his scientific life in
his late biography:35 ‘It has frequently been said that
a man is as old as his blood vessels. One may have
greater justification for saying that a man is as old as
his endocrine glands.’

Early in his career, the Russian Serge Voronoff
(1866–1951), working in Paris and elsewhere, dis-
cussed the life expectancy and signs of aging in
castrates. He was one of the first to transplant
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testicular tissue from a monkey into a human testi-
cle in 1920. He later became the world’s leading sur-
geon to transplant testicular tissue from ape to
man.36 But AS Parkes remembered as follows: ‘This
attractive idea was naturally exploited in dubious
ways, and early in the period under review Voronoff,
working in Algiers, became notorious for his so-
called rejuvenation experiments on man and farm
animals. His claims were such that an international
deputation visited his establishment in Algiers in
1927 to make a critical review of the work. The
report of the British contingent to the Ministry of
Agriculture was very cautious.’37

At the same time, several American surgeons per-
formed testicular transplantations (or rather: implan-
tations), such as Victor D Lespinasse, Robert T
Morris, Leo L Stanley, John R Brinkley, and George
F Lydston.38 Victor Lespinasse, Professor of
Genitourinary Surgery at North-Western University,
treated impotence by oral glandular extracts. When
this failed, Lespinasse grafted slices of human testi-
cles taken from fresh cadavers into the rectus mus-
cle of impotent men. He believed that most cases
of impotence in middle-aged men were caused by
a failure of hormone secretion, and reported posi-
tive results after several weeks, athough these were
transient.39

Leo Stanley, a physician working at the San
Quentin Prison in California, performed 1000 tes-
ticular substance implantations into 656 prisoners
under his care. Unlike Lespinasse, Stanley used the
testicles of goats, rams, boars, or deer. He cut the
testicles into strips of such a size that he could put
them into a pressure syringe for injection under the
skin of the abdomen. He reported a marked
improvement in impotence.40

A rejuvenation boom took place in the early
1920s with both vasoligation and testis implanta-
tion, which were performed by many doctors in
Europe and America.4,27 The Swiss genito-urinary
surgeon Paul Niehans (1882–1971) claimed to have
performed more than 50 000 ‘cellular therapy’ treat-
ments. He envisioned the replacement of organ
transplantation by the injection of viable cells.4,41

All these hormonal approaches to rejuvenation
were made before the discovery of testosterone or
the supply of suitable androgen products by the

pharmaceutic industry. Is it true, that they are
all completely out of date now? Machluf and
co-workers42 reported on the microencapsulation of
Leydig cells as a system for testosterone supplemen-
tation in the future. And could stem cell technology
be the modern version of ‘organotherapy’ or ‘cellular
therapy’?

The identification and chemical synthesis of
testosterone and other steroid hormones was
achieved in the 1930s.43 This was a ‘condition sine
qua non’ for the further development of modern
endocrinology and the basis for a rational therapy
with sexual hormones. Only with the introduction
of high-quality testosterone preparations did it
become possible to provide a scientific basis for
androgen therapy.

As defined traditionally, an androgen is a sub-
stance that stimulates the growth of the male repro-
ductive tract. It is important to realize that this is a
biologic and not a chemical definition. Nonetheless,
the most potent androgens are steroids. It has been
proved to be a difficult challenge in steroid chem-
istry to isolate, characterize, and synthesize the male
hormones.44

Pezard, in 1912, reported that aqueous extract of
pig testes maintained the comb and wattles of the
capon.28 18 years later, Gallagher and Koch devel-
oped the response in the capon into a quantitative
assay procedure, which was adopted with minor
modifications by most laboratories as the standard
assay procedure for male hormone activity.45

As early as 1927, Lemuel Clyde McGee46 demon-
strated the isolation of a biologically active extract
of the lipid fraction of bull testicles. In 1933
McCullagh and co-workers47 reported in a very ele-
gant paper, using the chick comb assay for measuring
androgenic activity, that extracts from blood, urine, or
spinal fluid of men are useful for the treatment of male
hypogonadism. The authors called the substance
which is produced in the testes ‘Androtin’. The mag-
nitude of the problem faced by steroid chemists has
been illustrated by the fact that labor-intensive
extracts from up to 100 g of testes were required for a
positive result in the so-called chick comb bioassay.2,48

It is not surprising, therefore, that 15 mg of the first
known androgen – androsterone – was isolated under
the leadership of Adolf Butenandt, at the age of 28
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years, 15 000–25 000 liters of policemen’s urine in
1931.49,50 The name of this relatively weak urinary
5α-reduced androgen comes from ‘andro’ = male,
‘ster’ = sterol, and ‘one’ = ketone. The chemical syn-
thesis of androsterone was performed by Leopold
Ruzicka and co-workers 3 years later.51 The Japanese
workers Ogata and Hirano,52 not sufficiently
acknowledged by the Europeans and Americans,
found in 1934 that the androgen from the urine
(Butenandt’s androsterone) was not identical with
the androgen extracted from boar testes. The andro-
genic properties of this crystal hormone were more
active than any of the testicular preparations previ-
ously reported. One year later, Karoly David,
Elizabeth Dingemanse, Janos Freud, and Ernst
Laqueur53 reported the isolation of testosterone, the
main secretory product from the testes and the main
androgen in the blood, from several tonnes of bull
testes. The term ‘testosterone’, coined by this Dutch
group, combines ‘testo’ = testes, ‘ster’ = sterol, and
‘one’ = ketone. In the same year, the chemical syn-
thesis of testosterone was published by three groups
from Germany, the Netherlands, and Switzerland,
led by Adolf Butenandt,54 Ernst Laqueur,53 and
Leopold Ruzicka.55 Ruzicka and Butenandt were
offered the 1939 Nobel Prize for chemistry for their
work, but Butenandt was forced by the Nazi govern-
ment to decline the honor. 

Adolf Butenandt wrote in 1941:56 ‘Die heute syn-
thetisch zubereiteten Hormone sind den natürlichen
Wirkstoffen nicht nur ähnlich, sondern mit ihnen …
identisch; sie stellen demnach keine Kunstprodukte
dar im Sinne körperfremder Pharmaka mit hor-
monartiger Wirkung, sondern natürliche, kör-
pereigene Wirkstoffe. Daher bedeutet die Behandlung
eines Kranken mit den heute von der pharmazeutis-
chen Industrie dargebotenen Hormonen eine
Therapie auf natürlicher Basis.’ [The hormones syn-
thesized today are not only similar to the naturally
occurring drug substances, but are identical with …
them; they are therefore not artificial products in the
sense of exogenous pharmaceuticals with hormone-
like action, but rather natural, endogenous substances.
Thus, the treatment of a patient with the hormones
now offered by the pharmaceutical industry means
a treatment on a natural basis.] Is this point of
view still applicable today? Is the administration of

testosterone to men an effective natural form of
treatment without serious side effects? This question
will be answered by some of the authors of this
textbook.

Heller and Myers57 demonstrated that climac-
teric symptoms of men could be reversed by testos-
terone propionate therapy. They utilized a quasi-
placebo trial to demonstrate this effect. Using the
rat ovary-weight assay the authors demonstrated
elevated gonadotropin concentrations in the urine
of climacteric men. 

In 1946 Werner25 presented detailed results of the
evaluation of 273 climacteric male patients. The
most prominent symptoms were nervousness,
decreased potency, decreased libido, irritability,
fatigue, depression, memory problems, sleep distur-
bances, numbness, tingling, and hot flushes. Of these
patients, 177 were treated with intramuscular testos-
terone propionate injections, only four of whom did
not benefit from the treatment. Werner’s summary is
convincing: ‘Men are subject to the hypogonadal or
climacteric syndrome, just are woman, when there is
decrease of function or a function of the sexual
glands. Testosterone propionate is as effective in
relieving the subjective symptoms of this syndrome
in men as estrogen is in relieving the symptoms of
similar origin in women. Sex hormones should not be
administered to men and women of climacteric age
with the idea of stimulating increased sexual potency;
if this is the object of treatment, disappointment will
result in the great majority of instances.’ 

One of the earliest long-term experiences with
testosterone therapy came from the writer Ernest
Hemingway. He took testosterone for the last decade
of his life, providing us with one of the longest
patient histories for testosterone administration.58

In the first years after testosterone became avail-
able, an overgenerous application of this new thera-
peutic option to the problem of the ‘climacteric in
the aging male’, was hinted at by an editorial in the
Journal of the American Medical Association in 1942:59

‘Recently many reports have appeared in medical
journals claiming that a climacteric occurs in middle
aged men. Brochures circulated by pharmaceutical
manufacturers depict the woeful course of aging
man. None too subtly these brochures recommend
that male hormonal substance, like a veritable elixir
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or youth, may prevent or compensate for the other-
wise inevitable decline. What of the postulated
occurrence of a climacteric in men?’. The answer
came from the author in the same editorial:
‘Androgens exert a tonic and stimulating action,
associated perhaps with their metabolic effects. Male
hormones provide replacement therapy in castrates
but are also active in normal middle aged men beset
by aging processes which are in some large propor-
tion irrespective of testicular function. Androgens
may influence quite harmfully the physiologic and
psychologic condition of previously well adjusted
elderly men, as has been observed incidental to the
trial use of male hormone substances in the treat-
ment of benign hypertrophy of the prostate. Actual
evaluation of androgenic treatment cannot be
avoided by glib explanation that men normally
undergo a spontaneous climacteric, an abruptly
occurring state of primary testicular insufficiency in
which male hormones act as substitutional therapy’. 

The problem of hypogonadism of the aging man
starts with the definition. A lot of synonyms often
represent a certain unsteadiness in the scientific
community. At present, we have the following
synonyms:

• changing years, or change of life, or (in German)
‘Wechseljahre’

• andropause
• male climacteric or climacterium virile
• androgen decline in aging males (ADAM)
• partial androgen decline in aging males

(PADAM)
• acquired male hypogonadism
• late onset hypogonadism.

For a critical statement about testosterone therapy
see reference 60. The story of testosterone is unend-
ing. Astonishingly, the first paper describing the
conversion of testosterone to the powerful key
metabolite 5α-dihydrotestosterone (DHT) in vitro
and in vivo was not submitted until 32 years after
the identification of testosterone.48 It was not until
two decades later that the groups led by Liao,61,62

Wilson,63,64 Brinkmann,65 and McPhaul,66 suc-
ceeded in characterizing and expressing a cDNA
encoding the human androgen receptor.

It is also interesting to note, that the indications
and contraindications for testosterone change with
time, and that in some cases the opinions of the old
pioneers are reappearing in new clothes. For exam-
ple, by 1937 testosterone therapy was being recom-
mended for the treatment of benign prostatic
hyperplasia (BPH)67 and was also state of the art in
the 1950s.68 Thereafter, BPH – at least in the
obstructive stages – was to become one of the con-
traindications for androgens.69 Today, testosterone
administration for BPH treatment is being revis-
ited.70 Also, it is well accepted that prostate cancer
is an absolute contraindication for testosterone
treatment.71 Nevertheless, recent papers show that
low levels of androgens in serum or prostate are cor-
related with higher prostate cancer aggressive-
ness.72,73 Richmond Prehn speculated about the
prevention and therapy of prostate cancer by andro-
gen administration.74 The treatment of erectile dys-
function (ED) by testosterone is another example.
After initial euphoria in the middle of the last
century, testosterone administration later became a
malpractice. Now, the combination therapy of ED
by PDE5 inhibitors together with testosterone is
step by step and in some circumstances preferred.75

Outlook

To summarize, the scientific work on aging and the
accompanying sexual and reproductive aspects
often led to breakthroughs in medicine, as can be
seen in original approaches in genetics, molecular
biology, biochemistry, endocrinology, andrology,
urology, pharmaceutic developments, and gerontol-
ogy as well as in geriatrics. Therefore the basic idea
of Vergil (70–19 BC), which was pronounced by the
Russian writer Iwan S Turgenjew (1818–83) to be
‘finding the future by discovery of the past’76 can
also be used for research on the aging male.
However it is astonishing that research work on the
aging male from antiquity until the first half of the
20th century was for a long time more or less forgot-
ten, with the result that today the highlights from
the past pioneering age have to be defended in
comparison to modern ‘trendy’ approaches – and
unfortunately not vice versa!

7

History of research on the aging male – selected aspects

Lunenfeld Introduction.qxd  8/23/2007  4:48 PM  Page 7



References

1. Musitelli S. The aging male in the literature. Aging
Male 2001; 4: 170–87.

2. Tausk M. The emergence of endocrinology. In:
Parnham MJ, Bruinvels J, eds. Discoveries in
Pharmacology, Vol 2. Haemodynamics, Hormones
and Inflammation. London: Elsevier Science
Publishers, 1984: 219–49, 307–20.

3. Kochakian CD. How it was. Anabolic action of
steroids and remembrances. The University of
Alabama School of Medicine, 1984.

4. Schultheiss D, Denil J, Jonas U. Rejuvenation in the
early 20th century. Andrologia 1997; 29: 351–5.

5. Schultheiss D, Bloom DA, Wefer J, Jonas U. Tissue
engineering from Adam to the zygote: historical
reflections. World J Urol 2000; 18: 84–90.

6. Schultheiss D, Jonas U, Musitelli S. Some historical
reflections in the ageing male. World J Urol 2002; 20:
40–4.

7. Schultheiss D, Musitelli S, Stief CG, Jonas U, eds.
Classical Writings on Erectile Dysfunction. An
Annotated Collection of Original Texts from Three
Millennia. Berlin: ABW Wissenschaftsverlag, 2005.

8. Isidori A. Storia dell’andrologia moderna. Medicina
nei secoli arte e scienza. 2001; 13: 255–68.

9. Musitelli S, Gerokomikón. A brief survey of the his-
tory of geriatrics from creation to the 16th century.
Aging Male 2002; 5: 181–98.

10. Musitelli S. The aging male in the Old Testament.
Aging Male 2003; 6: 110–18.

11. Musitelli S. History and philosophy. Senility, illness
and death on Açvaghosa’s ‘Buddhacǎrǎta’ (The Feats
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CHAPTER 1

The biology of gender differences in
animal models of aging
HJ Armbrecht 

Introduction

One of the hallmarks of human aging is the gender
difference. Across many different cultures and
genetic backgrounds, women on the average outlive
men by 7 years (see Chapter 2). Along with this,
women seem more resistant to certain types of
diseases than men. The fact that this gender differ-
ence is so robust would lead one to believe that it
has, at least in part, a biologic basis. Gender differ-
ences are also seen in animal models of aging such
as fruit flies, mice, and rats. The study of these
animal models has shown that they mimic aspects
of human aging in important ways. It is becoming
apparent that common biochemical pathways mod-
ulate aging in these organisms and that these path-
ways have their counterparts in humans.1 Thus, the
study of gender differences in the aging of these
organisms may give some insight into the marked
gender differences seen in human aging.

This review is divided into four parts. First, we
will discuss the aging process from a biologic per-
spective. Next, we will summarize the characteris-
tics of the aging process at the organs/systems level,
the cellular level, and the subcellular level. Then,
we will discuss gender differences in the aging of
flies, mice, and rats. Finally, we will discuss the rel-
evance of the findings in animal models to human
gender differences. 

The biology of aging

What is aging?
Miller has proposed a definition that captures the
basic elements of aging: ‘A process that converts
healthy adults into frail ones, with diminished
reserves in most physiological systems and an expo-
nentially increasing vulnerability to most diseases
and to death.’2 Aging is not merely the passage of
time. It focuses on changes in adulthood rather than
on developmental changes, and it is characterized
by a decreasing ability to adapt to a changing envi-
ronment in a physiologic way. These changes may
involve nutrition, temperature, disease, and even
societal changes. A hallmark of most aging organ-
isms is an increase in the incidence of disease and
the risk of death. This definition then makes the
distinction between the aging process and disease. It
assumes that there are fundamental aging processes
that are not just the sum of all of the diseases of
aging. These processes predispose the aging organ-
ism to a greater likelihood of disease.

Why do we age?
The question of why we age can be approached
from many different perspectives – psychologically,
sociologically, spiritually, and biologically. There
have been a number of different biologic perspec-
tives. Each species appears to have a well-defined
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lifespan and pattern of aging. Therefore, it has
been proposed that there is a biologic clock or
genetic program that controls the aging of an
organism.3 This was thought to be analogous to the
well-characterized developmental program of
higher animals that is under tight genetic control.
A number of ‘clocks’ have been proposed for the
regulation of the aging process – the pituitary, the
immune system, cellular senescence, etc. Upon
closer investigation, most of these clocks, although
they regulate important aspects of the aging
process, are the result of aging rather than driving
the aging process itself.

A more recent biologic perspective on why we
age has been articulated by Martin et al.4 ‘There is
no aging program, nor is there an aging gene.
Instead, we age because evolution has no reason to
protect us against unwelcome actions of multiple
genes late in life.’ In terms of our genes, there are
two processes potentially working against increased
longevity.5,6 First, there is selective pressure for
genes with beneficial effects early in the lifespan.
Second, there is a lack of selective pressure against
genes which have negative effects late in the lifes-
pan. On the other hand, the idea that aging is pro-
grammed for the benefit of the species as a whole
has been recently re-examined.1

How do we age?
There has been a tendency in aging research to find
the one theory that accounts for all that we see in
terms of the biology of aging. Perhaps this thinking
is a holdover from looking for the biologic clock or
pacemaker of aging. Thus, there was the neuroen-
docrine theory of aging, the cell senescence theory
of aging, and the free radical theory of aging. The
early proponents of these theories tended to regard
them as universal theories, explaining all of aging.
However, it may be that aging is not something that
is programmed but rather something that happens
because it is not selected against. Then the aging
process becomes much more difficult to generalize.
Aging may vary by species and within the organs in
a given species. It may also happen at multiple lev-
els in a given species – at the organ/systems level, at
the cellular level, and at the subcellular level.

One way to think about how we age is shown in
Table 1.1. This structure for thinking about biologic
aging has been followed by Robert Arking7 and
Weinert and Timiras.8 Aging takes place at three
major levels of biologic organization – at the organ/
systems level, at the cellular level, and at the sub-
cellular level. At each of these levels there are com-
ponents of the aging process – changes that
contribute to the aging process we observe.
However, they are not, in themselves, the whole
picture. Previously, each of these components would
be seen as competing theories of aging. 

At the organs/systems level we have a neuroen-
docrine component and an immune component.
There are also other systems that ‘age’, but these are
some well-studied examples. At the cellular level,
there is the cell senescence component and the
genetic component. In reality, the genetic compo-
nent can profoundly affect all three levels, but it is
put here for convenience. Finally, there is the sub-
cellular level, which has the free radical compo-
nent, the DNA damage component, and the
glycation component..

What is the relationship of aging
to disease?
What is the relationship of these three levels to
each other and to age-related diseases? The effects
of aging can manifest themselves independently at
any level of biologic organization. However, they
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Table 1.1 Components of the aging process

At the organ/systems level
• Neuroendocrine component
• Immune system component

At the cellular level
• Genetic component
• Cell senescence component

At the subcellular level
• Free radical component
• DNA damage component
• Glycation component
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also affect the other levels. For example, free radical
production at the subcellular (mitochondrial) level
may ultimately lead to effects at the cellular level.
These cellular effects could include cell senes-
cence, premature cell death, or uncontrolled cell
growth (cancer). These cellular effects could cause
deleterious effects at the organ/system level, as in
the case of tumors caused by uncontrolled cell
growth. However, there can also be independent
changes at the organ/systems level, such as the
build-up of plaque with time in the circulatory sys-
tem. There is some evidence, though, that even
plaque build-up is the result of cellular changes in
the endothelial cells lining the circulatory system.
With regard to disease, disease and death are the
outcomes of the basic biologic processes that occur
during aging. Aging is not just the sum of all age-
related diseases. According to Arking, ‘the com-
mon age-related diseases … highlight the weak
points of the evolved anatomical and physiological
design of the organism.’ 7

The components of aging

Aging at the organ/systems level 
The neuroendocrine component
The neuroendocrine system is an integral part of
the body’s homeostatic mechanisms. It regulates
reproduction, growth, and response to stress among
many other things. Modulation of this system can
markedly affect longevity and the expression of age-
related diseases. There are three major hormonal
systems whose function changes with age.9 These
are the reproductive system, the growth regulatory
system, and the stress response system. 

In terms of reproduction, women undergo the
rapid loss of estrogens at menopause. Men undergo
a slower loss of testosterone that has been termed
the andropause. Many of the gender differences in
longevity and age-related diseases have been attrib-
uted to these two hormones (see Chapter 2). In
some cases, these hormones may work indirectly to
modulate the aging process. For example, some of
the beneficial effects of estrogen may be due to its
stimulation of antioxidant defenses.

A second important system is the growth hormone/
insulin/insulin-like growth factor (IGF) system. In
terms of circulating hormones, there is a decrease in
growth hormone and IGF-1 with age. This may
partly explain the decreased muscle mass and
increase in frailty seen in the elderly. This has been
termed the somatopause. In mice, perturbation of
this system can markedly increase lifespan, although
it usually results in a dwarf appearance as well.10 This
system has been implicated in the gender differences
seen in the aging of fruit flies and mice. 

Steroid hormone production by the adrenal
gland is a third neuroendocrine system that under-
goes major age-related changes. The production of
dehydroepiandrosterone (DHEA), an important
steroid hormone precursor, declines with age. This
occurs despite normal levels of ACTH and cortisol,
and it has been termed the adrenopause. In
humans, differences in the cortisol/ACTH ratio
may contribute to gender differences in aging
(Chapter 2). 

These neuroendocrine changes with age have
been well documented and are important character-
istics of the aging process. Their effects can be
reversed or moderated by hormone replacement
therapy in appropriate situations. However, these
neuroendocrine changes do not direct the aging
process, and hormone replacement therapy does not
necessarily extend maximal lifespan.11

The immune component
Age-related changes in the immune system have
been well documented in humans and experimental
animals. These changes include the involution of
the thymus gland and a decrease in the number and
function of specific immune cell types.12 These
physiologic changes may account for the increase in
a number of diseases seen in the elderly. The altered
T-cell number and function may result in a greater
incidence of infection. Altered B-cell response to
stimuli may result in increased autoimmune disease.
The increased risk for cancer in the elderly has also
been attributed to decreased immune surveillance.
However, other risks for cancer include increased
free radical damage and altered regulation of cell
division (see below).

15
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Age-related changes in the human immune system
have been studied with regard to gender differences in
aging (Chapter 2). Age-related changes in immune
function are an important manifestation of the aging
process. However, like the neuroendocrine changes,
they do not drive the aging process. Even organisms
with poorly developed immune systems age.

Aging at the cellular level
The genetic component 
Aging clearly has a genetic component as demon-
strated by ‘twins’ studies. In addition to more subtle
effects, even single gene mutations can produce cat-
astrophic phenotypes that seem to mimic the aging
process in a very compressed lifespan. Two of these
diseases are Werner’s syndrome and Hutchinson–
Gilford progeria. The defect in Werner’s syndrome
was found to be single-base mutations in the gene
coding for a DNA helicase.13 Helicases are enzymes
that are involved in the unraveling of double-
stranded DNA for transcription or replication. The
defect in Hutchinson–Gilford progeria was found to
be in lamin A.14 This protein is a structural compo-
nent of the cell nucleus.

The potential for genetic modification of the
lifespan in mammals has been shown by a number
of spontaneous and engineered modifications of
the growth hormone/insulin/IGF system.10

Although such modifications result in markedly
increased lifespans, they usually result in undesir-
able phenotypic characteristics as well. These
include stunted growth and decreased reproductive
function. More recently, other strategies have been
used to increase the mouse lifespan. These include
deleting the insulin receptor from adipose tissue15

and overexpressing mitochondrial catalase, an
important antioxidant enzyme.16 As interesting as
these transgenic mouse models are, it is not clear
whether humans have a similar potential for lifes-
pan extension. It is also not clear whether such
extension could be achieved without undesirable
side-effects.

The cell senescence component
The fact that cells senesce was originally observed by
Leonard Hayflick.17 Hayflick found that human skin

fibroblasts would only divide a finite number of times
despite optimal growth conditions. Initially, there
were a number of experimental correlations that sug-
gested that limits on cell replication might be related
to aging of the whole organism. The correlations
included the fact that the number of population dou-
blings correlated inversely with donor age, correlated
directly with the longevity of donor species, and was
decreased in Werner’s and progeric patients.

Because of these correlations there was an
intense effort to determine what regulated the num-
ber of cell divisions. It was found that telomeres,
structures found on the tips of chromosomes that
serve a protective function, play a major role in
determining the number of cell divisions.18 With
each cell division, the telomeres shorten, and even-
tually they reach a point where cell division is
halted. The importance of telomeres was further
underscored with the discovery of telomerase, an
enzyme found in germ line and immortalized cells.
Telomerase repairs the telomere shortening that
takes place after each cell division and so delays cell
senescence.19

However, with additional research it has
become clear that telomeres and telomerase are not
the sole regulatory factors. It has been shown that
cells undergo stress-induced as well as replicative
senescence.20 There are also a number of different
factors and cellular pathways that interact to
induce cell senescence.21 Some of these other fac-
tors are oxidative stress and DNA damage (see
below). These factors may affect telomere length
directly, as well as work through other mechanisms
to induce senescence. 

Telomere length and cell senescence may play a
role in certain tissues in human aging. They may con-
tribute to gender differences (see Chapter 2).
However, telomere shortening with age has been dif-
ficult to observe in rodents, except in some circum-
stances. In addition, cell senescence would not be
expected to play a role in the aging of organs com-
prised mostly of non-dividing cells, such as the brain. 

Aging at the subcellular level
The free radical component
The link between free radicals, which are highly
reactive chemical compounds, and aging was first
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proposed by Harmon.22 The free radical theory
states in general terms that free radicals within the
body cause oxidative damage to cellular molecules –
proteins, DNA, lipids, etc.23 This molecular damage
eventually causes cellular dysfunction such as cell
death (necrosis), premature cell senescence (see
above), premature programmed cell death (apopto-
sis), and uncontrolled cell growth (cancer). These
cellular changes then lead to decreased organ func-
tion, decreased regulatory systems function, and
ultimately death. Initially, it was felt that most free
radical production in the body came from external
sources such as ionizing radiation or environmental
pollutants. However, recently the focus has been on
free radicals produced by normal cellular functions
such as energy production by mitochondria and the
reaction mechanisms of certain enzymes. 

There are several lines of evidence supporting
the importance of the free radical component of
aging. First, oxidative damage to DNA, proteins,
and lipids has been shown to increase with age in
experimental animals.24 Because free radical damage
results mostly in oxidative damage, the free radical
theory is sometimes referred to in more general
terms as the ‘oxidative stress’ theory. Second, longer
lived species are less susceptible to oxidative stress
than shorter lived species25 and have more efficient
repair mechanisms.26 Third, a high metabolic rate,
which generates more free radicals, is associated
with a shorter lifespan. This correlation formed the
basis for the ‘rate of living’ theory of aging which
was proposed a number of years ago.27 Fourth,
organisms engineered to have higher antioxidant
defenses live longer. This has been shown in a num-
ber of organisms including fruit flies,28 round-
worms,29 and mice.16

A final piece of evidence supporting the impor-
tance of free radicals in aging comes from dietary
restriction studies. Dietary restriction is feeding ani-
mals less food than they would normally eat.30 It has
been demonstrated to increase mean and maximal
lifespan in a diverse number of organisms, including
worms, flies, yeast, mice, and rats. The increased
longevity induced by dietary restriction is associated
with decreased oxidative damage.24

Since mitochondria generate much of the free
radical load of the cell, as well as producing energy

for cellular metabolism, these subcellular
organelles have been extensively studied for their
role in biological aging. These observations are
sometimes referred to as the ‘mitochondrial theory
of aging’.31 Mitochondria in older aerobic tissue
such as skeletal muscle tend to be fewer in number
and have an altered appearance. They produce less
energy and more free radicals as the energy-pro-
ducing reactions become less efficient. Oxidative
damage to mitochondrial proteins and DNA has
been shown to increase with age.32 Mitochondrial
DNA codes for some of the proteins involved in
energy production. It has been suggested that this
leads to a downward spiral as far as mitochondrial
function is concerned. Increased free radical pro-
duction leads to increased damage to mitochondr-
ial DNA and proteins, which, in turn, leads to
decreased energy production and more free radical
production.

Because free radicals can cause so much disrup-
tion of cellular function, it has become increasingly
clear that there are extensive cellular mechanisms
for the neutralization of free radicals. Oxygen free
radicals generated by mitochondria and enzymatic
reactions are converted to hydrogen peroxide by the
enzyme superoxide dismutase (SOD). Hydrogen per-
oxide is then converted to water by two pathways.
One pathway is via the enzyme catalase. The second
pathway is via the glutathione cycle. Glutathione is
constantly reduced (via glutathione reductase) and
then re-oxidized (via glutathione peroxidase). In the
process it converts hydrogen peroxide to water. The
protein components of these free radical defense
pathways are under genetic control. 

The free radical component of aging plays a major
role in other subcellular components of aging – the
DNA damage component and the glycation com-
ponent (see below). Together they play an impor-
tant role in the biology of aging. However, it is still
not clear whether oxidative damage accounts for all
of the features of aging.8 The fact that the free rad-
ical defenses are under genetic control underscores
the potential importance of other mechanisms.
Nevertheless, many of the gender differences in ani-
mal models of aging are explained in terms of dif-
ferences in free radical production and free radical
defense pathways (see below). 
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The DNA damage component
One of the molecular structures most sensitive to
free radical damage is DNA. This includes the DNA
found in nuclear chromosomes as well as the circu-
lar DNA found in mitochondria. The damage to
chromosomal DNA includes strand breaks, cova-
lent modifications, and chromosomal rearrange-
ments. It has been proposed that such damage may
result in altered gene expression and contribute to
the aging process.33 It is not clear how much these
events contribute to the global aging process. Much
DNA damage is in the form of chromosomal
rearrangements. Such rearrangements are usually
associated with diseases such as cancer rather than
with aging. As mentioned above, damage to mito-
chondrial DNA has been most thoroughly studied
as a manifestation of free radical damage. It may be
in this context that DNA damage is most impor-
tant. Alteration of mitochondrial DNA replication
leads to a premature aging phenotype in mice.34

The glycation component
The glycation component of aging arises from the
non-enzymatic combining of glucose with proteins.
A common example of this is the high amount of
hemoglobin that is glycosylated in the blood of dia-
betics. This non-enzymatic glycosylation results in
the formation of AGEs (advanced glycation end
products). This process increases with age because
the glycation reaction is accelerated by free radicals.
This ties glycation in with the free radical compo-
nent of aging. Glycation again is not a universal
explanation but may play an important role in the
aging of certain tissues. Proteins which have been
shown to be glycosylated include collagen, vascular
proteins, and lens crystallin proteins. The glycosyla-
tion of these proteins could play a role in the aging
of connective tissue, blood vessels, and the lens of
the eye, respectively.

Gender differences in animal model
longevity

Fruit fly
The fruit fly has many advantages as a model organ-
ism for the study of aging in general and gender

differences in particular.35 It has a short lifespan, it is
easy to manipulate genetically, and it has distinct
male and female sexes. The female of several species
lives longer than the male.36,37 In addition, the
females show a much greater response to dietary
restriction in terms of increased lifespan.36

Several factors have been cited as contributing to
these gender differences. First, there may be intrin-
sic genetic differences in the way that longevity is
regulated in male and female flies. A genome-wide
screen for regions of DNA (quantitative trait loci)
that affect longevity found that these regions had
sex-specific effects.38

Second, there may be gender differences in the
insulin/IGF signaling (IIS) pathway.39 Mutation of
this pathway increases the lifespan of female flies
much more than male flies. In fact, very strong
mutations in this pathway decrease male longevity
while increasing female longevity. This suggests that
the IIS pathway is more active in normal female
flies compared to males. Differences in the IIS sys-
tem may also explain the fact that females show a
greater response to dietary restriction.36

Finally, the greater female response to dietary
restriction may reflect the fact that female flies have
a higher nutrient demand than male flies due to egg
production.36 Dietary restriction reduces egg pro-
duction and this may increase longevity. There is
generally an inverse relationship between reproduc-
tion and longevity. 

These gender differences in the effect of dietary
restriction have been generalized to other longevity-
extending manipulations in flies. In a survey of the
literature, Burger and Promislow40 found that these
manipulations tended to favor females over males in
reports where both sexes were studied. In addition
to the factors mentioned above (genetic, IIS path-
way and reproductive needs), the authors also cite
the fact that females have two X chromosomes
while males have an X and a Y. In male flies, most
genes on the X chromosome are overexpressed to
offset the fact that there is only one X chromosome.
Anything that modifies this process could lead to
gender effects affecting longevity.

In summary, gender differences in fruit fly longevity
could be due to sex-linked genetic differences, differ-
ences in the insulin/IGF signaling pathway, the greater
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reproductive needs of females, and differences in sex
chromosomes (Table 1.2). 

Mice
In general, female mice tend to live longer than
male mice, but the magnitude of this effect is
dependent on the strain.41 In some strains the rela-
tionship is reversed.42 A number of mice have been
characterized that have either a spontaneously
occuring or targeted mutation that interferes with
the growth hormone/IGF system.10 In some cases
these mutations show gender effects and in some
cases not. In mice where the IGF-1 receptor was
partially inactivated, female mice showed a signifi-
cant increase in lifespan while males did not.42 The
authors discuss these gender differences in terms of
reduced glucose tolerance and decreased resistance
to oxidative stress in males. In another study, delet-
ing the growth hormone receptor significantly

increased both male and female lifespan.41

However, the shorter-lived males showed a greater
percentage increase to the point that their lifespan
was now equal to the females’. In a third study, the
insulin receptor in fat tissue was deleted.15 This mod-
ification produced similar increases in longevity in
both sexes. 

One study in mice has looked at the interaction
between estrogen and insulin in regulating resis-
tance to oxidative stress in males and females.43

Insulin action was reduced by making mutant mice
with reduced levels of the insulin receptor. When
subjected to oxidative stress, mutant female mice
survived significantly longer than males. Relative to
this, the mitochondrial superoxide dismutase (SOD)
activity in the liver was elevated in the female
mutant mice relative to the normal animals. There
was no elevation of SOD activity in the mutant
male mice. These studies also indicated a role for
estrogen in these gender differences. When estrogen
was administered to mutant mice, it increased their
resistance to oxidative stress. Conversely, ovariec-
tomy reduced resistance to oxidative stress. Both
these changes correlated with changes in mitochon-
drial SOS activity. One limitation of these studies is
that they were performed in 4-month-old mice and
longevity itself was not measured. 

In terms of mechanisms, several studies have
reported that the antioxidant pathways in female
mice are more robust than in male mice. The glu-
tathione content of most tissues declines with age
more rapidly in male mice than in female mice, due
to decreased synthesis.44 In the mouse brain, cata-
lase and glutathione activity are higher in old
female mice compared to male mice, which corre-
lates with higher levels of lipid peroxidation in male
mice.45 The increased activity of female antioxidant
pathways may underlie the finding that the hearts
of old female mice are more tolerant of ischemic
insult than are the hearts of old males.46

Finally, in humans it has been proposed that dif-
ferences in telomere length may underlie gender dif-
ferences (see Chapter 2). In mice, telomeres are much
longer than in humans, and it has been difficult to
relate telomere shortening to the aging of individual
organs or longevity in general. However, in one study
using a strain of mice with short telomeres, female

19

The biology of gender differences in animal models of aging

Table 1.2 Biologic basis of gender differences

Fruit flies
• Sex-linked genetic differences
• Insulin/IGF signaling pathway
• Female reproductive needs
• Sex chromosome differences (XX vs XY)

Mice
• Insulin/IGF signaling pathway
• Reduced glucose tolerance in males
• Elevation of antioxidant pathways

by estrogen
• Telomere length (?)

Rats
• Greater free radical production in males
• Elevation of antioxidant pathways

by estrogen
• Telomere shortening

Humans (from Chapter 2)
• Sex chromosome differences (XX vs XY)
• Elevation of antioxidant pathways

by estrogen
• Telomere length
• Stress hormones (cortisol/ACTH)
• Immune function
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mice had significantly longer telomeres than males
over the whole lifespan in a number of tissues.47

In summary, factors that could contribute to gen-
der differences in mouse longevity include differ-
ences in the insulin/IGF signaling pathway, such as
is seen in fruit flies. However, they also include hor-
monal factors such as reduced glucose tolerance in
males, and elevation of antioxidant pathways by
estrogen, leading to increased resistance to oxida-
tive stress (Table 1.2). The longer telomeres in
female mice may also be a factor, but this is difficult
to interpret, since the regulation of telomere length
and its relationship to aging is markedly different in
the mouse compared to humans.

Rats
Gender differences in the longevity of Wistar rats
have been studied extensively by Vina and col-
leagues.31,48 The female Wistar rat lives longer, and
they have studied this in terms of free radical pro-
duction and free radical defenses.48 Mitochondrial
hydrogen peroxide production is less and free radi-
cal defenses are elevated in female livers.49 The con-
centration of glutathione in males is about half that
of females in mitochondria. The activity of mito-
chondrial SOD in females is about twice that of
males,49 and others have shown that glutathione
peroxidase activity is also elevated.50 Finally, mito-
chondrial cytochrome c oxidase activity, an impor-
tant component of the respiratory chain, is higher
in females than males.48

The net result of these gender differences is that
male mitochondria produce more free radicals. At
the same time, they have less efficient mechanisms
for getting rid of them than do female mitochon-
dria.31 One evidence of this is that oxidative damage
to mitochondrial DNA has been found to be 4-fold
higher in males than in females.48

The gender differences in the aging Wistar rat
have been pursued in more detail by looking specifi-
cally at the aging kidney.51 Studying the kidney is
important, since kidney disease is a major cause of
death in rats. As reported above for the liver, signif-
icantly higher levels of antioxidant enzymes were
seen in the older female kidney compared to the
male. In addition, a greater degree of telomere short-
ening was seen in the male with age. This shortening

was associated with an increase in the cellular
pathway that leads to cell senescence. These
changes correlated with age-related changes in renal
function, which were much more severe in the male. 

What is the source of these gender differences in
mitochondrial antioxidant defenses? These investiga-
tors make the case that estrogen is responsible for the
increased expression of antioxidant enzymes.48 They
have shown that in a mammary gland tumor cell line
estrogen can increase expression of SOD and glu-
tathione peroxidase and reduce hydrogen peroxide
concentrations.52 To show the relevance of this in
intact rats, they have used ovariectomized rats with
and without estrogen treatment. Ovariectomy signif-
icantly increased mitochondrial hydrogen peroxide
production while estrogen treatment reduced it back
to normal.48 Thus, the gender differences seen in rat
longevity may involve differences in the expression
of free radical defenses as modulated by estrogen.

In summary, factors that could contribute to gen-
der differences in rat longevity focus on free radical
damage and its modulation by estrogen. These fac-
tors include increased free radical production in
males, increased antioxidant activities in females,
and a positive effect of estrogen in decreasing free
radical production and increasing antioxidant path-
ways (Table 1.2). Increased oxidative damage may
also contribute to the telomere shortening reported
in the rat kidney. The gender differences in the
insulin/IGF pathway seen in fruit flies and mice
have not been studied in the rat due to the difficulty
of performing genetic manipulation in the rat. 

Relevance to human longevity

What is the relevance of these studies to human gen-
der differences? The biologic basis of human gender
differences is discussed in Chapter 2. Some of the
factors contributing to human gender differences
are listed in Table 1.2 (bottom). Many of these fac-
tors have also been identified in the model systems
discussed in this chapter. These include differences
in sex chromosome expression, elevation of antioxi-
dant defenses by estrogen, and perhaps telomere
length. Other factors that may play a role in human
longevity differences include stress hormone levels
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and immune function. Stress hormones and immune
function have been well studied in rats and mice as
a function of age. Therefore, these rodents would be
excellent model systems in which to study the con-
tribution of the neuroendocrine and immune sys-
tems to gender differences in longevity.

As we stated in the beginning of this chapter,
recent comparative studies of aging in model organ-
isms indicate that they have many characteristics of
aging in common. At the biologic level, there
appear to be common biochemical pathways that
modulate aging in these organisms. These pathways
regulate growth, glucose metabolism, and resistance
to oxidative damage.1 As we have outlined in this
chapter, gender effects in model organisms can be
understood in terms of gender differences in these
pathways. These pathways have their counterparts
in humans. However, further work is needed to
determine the degree to which these pathways mod-
ulate human aging and the marked gender differ-
ences that characterize it. There is every reason to
expect that as we learn more about the biologic basis
of aging, we will be able to better understand gender
differences. Likewise, the gender differences them-
selves will give insight into which mechanisms are
important in terms of modulating the aging process.
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CHAPTER 2

The biologic basis for longevity
differences between men and women
Rafi T Kevorkian and Oscar A Cepeda 

Introduction

In the modern world much has changed over the
last 50 years. Lifestyles have become healthier with
emphasis on regular exercise, healthy diets, and a
declining dependence on tobacco. As a result, life
expectancy has also changed, rising slowly but in a
steady manner year after year. In the Western world,
the average lifespan is 73.7 years for men and 83.8
years for women. People of both sexes live longer,
but every year women have outpaced men. Life
expectancy is roughly 7 years longer for women
than for men. Although women live longer than
men, they do so with greater time spent with dis-
ability. This chapter will examine the biologic rea-
sons why women outlive men.

Aging could be defined as a normal process of
every living cell, arising from metabolic changes
leading to a functional decline, and is associated
with structural impairment of somatic tissues. Aging
and gender have been studied for several decades
and it is clear that gender accounts for important
differences in the incidence and prevalence of many
age related diseases. Potentially preventable envi-
ronmental causes, such as smoking, alcohol, and
dietary behavior, have played an important role in
the large gender differential in some countries.
However, several theories for the longevity gender
gap support a biologic basis for aging, making it a
source of endless debate due to the complex interac-
tion of environmental, historic, and genetic factors

playing an important role in determining the
gender-specific probability of achieving longevity.1

Epidemiology

The gender gap in human beings tends to change
depending on biologic and socio-cultural issues. Life
expectancy is different across countries and it is
related in some way to the level of development in
each region of the world.2 Nations struggling with
poverty and underdevelopment have a limited life
expectancy for women, mainly because of a high
maternal mortality, making the difference between
genders less evident. The opposite situation is
observed in developed countries such as Sweden,
Canada, Western Europe, and the United States,
where great improvements in public health and
maternal and infant mortality have been made,
leading to a substantially higher life expectancy and
a marked difference in the gender gap of longevity
that favors women, resulting in a larger number of
women surviving the age of 65. The ratio of women
to men at age 65 is close to 120:100 and by age 85
is 250:100. This longevity gap persists to very old
age, even beyond the age of 85, when the average
woman outlives the average man by 1.2 years.3

The basis for this gender difference in longevity
between men and women is thought to be a com-
plex interaction of environmental, behavioral, and
biologic factors. Major causes of mortality and death
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rates are higher in men. Mortality from cardiovascu-
lar disease is more likely to occur in men than in
women (173.1 per 100 000 vs 95.4 per 100 000);1,3

whereas the rate of stroke is 20% higher in men.
However, cardiovascular disease remains the lead-
ing cause of death in older women, exceeding the
number of deaths in older men in terms of absolute
number of cardiovascular deaths.

The incidence of cancer is higher in men com-
pared to women, and this difference is most evident
after 64 years of age. There is a sharp rise in cancer
incidence after the age of 64 for both men and
women, but it is higher for men (559.6 per 100 000
men vs 420.1 per 100 000 women). Among elderly
men, three cancers account for 50% of all malignan-
cies: prostate, lung, and colon cancer. Lung cancer
is the most common malignant entity in both men
and women over age 60 and is responsible for 30%
of all cancer deaths in this group. The second and
third highest rates of incidence for cancer are breast
and colorectal cancer for women, and colorectal
and prostate for men.4 Although far less common as
a cause of death than either cardiovascular disease
or malignancy, mortality from trauma, as a result of
accidents or violence, contributes significantly to
the total loss of anticipated life years.

Life expectancy varies throughout the lifespan
and actually the gap between men and women is
greatest at younger ages and becomes smaller with
increasing age. However, the biggest increase in the
ratio of females to males occurs at the extremes of
age. Nevertheless, at all ages, women have better
survival than do men. At birth the gap is about 6
years; at age 65 it decreases to about 3 years; and at
age 75 it is even lower at about 2 years. Nowadays
women have an excellent chance to reach the
eighth decade, and for those who reach age 85, the
remaining average life expectancy is an additional
6 years. Demographic trends have shown that at very
old age mortality in human beings begins to deceler-
ate. These trends are based on European calculations
from a database of 70 million people who reached
the age of 80 and of 200 000 who lived to at least
100. Research has shown that there is an observed
deceleration in mortality rate as age 100 is
approached, and it is maintained through age 105
for men and 107 for women.5 One acceptable theory

is that frailer individuals drop out of the population,
leaving behind a more robust cohort that continues
to survive.6

Genetic differences in human
longevity

Aging could be considered a result of the interac-
tion between genes and environment, in which
genetics becomes a powerful tool to understand the
fundamental mechanisms of aging since it deals
with the blueprints for life that we inherit. The rate
of aging and maximum lifespan vary among species,
and therefore must be at least partly under genetic
control.7 Variation in human longevity has a very
strong genetic basis. A Scandinavian study of
monozygotic and dizygotic twins calculated the her-
itability of life expectancy to be to be 20 to 30%,8

and this could in some way be the reason why cases
of exceptional longevity tend to cluster in families.
The familial contribution (some combination of
shared genes and environment) to exceptional
longevity has been explored with centenarian pedi-
grees. The survival of siblings of 102 centenarians
was compared with the survival of siblings of a con-
trol group (n = 77) who were from a similar birth
cohort born in 1896 but whose parents had died 27
years earlier at the age of 73.9 The relative risk of
survival steadily increased with age for siblings of
the centenarians to the point that they had four
times the probability of surviving to age 91. The rel-
ative risk for survival to older age continued to rise
beyond age 91, although these larger differences
were not statistically significant because of the small
numbers of siblings at these extreme ages.

Clinical syndromes that have features of acceler-
ated aging, such as Werner’s syndrome and
Hutchinson–Gilford progeria, are characterized by
mutations in two of the genes involved in the
metabolism and repair of DNA. Werner’s syndrome
is characterized by mutations in the WRN gene,
which is thought to be involved in maintaining
genomic stability. Hutchinson–Gilford disease is
caused by a mutation in the LMNA gene, which
codes for a group of nuclear membrane proteins called
lamins that affect nuclear morphology, chromatin
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structure, DNA synthesis, and gene expression.10

Another factor related to longevity and genetic dif-
ferences is the apolipoprotein (apo) ε-4 allele drop-
out seen with extreme age as an example of a
polymorphism with an influence powerful enough to
have a noticeable effect upon survival in the general
population and across various ethnic lines. Human
et al11 noted that the frequency of the ε-4 allele
decreases markedly with advancing age. Results from
the Italian centenarian study showed an association
between specific variations in the locus for the apo-
B allele and extreme longevity.12 One of its counter-
parts, the ε-2 allele, becomes more frequent with
advanced age among Caucasians. Presumably the
drop-out at earlier age of the ε-4 allele is because of
its association with ‘premature’ mortality secondary
to Alzheimer’s disease and heart disease.13 In another
study, nonagenarian subjects had an extremely low
frequency of histocompatibility locus antigen
(HLA)-DRw9 and an increased frequency of DR1.
A high frequency of DRw9 and a low frequency of
DR1 are associated with autoimmune or immune-
deficiency diseases, which can cause premature
mortality.14

Genes that reduce the risk of atherosclerosis may
be more common in centenarians, and two such
genes have been identified. In the first case, a muta-
tion in the cholesteryl ester transfer protein
(CETP) gene leads to larger lipoproteins and a
reduced prevalence of cardiovascular disease,15 and
the second gene has variations for microsomal
transfer protein (MTP) – the rate-limiting step in
lipoprotein synthesis.16 Although such genes may
have substantial effects on longevity, they do not
appear to modulate the aging process.

Regulation of telomere length

The telomere and its potential role in cellular
senescence has generated excitement in the field of
genetics of aging. Telomeres are tandem repeat
sequences (TTAGGG) of DNA that cap the ends
of linear chromosomes. Because typical DNA poly-
merases cannot fully duplicate these sequences,
telomeres shorten with each cell division in somatic
cells. Eventually the chromosomes become unstable

and the cell is no longer able to replicate. The pro-
gressive shortening of telomeres acts as an inherent
replicative clock in which the somatic cell has a
finite capacity for division (proliferating germ line
cells, lymphocytes, and cancer cells do not undergo
telomeric shortening). Thus, telomere length may
be an important determinant of replicative capacity,
leading to apoptosis or neoplastic transformation.17

Multiple cross-sectional population analyses of
telomere length in white blood cells have been the
main source of information regarding human telom-
ere dynamics in vivo. Telomere length is highly her-
itable,18 and inversely correlated with age, longer in
adult women than men, and yet equivalent in new-
born boys and girls. Two factors have been identi-
fied as responsible for the observed longer telomeres
in women, namely estrogen and somatic cell selec-
tion. Gender and age considerably influence reac-
tive oxygen species (ROS) metabolism. While the
exact mechanisms whereby age modifies ROS
metabolism are poorly defined, the sex effect is
largely related to ovarian steroid hormones, partic-
ularly estrogen. Estrogen and its derivatives exert an
antioxidant effect via a number of mechanisms,
including scavenging free radicals, inhibiting free
radical formation, and stimulating enzymes which
are crucial for free radical detoxification.19

Estrogens also stimulate the transcription of the
gene encoding the telomerase reverse transcriptase
enzyme that adds telomere repeats to chromosome
ends, thereby slowing down the rate of telomere
erosion as a result of the oxidative stress. This
upregulation of telomerase and reduced oxidative
damage could be a reasonable explanation for the
longer telomeres observed in women as compared
with men. Estrogen also stimulates nitric oxide pro-
duction in vascular endothelial cells, and a study
has shown that nitric oxide stimulates telomerase in
these cells.20 The antioxidant effect of estrogens
tends to disappear with advancing age in old
women. However, its premenopausal influence
could set telomere attrition at a trajectory that
maintains longer telomeres in women throughout
the entire cycle of life

The relationships between telomere length and
indicators of vascular aging and cardiovascular risks
in humans have been examined. Two studies found
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that telomere length in white blood cells is
inversely correlated with pulse pressure, and one of
these studies showed that this relationship is modi-
fied by sex.21 Since pulse pressure increases with age
and is an indicator of the biologic aging of central
arteries, and given that cardiovascular risks are
increased with age, it is logical to propose that bio-
logic aging of individuals with relatively short
telomeres may be more advanced than their
chronologic age would indicate, and also telomere
length is shorter in patients with atherosclerotic
coronary heart disease than in their age-matched
peers.22 Vascular dementia, which leads to a progres-
sive intellectual impairment resulting from cere-
brovascular disease, is frequently observed with
essential hypertension and diabetes mellitus,23 and
is associated with relatively short telomeres.

The skewed X-linked selection theory of somatic
cells, as a function of aging, is another factor that
might explain longer telomeres in women as com-
pared with men. This has been observed primarily
in women older than 60 years. Ninety six percent of
the combined length of telomeres in a newly formed
zygote is contributed by autosomal telomeres, which
suggests that factors on the X chromosome influ-
ence telomere length considerably, modulating the
functional activity of telomerase or other telomere
length-influencing factors. As women get older, the
two somatic cell populations would be redistributed
toward the population that has comparatively
longer telomeres, not only because telomere length
appears to be influenced by an X-linked gene or
genes, but also for the reason that longer telomeres
denote resistance to oxidative stress.24

Role of sex hormones controling
aging and longevity

The role that sex hormones play, estrogen in females
and testosterone in males, in terms of lifespan
differences is widely accepted as a factor for longevity
differences.25 The role of testosterone in a decreased
lifespan has been explained on the basis of the char-
acteristics which are particular to the male gender,
such as competitiveness and aggression. Also testos-
terone decreases blood concentrations of high-density

lipoproteins (HDLs), and increases low-density
lipoproteins, increasing the risk of cardiovascular
morbidity and mortality.25 On the other hand, estro-
gens have demonstrated effective reductions in LDL
cholesterol and increases in HDL, thus having bene-
ficial effects on the cardiovascular system, lowering
morbidity and mortality from cardiovascular diseases
in women.26 Due to their phenolic structure, estro-
gens exhibit marked antioxidant properties, but not
as a direct chemical antioxidant, since the amount of
estrogens needed for this action exceeds that
observed in normal blood. It seems that estrogens
exert an antioxidant effect rather than upregulating
the expression of the genes encoding antioxidant
enzymes through estrogen receptors and cell signal-
ing pathways.26

The primary estrogen produced by the ovaries is
estradiol, and its antioxidant activity relies on the
activation of mitogen-activated protein kinases
(MAPKs) ERK1 and ERK2, that subsequently acti-
vate the signaling pathway for the nuclear factor
kappa B (NFκB), thus behaving as double transgen-
ics leading to increased expression of antioxidant
enzymes glutathione peroxidase and manganese-
superoxide dismutase (MNSOD).26 Glutathione is a
major intracellular antioxidant, with concentra-
tions similar to those of glucose, and it constitutes a
major low molecular weight thiol in cells.27

Glutathione levels have been considered a biologic
marker of aging, and its level inside the mitochon-
dria is directly related to the damage associated with
the aging process. Mitochondrial concentrations of
glutathione in males are approximately half that
found in females. The degree of DNA oxidation
increases with aging and the level of 8-oxo-
deoxyguanosine (8-oxo-dG) is an excellent marker
of oxidative damage to the DNA. Levels of 8-oxo-
dG are 4-fold higher in males than in females.28

Phytoestrogens, natural products that exert an
estrogen-like effect, could mimic the favorable effect
of estrogens as an upregulator of antioxidant
longevity-related genes without the substantial post-
menopausal drawbacks of estrogens. Phytoestrogens
constitute an interesting alternative with very few
detrimental effects.29 Genistein is a phytoestrogen
present in soy and is able to decrease oxidative
stress at nutritionally relevant concentrations. As
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demonstrated by Viña and co-workers,30 the beneficial
effects of genistein are mediated by its interactions
with estrogen receptors, and the cell signaling path-
ways of MAPKs and NFκB. 

Mitochondrial theory of aging

Mitochondria are the intracellular organelles
responsible for oxidative metabolism. More than
90% of the oxygen used by aerobic cells is consumed
in mitochondria. Mammalian cells have several
hundred mitochondria, all of which were inherited
from those in the maternal egg. Each mitochon-
drion has a few identical copies of its own circular
DNA, which codes for 13 mitochondrial enzymes
involved in cellular respiration (using a slightly dif-
ferent genetic code than does nuclear DNA), and a
few ribosomal and transfer RNA molecules.31 The
rate of mutation of mitochondrial DNA in somatic
cells is about 10 to 20 times faster than nuclear
DNA, and this could in part be explained because
mitochondria are an important source of free radi-
cals, particularly hydrogen peroxide; hydroxyl radi-
cals cause oxidative damage to proteins, lipids, and
DNA.25

These mutations accumulate with age in postmi-
totic tissues such as neurons, and in cardiac and
skeletal muscle. The mitochondrial theory of aging
is based on the cellular changes that occur at the
level of mitochondrial DNA related to the balance
between the load of age-related mutations and the
healthy inherited DNA. The damage to mitochon-
drial DNA prevents the regeneration of new mito-
chondria from postmitotic cells, reducing the level
of adenosine triphosphate and consequently cell
death.32 Studies by Sohal and co-workers33 have
shown that shorter-lived species produce higher
amounts of hydroperoxide than the longer-lived
species. Females live longer than males in many mam-
malian species, including humans. Mitochondria
from males produce significantly more hydrogen
peroxide (approximately 50%) than those from
females and have a reduced level of mitochondrial
reduced glutathione, manganese, superoxide dismu-
tase, and glutathione peroxidase than females.
Oxidative damage to mitochondrial DNA is also

4-fold less in females than in males. These differences
may be explained by estrogens. Ovariectomy abol-
ishes the gender differences between males and
females, and estrogen replacement rescues the
ovariectomy effect in animal models.25

Stress resistance

Early in their history, invertebrates appear to have
evolved systems for recognizing environmental con-
ditions, such as food shortages or adverse tempera-
tures, which favored differentiation into long-lived
stress-resistant forms rather than into more vulner-
able breeding forms. These stress-resistance systems
may have been adopted as developmental controls,
for aging pathways by more advanced organisms.
Several of these genes have human homologs.
There is a good correlation between resistance to
cytotoxic stress and maximal lifespan in a variety of
mammals, from hamsters to humans, whose lifespan
varies 40-fold. Fibroblasts from small, long-lived
mice are more resistant to cytotoxic stress than
those from normal mice.34 The phenomenon of
aging, which is characterized by a reduction in the
capability to respond to situations that endanger life
and survival, could be paralleled to the progressive
increase in the level of plasma cath echolamines,
inadequate cortisol secretion, decrease in peripheral
adrenoreceptor sensitization, reduction in the activ-
ity of the insulin growth factor-1 (IGF-1) axis, and
decreased secretion of sex steroids as a result of a
global dysfunction at the level of the hypothal-
amo–pituitary–adrenal axis in response to stress
challenges.35

The response to stress has a clear sexual pattern
of differentiation, and it has been attributed to the
opposite effects on the cortisol/ACTH balance,
caused by estrogens and androgens. Troiano and co-
workers36 showed the sex-related dimorphism is evi-
dent until the extreme limits of the human lifespan,
and that cortisol and ACTH levels at different ages
show different rates of change depending on sex. So
it is not surprising that sex-related differences in the
regulation of stress response mediators could play a
causative role in differing male and female life
expectancy and longevity.35 Other reports have
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shown that the genetic variability of tyrosine
hydroxylase (TH), when compared between cente-
narians and younger persons, showed a considerable
sex-specific TH locus/longevity association.37 A
more recent investigation was able to prove that the
variability in the mitochondrial genome (mtDNA)
has a sex-specific impact on longevity. The mtDNA
variant was represented at an expectedly high fre-
quency among centenarian males.38

Immunology and longevity

The process of aging imposes changes at all levels in
human beings, and the immune system is no excep-
tion. Human immunosenescence is the conse-
quence of chronic antigenic overload; some of the
most important features of age related immune cell
remodelling are: clonal expansion of memory and
effector T-lymphocytes, reduction of naive T cells,
and shrinkage of T-cell repertoire. In most elderly
subjects there is an increased plasmatic level of pro-
inflammatory cytokines, despite the lack of clinical
signs of inflammatory disease,39 which is associated
with a concomitant alteration of the lipid profile
and an increased capability of activated mononu-
clear cells to produce pro-inflammatory cytokines
(IL-1, IL-6, TNFα) in comparison with younger
individuals. Elevated levels of pro-inflammatory
cytokines are predictors of mortality and morbidity
in the elderly. In particular, ‘high producer’ alleles of
pro-inflammatory cytokines have been shown to be
associated with inflammatory age-related dis-
eases,40–44 such as Alzheimer’s dementia, and disabil-
ity,45 and with a decreased probability to reach
extreme longevity.46 Gene polymorphisms involving
hemochromatosis,47 and interferon-γ48 have been
associated with longevity in women but not in men. 

Human leukocyte antigen (HLA) is the general
name of a group of genes in the human major histo-
compatibility complex (MHC) region on human
chromosome 6 (mouse chromosome 17) that
encodes the cell-surface antigen-presenting pro-
teins. HLA, besides antigen presentation is respon-
sible for the T-cell repertoire and target cell
recognition in cytotoxicity. An excess of the 8.1AH
haplotype has been reported in a group of elderly

males when compared to young males and also
elderly females.49 Further research is needed in this
field to confirm this association between male
longevity and 8.1AH, which is associated with a
variety of immune dysfunctions and autoimmune
diseases. Lagaay et al50 HLA typed 964 Dutch sub-
jects (278 males and 686 females) over 85 years,
who were compared with a group of 2444 young
adults. A decrease in B40 and an increae in DR-11
(DR5split) in women over 85 years were observed
with an association for longevity for women.
Ivanova et al51 studied a group of French centenari-
ans and compared them to an adult control group.
Three differences were noted in three alleles, DR-7,
DR-11, and DR-13, that were statistically signifi-
cant in the older group; DR-11 was higher in
women. 

Conclusions

The components of different pathways in women
and men by which they achieve longevity with and
without major age-related disabilities are not com-
pletely defined yet. Several biologic mechanisms
could be responsible for the difference between men
and women. It clear that estrogens play a pivotal
role, making women live longer than men, since
estrogens have effects at the level of cellular oxida-
tion and telomere length, and it has also been shown
that estrogens induce a reduction in LDL cholesterol
and hence in cardiovascular morbidity. Also
immune function has some different genetic deter-
minants that increase women’s resistance to external
agressors. However, aging and extreme longevity are
not only determined by biologic markers; complex
socio-cultural factors are involved in this process. It
has been demonstrated that poor socio-economic
conditions are important factors in determining
length of survival; careful comparison of data from
different countries is necessary to ascertain the roles
of nature and nurture in this phenomenon which
plays a complementary role in the aging process.
Since changes in the environment could trigger
changes at the molecular-genetic level by inducing
mutations, it is possible that this could result in con-
ditions favoring a shorter lifespan. 
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Changes and manipulation of the aging process
will affect the overall risk of developing conditions
seen in older people and perhaps will delay the onset
of several diseases. The maximal lifespan appears to be
120 years and the average in developed nations is
about 80 years. Incapacitating conditions particular to
old people appear at about age 70 or later, and if the
human lifespan were increased to 150 years, it is likely
that debilitating diseases such as Alzheimer’s disease
would not be noted until age 100, allowing more
patients to be free from chronic debilitating illnesses.
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CHAPTER 3

The biology of the aging brain
Xi Chen and Shirley Shidu Yan

Introduction

Aging brings about characteristic changes in brain
functions, which can present in such diverse aspects
as alterations in cognitive function, motor coordi-
nation, and sleep pattern. Although there is a gen-
eral trend towards functional decline during aging,
the degree of these changes can vary widely between
individuals and generally they do not seriously com-
promise the quality of life. However, some age-
related alterations might increase a person’s
vulnerability to some neurodegenerative disorders,
such as Alzheimer’s disease (AD). Recent advances
in molecular biology, neurophysiology, and func-
tional brain imaging have made a significant
progress in understanding some aspects of the bio-
logical mechanisms underlying the aging process.

Age-associated cognitive and
behavioral changes 

The most consistent behavioral change in the elderly
observed in neuropsychologic studies is a general
slowing of mental processing. Some studies have
even suggested that psychomotor slowing and slowed
cognitive processing can account for most of the
aging-associated performance decline. Further
analyses of performance slowing in the elderly have
indicated that the slowing tends to occur at decision
points. An increased cautiousness of many elderly
persons may also add to their slow performance. The
intelligence quotient (IQ) test in the elderly usually

reveals a ‘classic aging pattern,’ in which there is a
greater decline in the speed-dependent performance
IQ as compared to the vocabulary IQ, and a greater
decline in ‘fluid’ (novel solutions) versus ‘crystal-
lized’ (old solutions) intelligence. The elderly are
not as efficient at integrating unfamiliar information
or using novel approaches as they are in employing
old information in old solutions, strategies, or tem-
plates (wisdom). Thus, overlearned, well-practiced,
and familiar skills, ability, and knowledge are ‘crys-
tallized’ and continue to be fully operative and even
show gains into the seventies and eighties; while
activities requiring ‘fluid’ intelligence, which
involves reasoning and problem solving for unfamil-
iar solutions, follow the typical pattern of relatively
slow decline through the middle years until the late
fifties or early sixties, when decline proceeds at an
increased rate.1

Most elderly individuals show decreased engage-
ment, risk-taking, and goal-oriented behaviors, and
become more conventional, cautious, and routine-
bound, which is generally attributed to changes in
frontal lobe executive functions. Reasoning about
familiar material holds up well with aging. In con-
trast, when reasoning is brought to solving unfa-
miliar or complex problems, and to those requiring
the subject to distinguish relevant from irrelevant
or redundant elements, then older persons tend to
do increasingly poor with advancing age. Concept
formation and abstraction also suffer with aging, as
older persons tend to think in more concrete terms.
Mental flexibility for making new abstractions and
forming new conceptual links diminishes with age,
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with an increasingly steep decline after age 70.
Mental inflexibility appears as difficulty in adapt-
ing to new situations, solving novel problems, or
changing the mental set in many studies of elderly
persons. It is suggested that reduced flexibility may
occur when the task becomes more difficult, as
when memory load or task complexity increases
beyond the subject’s capacity for efficient process-
ing. Perseveration and difficulty in withstanding
distractions also contribute to older subjects’ poorer
performances.1

Age-associated memory impairment (AAMI) is
one of the most common geriatric neuropsychologic
complaints. Most elderly persons experience mildly
increased difficulty to recall the names of people
and places due to decreased retrieval of information.
During neuropsychologic testing, while short-term
retention of simple span is resistant to the age effect,
the declines are noted when the task requires men-
tal manipulation such as reversing a string of digits,
with distraction or when the amount of material
exceeds the normal primary storage capacity of six
or seven items. Almost all studies report that learn-
ing ability diminishes with aging and that losses are
particularly prominent when learning is measured
by recall. Visual, auditory, and tactile memory tends
to be compromised at an earlier age than verbal
memory. Decreased ability to retrieve information
can also impede the verbal fluency tests: elderly sub-
jects show slowed reaction times and, on tests of
confrontation naming, are more likely to require
phonetic or semantic cues to aid retrieval, and to
make more errors due to misperceptions. A stan-
dardized memory test such as the Wechester Memory
Scale–Revised helps to differentiate AAMI from
mild cognitive impairment (MCI): subjects with
AAMI only show a statistically lower score when
they are compared to younger controls (i.e., not age-
adjusted) and subjects with an MCI score 1.5 stan-
dardized deviations or more below the mean when
compared to education and age-adjusted controls.2

MCI is considered as a potential early stage or pre-
cursor of AD. The conversion rates of MCI to AD
average about 12 to 17% compared to 1 to 7% for
the normal elderly.3

Decline in motor coordination is a well-recog-
nized phenomenon in aging. The gait of an elderly

person is slower, with a shorter stride, and less erect
posture. Postural reflexes are often sluggish, making
the individuals more susceptible to losing their bal-
ance and falling. These motor changes involve both
central nervous system mechanisms, such as perfor-
mance slowing and poor coordination, and periph-
eral alterations, such as reduced position sense,
muscle weakness, and skeletal changes. Beginning
at age 30, simple reaction time follows a pattern of
gradual slowing and typically continues at about the
same steady rate over the lifespan. In contrast, speed
in the performance of complex activities in which
mental processing is involved shows a rapid rate of
slowing after age 60. Diminished dexterity and
coordination tend to compromise fine motor skills.
Motor strength also decreases a little around age 40,
with accelerated losses thereafter. In the test for
idiomotor apraxia, older persons are much more
likely to use a body part as object (e.g., hand and
fingers as comb, rather than shaping and moving
hand and arm as if holding a comb). All sensory
modalities, such as vision, hearing, tactile, odor, and
olfaction, decline in sensitivity and acuity during
aging and may contribute significantly to age-
related functional impairments.1

The sleep pattern changes with age. Elderly indi-
viduals awaken more frequently after falling asleep
and have less total sleep time. Stage I slow-wave
sleep is increased in the elderly while stages III,
stage IV, and rapid eye movement (REM) sleep are
reduced. Sleep spindles may show decreased fre-
quency, amount, and amplitude. Sleep becomes
fragmented with increased daytime somnolence.
The prevalence of sleep disorders such as sleep
apnea and periodic limb movements in sleep
become more prevalent with aging.4

Electroencephalographic changes in old age
include slowing of the posterior dominant fre-
quency from 11 to 12 Hz in the young to 8 to 9 Hz
in the aged. There is also an increase in intermit-
tent fast activities, diffuse slow activity, or focal
slow waves.4 Intermittent focal slow waves in the
temporal regions (particularly in the middle and
anterior temporal regions and greater on the left
side) are noted in 17–59% of healthy elderly indi-
viduals. Some studies suggest that intermittent
temporal slowing is associated with white matter
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hyperintensity found on MRI scan, but not with
either blood pressure levels or cognitive function-
ing.5 Alpha blocking and photic driving response
to intermittent photic stimulation are also dimin-
ished in old age.6

Age-associated structural
and biochemical changes

Underlying the cognitive and behavioral changes
mentioned above, there are also significant struc-
tural changes in aging brain. The brain size remains
essentially unchanged from the early adult years
until 40 to 50 years of age, after which a much
greater rate of shrinkage begins. Cortical atrophy
first appears in the forties, with increasingly
widened sulci, narrowed gyri, and thinning of the
cortical mantle. Ventricular size follows a similar
pattern of slow enlargement into the fifties, with
increasingly greater dilatation through the seventies
for both sexes, with rapid changes beginning in the
forties for men but not until the fifties for women.
Subcortical structures showing a reduction in
volume on MRI scan include the anterior dien-
cephalon involved in the cholinergic system, and
basal ganglia, but there is little loss of volume in the
thalamus.7 More than one-third of persons over age
65 show areas of increased signal intensity in the
deep white matter (leukoaraiosis). At least some
shrinkage in brain tissue appears to be due to neu-
ronal loss, which occurs in both the cortex and sub-
cortical structures. The hippocampus and anterior
dorsal frontal lobe, including the frontal poles, are
the areas most susceptible to neuronal loss. For
example, for every decade after age 40, the hip-
pocampus loses approximately 5% of its cells. Other
areas lose fewer neurons and the occipital lobes vir-
tually none. Among subcortical structures, the thal-
amus, the locus coeruleus, and Purkinje cells in the
cerebellum are particularly vulnerable to neuronal
loss. White matter loss may also account for signifi-
cant amounts of brain shrinkage. Some studies
have suggested that neuron counts remain relatively
stable over the years while cell sizes shrink; while
large neurons (> 90 µm) decrease in number in mid-
frontal, superior temporal, and inferior parietal

areas of the neocortex, the small neurons and glial
cells increase in number with aging.8

Astrocytic hyperactivity, cerebrovascular arte-
riosclerosis and mild amyloid β peptide (Aβ) accu-
mulation are common even in healthy aging brain.
There is a 10–30% increase in astrocyte volume with
advancing age. Cerebrovascular arteriosclerosis is
ubiquitous in the aging brain and the microvascula-
ture shows increased hyalinization and PAS staining
even in normal human brain. These changes may
alter regional blood flow as well as local microperfu-
sion.9 Neuropathologic studies in the unimpaired
normal elderly disclose changes similar but not as
extensive as those for AD, with neurofibrillary tan-
gles and diffuse plaques detected in the hippocampal
CA1 region and entorhinal cortex.10

Given the many structural brain alterations that
take place with aging, it is not surprising that bio-
chemical changes also occur, although most bio-
chemical systems remain intact with aging. Loss of
neurons in the subcortical structures and reduction
in the enzyme activities may result in deficiencies in
neurotransmitters such as dopamine, norepineph-
rine, and acetylcholine in aging brain. For example,
there is a decrease with age in the number of neu-
rons in the substantia nigra, a major dopaminergic
center in the midbrain, and in the locus ceruleus, a
noradrenergic nucleus in the pons. There are also
reductions in the receptors for dopamine, norepi-
nephrine, and acetylcholine. Both ligand binding
and PET imaging have demonstrated a progressive
reduction of dopamine D2 receptors in the striatum.
These declines can be detected during midlife and
appear to be progressive, reaching net decreases of
20–40% by the end of the lifespan. Generally speak-
ing, aging changes in neurotransmitters and their
receptors are mild and inconsistent in neurologi-
cally normal humans, unlike the major loss of basal
ganglia dopaminergic neurons in Parkinson’s disease
(PD) and the variable loss of choline acetyltrans-
ferase (ChAT) and other cholinergic markers in
AD. Age-related alterations in the synthesis and
degradation of neurotransmitters and their recep-
tors could explain some of the characteristics of
aging, such as alterations in sleep pattern, mood,
appetite, neuroendocrine functions, motor activity,
and memory.
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Resting brain metabolism during aging has been
characterized. In neurologically normal individuals,
basal cerebral glucose and oxygen consumption
show modest declines of 10–30% over the lifespan.
These decreases are correlated with the decreases in
cerebral blood flow and parenchymal atrophy.
Overall, age contributes much less to the total vari-
ance than intersubject variations. However, correla-
tions in metabolism between cortical regions may
be stronger in young adults than in the elderly,
which implies an aging-associated decrease in the
integration of cortical functions, which could con-
tribute to the subtle age-related alterations in cog-
nitive functions.9

Age-associated functional alterations in specific
regions of the brain include loss of synaptic connec-
tion, loss of dendritic spines (the lateral protrusions
on the shafts of dendrites that are specialized to
receive excitatory synaptic input), and calcium
dyshomeostasis. One of the most intensively studied
areas is the relationship between the hippocampus
and the learning process. The hippocampus of the
temporal lobe plays an important role in memory
storage and the neurons in the hippocampus show
plastic capability, which is required for associative
learning. The hippocampus has three major excita-
tory pathways running from the subiculum to the
CA1 region in this sequence: (1) the perforant path-
way runs from the subiculum to the granule cells in
the hilus of the dentate gyrus; (2) the mossy fiber
pathway that runs from the granule cells in the den-
tate gyrus to the pyramidal cells lying in the CA3
region of the hippocampus; and (3) the Schaffer col-
laterals (an excitatory collaterals) run from the pyra-
midal cells in the CA3 region to the pyramidal cells
in CA1. In 1973, Timothy Bliss and Terje Lomo11

demonstrated that a brief high-frequency train of
stimuli to any one of the three afferent pathways to
the hippocampus produces an increase in the excita-
tory synaptic potential in the postsynaptic hip-
pocampal neurons, which can last for hours, and in
the intact animal for days and even weeks. They
called this facilitation long-term potentiation (LTP),
which is considered as an example for mammalian
brain learning at the neuronal level.12 With respect
to aged neurons, there is no deficit in inducing
LTP when robust induction parameters are used.

However, synaptic strength decays more rapidly in
aged neurons, which is correlated with increased
rates of forgeting in the aged animals. Conversely,
long-term depression (LTD) is more easily induced
in aged animals than in young animals, implying the
mechanisms for information storage might be com-
promised in older animals. The underlying mecha-
nism is considered to be due to dysregulation of Ca2+

homeostasis in the aging brain, with Ca2+ influx
through N-methyl-D-aspartate (NMDA) receptors
reduced and through L-type voltage-gated Ca2+

channels increased. The Ca2+ dysregulation also
contributes to decreased cell excitability, altered
synaptic function, and increased susceptibility to
neuron loss in the aging hippocampus.13 Another
feature of learning-related neuronal plasticity
changes is the expression of immediate-early genes
(IEG), a diverse group of proteins including tran-
scription factors, structural and scaffolding proteins,
signal transduction proteins, growth factors, pro-
teases, and enzymes. They are called IEGs since their
corresponding mRNAs can be transcribed in the
presence of protein synthesis inhibitors in response
to the neural activity associated with learning and
they have been studied as potential mediators of
long-lasting plasticity. Induction of c-fos mRNA in
dorsal hippocampus following LTP induction has
been observed to be greater in aged animals as
compared to young animals.14

Mitochondrial dysfunctions in the brain have
been hypothesized to be responsible for some
aspects of the aging process. One of the examples is
the accumulation of somatic mitochondrial DNA
(mtDNA) mutations in the postmitotic tissues,
including muscle and brain. When the level of
mtDNA rearrangements was quantitated by the
analysis of a common 5-kb mtDNA deletion,
mtDNA deletion was found to accumulate to the
highest levels in the basal ganglia, followed by the
cerebral cortex, with the least being found in
the cerebellum. As a predominant species of
mtDNA rearrangement, the highest level of the
common 5-kb deletion was estimated in approxi-
mately 0.1% of the total mtDNA when the total tis-
sue DNA was analyzed.15 The actual proportion of
mutated mtDNA in the individual cells or individ-
ual mitochondrium can be much higher considering
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the compartmentalized clonal expansion of deleted
mtDNA within the individual organelle.16,17 Since
mtDNA encodes multiple subunits of the mito-
chondrial respiratory chain, these mutations can
contribute to respiratory chain failure and oxidative
damage observed in the specific brain regions dur-
ing aging.18 The importance of mtDNA mutations
in causing aging was also demonstrated by the
knock-in mouse models with a mutant form of the
mtDNA polymerase γ (POLG) subunit A in which
the proofreading function was inactivated by the
mutation D257A. These mice had a shortened lifes-
pan and developed premature aging phenotypes
involving weight loss, reduction of subcutaneous
fat, hair loss (alopecia), curvature of the spine
(kyphosis), osteoporosis, anemia, reduced fertility,
and heart enlargement. This was associated with an
age-related decline in respiratory chain complexes
I and IV activities and ATP production rates.
Analysis of the mtDNA revealed that the knock-in
animals had a 3- to 5-fold increase in mtDNA base
substitution mutations in brain, heart, and liver,
with the highest number of mutations in the
cytochrome b coding region.19

Alzheimer’s disease is an age-related
neurodegenerative disorder

The increased life expectancy brought by medical
advances has unmasked a new epidemic: dementia
due to age-related deterioration of brain functions.
Among them, AD affects about 5% of people over
the age of 65 years, and about 30% over the age of
85 years. It has an estimated worldwide prevalence
of 15 million people, making it the most common
cause of dementia in adults. The patients present
progressive loss of memory, disturbances of emotion,
and behavior and general cognitive deterioration.
Autopsy of the brain reveals loss of neurons associ-
ated with the formation of amyloid plaques and
neurofibrillary tangles. Neuronal loss and neurofib-
rillary tangles in the nucleus basalis of Meynert of
the frontal forebrain contribute to cholinergic
abnormalities. The nucleus basalis manufactures
ChAT that is distributed in a diffuse cholinergic
projection system to the cerebral cortex. In the

presynaptic terminals within the cerebral cortex,
ChAT catalyzes synthesis of acetylcholine for
release into the synapse. Neuronal death and dys-
function in the nucleus basalis leads to a reduction
in ChAT and a subsequent deficiency in presynap-
tic acetylcholine production. In the AD brain,
cholinergic activity is reduced 80 to 90% in affected
cortical regions of the hippocampus, midtemporal
gyrus, parietal cortex, and frontal cortex.2

Genetic factors have been suggested to play a
role in the pathogenesis of AD. Both the familial,
early onset form and the more common sporadic
form of AD have been recognized clinically. The
clinical and pathologic features are identical in the
two forms, but early-onset disease is sometimes
Mendelian transmitted and autosomal dominantly
inherited, whereas late-onset AD is non-Mendelian
transmitted and shows only modest familial cluster-
ing. In dominant, early-onset families, genetic link-
age analysis allowed mapping and subsequent
cloning of three genes, amyloid β peptide precursor
(APP) at chromosome 21q21, preseniline-1 (PS1)
at chromosome 14q24, and presenilin-2 (PS2) at
chromosome 1q42. These mutations account for
about 10% of early onset AD cases. In late-onset
cases, apolipoprotein E (APOE, located at chromo-
some 19q13.2) has been identified as a ‘susceptibil-
ity factor.’ In cross-sectional studies of people over
the age of 65, people with the APOE ε 3/ε 4 isoform
have about three times the risk of developing AD
and ε 4 homozygots have about 14 times the risk of
developing AD, as compared to ε3 homozygotes.
The population attributable risk associated with
APOE ε 4 was calculated to be approximately
20%.20

Consistent with the role of ‘mitochondrial fail-
ure’ in aging, there is also a large amount of evi-
dence implicating an important role in AD for
impaired energy metabolism and oxidative stress
due to mitochondrial dysfunction. Metabolic
impairment in AD patients has been demonstrated
through functional imaging with PET and SPECT
scans, which show hypometabolism, especially in
the temporoparietal cortex of patients with AD,
even at an early clinical stage of the disease.21-23

Respiratory chain enzyme cytochrome C oxidase
activity was found to be markedly decreased in
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brain24 and platelets of AD as compared to control
subjects.25 Mitochondrial dysfunction also leads to
reactive oxygen species (ROS) production causing
neuronal oxidative stress. Recent studies further
demonstrated that Aβ peptide might gain access to
the intramitochondrial matrix and bind to β-amy-
loid binding alcohol dehydrogenase (ABAD),
which may further impair the mitochondrial
integrity and function. An animal model study
demonstrated that binding of Aβ and ABAD can
mediate reduced glucose utilization and ATP pro-
duction, decreased respiratory chain activity, and
increased oxidative stress, leading to memory
impairment.26 However, the direct link between Aβ
accumulation and neuronal dysfunction/loss in
humans remains missing.

In parallel with the aging-associated alterations of
the endocrine system, the role of hormonal changes
in the pathogenesis of AD is supported by epidemio-
logic data showing a predisposition of post-
menopausal women to AD. Large epidemiologic
studies have indicated that AD affects women 1.5
times as often as men, and remains more common in
women even after adjusting for greater longevity
among women and shorter disease survival among
men.27,28 When the cognitive function was corre-
lated to AD pathology in the autopsy brain, it was
found that AD pathology is more likely to be clini-
cally expressed as dementia in women than in men.29

The role of estrogen deficiency following the
menopause remains inconclusive, and a recent
Women’s Health Initiative Memory Study30 even
demonstrated that estrogen plus progestin therapy
could increase the risk for probable AD. Possible
pathogenic effects of elevated gonadotropin levels31

and testosterone depletion in brain32 are also sug-
gested by recent reports. 
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CHAPTER 4

The blood–brain barrier: age and
gender differences
William A Banks

Introduction

The blood–brain barrier (BBB) forms the interface
between the central nervous system (CNS) and the
peripheral circulation. It is capable of virtually
excluding from the CNS many substances and con-
trols the entry of most others and so is responsible
for the nutritive and homeostatic environment of
the CNS.1 In addition, the BBB is increasingly rec-
ognized to play a role in communication between
the CNS and peripheral tissues through its ability to
control the exchange of regulatory and informa-
tional molecules such as peptides and proteins.2

The BBB changes with regard to its membrane
composition, the rate at which it transports amino
acids, glucose, and regulatory substances, and its
effect on the cerebrospinal fluid (CSF)/blood ratio
of serum proteins throughout the life cycle. Most
of these changes reflect the response of the BBB to
the variable needs of the CNS and so are adaptive
changes. With aging however, it is unclear to what
extent the changes in BBB function are also
pathologic.

Although the BBB remains intact to serum pro-
teins with healthy aging, it is more vulnerable to
insults. Aging is also associated with an increase in
the incidence of disease states that can alter the func-
tion of the BBB regardless of age. Stroke, diabetes,
and Alzheimer’s disease are examples of conditions in
which the BBB has been proposed or shown to be dis-
rupted or its functions altered. 

This review will examine the changes which
occur with aging in the morphology, membrane
composition, and permeability of the endothelial
cell and the BBB. 

Basis of the blood–brain barrier

Experiments done at the end of the century 19th
century found that many basic dyes and acids
would stain the brain and CSF or affect CNS func-
tion when given centrally but not peripherally gave
rise to the concept of the BBB.3 These substances
were found to be prevented from entering the CNS
by barriers formed by the endothelial cells of the
vasculature and by the epithelial cells of the
choroid plexus. These cells are modified when
compared to endothelial cells from most non-CNS
tissues in that they are joined together by tight
junctions which eliminate intercellular pores, have
a paucity of intracellular fenestrations, and have a
low rate of pinocytosis. These modifications mean
that the osmotic and hydrostatic forces of Starling
are not operational in the CNS and so no plasma
ultrafiltrate is produced to nourish the CNS.

Because of the lack of formation of a plasma
ultrafiltrate, circulating proteins are largely
excluded from the CNS. Instead, substances
enter the CNS by one of two major mechanisms.
Small lipid-soluble substances can easily diffuse
through the membranes which comprise the
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BBB.4 Nicotine, heroin, and ethanol are exam-
ples of substances that cross by membrane diffu-
sion. Larger peptides and proteins can also use
this pathway, but their entry by this pathway is
correspondingly reduced.5 Second, many sub-
stances are transported across the BBB by sat-
urable systems. Essential amino acids, glucose,
thyroxine, and some regulatory substances such
as insulin and leptin cross by saturable transport
systems.6 The transporters usually are highly spe-
cific for a class or type of molecule. The Glut-1
transporter, for example, transports other hex-
oses in addition to glucose and there are distin-
guishable transporters for large neutral, acidic,
and basic amino acids. 

Efflux systems are as important to normal CNS
functioning and the prevention of disease as are
influx systems. For example, efflux of potassium pre-
vents CSF levels from becoming too high during
hyperkalemia,7 the dysfunction of the peptide trans-
port system (PTS)-1 with alcohol withdrawal is
associated with seizures,8 and an efflux system for
nicotine in the tobacco hornworm allows it to
ingest tobacco without suffering nicotine poisoning
of the CNS.9

Morphologic changes with aging

Table 4.1 is a summary of a previous review that
examined the aging brain for changes in its vascula-
ture.10 As reported in the literature, these changes
are regional and variable.11–13 For example, the cap-
illary lumen diameter has been reported to be
decreased in the hippocampus, increased in the
frontal cortex, and unaltered in other areas. 

The BBB remains intact with normal aging
despite morphologic changes in the brain vascula-
ture. Albumin, sucrose, and horseradish peroxidase
are substances used to assess the BBB for increased
leakiness and studies with them have failed to find
any disruption,14–16 even though peripheral vascular
beds do appear to become more leaky.17 The vascu-
lar space of the brain is unchanged with aging, a
finding that is consistent with maintenance of BBB
integrity. However, the changes that do occur in the
vasculature with aging may make the BBB more sus-
ceptible to subsequent pathologic insults.

The vessels in the aging brain show increased
tortuosity, kinking, looping, spiraling, and cork-
screwing. Such angioarchitectural distortions are
even more pronounced in Alzheimer’s disease. The
resulting hemorheologic aberrations have been pro-
posed to interfere with the passage of oxygen, glu-
cose, and other substances across the BBB.18–20

Retinal capillaries, which have blood-brain barrier
properties, show increased glycogen deposits,
pinocytotic vesicles, and cellular debris.21

Changes in aged endothelial cells

Although few studies have been done on aged brain
endothelial cells, ones that used aged endothelial cells
derived from peripheral vascular beds showed alter-
ations in function with aging that may be associated
with disease. Endothelial cells derived from rat aorta
have a decreased basal and stimulated prostacyclin
production.22 Endothelial cells from the wounds of
aged animals have an increased proliferative capacity23

but a decreased chemotatic response to platelet-derived
growth factor.24 Other studies have shown aging
endothelial cells to have a decrease in mRNA25 and
altered location of centrosomes.26 Aged endothelial
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Table 4.1 Morphologic changes in the aging
BBB vasculature

Decreased number of pericytes

Decreased number of endothelial cells 

Decreased cytoplasm in endothelial cells

Decrease in the number of mitochondria per
endothelial cell

Increased length of endothelial cells 

Increased density of mitochondria in
endothelial cells

Increased thickness of basement membrane

Altered diameter of capillary lumen

Thinning of capillary wall
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cells produce less basal and stimulated nitric oxide,
which may lead to increases in blood pressure.27–29

Studies specifically of aging brain cells are more
rare. Stewart et al30 reported that endothelial cells
lose cytoplasm with aging, especially those in white
matter. The number of mitochondria per endo-
thelial cell was reported to be decreased in aged
Macaque monkeys but not in aged rats. Most
authors have found a decreased number and
increased length of endothelial cells (Table 4.1).
The numbers of tight junctions, vesicles, and gap
junctions per endothelial cell are unchanged in
brain endothelial cells.

Age-related changes in
protein concentrations in the CSF

The choroid plexus produces the majority of fluid
found within the brain. Therefore, increases in the
CSF concentration of serum proteins have often been
used to argue for a disruption in the barrier at the
choroid plexus. Increases in CSF levels or CSF/serum
ratios have been reported for albumin, total protein,
and various serum proteins with aging.31 CSF produc-
tion, however, is decreased and the brain ventricular
space is increased with aging. These changes suggest

that the increase in CSF protein concentrations could
be due to a reduced turnover rate of CSF.

Permeability of the blood–brain
barrier in aging

Diffusion and saturable transport are the two major
mechanisms by which substances can cross the
BBB.4,6 Membrane diffusion has not been rigorously
investigated for changes with aging, but two studies
do suggest a 25–33% reduction in passage through
this pathway for thiourea and sucrose and a third
study found decreased uptake of calcium channel
blockers.32

Saturable transport systems have been studied in
aged rodents, humans, and dogs by a variety of meth-
ods, including magnetic resonance imaging and PET
scanning. Most transporters have been found to be
decreased (Table 4.2) in the range of 20–40%. Km
and Vmax are often proportionately decreased, pro-
ducing unaltered Km/Vmax ratios. Unaltered
Km/Vmax ratios suggest an uncompetitive form of
inhibition, an effect not mediated through changes
in transporter number or ligand affinity.

Some transporters have been shown to be
reduced by more than 20–40%. The Vmax for
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Table 4.2 BBB transport systems in senescent animals

Transport system Ligand studied Findings

Peptide Transport System-1 Tyr-MIF-1 Dec Km; Dec Vmax
LH system LH Increased inhibition with

unlabeled material
Thyroid hormone T3 Dec transport
Hexose Glucose Dec transport; dec Vmax,

no change in Km,
decreased efflux

Large neutral amino acid Tyr/Val No change
Tryptophan Dec Km; dec Vmax
Phe-analog No change in influx,

increased efflux 
Free fatty acid Palmitate Increased uptake in

selected regions
Arachidonate No change

Choline Choline Dec Vmax; dec Km
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glucose is reduced by about 75% and the Vmax and
Km for choline transport are each reduced by over
95%.33 Decreases in glucose transport begin in
midlife for some brain regions and continue for
other regions into senescence.

Unlike other substances, the transport of the free
fatty acid palmitate increases with age in some
regions of the brain. The uptake of palmitate is
directly related to the regional brain synthesis of
phosphatidylcholine and is especially incorporated
into structural lipids.34 Therefore, the increased
transport of palmitate with aging likely reflects
age-related changes in membrane remodeling and
synthesis or myelination. The free fatty acid arachi-
donate, which has a turnover rate in brain related to
signal transduction, has a transport rate unaffected
by age.35

Efflux, or brain to blood, systems are less uni-
formly affected than are the influx systems. PTS-1,
which transports Tyr-MIF-1 and met-enkephalin
out of the brain, has proportionate reductions in Km
and Vmax. Both phenylalanine and glucose efflux
rates are increased with aging. Daniel et al36 have
suggested that glucose efflux is decreased in aging
because the lower rate of influx leaves less unmetab-
olized glucose available for re-entry into blood. A
lesser amount of unmetabolized brain glucose could
reduce the safety margin for the brain in the case of
hypoglycemia. 

Altered composition of brain
endothelial cells with aging

Several studies have examined the composition of
the BBB with aging. Unlike the membranes of other
cell types, the brain endothelial cell does not appear
to have an increase in membrane cholesterol or
changes in lipid composition.37 Phospholipid base
exchange in brain endothelial cells is unchanged
with aging.38 Others, however, have suggested that
there may be changes in membrane protein content.
Lectin-binding studies are consistent with an
increase in glycoprotein content. With the excep-
tion of an N-ethylmaleimide inhibitable compo-
nent, ATPase activity, including oubain-sensitive
ATPase activity, does not change with aging. 

No change occurs in saturated fatty acids, but an
increase in monounsaturated fats and a decrease in
polyunsaturated fats do occur. Brain endothelial cell
activity of glutathione peroxidase and glutathione
reductase, alpha 1 adrenergic receptor number, and
manganese content do not change with aging,
whereas superoxide dismutase (SOD) activity and
copper and zinc contents increase and catalase activ-
ity decreases. The changes in antigens associated
with the BBB have been reviewed elsewhere.39 The
choroid plexus shows a different pattern with aging,
with no change in catalase activity but an increase
in glutathione peroxidase and SOD activity.

Autoregulation of cerebral blood
flow

Cerebral blood flow (CBF) delivers oxygen and glu-
cose to the brain and, because these substances are
nearly maximally extracted from blood as it passes
through the brain, an increase in the metabolic
demand of the CNS must be met by increasing
blood flow. Many drugs are also highly extracted
from blood so that the amount of the drug entering
the brain is a function of CBF.

CBF clearly declines with aging. Whether this
decline is caused by a response of the cerebral vas-
culature to a decreased demand for oxygen and glu-
cose by the CNS or by pathology of autoregulatory
mechanisms is unanswered. Evidence suggests that
at least part of the decrease in CBF is related to
decreased blood levels of hormones such as growth
hormone and insulin-like growth factors. The
implication of a decrease in CBF in the healthy
elderly for drug delivery to the brain is poorly
explored.

In comparison to changes in baseline CBF, evi-
dence suggests that the reactivity of the cerebral vas-
culature to vasoconstrictive and vasodilatory stimuli
is largely intact. Although vasoconstriction in
response to 100% oxygen and vasodilatation in
response to hypercapnia occur to a normal or near
normal degree, selected aspects of cerebrovascular
reactivity may be impaired. Vasodilatation,
for example, in response to TRH is impaired.
Vasodilatation in response to hypercapnia is reduced
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in postmenopausal women and can be partially
restored with estrogen replacement therapy; this
again suggests important interactions between circu-
lating hormones and the brain vasculature in aging.
Several studies have found that the increase in
regional CBF seen with mental activity or other
types of CNS stimulation still occurs in the elderly,
but is attenuated compared to younger individuals. 

Implications for aged-related
changes in the blood–brain barrier

The general picture of the aging BBB that emerges
is one of subtle changes in morphology and compo-
sition with preservation of integrity and modest
alterations in function. Of these various changes
and adaptations, most are minimal compared to
those that occur with aging in the rest of the CNS
or that occur in the BBB with disease states such as
Alzheimer’s disease or stroke. It is likely that many
of the changes seen in the aging BBB are adaptive
to the altered demands of the aging CNS.

A conclusion often reached by many authors is
that the changes seen with aging in the BBB make
it more susceptible to pathologic insults. For exam-
ple, it has been postulated that the decreased trans-
port rate of glucose across the aging BBB may place
the CNS at greater risk during hypoglycemia. The
aged BBB is more susceptible to disruption from
seizures40 and alterations in permeability from
haloperidol treatment. Decreases in CBF and cere-
brovascular reactivity may make the aging CNS
more susceptible to other conditions as well, such as
stroke, vasculitides, and multiple sclerosis.

Changes in transport rates, membrane diffusion,
and enzymatic activity could underlie many aspects
of the aging CNS. The CNS is entirely dependent
on the BBB’s selective permeability for the adequate
delivery of supplies of vitamins, minerals, amino
acids, electrolytes, free fatty acids, nucleic acids,
and in some cases hormones, peptides, and regula-
tory proteins. The delivery of these substances
depends mainly on saturable transport systems.
Impairment of transport capabilities has been impli-
cated in alcohol withdrawal seizures (methionine
enkephalin efflux), mental retardation (glucose

influx), and obesity (leptin and pancreatic polypeptide
influx). Impaired transporter function could underlie
many aspects of the aging CNS.

The neurovascular hypothesis

The amyloid hypothesis states that amyloid β
protein plays a causal role in Alzheimer’s disease.
Whereas all Alzheimer’s patients have elevated
amyloid β protein levels in their brains, only about
1% of Alzheimer’s patients overproduce this sub-
stance. Therefore, the majority of Alzheimer’s
patients must be clearing amyloid β protein poorly.
One mechanism of clearance from the brain is
by brain-to-blood transport. Amyloid β protein
has such an efflux pump, low-density lipoprotein
receptor-related protein-1 (LRP). The LRP protein
is underexpressed in patients with Alzheimer’s dis-
ease and efflux of amyloid β protein from brain is
impaired in mice which overexpress amyloid β pro-
tein.41–43 This has led Zlokovic to propose the neu-
rovascular hypothesis of Alzheimer’s disease,44

which states that defective brain-to-blood trans-
port of amyloid β protein leads to its accumulation
and contributes to the development of Alzheimer’s
disease. 

Sex steroids and blood–brain barrier
function

The effects of gender and sex steroids on BBB func-
tion are perhaps one of the least studied areas in the
field. Although it is well known that the BBB changes
with maturation, the degree to which those changes
are mediated directly or indirectly by changes in sex
hormones is unknown. However, there are tantaliz-
ing clues that sex steroids play an important role in
BBB regulation. For example, female rats are more
susceptible to disruption of the BBB by osmotic
insult than are male rats.45 The effect of estrogen on
edema formation in ovarectomized rats may be
dependent on age.46,47 Estrogen also likely controls
expression of adhesion molecule expression and
immune cell penetration into the brain;48 these
effects could underlie the gender difference in the
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development of multiple sclerosis. Androgens
control other aspects of BBB function, including
expression and function of organic ion efflux
systems.49

Conclusions

The aging BBB remains intact to serum proteins
during healthy aging. Many of the changes that are
seen in BBB function may be adaptive to the chang-
ing demands of the aging CNS. The aged BBB is,
however, likely to be increasingly vulnerable to
insults from other diseases, such as hypertension and
stroke. The role of sex steroids and gender differ-
ences remains a relatively understudied, but impor-
tant, topic. In addition, some changes in BBB
function may underlie diseases of the CNS, as has
been postulated for glucose and amyloid β protein
transport in Alzheimer’s disease.
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CHAPTER 5

Aging men – the challenge ahead
Bruno Lunenfeld 

An aging world

First we were obsessed with the challenge of ‘popula-
tion explosion’, then we shifted our concern to the
problems of global ageing, and only now do we start
to grasp the future consequences of a rapid fertility
decline. 

E Diczfalusy, 2000

When Emperor Augustus died in the year AD 14 and
was followed by Tiberius, the world population
known at that time was less than 300 million peo-
ple. Survival of individuals, clans, and nations was
very difficult in those times, so that there was little,
if any, increase in global population during the sub-
sequent millennium and the world population of
the year AD 1000 was still below 300 million people.
Then the second millennium brought about dra-
matic changes in the world population; it is esti-
mated that by the year 1500, the global population
was around 400 million people. Population showed
more rapid growth in the 17th and 18th centuries.
It stood at 1 billion at the start of the 19th century,
then 1.6 billion at the beginning of the 20th cen-
tury, and now, in the first decade of the 21st century,
it has reached 6 billion.

The estimates and projections of the United
Nations indicate that between 1900 and 2100,
world population will increase 7-fold, from 1.65 bil-
lion to 11.5 billion: an increase of almost 10 billion
people. Better hygiene and public sanitation in the
19th century led to expanded life expectancies and
quicker growth, primarily in developed countries.

Demographic transition in the 19th and 20th cen-
turies was the result of shifts from high to low mor-
tality and fertility. The pace of change varies with
culture, level of economic development, and other
factors. Not all countries follow the same path of
change. The reproductive revolution in the mid-
20th century and modern contraception led to
greater individual control of fertility and the poten-
tial for rapid fertility decline. 

In 1970, there were 22 countries with a total fer-
tility rate at or below the replacement of 2.1. In the
year 1999 there were 68 countries, and it is pro-
jected that by 2020, 121 countries representing 75%
of the global population will have birth rates below
the replenishment level.

The European Union’s overall population is
projected to decrease between 2006 and 2050 by
9%, despite a net migration rate of 2/1000. The nat-
ural increase (the ratio of births over deaths) will
turn negative for the EU in 2010, and the vast
majority of Europe’s countries – including Belgium,
the Czech Republic, Germany, Italy, Poland, and
Russia – are projected to lose population in the next
25 years.1 Japan will have a population decrease of
25% between 2006 and 2050.2

Fertility rate and life expectancy at birth are the
most important factors in population growth.
Political and cultural barriers that limit access to fer-
tility regulation affect the pace of decline. Population
change is also affected by migration. Migration con-
tributes to population growth but has the largest
effect on the distribution of population and demo-
graphic changes in regions and countries (Table 5.1).
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The aging population

Importantly, it is expected that the biggest increase in
population will occur in those over 65 years of age. In
1950, less than 5% of the population were older than
65 years, by 2006 it was 11% and by 2025 this per-
centage is expected to increase to over 15%. Overall,
it has been predicted that the world population aged
over 65 years will double in the next 50 years2 (Table
5.2). With all the rhetoric surrounding the impending
‘age quake’ produced by the ‘graying of the world,’
there has been surprisingly little serious analysis of the
social and economic implications of increased
longevity and the doubling of the number of elderly
people that will occur over the next 30 years.

Humans had a life expectancy at birth of about
30 years for about 99.9% of the time we have inhab-
ited this planet. In 1900 it increased to 47 years and
it is expected to reach 85 years in 2010, varying
according to continent.1 In 2005 more than 75% of
all human deaths in developed countries occured
after the age of 75. 

The last century was marked by the triumph of
partially preventing the premature termination of
life. During the past 50 years infant mortality rates
have declined from 155/1000 to 52/1000 live births
in the world and from 72/1000 to 11/1000 in
Europe.3 During the same time frame a significant
decline in overall mortality rates has also been seen.
This decline can be attributed to the developments
of modern medicine that have occurred in the 20th
century, mainly the development of antibiotics,
vaccines, safer water, pesticides, and improved sani-
tation and personal hygiene.4 These events were
responsible for the decrease in the number of epi-
demics and the control of most infectious diseases.
Acute disease is no longer the major cause of death.
Today one dies from or with chronic illnesses,
degenerative diseases, metastatic cancer, immune
deficiencies, and other diseases which prolong dis-
ability, immobility, and dependency. Dying has
become in most instances a long, painful, and
expensive procedure.4

The worldwide prolongation of the mean life
expectancy and the drastic reduction in the fertility
rate has resulted in a rapidly aging world population

Table 5.2 Population aged 60 years or older
(millions and % of total population)

Year

Region 2006 2050

World 688 11% 1964 22%
North America 57 17% 118 27%
Asia 375 9% 1227 24%
Europe 151 21% 225 34%
Africa 48 5% 192 10%

Textbook of health in aging men
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Table 5.1 Demographic Data 2006

Life Net Population
Population Population Population Population Fertility Expectancy migration/ Change

Region 1950 2006 2025 2050 rate M F 1000 %

World 2520 6555 7940 9243 2.7 65   69 0 41
Africa 224 924 1355 1994 5.1 51   53 0 116
N. America 166 332 387 462 2.9 75   81 4 39
S. America 111 378 465 525 2.4 69   76 −1 40
Asia 1437 3968 4739 5277 2.4 66   70 0 33
(China) 563 1311 1476 1437 1.6 70   74 0 10
(Japan) 84 127 121 100 1.3 79   86 0 −21
Europe 547 732 717 665 1.4 71   79 2 −9

Adapted from United Nations Publication,
ST/ESA/SER.A/245 and International Updates
(through September 2005).
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(Figure 5.1). Populations are aging even faster in
the developing world, as fertility rates there have
declined more rapidly and more recently than in
the developed world. Table 5.3 demonstrates the
effect of the decrease in fertility rate and increase in
life expectancy in selected Asian countries on the
increase of its population above the age of 65. 

It is projected that, in general, the elderly (above
65) will increase within the next 25 years by 82%,
whereas the newborn will increase only by 3%. The
working age population will increase by only 46%.
The UN projects (in their 2004 revision 1)2 that, by
2050, the proportion of people above 60 will exceed
for the first time the proportion of children below
15, and 13 countries will have more than 10% of
the oldest old ( > 80 years old) in their population.
Italy will be leading with 14%. 

In 1950, more than 34% of the world’s popula-
tion consisted of children, i.e. people aged less than
15 years; today it is only 28% and it is expected to
diminish to some 20% by the year 2050. The
decline in their numbers in Asia is also impressive:
from 36.5% (in 1950) it was reduced to 27.8%

(in 2005), and it is projected to diminish further to
18.3% by the year 2050. Today, the population of
European children constitutes only 16% of the total
population and is expected to decline further to
15%. In Italy, by the year 2050, the population of
children will be 13%, i.e. less than that of the pop-
ulation of octagenarians. The same consideration
applies also to Japan.1

By the year 2050 Asia will be inhabited by
almost 1 billion people aged 65 and over. China,
Japan, Singapore, Hong Kong, and Macao will have
become members of the ‘club of 14’ with more then
10% of their population aged 80 and above.

Since the last years of life are accompanied by an
increase in disability and sickness, the demands for
the social and health services will increase
immensely. The high cost in relation to these ser-
vices will strain to the limit the potential ability of
health, social, and even political infrastructures.
Hence the marked increase of the elderly population
in relation to the working age population will be
compounded by a simultaneous decrease in the pop-
ulation of children who comprise the working age
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Factors contributing to a global increase in aging populations.

Family planning

contraception

natural

pills

devices

Changing attitudes

remaining single

marrying at later age

wanting fewer children

professional career

economic considerations

Increased longevity

healthier environment

improved health-care

technologic advances

Population Aging

Increased longevityLower fertility rate

Figure 5.1 Factors contributing to a global increase in aging populations.
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Table 5.3 The effect of the decrease in fertility rate and increase in mean life expectancy in selected Asian
countries on their rising population (> 65 years)

Life expectancy Percentage 
Fertility rate (years) > 65 years

Country 2000 2025 2000 2025 2000 2025

Singapore 1.2 1.5 80.1 82.5 9.7 18.4
Japan 1.4 1.6 80.7 82.9 17.1 27.6
S Korea 1.7 1.7 74.4 79.2 10.8 23.4
China 1.8 1.8 71.4 77.4 10.2 19.7
Taiwan 1.8 1.7 76.4 80.4 12.6 24.1
Thailand 1.9 1.7 68.6 75.3 9.7 19.9
Vietnam 2.0 2.0 69.3 75.8 7.6 13.1
Burma 2.4 1.7 54.9 63.4 7.1 12.6
India 3.1 2.2 62.5 70.9 7.0 11.8
Malaysia 3.3 2.6 70.8 76.9 6.5 12.2
Philippines 3.5 2.4 67.5 74.6 5.7 10.1

population of the next generation. Thus a declining
labor force will have to support an increasing num-
ber of elderly.5

In 2002 there were worldwide some 9 people in
the working age group per 1 person aged 65 years;
their number in Africa was 17, in Asia 11, but in
Europe only 4. It is projected by the UN that, by
2050, these figures will be reduced to 4 worldwide,
and to 9 in Africa, and to ratios as low as 2 (in
Europe) and even 1 (in Italy) (Table 5.4). …
Hence, for the brave new world of future Italy, it is
projected that – by the year 2050 – there will only
be one person in the working-age group for each
person aged 65 years, or older. 

There is no historical precedent for such low
potential support ratios. How will a society function
with such an age distribution?6

Although the mean life expectancy at birth has
been prolonged by more then 25 years within the
last century, life expectancy at the age of 65
increased by less then 3 years during the same time
frame (Table 5.5). Moreover, despite the enormous
medical progress during the past few decades, 25%
of life expectancy after age 65 is spent with some
disability, and the last years of life are accompanied
by a further increase in incapacity and sickness.

For a long time, life expectancy, the rate of infant
mortality, and causes of death were sufficient data to
assess a population’s health status and to determine
national public health priorities. These indicators
remain indispensable, as important mortality
inequalities remain between different countries,
populations, and socio-economic categories. With
the lengthening of life expectancy at birth, non-
communicable diseases and associated disability
receive increasing importance. Consequently, the
need for a new type of indicator, namely ‘health
expectancies: disability-free life expectancy, healthy
life expectancy, or active life expectancy’ became
necessary. The introduction of the concepts of
the International Classification of Impairments,
Disabilities and Handicaps7 allowed the efficient use

Table 5.4 Potential support ratio (number of
persons aged 15 to 64 years per one person aged
65 or older)

Year

Region 2006 2050

World 9 4
North America 5 3
Africa 16 10
Asia 11 4
Europe 4 2
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Table 5.6 Disability-free life expectancy in the developing world

Life expectancy Years of disability-free life
Country at birth (years) expectancy at birth Disability (years)

1  Japan 81 74.5 6.5
2  Australia 79.5 73.2 6.3

30  Singapore 78 69.3 8.7
51  S Korea 72.8 65 7.8
59  Brunei 77.2 64.4 12.8
81  China 69.7 62.3 7.4
89  Malaysia 68.8 61.4 7.4
99  Thailand 68.2 60.2 8.0

113  Philippines 66.7 58.9 7.8
134  India 60.4 53.2 7.2
145  N Guinea 55 47 8
148  Cambodia 53.8 45.7 8.1

Table 5.5 Life expectancy of men at different ages

Expected number of years remaining at age (total lifespan)

Year of birth Life expectancy at birth (years) 15 years 45 years 65 years

1888 43.9 43.9 (58.9) 22.6 (67.6) 10.8 (75.8)
1988 70.5 56.4 (71) 28.2 (73.2) 13.0 (78)

of health expectancy indicators. The Jakarta
Declaration on leading health promotion into the
21st century confirms that ‘the ultimate goal is to
increase health expectancy and to narrow the goal
in health expectancy between countries and
groups.8 Today the first estimate of health
expectancy (in most cases ‘disability-free life
expectancy’) is available in most developed coun-
tries and increasingly also in developing countries
(Table 5.6). Calculations on gains, differences, or
losses in health expectancy, (disability-free life
expectancy, disease-free life expectancy, and
dementia-free life expectancy) make it possible to
define public health priorities and assess health
strategies, social inequalities, lifestyles, and thera-
peutic interventions. This kind of indicator demon-
strates that not only do the poorest and least

educated live less long, but they also experience a
greater part of their life affected by disability or dis-
ease. In Canada, for example, the difference in life
expectancy between the highest and lowest income
levels was estimated to be 6.3 years; the difference
in disability-free life expectancy was 14.3 years
(Table 5.7).9

The majority of older men today reside in devel-
oping countries. As the demographic transition
gathers pace in the poorer regions of the world, an
even greater proportion of the world’s older men
will live in countries and regions that have the least
resources to respond to their needs. The communi-
cation revolution with globalization as its conse-
quence, which started at the end of the last century,
will peak during this century. However, if we do not
learn to share the resources and wealth of the earth,
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poverty will remain the biggest threat to mankind.
It must be our aim that every human being on this
earth should be able to age in reasonable health and
with dignity.

The cost of caring for the increasing population
of senior citizens will become prohibitive with its
attendant socio-economic consequences. Less
developed countries – which have much lower
levels of economic development and access to ade-
quate health-care than more developed countries –
will be hard pressed to meet the challenges of more
elderly people, especially as traditional family
support systems for the elderly are breaking down.
Policymakers in the developing world need to
invest soon in formal systems of old-age support to
be able to meet these challenges in the coming
decades. Although population aging presents major
challenges for even the most developed countries,
developing countries face particular issues in con-
structing policies that address increasing elderly
populations.

To the prudent health-care administrators, the
establishment of preventive measures, rather than
concentration on interventive care, is an important
strategic thrust in overall management of the aging
population.10 Frailty, disability, and dependency will
increase immensely the demand for the social and
health services. The very high cost to these services
may strain to the limit the capacity of health, social,
and even political infrastructures, not only of devel-
oping but also of the most developed and industrial-
ized nations. The ability for men to age gracefully
and maintain independent living, free of disability,

for as long as possible is a crucial factor in aging with
dignity and would furthermore reduce health ser-
vice costs significantly. To achieve this objective, a
holistic approach to the management of aging has
to be adopted.10

The promotion of healthy aging and the preven-
tion or drastic reduction of morbidity and disability
of the elderly must assume a central role in the for-
mulation of the health and social policies of many,
if not all, countries in the next century. It must
emphasize an all-encompassing life-long approach
to the aging process, beginning with preconceptual
events and focusing on appropriate interventions at
all stages of life. Life-history studies of childhood
and adolescence demonstrate clearly that social fac-
tors probably operate in a cumulative fashion. There
are significant social class differences in attainment
of height, growth, and other aspects of physical
development, as well as in the incidence of infec-
tious and other diseases and risk of injury. For exam-
ple, the nutritional status of the mother is now
known to influence intrauterine growth rates, birth
weights, and the later life risks of several important
health problems. In addition, a whole host of factors
influence growth and development and in turn
these factors influence the health status of men in
the latter decades of their lives. Vulnerability to
physical ill health in childhood and later adult life
is associated with poor parental socio-economic cir-
cumstances and low levels of parental education
and concern. Cross-sectional studies show differ-
ences in mortality and morbidity as a function
of socio-economic status, across various disease
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Table 5.7 Difference between the highest and lowest income levels in disability-free life expectancy in
Canada

Income level Life expectancy (years) Health expectancy (years)

Lowest 67.1 50
Second 70.1 57.9
Fourth 72.0 62.6
Highest 73.4 64.3
Total 70.8 59.5
Difference between
richest and poorest 6.3 14.3
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categories throughout the lifespan. Poverty has
a significant impact on both life and health
expectancy. It should not only be measured in terms
of property, employment, wages, and income, but
also in terms of basic education, health-care, nutri-
tion, water, and sanitation. Educational attainment
and marital status have also been shown in several
longitudinal studies to be powerful predictors of
morbidity, health expectancy, and mortality. In
addition, age, gender, and socio-economic status
influence disability-free life expectancy. The eco-
nomic consequences of retirement place many older
citizens in positions of financial vulnerability. As
populations age, in both the developing and the
developed worlds, the issue becomes how to keep
older people economically viable within their
respective societies. No community is exempt from
the financial hardships experienced by aging
populations.

The life course perspective leads to important
policy and strategy decisions. Firstly, it is clearly
possible and desirable to improve the health status
of men when they are old, although this approach is
still not fully implemented. Secondly, a comple-
mentary approach to improving the health of older
men would focus on appropriate interventions at all
stages of their lives. The determinants of ‘aging’ and
of ‘life expectancy’ extend from genetic and molec-
ular determinants to the increasingly powerful
forces of environmental, economical, technologic,
and cultural globalization. Specific measures for the
promotion of healthy aging should include:

1. the promotion of a safe environment
2. healthy lifestyle including proper nutrition
3. appropriate exercise
4. avoidance of smoking
5. avoidance of drug and alcohol abuse
6. social interactions to maintain good mental

health 
7. medical health-care, including the control of

chronic illnesses.

If the program is implemented effectively, it should
result in a significant reduction in the costs of
health and social care, reduce pain and suffering,
increase the quality of life of the elderly, and enable

them to remain productive and contribute to the
well-being of society. The medical and socio-
economic implications of the demographic reality
of this new world will be very different from all pre-
ceding epochs in history, indeed so new that most
people, governments, national and private pension
funds, as well as most health insurers, and pharma-
ceutic and health industries are not yet prepared for
the emerging markets. An increase in the quality of
life with a delay, decrease, or prevention of disabili-
ties will increase the length of the productive life of
aging populations, will decrease dependency, and
will decrease health costs related to expensive cura-
tive and palliative services.

Men, aging, and health

Before a thing has made its appearance; order should
be secured before this order has begun

Lao Tzu

It is impossible to understand aging and health with-
out a gender perspective. Both from a physiologic and
from a psychosocial point of view, the determinants of
health as we age are intrinsically related to gender.
There is increasing recognition that unless research
and programs – on both clinical science and public
health – acknowledge these differences, they will not
be effective. While women experience greater bur-
dens of morbidity and disability, men die earlier, yet
the reasons for such premature mortality are not fully
understood. The rapidity with which the global pop-
ulation is aging will require a sharp focus on gender
issues if meaningful policies are to be developed. Yet
so often gender in the health context is taken as being
synonymous only with women’s issues.11 In contrast to
the recent and much needed attention to the social
position and health status of women, male health
concerns have been relatively neglected. Men con-
tinue to have a higher morbidity and mortality rate,10

and differences in lifespan, in favor of women, exist in
various regions of the world with a mean difference of
4.2 years, and this is projected to increase to 4.8 years
by the year 2050.6

The added burden of deleterious mutations on
the Y chromosome may in part explain the reduced
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average lifespan of males versus females. The advan-
tage of having two X-chromosomes is also appar-
ent.11 Moreover, oxidative damage to mitochondrial
DNA is 4-fold higher in males than in females,12

further contributing to the difference in lifespan
between men and women. Many more factors which
influence lifespan are due to lifestyle-related causes
such as smoking, and alcohol-related mortality
(aggression, accidents, suicide).

The course of disease, response to disease, and
public response to illness exhibit gender differences
and often result in different treatments and different
access to health-care. The conventional approach
of the medical, behavioral, and social sciences to
the problem of male aging has been for a long time
subject to oversight, disconnection, and lack of
interdisciplinary collaboration.

The major causes of morbidity and mortality all
take effect over extended periods. For example,
DNA is constantly being damaged and repaired,
bones are in a constant process of cellular loss and
replacement, and atheromas are constantly accumu-
lating inside arteries, which may or may not be
removed. If the rate of decay is faster than the rate
of repair, healthy tissue will be lost until the damage
produces symptoms and finally results in disease.
Therefore, primary prevention strategies will be
most effective when initiated at the earliest oppor-
tunity. Ischemic heart disease, hypertension, stroke,
and lung cancer are diseases whose primary preven-
tion needs to be addressed. When diseases are more
prevalent at older ages (e.g. prostate and colorectal
cancers, or osteoporosis) early diagnostic tests (e.g.
PSA) and screening procedures play an important
role in secondary prevention and self-care strategies.

A significant number of male-related health
problems, such as changes in body constitution, fat
distribution, muscle weakness, urinary inconti-
nence, loss of cognitive functioning, reduction in
well-being, depression, and sexual dysfunction,
could be detected and treated at an earlier stage if
both physicians’ and public awareness of these prob-
lems were more pervasive. This could effectively
decrease morbidity, frailty, and dependency,
increase quality of life, and reduce health service
costs. Women visit the doctor 150% as often as
men, enabling the detection of health problems in

their early stages. However, usually men cost the
health services more than women since they seek
medical services at a more advanced stage of disease.
While women are geared to preventive care, men
generally come for ‘reparation’.

When discussing age-related problems, it is often
difficult to separate and to distinguish between (1) the
natural aging process, primarily genetically deter-
mined (which today cannot be changed), (2) aging
amplifiers determined by environmental and devel-
opmental factors (which can be modified), and
(3) an acute or chronic illness or intercurrent dis-
eases (which can be prevented, delayed, or cured).
It must not be forgotten that aging by itself is asso-
ciated with reduced productivity and decreased gen-
eral vigor, as well as with increased incidence of
defined diseases. These include:

1. cardiovascular disease (CVD)
2. malignant neoplasm
3. chronic obstructive pulmonary disease
4. degenerative and metabolic diseases (arthrosis,

diabetes, osteoporosis)
5. visual loss (macular degeneration, cataract)
6. hearing loss
7. anxiety, mood, depression, and sleep disorders
8. sexual dysfunction
9. various dementias (e.g. Alzheimer’s disease) 

10. endocrine deficiencies.

Five out of six men in their sixties have one or more
of these diseases. The chronic degenerative diseases
have a long latency period before symptoms appear
and a diagnosis is finally made. Once the diagnosis
is made, drugs may alleviate symptoms, but are
not very effective in altering the underlying
disease, which unfortunately usually continues to
deteriorate.

Cardiovascular disease
Heart disease and stroke are the major causes of
death and disability in aging men. Approximately
52 million deaths occur worldwide each year, 39
million occurring in developing countries. About
one-quarter of all deaths in developing countries
and half of all deaths in developed countries are
attributed to CVD. Globally, there are more deaths
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from coronary heart disease (5.2 million) than from
stroke (4.6 million). Death rates from CVD
increase dramatically with age. Within each coun-
try, age-specific death rates for all CVD increase at
least 2-fold between the age groups 65–74 years and
75–84 years in both sexes, with at least 50% higher
rates for elderly men than for women. Morbidity
and disability from these diseases are also high; for
example, the Global Burden of Disease project13

estimates that, by 2020, coronary heart disease and
stroke will be the first and second leading causes of
death. Lack of exercise, smoking, and obesity are
recognized risk factors for CVD. A significant rela-
tionship exists between body fat mass and both
CVD and overall mortality in men. The increased
mortality as observed in obese men is inversely
related with physical fitness. For a full discussion see
section VIII.

Malignancy
Although malignant tumors occur at all ages, can-
cer disproportionately strikes individuals in the age
group 65 years and older. Data from the National
Cancer Institute Surveillance, Epidemiology, and
End Results Program14 (USA) for the most recent
5-year period, 1998–2002, reveal that 56% of all
newly diagnosed cancer patients and 71% of cancer
deaths are in this age group. Median ages of cancer
patients at death for the major tumors common to
both males and females, all races (lung, colorectal,
lymphoma, leukemia, pancreas, stomach, urinary
bladder) range from 71 to 77 years. The median age
for prostate cancer is 79 years. As the proportion of
elderly people has increased in most countries dur-
ing the last few decades, and will increase further in
the coming years, the incidence of cancer is
expected to increase.15 Cancer is the most common
cause of death in people over 60 years of age, and
the second most common cause of death in people
over 80 years of age. Thus, age is the single most
important risk factor for cancer.16

The International Agency for Research on
Cancer (IARC) has calculated the incidence rates
of cancer per 100 000 elderly persons based on data
from cancer registries in 51 countries across five
continents. The overall incidence of any cancer in
elderly men is 61%. The frequency of any cancer

except non-melanoma skin cancer is almost 7-fold
more among elderly men (2158 per 100 000 person-
years), and 4-fold more among elderly women (1192
per 1 000 000 person-years) than among younger
persons (30–64 years old).17 The incidence of can-
cer is higher in men than in women, and this differ-
ence is most evident after 64 years of age.

Worldwide, more than 9 million people devel-
oped cancer in 1997 and more than 6 million died
of cancer. Cancer deaths increased from 6% to 9%
of total deaths from 1985 to 1997 in developing
countries, but remained constant at about 21% of
total deaths in developed countries. The highest
mortality rate was observed for lung cancer, with
approximately 790 000 deaths in 1997, followed by
stomach, liver, colorectal, esophageal, and prostate
cancer.

In Europe and the USA, prostate carcinoma rep-
resents the most common cancer in males. Its inci-
dence has rapidly increased since the 1970s because
of the aging population and better diagnosis meth-
ods.18 In 1990, worldwide, there were 193 000
deaths from prostate cancer, with 127 000 of those
deaths occurring amongst men aged 70 years and
over and 51 000 amongst those aged 60–69 years.
Since prostate cancer is primarily a disease affecting
men over 50, the global trend towards an aging pop-
ulation means that the number of prostate cancer
deaths is predicted to increase markedly. In the year
2020, a global increase of 393 000 deaths is
expected, with 359 000 of those deaths among men
>70 years.

Chronic obstructive pulmonary diseases and
lung cancer are not only among the most frequent
problems in men, but are the most preventable. In
men, 90% of all cases are attributable to cigarette
smoking. These data suggest that almost every male
lung cancer patient could have prevented his dis-
ease. Strategies to promote smoking cessation
should be a top public priority, especially in those
developing countries where aggressive marketing by
the tobacco industry is not counterbalanced by ade-
quate public health information advertisements.

These cancer statistics, when cast against the
demographic changes occuring in the population,
take on urgency and importance for cancer treat-
ment and care in health-care systems.
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In older men, a careful approach using the com-
prehensive geriatric assessment to identify func-
tional deficits, frailty, and comorbidity is critical
before embarking on cancer screening or a plan of
cancer treatment.19 The approach to cancer in this
group should always be viewed in the context of the
state of health of the patient: strive for an early
diagnosis when a survival benefit is likely, imple-
ment curative treatments when the patient is func-
tional, use less toxic or palliative regimens when the
patient is frail or has a high burden of comorbidity,
and always focus on maintaining the best quality of
life possible.17

Osteoporosis
With the increase in lifespan, osteoporotic fractures
are also becoming more frequent in men. It has been
estimated that 19% of men over the age of 50 in the
United States will have one or more fragility frac-
tures in their lifetime, moreover more than 4 mil-
lion men in the United States have low bone mass
and are at risk for fractures.20 A major portion of the
morbidity, mortality, and social cost due to fall
injuries is associated with age-related fractures,
especially hip fractures. The risk of such injuries
rises as the intensity of trauma increases and as bone
resistance to fracture decreases. Both osteoporosis
and trauma appear to be necessary but not sufficient
causes of most age-related fractures.21

There is a great need to identify persons at risk
for osteoporosis, it would be useful to obtain a quan-
titative evaluation of rates of bone loss to identify
‘fast bone losers’ at an early stage in order to target
interventions to decrease further rapid loss of bone.
Population studies have shown that biochemical
measurements may predict rates of bone loss and
occurrence of fractures.20 Skeletal fractures diminish
quality of life, advance dependency, and constitute
an important public health problem. Hip fractures
in men result in a higher morbidity and mortality
than in women. Secondary causes such as gastroin-
testinal diseases with malabsorption, alcoholism,
and malignant diseases are common. Etiologies such
as hypogonadism and/or decrease of growth hor-
mone (GH) are frequently not diagnosed, as clinical
signs are subtle. The first sign of osteoporosis is
often a spontaneous fracture of the lumbar spine,

proximal femur, or distal forearm after a fall. Elderly
persons are at a higher risk of falling, which can be
attributed to use of certain medications, alterations
in balance, poor vision, loss of muscle strength, and
prolonged reaction times. Preventive measures
should target reducing bone loss and factors that
contribute to falling. One of the most cost-effective
prevention strategies is an adequate intake of cal-
cium and vitamin D, and a physical exercise pro-
gram which maximizes bone mass and muscle
strength.22 Hormone therapy (HT) together with
proper nutrition and targeted physical activity may
postpone the appearance of osteoporosis and delay
or prevent bone fractures. The loss of vision, hear-
ing, and other senses should be recognized as more
than physical problems. Such conditions have pro-
found effects on social and personal interactions,
economic viability, and the mental health of those
affected, and should be treated seriously. For further
reading please refer to section XI.

Depression
Depression is the most common functional mental
disorder affecting aging males, and is underdiag-
nosed and undertreated.23 While there appears to
be some divergence of statistics on its prevalence
in the elderly population, most studies have found
prevalence rates of depression of between 5- and
15%. Depression has a high rate of recurrence and
is associated with significantly increased mortality.
Depression is closely linked in this group with
physical illness and atypical or disguised altered
presentations can make diagnosis difficult.
Thorough holistic assessment and good communi-
cation skills are of the utmost importance. Nurses
and medical professionals can improve the mental
health of these patients with therapeutic attitudes
and actions. It must be remembered that about
90% of older men who attempt or complete suicide
have had depression either undiagnosed or inade-
quately treated. If men continue to underreport
depression, the morbidity of this condition will
continue to increase. Proper identification and
treatment of depression will have significant pub-
lic health implications. For a detailed discussion of
diagnosis and management of depression see
(Chapter 42).

Textbook of health in aging men

58

Lunenfeld-ch-05.qxd  8/23/2007  4:51 PM  Page 58



Cognitive decline
Cognitive decline with age is inevitable but the
overall global impairment of the higher cortical
functions can be delayed. Estrogen specifically
maintains verbal memory in women and may pre-
vent or forestall the deterioration in short- and
long-term memory that occurs with normal aging.
There is also evidence that estrogen decreases the
incidence of Alzheimer’s disease, delays its onset, or
both.11 The delayed onset of Alzheimer’s disease in
men may be due to the fact that estrogen levels are
significantly higher in aging men than in post-
menopausal women. In women HRT has been
shown to delay the onset of Alzheimer’s disease and
there is an urgent need to obtain equivalent infor-
mation in men. Dementia is a major public health
issue accounting for significant morbidity, loss of
independence, loss of dignity, and eventual institu-
tionalization. The prevalence of severe dementia
increases from 1% at age 65–74, to 7% at age 75–84,
up to 25% after the age of 85. Thirty-seven percent
of patients with Alzheimer’s disease live in institu-
tions compared with 1.7% of subjects without
dementia.

Sexual dysfunction
Sexual desire, arousal, performance, and activity
decrease significantly with age with a striking
increase in the prevalence of impotence in men
over 50 years. Reasons for decreased sexual activi-
ties include loss of libido (partially due to decreased
androgen production), lack of partner, chronic ill-
ness, and/or various social and environmental fac-
tors, as well as erectile dysfunction (ED). It has been
shown that sex education significantly and inde-
pendently contributes to sexual enjoyment and sat-
isfaction. Persistent interest in sexual activity
results in positive mental and physical health bene-
fits. The frequency, duration, and degree of noctur-
nal penile tumescence decreases significantly with
age. These events are concomitant with a signifi-
cant decrease in bioavailable testosterone and a
compensatory increase in luteinizing hormone,
showing that aging is associated with decreased
gonadal activity.

Worldwide more than 100 million men are
estimated to have some degree of ED. Erection is a

neurovascular phenomenon under hormonal control
and includes arterial dilatation, trabecular smooth
muscle relaxation, and activation of the corporeal
occlusive vein mechanism. Some of the major eti-
ologies of ED are hypertension, diabetes, depression,
and heart disease. It should also be remembered that
genitourinary and colon surgery very often cause
ED. Nerve- sparing surgery, which may reduce the
incidence of ED, should be used whenever possible.
Patients should be counseled prior to such interven-
tions. Many drugs, particularly antihypertensive,
antidepressant, and psychotropic drugs, may cause
various degrees of ED. Therefore the
treatment/therapy should be carefully considered,
weighing the cost and benefit for each product and
each individual patient. When focusing on the
maintenance of quality of life among aging men,
efforts to maintain, restore, or improve sexual func-
tion should not be neglected. Recent advances in
basic and clinical research have led to the develop-
ment of new treatment options for ED, including
new pharmacologic agents for intracavernosal,
intraurethral, and oral use. Orally acting prepara-
tions with either central action (apomorphine) or
peripheral action (PDE5 inhibitors) alone/or in
concert with androgens have significantly improved
the fate of men with erectile and/or sexual dysfunc-
tion. The management of ED should only be per-
formed following proper evaluation of the patient
and only by physicians with basic knowledge and
clinical experience in diagnosis and treatment of
ED. (See Chapter 10 for a detailed discussion on
ED).

Endocrine deficiencies
With prolonged life expectancy, men and women
live one-third of their life with some hormone defi-
ciency. Hormone deficiencies reduce the quality of
life (Section V discusses this subject in detail). In
cases of endocrine deficiency, irrespective of age,
traditional endocrinology aims to supplement the
deficient hormones or substances with hormone-
like action. The decision to start hormone treat-
ment (HT) in men should only be taken after
obtaining objective evidence of hormone defi-
ciency, with exclusion of secondary causes of
endocrine dysfunction and after making the balance
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of risks and expected benefits of the replacement
therapy. When data from long-term well-controlled
studies become available, long-term therapy with
one or more hormonal preparations will most prob-
ably, if used correctly, improve the quality of life of
aging men and may even delay the aging process. It
has been demonstrated that interventions, such as
HT, the use of antioxidant drugs, proper and person-
ally tailored nutrition, with vitamin supplements
whenever necessary, as well as individually adjusted
regular physical activity (aerobic, anaerobic, and
stretching), have significant physiologic, psycho-
logic, and social benefits for the elderly and may
favorably influence some of the symptoms of aging
as well as some of the pathologic conditions in aging
men.

Strategies to improve and maintain
aging men’s health

Das Altwerden kann kein Arzt verhindern. Aber er kann
– ist er gut – viel dazu beitragen die Beschwerdlichkeiten
zu mildern. 

Johann Wolfgang von Goethe

(Aging no physician can stop. But he can if he is good
do a lot to reduce the suffering and aches of aging.)

With all the rhetoric surrounding the impending
‘entitlement crisis’ produced by the ‘graying world,’
there has been surprisingly little serious analysis of
the social and economic implications of increased
longevity and the doubling of the number of elderly
people that will occur over the next 30 years.
Patterns of work life and labor-force participation
will almost inevitably change. Government expen-
diture will increase, intrafamily care-giving patterns
will necessarily change.

The level of disability and dependence of older
people, for which the rate of change is inherently
unpredictable, will have a major effect on all these
and other phenomena. Whether one views the net
effect of all these changes as a positive or a negative,
it is necessary to begin thinking a lot harder and
more systematically about all of them.

The correct strategies in the management of
aging should permit men to age in health and

dignity, improving their quality of life by preventing
the preventable, and delaying and decreasing the
pain and suffering of the inevitable.

Educating both the public and health-care
providers about the importance of early detection of
male health problems will result in reduced rates of
morbidity and, mortality, as well as health costs, for
many age-related diseases. Many men are reluctant to
visit their health center or physician through fear,
lack of information, and for psychologic reasons.
For more than 100 years, gynecologists have been
specialized physicians for the medical care of the
woman. About 50 years ago, gynecologists under-
stood that the woman’s health physician is more than
an obstetrician and an ‘oncology oriented surgeon,’
and slowly the medically oriented gynecologist
evolved, trained in reproductive endocrinology, peri-
neonatology, ultrasound, family planning, and
recently in assisted reproductive procedures. The
training curricula (especially in the USA and UK)
are constantly modified and adapted to the needs of
‘women’s health.’ The modern gynecologist is not
only cure-oriented, but has been trained in preven-
tive strategies and in the maintenance of health and
well-being, from adolescence to menopause.

The present day surgically oriented urologist has
also arrived at the same crossroad gynecologists
reached 50 years ago. Urologists today are highly
specialized surgeons for the prostate, kidney, blad-
der, and the urinary tract. They have become highly
specialized oncologists and diagnosticians and many
have also specialized in the diagnosis and treatment
of ED. Others have become nephrologists or special-
ists in transplantation, or andrologists specializing
in gonadal physiology and pathology, and in the
treatment of infertility, in collaboration with gyne-
cologists, extracting sperm from testis or epididymis
or diagnosing and managing varicoceles. Training in
urology is extremely long. With surgical procedures
decreasing and being replaced by medical interven-
tions the idea of medical urologists has evolved. The
number of urologists worldwide today is far too low
to take care of all men. To become the ‘man’s health
physician’ they will have to receive sufficient train-
ing in endocrinology, internal medicine, especially
cardiology, and psychology/psychiatry; they will
have to be trained to give guidance on nutrition and
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exercise and have a solid understanding of gerontol-
ogy. The International Society for the Study of the
Aging Male (ISSAM) is working together with the
diverse urologic and andrologic associations to
obtain this goal.

However, until this goal is achieved and suffi-
cient urologists/andrologists have been trained, a
‘gate keeper’ will be required to serve and manage
male health. Those who aspire to take the role of
‘gate keeper’ for male health will depend on the spe-
cific training, culture, and the medical services of
each geographic area and country.

Male health could be managed by an interdisci-
plinary group practice or by the primary health
worker, the family physician, the endocrinologist,
or a specialist in internal medicine or gerontology.
Each member of this profession can be trained to
become a ‘gate keeper’ for male health and learn to
screen men for their most probable risk factors,
advise them on lifestyle, and, whenever necessary,
refer them to the specialist they need. When a man
attends his family doctor for a common cold, a gas-
trointestinal disorder, or any other acute infection
the physician should, on the basis of the family his-
tory, body constitution, lifestyle, and risk factors,
advise the patient on preventive strategies or refer
him to consult the correct specialist.

Conclusions

Men who are educated about the value of preventa-
tive health-care in prolonging their lifespan, quality
of life, and their role as productive family members
will be more likely to participate in health screen-
ing. To obtain this goal it will be necessary:

1. To make available a group of trained medical
professionals who can understand, guide, edu-
cate, and manage the problems of aging men.

2. To provide more information about the normal
male aging process and to advertise and pro-
mote aging in a positive and active way. Men
should receive education and be prompted to
take on teaching roles themselves, leading self-
help groups and advocating on behalf of their
aging communities.

3. To establish programs empowering men to
become well-informed, active managers of their
own health and the health of their surrounding
society.

4. To obtain essential epidemiologic data and to
intensify basic and clinical research on aging
men.

5. To assess age-related nutritional needs.
6. To develop strategies for physical exercise (aer-

obic for maintaining cardiac function, anaero-
bic, targeted to specific muscle groups, and
stretching). 

7. To develop and assess new and improved drugs
for the prevention and treatment of pathologic
changes related to aging.

To this end, the efforts of all governmental and
non-governmental organizations to promote aging
men’s health at local, national, and international
levels must be strongly encouraged. A holistic
approach to this new challenge of the 21st century
will necessitate a quantum leap in multidisciplinary
and internationally coordinated research efforts,
supported by a new partnership between industry
and governments, philanthropic and international
organizations. This collaboration we hope will
enrich us with a better understanding of male
health and aging, permit us to help to improve the
quality of life, prevent the preventable, and post-
pone and decrease the pain and suffering of the
inevitable.

References

1. Lutz W. European Demographic Data Sheet 2006.
Vienna and Washington, DC: Vienna Institute of
Demography, International Institute for Applied
Systems Analysis, and Population Reference Bureau,
2006.

2. Population Division, Department of Economic and
Social Affairs, United Nations Secretariat. Population
Prospects. The 2004 Revision. Population Database.
New York: United Nations, 2005.

3. United Nations Secretariat, Department of
Economic and Social Affairs Population Division.
World Population Prospects, The 1998 Revision.
ESA/P/WP 150. New York: United Nations, 1998.

4. Lunenfeld B. Aging male. Aging Male 1998; 1: 1–7.

61

Aging men – the challenge ahead

Lunenfeld-ch-05.qxd  8/23/2007  4:51 PM  Page 61



5. Lunenfeld B. The aging male: demographies and
challenges. World J Urol 2002; 20: 11–6.

6. Diczfalusy E. Our common future: a rapidly growing
and rapidly aging humankind. Aging Male 2006; 9:
125–134.

7. World Health Organization. International
Classification of Impairments, Disabilities and
Handicaps. Geneva: WHO, 1980.

8. World Health Organization. Jakarta Declaration on
Leading Health Promotion into the 21st Century.
Geneva: WHO, 1997.

9. Wilikins R, Adams OB. Health expectancy in
Canada, demographic, regional and social dimen-
sions. Am J Public Health 1983; 73: 1073–80.

10. Kalache A, Lunenfeld B. Health and the aging male.
Aging Male 2000; 3: 1–36.

11. Smith DW, Warner HR. Does genotypic sex have a
direct effect on longevity? Exp Gerontol 1989; 24:
277–88.

12. Viña J, Borrás C, Gambini J et al. Why females live
longer than males: control of longevity by sex hor-
mones. Sci Aging Knowledge Environ 2005; 23: 7.

13. Lopez AD. Global Burden of Disease and Risk
Factors. New York: Oxford University Press; 2006.

14. US Department of Health and Human Services.
Healthy People 2010: Understanding and Improving
Health Washington, DC: US Department of Health
and Human Services, 2000.

15. Balducci L. New paradigms for treatment elderly
patients with cancer: the comprehensive geriatric

assessment and guidelines for supportive AO care. J
Support Oncol 2003; 1(Suppl 2): 30–37.

16. Cepeda OA, Gammack JK. Cancer in older men: a
gender based review Aging Male 2006; 9: 149–159.

17. Hansen J. Common cancers in the elderly. Drugs
Aging 1998; 13(6): 467–78.

18. McDavid K, Lee J, Fulton JP et al. Prostate cancer
incidence and mortality rates and trends in the
United States and Canada. Public Health Rep 2004;
119: 174–86.

19. Balducci L. New paradigms for treatment of elderly
patients with cancer: the comprehensive geriatric
assessment and guidelines for supportive care.
Support Oncol. 2003; 1(Suppl 2): 30–37.

20. Melton LJ 3rd, Cummings SR. Heterogeneity of age-
related fractures: implications for epidemiology. Bone
Min 1987 Jul; 2(4): 321–31.

21. Melton LJ 3rd, Riggs BL. Risk factors for injury after
a fall. Clin Geriatr Med 1985 Aug; 1(3): 525–39.

22. Rudman D, Drinka PJ, Wilson CR et al. Relations of
endogenous anabolic hormones and physical activity
to bone mineral density and lean body mass in elderly
men. Clin Endocrinol 1994; 40: 653–61.

23. Ganguli M, Du Y, Dodge HH, Ratcliff GG, Chang
CC. Depressive symptoms and cognitive decline in
late life: a prospective epidemiological study. Arch
Gen Psychiatry. 2006 Feb; 63(2): 153–60.

Textbook of health in aging men

62

Lunenfeld-ch-05.qxd  8/23/2007  4:51 PM  Page 62



63

CHAPTER 6

Screening of the aging male
Louis JG Gooren, Alvaro Morates, and Bruno Lunenfield

The traditional role of the physician is to diagnose,
treat, and manage disease processes. Preventive
medicine has been largely the domain of public
healtsh. But over recent decades subjects have
experienced increasingly a need for preventive
medicine in their individual lives. So an additional
role for the physician emerges: the screening and
counseling of subjects who are asymptomatic, who
have not (yet) signs or symptoms of disease. The
motivation of individuals to seek medical screening
may vary: some will have a family history of disease,
others like to make a calculated risk before making
major decisions in their lives and feel that they have
thus more control over their lives. These subjects
expect that medical examination will reveal their
propensity to develop a particular disease and they
are prepared to take early measures to prevent or
ameliorate its course. Examples are cardiovascular
disease and its risk factors hypertension, lipid disor-
ders, and diabetes mellitus type 2. Others expect
that early diagnosis of conditions such as cancer
promise a better outcome, or even cure of the dis-
ease. Some subjects will feel that information on a
health risk profile permits them to plan their life
better, enabling them to take important decisions
before it is too late. By contrast, there are others
who do not wish to have this information since it
would now sap the joy of their life. This group will
avoid screening opportunities.

Screening usually implies physical examination,
laboratory tests, and basic radiologic tests but some-
times more extensive investigations like a CT scan
or a colonoscopy, with the aim to discover or to

reasonably exclude (sub)clinical disease. A positive
result usually leads to a more extensive diagnostic
work-up. It is impossible to screen a person for all
ailments, even if this would lead to early and mean-
ingful preventive interventions. Screening will be
more or less guided by the probability of certain
risks in this particular subject’s life.

Preventive medicine can be categorized as pri-
mary, secondary, and tertiary. Primary prevention
refers to general measures to prevent disease such
as cessation of smoking, and dietary and exercise
recommendations in non-diseased subjects. It is
non-individualized. Secondary prevention is the
(early) detection of pathology in individual sub-
jects so as to reverse or slow the course and
improve the prognosis of (highly prevalent) dis-
eases (routine measurement of blood pressure or
lipid profile). Tertiary prevention covers efforts to
minimize the future negative health effects of
factors operating in disease already present e.g.,
improving lipid profiles in patients with cardiovas-
cular disease. 

Value of screening tests

Interpretation of the results of diagnostic tools in
screening requires an understanding of some basic
principles of epidemiology. 

The sensitivity and specificity of a test are impor-
tant principles of diagnostic work-ups of patients
and of screening of asymptomatic subjects. The
sensitivity of a test represents the proportion of
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patients actually having the disease who will test
positive in this test (true-positive rate). The speci-
ficity of a test equals the proportion of non-diseased
patients who will have a negative outcome on test-
ing (true-negative rate); in every day parlance: will
the test miss patients who actually have the disease?
In the medical practice of screening there is a great
interest in the predictive value of a test. This does
not refer so much to the ability of a test to confirm
a disease but the ability of that test to predict the
disease. Similar to the sensitivity and specificity of a
test there is a positive predictive value: the propor-
tion of patients with a positive test who actually
(will) have the disease; the negative predictive
value of a test equals the proportion of patients with
a negative test result who indeed do not have the
disease, and are unlikely to develop it; again, in
everyday parlance: what is the chance that an actual
case will be overlooked? The predictive value of a
test is influenced by the prevalence of the disease or
condition of concern.

Guiding principles of screening

It goes without saying that screening never can
cover all diseases and conditions from which a
human being can suffer. The resources to screen for
all potential diseases are simply not available. So,
the question arises what principles should guide the
physician in the decision to screen. Naturally, a per-
son’s age, mecdical history, and family history pro-
vide information on their health risks. There are a
number of general principles directing the deci-
sions. Are the morbidity and mortality of the condi-
tion serious? Does the condition screened for have
an important impact on the health and life
expectancy of the subject in question? Will it save
years of life and will these years have a reasonable
quality of life? The disease should be common
enough. It is not cost-effective to screen for very
rare conditions. The disease should also have a long
enough preclinical duration before it becomes clin-
ically manifest. Diseases with a rather sudden onset,
such as certain forms of leukemia, are difficult to
screen for. For screening to be meaningful, there
should be a certain outlook for an available and

efficacious treatment, which can positively change
the outcome and course of the disease. The screening
procedure should have a very reasonable sensitivity,
specificity, and predictive value. The screening tests
must be acceptable to the subject. Painful and tedious
diagnostic procedures are less acceptable. The proce-
dures should also be reasonably safe, and the costs of
the screening should be affordable. 

Interpretation of results of screening

As indicated earlier, for the interpretation of the
results of screening, an understanding of the epidemi-
ology and the natural course of disease, with and
without therapeutic intervention, is required. The
basic tenet of screening is to do more good than
harm. The test result can be a reason to refer the sub-
ject to the relevant medical specialty, but the person
in question will always receive an initial evaluation
of the screening results from the physician who per-
formed the screening. The implications of specificity,
sensitivity, and predictive value have been indicated
above. How certain can the subject be that he does
not suffer from the disease if he tests negative? If
tested positive, how sure is the patient that he actu-
ally suffers from the disease and how much reason is
there to undergo additional testing? Needless to say
that a positive result of screening is anxiety provok-
ing. It is difficult to cope emotionally with statistical
data of disease probability and disease course once
one has tested positive in a screening procedure. The
physician who embarks on screening of subjects
should have a sound understanding of the diseases
these subjects are screened for so as to counsel the
patients if they test positive. 

General screening tests

It is difficult to make a fair assessment of the infir-
mity associated with the aging process. Part of it will
be due to ‘natural aging’ and part of it to emerging
disease processes, which will be increasingly part
of life with aging. ‘Natural aging’ and emerging
diseases affect an individual subject to varying
degrees. For instance, hormone deficiencies do not
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affect all men to the same degree, and hypertension
and diabetes mellitus range from mild to severe.
Therefore it is useful to have tools that provide a
‘grip’ on signs and symptoms of aging. Such an
instrument also facilitates assessment of the suc-
cesses of interventions in these populations. 

The development of rates scales is a difficult ven-
ture. The validation of questionnaires is an arduous
process. Translation into another language implies a
new validation in that language to test whether ques-
tions are understood and interpreted linguistically
and culturally in the same way as in the original lan-
guage. A recently developed instrument is the ‘Aging
Males’ Symptoms’ (AMS) rating scale.1, 2 The rating
scale measures somatic, sexual, and psychologic
aspects of an aging male’s life. Originally developed
in the German language it has now been validated
for English1 (Appendix 1) while validations for other
European languages are now available.3,4 Validations
in other languages and in other geographic areas are
welcomed. Another scale, developed by Morley
et al,5 tests whether certain symptoms are more likely
to be present in aging men with declining levels of
bioavailable testosterone (Appendix 2).

Urologic screening

Lower urinary tract symptoms
Many aging men will experience urinary problems
ranging from nocturia, increased frequency of mic-
turition, urgency, hesitancy, poor stream, postmic-
turition dribbling, loss of bladder control resulting
in incontinence, and retention. Many of these com-
plaints were previously referred to as ‘prostatism’.
However, these complaints may not be caused by
prostatic disease and, therefore, now the term ‘lower
tract urinary symptoms’ (LUTS) is preferred to
describe these voiding problems. A correct nomen-
clature may avoid premature conclusions as to the
etiology of the symptoms as being prostatic in ori-
gin. Polyuria may, for instance, be a symptom of
diabetes mellitus. 

LUTS may have a considerable impact on qual-
ity of life of the patient. The degree of bothersome-
ness rather than the objective magnitude of LUTS
is the indication for diagnostic and therapeutic

interventions. LUTS may be subdivided into voiding
and storage problems. Voiding problems are usually
due to bladder outlet obstruction or detrusor dys-
function. The storage capacity of the bladder and
the detrusor contractility decrease with age. In
many cases storage complaints are related to detru-
sor instability. Population studies show a frequency
of moderate-to-severe LUTS from 8 to 31% in men
in their fifties, increasing to 27–44% of men in their
seventies. But many men experience symptoms of
LUTS much earlier in life!

Several symptom scores have been developed as
tools to quantify LUTS. The best known are the
symptom index6 and the international prostate
symptoms score (IPSS),7–9 both produced by task
forces of the American Urological Association.
The specificity is rather low because of the non-
specificity of LUTS itself as a complaint. The IPSS
has therefore been criticized as lacking specificity,
lacking usefulness for screening, and for not includ-
ing symptoms such as dribbling and incontinence.
Therefore, bothersomeness and disease-specific
or non-specific quality of life indices have been
added as a tool in the management of LUTS and
benign prostate hypertrophy in Barry’s impact
index (BII).10, 11

Patient screening for LUTS
Physicians screening for LUTS must be aware of the
heterogeneity of the condition but the first respon-
sibility of the physician is to exclude serious life-
threatening conditions such as prostate carcinoma
or carcinoma in situ of the bladder. Patients with
LUTS usually show few signs of disease on inspec-
tion. Palpation of the abdomen may disclose a renal
mass, and palpation of the suprapubic area may
reveal bladder dilatation. 

Digital rectal examination
Digital rectal examination provides clues as to
whether there are signs of prostate cancer, but it
only examines the posterior aspect of the prostate.
Nodularity, induration, or asymmetry of the prostate
may be indications of cancer. But small tumors and
those deep in the prostate gland may go unnoticed.
It also provides information on the size of the
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prostate, though digital rectal examination tends to
underestimate prostate volume.12,13

Urine analysis
A simple urine dipstick test to rule out urinary tract
infection and hematuria is recommended. It has a
low predictive value but it is simple and cheap. Also
a urine sediment may provide valuable information
on the presence of leukocytes, erythrocytes, and
protein cylinders. 

Measurement of serum creatinine is indicated to
rule out renal insufficiency which may be secondary
to LUTS. 

Prostate-Specific Antigen (PSA)
Prostate-specific antigen (PSA) is a serine protease
released by prostatic tissue. Healthy prostate tissue
produces low levels, but prostatic conditions with
elevated cellular proliferation, such as BPH and
cancer, are associated with higher levels. Also
inflammatory conditions of the prostate may be
associated with (even strong) elevations of PSA
values. Since it is also produced by normal and
benign hyperplastic prostatic tissue it lacks speci-
ficity as a prostate cancer marker.

Various assays of PSA are available and the (arbi-
trary!) cutoff for normal values is above 4 ng/ml.
Temporary elevations of PSA occur after prostate
biopsy or prostate surgery as a result of an outpouring
of PSA into the circulation. Digital rectal examina-
tion of the prostate or ejaculation has, however, a lim-
ited effect on blood levels of PSA.14 This is pertinent
information. Usually blood sampling for PSA takes
place after physical examination of the patient which
may have included a digital rectal examination.

PSA values increase with age due to an age-
related increase in prostate cellular growth. Further,
race is a factor in the distribution of normal PSA
values. Therefore age- and race-specific normal
ranges have been proposed but their clinical useful-
ness has not been validated. 

Unfortunately, PSA characteristics lack speci-
ficity, sensitivity, and predictive value, particularly
when they are mildly elevated, for instance between
4 and 10 ng/ml. In men with PSA values above 10
ng/ml approximately, one in three will have a false

positive result. In men with PSA values between 4
and 10 ng/ml, the positive predictive value is only
28–35%. Consequently, about two-thirds of men
tested will have false positive results. There are also
(mainly small) prostate cancers associated with
PSA values below 4 ng/ml.15,16

Usefulness of PSA measurement to
detect prostate cancer
Whether men should be screened for prostate can-
cer is presently hotly debated (for review see refer-
ences 17 and 18). Points in case are:

• PSA values lack sensitivity, specificity, and pre-
dictive value. Men with small prostate tumors
may still have normal PSA values. Conversely,
the likelihood that a man with an elevated PSA
value has indeed prostate cancer is relatively low,
but increases with the value of PSA. 

• Digital rectal examination has only a limited
capacity to diagnose cancers. Small tumors and
those deep in the gland are not recognized. So a
negative digital rectal examination of the
prostate is not a ground for reassurance. If the
tumor is readily palpable, it is less likely to be
confined to the prostate capsule and has already
an unfavorable prognosis. In other words ‘this
tumor has been detected too late to be of great
value for preventive medicine and belongs
already to the domain of curative medicine.’ On
the positive side, digital rectal examination
sometimes discovers tumors associated with nor-
mal PSA values. 

• Men with elevated PSA will undergo additional
testing. In a large proportion of these men, par-
ticularly when PSA levels are only mildly ele-
vated, this testing will be redundant since PSA
values above normal have a high percentage of
false positives. Prostate biopsies carry a certain
risk of bleeding and infection. The prostate vol-
ume, the measurement of the free/total PSA
ratio, the PSA velocity over time, and the age
and general health of the individual are all fac-
tors that must be taken into consideration prior
to deciding on further testing or treatment.

• If a cancer diagnosis is made, what will the next
step be? Can the patient and/or his urologist
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accept a wait-and-see policy, justified in many
cases, or will the patient be treated with one of
the available treatment modalities which are
associated with potential considerable morbid-
ity, such as incontinence and erectile dysfunc-
tion, with frequently an enormous impact on
quality of life.

• The conclusion must be that, presently, there is
absolutely no consensus among experts that the
benefits outweigh the harm, which is the basic
tenet of screening.

Practical recommendations
Screening of the aging male should include a digital
examination of the prostate and most men will
expect to have their PSA value measured. Discovery
of a prostate nodule should lead to urologic examina-
tion. Subjects who have an elevated PSA should be
monitored and followed up by digital rectal examina-
tion and PSA measurements. There is evidence that
in the normal range of PSA level the rate of change
of PSA level over time provides useful information.
An annualized rate of change of > 0.75 ng/ml/year
(or the so-called PSA velocity) for 2 years should
lead to urologic evaluation and prostate biopsy. If the
first value of PSA was > 4.0 ng/ml then an annual-
ized rate of 0.4 ng/ml should be taken as a guide-
line.15,19,20 Such guidelines allow administration of
androgens to individual hypogonadal aging men,
with due concern for adverse effects on the prostate.
When aging men receive androgens and/or growth
hormone it is thought to be reasonable to screen PSA
levels every 3 months for the first 12–18 months and
once a year thereafter. 

Assessment of body mass index and
fat distribution

Body mass index (BMI) (body weight in kilograms
divided by the square of height in meters) provides
a better index than body weight itself to describe
the degree of obesity. There is now solid evidence
that fat distribution (a large visceral fat depot) is a
strong predictor of cardiovascular disease and of the
development of diabetes mellitus type II. Visceral
fat is quantitatively most reliably assessed with

computerized tomography or magnetic resonance
imaging, which is too costly to become a method of
mass screening and probably redundant in assessing
an individual case. A number of studies document
that surrogate measures provide a reasonable indica-
tion of the amount of visceral fat accumulation. A
waist/hip ratio > 0.95, a waist circumference of
more than 101 cm, and a sagittal diameter > 23 cm
(measured with the patient supine) are all indica-
tions of visceral obesity. These patterns of body fat
distribution are also linked to a negative biochemi-
cal cardiovascular risk profile.21 Thus, it is possible,
by simple means, to determine overweight and fat
distribution patterns. The above values have typi-
cally been obtained in a Caucasian population.
However, in Chinese subjects the waist/hip ratio
also provides additional information on cardiovas-
cular risks,22 but different criteria apply to Asians.23

In Asians a BMI of 23–25 indicates overweight and
> 25 indicates obesity, a waist circumference > 90
cm means abdominal obesity. 

Screening for cardiovascular disease

Cardiovascular disease continues to be a leading
cause of death, with coronary heart disease account-
ing for more than 50% of the mortality. One in six
deaths is explained by stroke. If patients survive
stroke there is usually an impaired functional capac-
ity. A large number of risk factors for cardiovascular
disease have been identified. It has sometimes been
difficult to establish whether the given variable
constitutes a risk factor in itself or whether the
identified risk factor is merely a marker of cardio-
vascular risk (for an extensive review see reference
24). In the first instance modification of that vari-
able may reduce a person’s cardiovascular risk, in
the second instance interventions to modify the
surrogate marker do not benefit the individual.
Intervention aimed at modifying surrogate markers
of cardiovascular risks may be useless as long as the
underlying risk is not modified. Many intervention
studies in cardiovascular disease have assessed their
impact on risk factors (lipid levels, blood pressure
values) without measuring their effects on clinical
endpoints such as cardiovascular morbidity, its
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disease burden, and its mortality. Admittedly, studies
assessing cardiovascular morbidity and mortality are
difficult and expensive, but the true value of inter-
ventions can only be convincingly demonstrated if
and when this intervention reduces morbidity
and/or mortality. 

Unless present to an extreme degree, cardiovascu-
lar disease is rarely explained by one single risk factor.
It is mostly multifactorial. Risk factors are additive in
their effects and many risk factors are interdepen-
dently clustered, such as visceral obesity, insulin
insensitivity, hypertension, and hyperlipidemia
(metabolic syndrome).25,26 Not all risk factors carry
equal weight in their potential harm to the cardiovas-
cular system. Variables, such as elevated blood pres-
sure or hypercholesterolemia, are continuous or
graded, and therefore some risk factors cannot be
treated as a category, simply present or absent.
Sometimes the absolute value is less significant than
the ratio of two variables, as is the case with the ratio
of total cholesterol to high-density lipoprotein
(HDL) cholesterol. Most risk factors have been iden-
tified in epidemiologic studies and carry a higher pre-
dictive value for populations than for individual
subjects. In other words, it is often difficult to
attribute the right weight to the presence of risk fac-
tors in individuals unless the magnitude of that risk
factor is extreme, but most subjects will have moder-
ate magnitudes of risk factors such as a mildly ele-
vated blood pressure and mild hypercholesterolemia. 

Risk factors for cardiovascular disease 
There are several risk factors whose control has
been shown to reduce the risk of cardiovascular dis-
ease; of others it is likely that their control con-
tributes to cardiovascular health. Non-modifiable
risk factors such as age, sex, and family history will
not be addressed, or only indirectly. Risk factors
whose control reduces cardiovascular risk will be
discussed in the following sections.

Smoking
Cigarette smoking is a serious threat for cardiovas-
cular disease, stroke, and peripheral arterial disease
in a dose dependent fashion. Smoking is linked to
myocardial infarction and sudden cardiac death.27

Hypertension
The relationship between hypertension and cardio-
vascular disease is graded; in other words, there is no
cut-off value below which there is no increased risk.
Therefore it is desirable to diagnose and treat mild-
to-moderate hypertension as well. Since mild
hypertension is much more prevalent in the general
population than serious hypertension, many more
people die of mild hypertension than of grossly ele-
vated blood pressure. It is estimated that 35% of all
cardiovascular events are related to hypertension.
The protective effect of lowering blood pressure val-
ues in hypertensive subjects is well established.
Obesity, particularly visceral obesity, is a major risk
factor for hypertension. The notion that ‘white coat
hypertension’ does not reflect a person’s ‘true’ blood
pressure, and is innocent, is no longer held by
experts. The fact that the blood pressure, rises to
abnormally high values in situations of stress is not
without significance for a person’s cardiovascular
health. It often forebodes ‘fixed’ hypertension.

There is a reasonable degree of consensus as to
what values of blood pressure constitute hyperten-
sion. There are different schools of thought with
regard to interventions. Some will deem the need
for treatment more pressing if an elevated blood
pressure in a person is associated with other risk fac-
tors, such as lipid disorders and/or diabetes mellitus.
Others will take the value of blood pressure in itself
as the guiding principle. There is a trend to regard
lower values of blood pressure as criteria for hyper-
tension and targets of treatment. The blood pressure
is considered to be elevated when systolic values
above 140 mmHg and/or diastolic values above 90
mmHg are found.28 When additional risk factors are
present the upper level of the systolic value consid-
ered acceptable is 130/80 mm Hg.28

The blood pressure is assessed during normal
medical consultations. It may require three mea-
surements during a couple of weeks or up to five
measurements over 6 months before a verdict on
the presence of hypertension can be made. Twenty-
four-hour monitoring is recommended in cases
where measurements do not provide the necessary
information on whether to treat or not to treat.
Self-monitoring of blood pressure adds significantly
to better compliance. (Halme et al 2005)
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Thrombogenic factors
Endothelial function is of the utmost importance for
maintaining a non-thrombogenic state. Inhibition of
platelet clotting and of fibrinogenesis is of great signif-
icance in the prevention of thrombosis. A large num-
ber of thrombogenic factors has been identified. It has
been established that circulating levels of fibrinogen
impact on the occurrence of cardiovascular disease.29

Low-dose aspirin inhibits thrombogensis and there-
with cardiovascular events. 

Diabetes mellitus
Diabetes is associated with both macrovascular and
microvascular disease through a multitude of patho-
genetic mechanisms. In all likelihood strict
glycemic control is helpful in slowing the develop-
ment of atherosclerosis. Many risk factors of cardio-
vascular disease are cumulatively present in
diabetics (insulin resistance, hypertension, dyslipi-
demia). The presence of diabetes is a reason for
aggressive treatment of other risk factors. Diabetes
mellitus is certainly a modifiable disease and there-
fore well worth early diagnosis. The guidelines are
straightforward. If fasting glucose levels are between
6 and 7 mmol/l there is an impaired glucose toler-
ance, warranting follow-up every 6 months. Values
above 7 mmol/l represent clinical diabetes mellitus,
requiring treatment. A 2-hour glucose tolerance test
provides a more reliable diagnostic criterion: if the
serum glucose is >11 mmol/l after 2 hours the the
diagnosis diabetes mellitus is certain.

Physical inactivity
The impact that lack of physical fitness has on car-
diovascular disease is now well established. Even
moderate levels of physical activity are beneficial. It
leads to an improvement of virtually all known risk
factors (body weight, blood pressure, glucose toler-
ance, lipid profile). A consensus meeting of the
National Institute of Health in the USA has recom-
mended regular, moderately intense exercise (at least
30 minutes on most or all days of the week).30,31

Cholesterol
The causal relationship between total cholesterol, and
even more so of LDL cholesterol and cardiovascular

disease is well established. It is a graded relation. Levels
normally present in certain Western populations
might already be in the danger zone. Reduction of
cholesterol and particularly of LDL cholesterol reduces
the occurrence of cardiovascular disease, including
stroke. Therefore, determination of cholesterol is
pivotal.

High-density lipoprotein cholesterol
There is a graded, continuous, inverse relationship
between the level of HDL cholesterol and cardio-
vascular risk. Several studies document that drug
treatment to improve levels of HDL cholesterol has
a beneficial effect on cardiovascular mortality.
Smoking, overweight, and physical inactivity all
have negative effects on HDL cholesterol levels.

Triglycerides
Hypertriglceridemia is often intertwined with other
risk factors such as low HDL cholesterol, visceral
obesity with its associated insulin resistance, and a
prothrombotic state. Therefore, hypertriglyceridemia
deserves attention but often requires a more compre-
hensive diagnostic work-up and therapy modifying
the associated risk factors as well.

Measurement of lipids
An assessment of a lipid profile consists of total
cholesterol, HDL cholesterol, a calculated value of
low-density lipoprotein (LDL) cholesterol, and
triglycerides. There is a reasonable degree of consen-
sus that total cholesterol should be < 5 mmol/l
(<200 mg/dl), HDL > 1.0 nmol/l (>35 mg/dl), calcu-
lated LDL < 4.0 mmol/l (< 130 mg/dl), and triglyc-
erides < 1.4 mmol/l (< 150 mg/dl). The LDL/HDL
ratio should be < 4. For recommendations see refer-
ence 32 In their clinical significance and in the
decisions to undertake interventions, these results
should be set against other cardiovascular risk factors
such as hypertension, diabetes mellitus, and family
history. 

Lipoprotein(a)
Lipoprotein(a) is an LDL particle linked to
apoliprotein(a). The gene for apolipoprotein(a)
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has a high degree of homology with the gene for
plasminogen, which has led to the theory that
lipoprotein(a) may displace plasminogen from its
sites of action, thereby reducing its antithrombotic
capacity. It is also similar in structure to LDL
and may impair endothelial function. There are
no known methods of modulating lipoprotein(a)
levels. 

Homocysteine
Homocysteine levels have been linked to cardiovas-
cular disease; it is probably an independent risk factor.
Its pathogenetic mechanism is likely interference
with endothelial nitric oxide production. Its levels
can be reduced by folic acid and vitamins B6 and B12,
but the clinical efficacy of a reduction has not been
demonstrated. 

Screening for coronary
artery disease

The exercise electrocardiogram for detection of
coronary artery disease is the cornerstone. Ischemia
manifests itself by ST segment depression. Its accu-
racy is greater when the ST segment depression is
associated with angina pectoris in the test. Its accu-
racy is less for the posterior wall of the heart. The
accuracy of the test ranges between 70 and 75%. Its
cost is acceptable but its value in people at low risk
is arguable. 

There are a number of screening procedures such
as stress nuclear perfusion imaging, the use of elec-
tron-beam computed tomography, measurement of
intima media thickness, and determination of
brachial artery reactivity. They can only be done in
specialized centers and are beyond the scope of this
contribution. 

Primary hemochromatosis

Primary hemochromatosis is a genetically deter-
mined disease occurring in approximately 1 in 360
men and women. (For a review see reference 33.)
The disorder is characterized by excessive storage of
iron in tissues, leading to tissue damage. Its clinical

manifestations may vary. The symptoms are chronic
fatigue, arthralgia, infertility, erectile dysfunction,
cardiac disease, diabetes mellitus, and an abnormal
profile of liver enzymes, a series of complaints not
rare in aging men. Patients have a normal hemoglo-
bin level but an increased serum ferritin and trans-
ferrin saturation. 

Osteoporosis

Few men under the age of 60–70 will suffer from
osteoporosis. If a man presents with severe osteo-
porosis a number of diseases should be ruled out.
Alcohol abuse, glucocorticoid treatment, and
hypogonadism account for 40–50% of cases of male
osteoporosis. Other causes important to rule out are
hyperthyroidism (either as a disease or as an over-
dose of thyroid hormone replacement), multiple
myeloma (Kahler’s disease) and other malignancies,
anticonvulsants, past or present chemotherapy, and
gastrointestinal disorders impairing calcium absorp-
tion. The latter may be subtle in their clinical man-
ifestations, like gluten enteropathy. Long-term
hypogonadism, rheumatic disease, chronic use of
corticosteroids, alcoholism, intestinal malabsorp-
tion, renal disease, dietary factors, and heavy smok-
ing may lead to premature loss of bone. A decrease
in height and vertebral kyphosis, mostly occuring in
men over 60 years of age, may be a sign of vertebral
osteoporosis. The history and clinical evaluation are
factors in the decision to have the patient undergo
bone densitometry.

The most widely used techniques to measure
bone mineral density are dual-photon absorptiome-
try (DPA), dual-energy X-ray absorptiometry
(DEXA), and quantitative computed tomography.
Bone mineral density is measured usually at one or
more of the following sites: lumbar spine (L2–4),
femoral neck, proximal femur, and forearm. The
values are absolute values but, for a more meaning-
ful interpretation, values are often expressed as T-
scores (the number of statistical standard deviations
of the mean of a general young population of that
sex) or as Z-scores (the number of statistical stan-
dard deviations of the mean of a population of that
sex of similar age).
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By definition, a bone mineral density more than
2.5 SD below the mean indicates osteoporosis, requir-
ing treatment and frequent follow-up at intervals of
6–12 months. Values between 1 and 2.5 SD below the
mean represent osteopenia. Elimination of risk factors
and preventive treatment are indicated. In the labo-
ratory serum calcium plus serum albumin (to which it
is largely bound) must be measured. Serum alkaline
phosphatase (if possible bone-specific) and osteocal-
cin provide insight in the degree of bone turnover.
Excretion of calcium in the urine indicates whether
an abnormal amount of calcium is being lost.
Hydroxyproline or deoxypyrolidine or collagen cross-
links N telopeptide are metabolic products of bone
resorption. Calcium and hydroxyproline or deoxypy-
rolidine can be measured in a 24-hour urine sample,
but a reasonably good impression is also obtained from
a 2-hour sample if levels are related to creatinine
levels in this 2-hour sample. 

Functionality and functional
dependency

Screening of the aging male will be performed
across a large age range of men. For men in their
fifties functional dependency is almost never an
issue; with aging it becomes, however, increasingly
relevant. Several scales have been developed to
measure independent functioning. They may be
divided into basic, intermediate, and advanced
activities. Both the scales developed by Katz et al34

and by Gill et al35 are widely used to assess basic
activities of daily living (ADL), and whether a
person needs help with the following activities:

1. bathing
2. dressing 
3. transfering within the home
4. toileting
5. maintaining continence
6. feeding.

Less basic, intermediate ADL are usually measured
by the instrumental ADL scale developed by Carey
et al36 which assesses the person’s ability to perform
the following activities:

1. shopping
2. transportation
3. using the telephone
4. preparing meals
5. taking medications
6. managing money
7. performing work around the house
8. doing laundry.

Advanced ADL can be measured by the scale devel-
oped by Reuben et al:37

1. strenuous physical activity (such as hiking,
bicycling)

2. heavy work around the house
3. number of times walks one mile or more without

rest
4. number of times walks one quarter of a mile or

more without rest.

These scales may impress as simple tools but several
studies have documented that they are highly pre-
dictive of mortality, providing better indications
than most laboratory-based tests. 

Intervening variables in the actual performance
of ADL are muscle weakness, particularly lower
extremity weakness, and cognitive impairment.
Lower extremity performance can be investigated
with rather simple tests:38

1. Chair stands: how often can a person stand up
from a chair within 30 seconds, with the arms
crossed over the chest?

2. The tandem stand: can a person maintain bal-
ance for at least 3 seconds with one foot placed
behind the other on a straight line?

3. The timed walk: a subject is asked to walk
approximately 3 meters, turn 180°, and walk 3
meters back in a straight line without staggering
or stumbling, within 90 seconds. 

These rather simples procedures have been validated
as reliable measures of functionality.

Cognitive status

The prevalence of dementia at age 65 is approxi-
mately 5–10%, rising progressively to 40–50% at age
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85; it is worthwhile to have an assessment of the
cognitive status. The medical interview itself, prob-
ing into the patient’s medical history, may already
reveal defects in short-term memory. For more elabo-
rate testing the Mini-Mental State Examination39 (is
available, and if the performance is poor on this test
the Short Portable Mental Status Questionnaire40

may be used. Age and education influence the perfor-
mance of these tests. For a review of tests of mental
functioning see reference 41.

Visual impairment

Age-related visual changes affect central visual acu-
ity, peripheral vision, contrast sensitivity, and color
vision. Two common conditions, cataract and glau-
coma, are essentially preventable causes of blind-
ness. Degeneration of the macula, which reveals
itself by loss of central vision, is the leading cause of
poor vision in elderly men. The medical history
inquires whether the patient has an impairment of
vision. The Snellen eye chart, which patients read
from 5 meters using their corrective lenses, provides
an impression of visual acuity. Handheld cards, such
as the Rosenbaum pocket vision screener, are useful
alternatives for near and distant vision. Inability to
read better than 20/50 with correction is an indica-
tion for a specialist assessment. The Amsler grid can
be used to discover visual field defects which may be
related to macular degeneration or glaucoma. 

Hearing impairment

Hearing impairment is present in 24% of subjects
between 65 and 74 years old, and increases to 40% in
those older than 75 years. Hearing loss is associated
with social dysfunction and is to a large degree under-
diagnosed. Hearing aids are, strangely enough, more
negatively perceived as a sign of aging than corrective
eye lenses. The whisper test is simple and provides a
first indication of hearing loss. The examiner stands 5
meters behind the patient, who covers alternate the
left and right ear. Three words are whispered which
are to be repeated by the patient. Naturally, the
acoustics of the room influence the result of the test.

Depression in old age

Poor sleep, decreased appetite, lethargy, fatigue, and
difficulty concentrating may be symptoms of depres-
sion. If accompanied by suicidal thoughts this
depression is to be taken very seriously. Depression
is often, by the patient or his environment, related
to a recently by experienced unhappy but trivial
event, which is thought to account for the depressed
mood, and this may lead to a delay in diagnosis.
Naturally, in old age organic factors may be respon-
sible for depressed mood, such as impairment of
brain function, cardiovascular disease, metabolic
factors (diabetes mellitus, renal dysfunction, hyper-
calcemia) use of medical drugs, and their side-effects
on biologic systems. As a rating scale Beck’s depres-
sion inventory42 may be helpful. Internet tests are
available.43

Sexual functioning in old age

It is common knowledge that sexual functioning
declines with aging. The latter is now substantiated
by several population surveys. The inter-individual
differences in degree of sexual problems encountered
varies strongly. So does the willingness to ask for
help. In aging men it is primarily erectile function
which shows a decline with aging. Normal sexual
functioning including erectile capacity presupposes
an integrity of the vascular, nervous, and hor-
monal/metabolic systems, as well as a mindset ready
to engage in sexual activity. So in the work-up of
aging men these factors must be considered. Some
drugs interfere with the above factors. A widely used
multidimensional self-administered scale, validated
cross-culturally, assesses five domains of human
sexuality: erectile function, orgasmic function,
sexual desire, intercourse satisfaction, and overall
satisfaction.44

Physical examination includes cardiovascular
assessment, simple neurologic testing (bulbocaver-
nosus reflex, anal sphincter tone, testicular and
penile sensitivity, perineal sensation), and primary
and secondary sexual characteristics (testicular
volume, sexual hair, gynecomastia).
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Hormonal deficiencies in old age

Growth hormone 
It is difficult to establish growth hormone (GH)
deficiency in adulthood or at an advanced age. The
pulsatile nature of GH secretion and the large num-
ber of factors determining circulating levels of GH
complicate the matter considerably in the sense
that a single measurement of GH does not provide
meaningful information. A single measurement of
IGF-1 is a reasonable first indicator of one’s GH sta-
tus. In subjects under the age of 40 years a normal
level of IGF-1 almost excludes GH deficiency. In
subjects over the age of 40 years things are more
complicated. However, an IGF-1 value of 15 nmol/l
or higher excludes a deficiency of GH. So, the prob-
lem lies with patients with values below this level.
It is amazing that some patients with proven GH
deficiency (on the basis of extensive endocrine test-
ing such as insulin-hypoglycemia, growth hormone
releasing hormone (GHRH), and l-dopa stimu-
lation tests) still have normal IGF-1 levels.
IGF-binding protein-3 is another useful index of
GH status. For the time being, the combination of
signs and symptoms potentially attributable to GH
deficiency, and an IGF-1 level and IGF-binding
protein-3 level in the lowest third provide a first
reasonable indication of (relative) GH deficiency.
To confirm the diagnosis, a provocation test with
GHRH in combination with arginine or synthetic
growth hormone releasing substance (GHS) is
highly desirable.45

Once a patient is placed on GH administration,
individual dose titration must be done on the basis
of the IGF-1 levels resulting from GH administra-
tion and the occurrence of side-effects. It is desirable
to produce IGF-1 levels in the normal or only
slightly above normal (0–1 standard deviation above
the mean level of IGF-1) range. Secondly, if side-
effects occur (flu-like symptoms, myalgia, arthralgia,
carpal tunnel syndrome, edema, impairment of glu-
cose homeostasis) GH dosage is reduced in steps of
25%. Contraindications for GH use are type 1 dia-
betes mellitus, active or a history of cancer, intracra-
nial hypertension, diabetic retinopathy or carpal
tunnel syndrome, or severe cardiac insufficiency. 

Dehydroepiandrosterone 
There is an impressive decline in the adrenal
androgens with aging: plasma levels are at their
peak in the twenties. They subsequently decline at
10% per decade. By age 60 years plasma levels may
be down to 30–40% of young adult levels, and by
age 80 years levels are prepubertally low again, for
which the term ‘adrenopause’ has been coined.
There is a considerable interindividual difference
in plasma levels, up to 3-fold or more, persisting
with increasing age. There is no consensus on
what levels of dehydroepi and rosterone (DHEA)
reperesent a deficiency. Levels of DHEA-sulfate
found in patients with primary adrenal failure are
in the order of 1.0–1.5 µmol/l. Reference values of
DHEA-sulfate for adults are not established, but
values reported in the literature for aging popula-
tions lie in the order of 2-8-7 mmol/l. Most studies
that have established beneficial effects of DHEA
(usually 50 mg/day) have not defined cut-off
values for inclusion in the study. (For a review see
reference 46.)

Testosterone
There is no consensus on normal decreased values
of testosterone in old age. Therefore we are left with
arbitrary criteria. On the basis of their large samples
of healthy men, young, middle-aged, and old,
Vermeulen and colleagues have proposed accepting
the same range of normal testosterone values for
elderly men as for younger men. The proposed
cut-off point for low testosterone values is arbitrar-
ily 11 nmol/l for total testosterone and 0.255 nmol/l
for free testosterone, but these criteria shoud be set
against local reference values of testosterone.20,47

Until more data are collected this is for the moment
a reasonable approach to the vexing question of
who is testosterone-deficient in old age. 

Another variable that might be significant to
assess the androgen status in old age is plasma levels
of SHBG. Its levels increase with aging, possibly
due to a decrease in growth hormone production
and an increase in the ratio of free oestradiol over
free testosterone.47 The same authors demonstrated
that the free testosterone value calculated by total
testosterone/SHBG as determined by immunoassay
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appears to be a rapid, simple, and reliable indicator
of bioavailable testosterone, comparable to testos-
terone values obtained by equilibrium dialysis. So,
without much in the way of solid criteria for testo-
sterone deficiency in old age, determination of
testosterone values together with SHBG might pro-
vide a reasonable index of the androgen status of an
aging person. 

Hypothyroidism
Hypothyroidism may be overlooked in the elderly
since the symptoms are often attributed to the aging
process with its associated asthenia, effects of drug
use, and loss of agility. The symptoms range from
weakness, chronic fatigue, and decreased heart rate,
to dry skin, hoarseness, and slower tendon reflexes.
Intolerance to cold and weight gain may be less pro-
nounced in the elderly. Hypothyroidism should be
suspected if there are occurrences of unexplained
high levels of cholesterol and creatinine phosphok-
inase, severe constipation, congestive heart failure
with cardiomyopathy, and unexplained macrocytic
anemia. The best diagnostic test for primary
hypothyroidism is an increased serum TSH level,
although TSH levels in the elderly who have
hypothyroidism are lower than in younger patients
with the same disease, so determination of T4 is also
required. (For review see reference 48.)

Hyperthyroidism
Hyperthyroidism in the elderly may have a different
presentation than in younger hyperthyroid subjects.
Symptoms of hyperthyroidism in the young are signs
of a hyperadrenergic state: nervousness, sweating,
diarrhea, tremor, tachycardia, and hyperactive
reflexes. In elderly subjects, cardiac symptoms
(atrial fibrillation, cardiac insufficiency), bone loss,
or mental symptoms (confusion, anorexia) may be
the manifestations of thyroid hyperfunction.
Weight loss with anorexia is more prevalent than
increased eating. Treatment with amiodarone or
iodine-containing radiocontrast agents may also
evoke hyperthyroidism in the elderly. The diagnosis
is based essentially on elevated levels of T4 and free
T3 and suppressed levels of TSH. (For review see
reference 48.)

Dysfunction of the thyroid may severely impact
on sexual functions.49

Summary

Screening of the aging male has definite benefits.
Early diagnosis and early intervention may delay
morbidity and increase the health span of aging sub-
jects. Early detection of visual and hearing impair-
ment will contribute to the quality of life. There are
also a number of difficulties which may arise with
screening. The interpretation of the findings
requires an understanding of epidemiologic princi-
ples on the side of the physician. What is the prog-
nostic value of a positive finding? In which cases
should it lead to intervention? Is the intervention
warranted and meaningful in that it slows the
course of the disease? 

The information of positive findings of screening
may become a psychologic burden to the patient. It
may induce a form of hypochondria and may evoke
a quest for redundant medical tests and interven-
tions. A wait-and-see policy usually does not appeal
to the kind of patient who seeks screening.
Alternatively, a negative outcome of the screening
may produce a false sense of good health, or at least
of an absence of pathology. The patient usually
underrates the complexity of disease processes and
overrates the comprehensiveness and predictive
power of the screening. The patient or his family
may react with hostility if, shortly after the screen-
ing, a serious ailment befalls the patient. He may
interpret this occurrence as negligence on the side
of the physician. This is particularly true if risk fac-
tors for the disease in question were screened for
(for instance, a myocardial infarction in the absence
of serious risk factors, a small prostate carcinoma
without an elevation of PSA levels). So each
patient, having undergone screening tests, must
receive a thorough evaluation of the results and of
the relativity of negative tests. 

Another aspect is health economics. Who is
financing the costs of screening? The patient himself,
or his health insurance? In the latter case the policy
does not necessarily cover screening (tests not moti-
vated by a reasonable suspicion of pathology) and it
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may be a breach of the contract to charge these costs
to the insurance. 
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Appendix 6.1 

Office procedures

Personal data
Name 
Date of birth
Occupation
Marital status
Employment status

Habits affecting health
Smoking
Alcohol consumption
Non-medical drug use 
Balanced diet 
Self-medication (painkillers/sleeping pills)
Sleep patterns
Mobility and exercise/recreation
Depressive feelings 
Stress levels and coping mechanisms/relaxation

Medical history
Past medical conditions 
Present medical conditions and their follow-up
Prescription drugs/continued use warranted?

Family history
Cardiovascular disease (hypertension/stroke/myocardial infarction/lipid disorders)
Parents alive? Age at death? Cause of death?
Diabetes mellitus
Prostate cancer
Other cancers

Accidents
Accident prone
Drunken driving 
Risk taking
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Psychosexual situation
Depressions? 
Married?
In a relationship?
Sex life satisfactory?

Any specific concerns of the patient himself?

Specific history with regard to diseases of the aging male

Prostate disease
Frequency of micturition? Increased?
Nycturia
Dysuria/dribbling

Osteoporosis
Previous fractures
Family history
Rheumatic disease
Calcium intake
Thyroid disease
Intestinal disease
Corticosteroid use 
Alcohol consumption
Risk factors warranting bone density measurement? 

Cardiovascular disease 
History of a cardiac event 
Diagnosis/follow-up/medication
Hypertension/medication
Lipid profiles ever assessed
Smoking
Exercise tolerance/dyspnea
Cardiac arrhythmia
Angina pectoris
Nycturia/edema
Signs of peripheral arterial disease 
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Impaired vision and hearing

Erectile function
Morning erections
Libido
Erectile problems (always/when tired/after alcohol consumption)

Physical examination
Routine
Special attention to the following:
• Height/weight and calculation of body mass index (BMI)
• BMI 25–30 = obesity/30–35 obesity requiring intervention/> 35 grossly obese 
• Waist circumference: if > 102 cm obesity 
• Sagittal diameter of the abdomen: if > 24 cm: visceral obesity

Assessment of muscle strength: ask the patient to get up 5 times from his chair without using hands 
Blood pressure 
Rectal examination

Laboratory work-up
Hemoglobin/ESR
Creatinine
Fasting glucose/total cholesterol/triglycerides/high-density lipoprotein 
PSA
Urine: glucose/protein
Testosterone

Simple office procedures
Peak expiratory flow rate
Hand-held dynamometer

More advanced procedures
Electrocardiogram/stress electrocardiogram
Prostate ultrasound
Bone densitometry
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Appendix 6.2

Individual items of International Index of Erectile Function Questionnaire and
response options (US version)44

Question Response options

How often were you able to get an erection 0 = No sexual activity
during sexual activity? 1=Almost never/never

When you had erections with sexual 2= A few times (much less than half the time)
stimulation, how often were 3= Sometimes (about half the time)
your erections hard enough 4= Most times (much more than half the time)
for penetration? 5= Almost always/always

When you attempted sexual intercourse, 0= Did not attempt intercourse
how often were you able to 1= Almost never/never
penetrate (enter) your partner? 2= A few times (much less than half the

During sexual intercourse, how often time)
were you able to maintain your 3 = Sometimes (about half the time)
erection after you had penetrated 4= Most times (much more
(entered) your partner? than half the time)

5 = Almost always/always

During sexual intercourse, how difficult 0 = Did not attempt intercourse
was it to maintain your erection to 1 = Extremely difficult
completion of intercourse? 2 = Very difficult

3 = difficult
4 = Slightly difficult
5 = Not difficult

How many times have you attempted sexual 0 = No attempts
intercourse? 1 = One to two attempts

2 = Three to four attempts
3 = Five to six attempts
4 = Seven to ten attempts
5 = Eleven + attempts

When you attempted sexual intercourse, 0 =Did not attempt intercourse
how often wasit satisfactory for you? 1 = Almost never/never

2 = A few times (much less than half the time)
3 = Sometimes (about half the time)
4 = Most times (much more than half the time)
5 = Almost always/always
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Question Response options

How much have you enjoyed 0 = No intercourse
sexual intercourse? 1= No enjoyment

2= Not very enjoyable
3= Fairly enjoyable
4= Highly enjoyable
5 = Very highly enjoyable

When you had sexual stimulation or 0 = No sexual stimulation/intercourse
intercourse, how often did you ejaculate? 1 = Almost never/never

When you had sexual stimulation or 2 = A few times (much less than half the time)
intercourse, how 3 = Sometimes (about half the time)

4 = Most times (much more than half the time)
5 = Almost always/always

How often have you felt sexual desire? 1 = Almost never/never 
2 = A few times (much less than half the time)
3 = Sometimes (about half the time)
4 = Most times (much more than half the time)
5= Almost always/always

How would you rate your level of sexual desire? 1 = Very low/none at all
2 = Low
3 = Moderate
4 = High
5 = Very high

How satisfied have you been with your 1 = Very dissatisfied
overall sex life? 2 = Moderately dissatisfied

How satisfied have you been with your sexual 3 = About equally satisfied and dissatisfied
relationship with your partner? 4 = Moderately satisfied

5 = Very satisfied

How do you rate your confidence that you 1 = Very low
could get and keep an erection? 2 = Low

3 = Moderate
4 = High
5 = Very high

Katz et al 1963
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Appendix 6.3

Index of independence in activities of daily living

The Index of Independence in Activities of Daily Living is based on an evaluation of the functional inde-
pendence or dependence of patients in bathing, dressing, going to toilet, transfering, continence, and feed-
ing. Specific definitions of functional independence and dependence appear below the index.

A. Independent in feeding, continence, transfering, going to toilet, dressing, and bathing
B. Independent in all but one of these functions
C. Independent in all but bathing and one additional function
D. Independent in all but bathing, dressing, and one additional function
E. Independent in all but bathing, dressing, going to toilet, and one additional function
F. Independent in all but bathing, dressing, going to toilet, transfering, and one additional function
G. Dependent in all six functions

Other: Dependent in at least two functions, but not classifiable as C, D, E, or F

Independence means without supervision, direction, or active personal assistance, except as specifically
noted below. This is based on actual status and not on ability. A patient who refuses to perform a function
is considered as not performing the function, even though he is deemed able.

Bathing (sponge, shower, or tub)
Independent:
Assistance only in bathing a single part (as back or disabled extremity) or bathes self completely
Dependent:
Assistance in bathing more than one part of body; assistance in getting in or out of tub or does not bathe self

Dressing
Independent:
Gets clothes from closets and drawers; puts on clothes, outer garments, braces; manages fasteners; act of
tying shoes is excluded
Dependent:
Does not dress self or remains partly undressed

Going to toilet
Independent:
Gets to toilet; gets on and off toilet; arranges clothes; cleans organs of excretion (may manage own bedpan
used at night only and may or may not be using mechanical supports)
Dependent:
Uses bedpan or commode or receives assistance in getting to and using toilet

Transfer
Independent:
Moves in and out of bed independently and moves in and out of chair independently (may or may not be
using mechanical supports)
Dependent:
Assistance in moving in or out of bed and/or chair; does not perform one or more transfers
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Continence
Independent:
Urination and defecation entirely self-controlled
Dependent:
Partial or total incontinence in urination or defecation: partial or total control by enemas, catheters, or reg-
ulated use of urinals and/or bedpans

Feeding
Independent:
Gets food from plate or its equivalent into mouth (precutting of meat and preparation of food, as buttering
bread, are excluded from evaluation)
Dependent:
Assistance in act of feeding (see above); does not eat at all or parenteral feeding

Evaluation form

Name ............................................................................... Date of evaluation .........................................
For each area of functioning listed below, check description that applies. (The word ‘assistance’ means
supervision, direction of personal assistance)

Bathing
Either sponge bath, tub bath, or shower

� Receives no assistance (gets in and out of tub by self if tub is usual means of bathing)
� Receives assistance in bathing only one part of the body (such as back or a leg)
� Receives assistance in bathing more than one part of the body (or not bathed)

Dressing
Gets clothes from closets and drawers, including underclothes, outer garments, and using fasteners (includ-
ing braces if worn)

� Gets clothes and gets completely dressed without assistance
� Gets clothes and gets dressed without assistance except for assistance in tying shoes
� Receives assistance in getting clothes or in getting dressed, or stays partly or completely undressed

Toileting
Going to the ‘toilet room’ for bowel and urine elimination; cleaning self after elimination, and arranging
clothes

� Goes to ‘toilet room’, cleans self, and arranges clothes without assistance (may use object for support
such as cane, walker, or wheel chair and may manage night bedpan or commode, emptying same in
morning)
� Receives assistance in going to ‘toilet room or in cleansing self or in arranging clothes after elimination

or in use of night bedpan or commode
� Doesn’t go to room termed ‘toilet’ for the elimination process
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Transfer

� Moves in and out of bed as well as in and out of chair without assistance (may be using object for sup-
port such as cane or walker).
� Moves in or out of bed or chair with assistance.
� Doesn’t get out of bed.

Continence

� Controls urination and bowel movement completely by self
� Has occasional ‘accidents’
� Supervision helps keep urine or bowel control; catheter is used, or is incontinent

Feeding

� Feeds self without assistance
� Feeds self except for getting assistance in cutting meat or buttering bread
� Receives assistance in feeding or is fed partly or completely by using tubes or intravenous fluids

Reuben et al 1990

Self-assessed current advanced social activities health status, and mental health
score at entry, by group

Social activities

Entertain at home:

1. At least weekly
2. At least monthly
3. At least yearly
4. Less than yearly or never

Visit others at their homes:

1. At least weekly
2. At least monthly
3. At least yearly
4. Less than yearly or never

Go out to eat:

1. At least weekly
2. At least monthly
3. At least yearly
4. Less than yearly or never

Textbook of health in aging men
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Work at a hobby:

1. At least weekly
2. At least monthly
3. At least yearly
4. Less than yearly or never

Travel out of town:

1. At least weekly
2. At least monthly
3. At least yearly
4. Less than yearly or never

Do you take longer trips?

1. Without help
2. With some help
3. Do not take longer trips

Health status

1. Excellent
2. Good
3. Fair
4. Poor

Pfeiffer (1975)
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+ –

Appendix A

Short portable mental status questionnaire (SPMSQ)

Instructions: Ask questions 1–10 in this list and record all answers. Ask question 4A only if patient does not
have a telephone. Record total number of errors based on 10 questions. 

1. What is the date today? ______________________________________________
Month Day Year

2. What day of the week is it? ____________________________________________

3. What is the name of this place? ________________________________________

4. What is your telephone number? _______________________________________

4A. What is your street address? ___________________________________________

5. How old are you?____________________________________________________

6. When were you born? _______________________________________________

7. Who is the President of the US now? ___________________________________

8. Who was President just before him? ____________________________________

9. What was your mother’s maiden name?__________________________________

10. Subtract 3 from 20 and keep subtracting 3 from each new
number, all the way down

______________ Total number of errors
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Copyright: © E. Pfeiffer, 1974. All rights reserved.
Folstein et al, 1975
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To be completed by interviewer

Patient’s Name:______________________________________Date___________________________

Sex: 1. Male Race: 1. White

2. Female 2. Black

Other:

Years of education: __________________ 1.   Grade School

High School

Beyond High School

Interviewer’s name: _________________________________________________________________
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Appendix

Patient .....................................

Examiner ...............................

Date .........................................

‘MINI-MENTAL STATE’

Maximum score
Score

Orientation
5 (  ) What is the (year) (season) (date) (day) (month)?
5 (  ) Where are we: (state) (county) (town) (hospital) (floor)

Registration
3 (  ) Name 3 objects:1 second to say each. Then ask the patient all 3 after you have said them.

Give 1 point for each correct answer. Then repeat them until he learns all 3.
Count trials and record.

Trials

Attention and calculation
5 (  ) Serial 7s. 1 point for each correct. Stop after 5 answers. Alternatively spell ‘world’ backwards.

Recall
3 (  ) Ask for the 3 objects repeated above. Give 1 point for each correct.

Language
9 (  ) Name a pencil, and watch (2 points)

Repeat the following ‘No ifs, ands or buts’ (1 point)
Follow a 3-stage command:
‘Take a paper in your right hand, fold it in half, and put it on the floor’
(3 points)
Read and obey the following:
Close your eyes (1 point)
Write a sentence (1 point)

___________Copy design (1 point)
Total score
ASSESS level of consciousness
along a continuum

________________________
Alert Drowsy Stupor Coma

Textbook of health in aging men

88

Lunenfeld-ch-06-Appendix.qxd  8/23/2007  4:59 PM  Page 88



Instructions for administration of mini-mental state examination

Orientation
1. Ask for the date. Then ask specifically for parts omitted, e.g., ‘Can you also tell me what season it is?’

One point for each correct.
2. Ask in turn: ‘Can you tell me the name of this hospital? (town, county, etc.).’ One point for each

correct.

Registration
Ask the patient if you may test his memory. Then say the names of 3 unrelated objects, clearly and slowly,
about one second for each. After you have said all 3, ask him to repeat them. This first repetition determines
his score (0–3), but keep saying them until he can repeat all 3, up to 6 trials. If he does not eventually learn
all 3, recall cannot be meaningfully tested. 

Attention and calculation
Ask the patient to begin with 100 and count backwards by 7. Stop after 5 subtractions (93, 86, 79, 72, 65).
Score the total number of correct answers. If the patient cannot or will not perform this task, ask him to spell
the word ‘world’ backwards. The score is the number of letters in correct order. E.g. dlrow = 5, dlorw = 3.

Recall
Ask the patient if he can recall the 3 words you previously asked him to remember. Score 0–3.

Language
Naming: Show the patient a wrist watch and ask him what it is. Repeat for pencil. Score 0–2. Repetition:
Ask the patient to repeat the sentence after you. Allow only one trial. Score 0 or 1. Three-stage command:
Give the patient a piece of plain blank paper and repeat the command. Score 1 point for each part correctly
executed.

Beck et al 1961
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Appendix

Depression Inventory

A. (Mood)

0 I do not feel sad.
1 I feel blue or sad
2a I am blue or sad all the time and I can’t snap out of it.
2b I am so sad or unhappy that it is very painful.
3 I am so sad or unhappy that I can’t stand it.

B. (Pessimism)

0 I am not particularly pessimistic or discouraged about the future.
1a I feel discouraged about the future.
2a I feel I have nothing to look forward to.
2b I feel that I won’t ever get over my troubles.
3 I feel that the future is hopeless and that things cannot improve.

C. (Sense of failure)

0 I don’t feel like a failure.
1 I feel I have failed more than the average person.
2a I feel I have accomplished very little that is worthwile or that means anything.
2b As I look back on my life all I can see is a lot of failures.
3I feel I am a complete failure as a person (parent, husband, wife).

D. (Lack of satisfaction)

0 I am not particularly dissatisfied.
1a I feel bored most of the time.
1b I don’t enjoy things the way I used to 
2 I don’t get satisfaction out of anything anymore.
3 I am dissatisfied with everything.

E. (Guilty feeling)

0 I don’t feel particularly guilty.
1 I feel bad or unworthy a good part of the time.
2a I feel bad or unworthy practically all the time now.
3 I feel as though I am very bad or worthless.

F. ( Sense of Punishment ) 

0 I don’t feel I am being punished.
1 I have a feeling that something bad may happen to me.
2 I feel I am being punished or will be punished. 
3a I feel I deserve to be punished.
3b I want to be punished.

Textbook of health in aging men
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G. (Self hate)

0 I don’t feel disappointed in myself. 
1a I am disappointed in myself.
1b I don’t like myself. 
2 I am disgusted with myself.
3 I hate myself. 

H. (Self accusations)

0 I don’t feel I am any worse than anybody else. 
1 I am very critical of myself for my weaknesses or mistakes. 
2a I blame myself for everything that goes wrong.
2b I feel I have many bad faults. 

I. (Self-punitive wishes) 

0 I don’t have any thoughts of harming myself. 
1 I have thoughts of harming myself but I would not carry them out. 
2a I feel I would be better off dead. 
2b I have definite plans about committing suicide. 
2c I feel my family would be better off if I were dead. 
3 I would kill myself if I could. 

J. (Crying spells)

0 I don’t cry any more than usual. 
1 I cry more now than I used to.
2 I cry all the time now. I can’t stop it.
3 I used to be able to cry but now I can’t cry at all even though I want to. 

K. (Irritability)

0 I am no more irritated now than I ever am.
1 I get annoyed or irritated more easily than I used to.
2 I feel irritated all the time. 
3 I don’t get irritated at all at the things that used to irritate me. 

L. (Social withdrawal)

0 I have not lost interest in other people.
1 I am less interested in other people now than I used to be.
2 I have lost most of my interest in other people and have little feeling for them.
3 I have lost all my interest in other people and don’t care about them at all. 

M. (Indecisiveness)

0 I make decisions about as well as ever.
1 I am less sure of myself now and try to put off making decisions. 
2 I can’t make decisions any more without help. 3I can’t make any decisions at all any more. 
3 I can’t make any decisions at all any more.
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N. (Body image)

0 I don’t feel I look any worse than I used to. 
1 I am worried that I am looking old or unattractive. 
2 I feel that there are permanent changes in my appearance and they make me look unattractive. 
3 I feel that I am ugly or repulsive looking. 

O. (Work inhibition)

0 I can work about as well as before. 
1a It takes extra effort to get started at doing something.
1b I don’t work as well as I used to. 
2 I have to push myself very hard to do anything. 
3 I can’t do any work at all.

P. (Sleep disturbance)

0 I can sleep as well as usual.
1 I wake up more tired in the morning than I used to. 
2 I wake up 1–2 hours earlier than usual and find it hard to get back to sleep. 
3 I wake up early every day and can’t get more than 5 hours’ sleep. 

Q. (Fatigability)

0 I don’t get any more tired than usual.
1 I get tired more easily than I used to.
2 I get tired from doing anything.
3 I get too tired to do anything. 

R. (Loss of appetite)

0 My appetite is no worse than usual. 
1 My appetite is not as good as it used to be. 
2 My appetite is much worse now. 
3 I have no appetite at all any more. 

S. (Weight loss)

0 I haven’t lost much weight, if any, lately.
1 I have lost more than 5 pounds. 
2 I have lost more than 10 pounds.
3 I have lost more than 15 pounds.

T. (Somatic preoccupation)

0 I am no more concerned about my health than usual.
1 I am concerned about aches and pains or upset stomach or constipation or other unpleasant feelings in

my body. 
2 I am so concerned with how I feel or what I feel that it’s hard to think of much else.
3 I am completely absorbed in what I feel. 

Textbook of health in aging men
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U. (Loss of libido)

0 I have not noticed any recent change in my interest in sex. 
1 I am less interested in sex than I used to be. 
2 I am much less interested in sex now. 
3 I have lost interest in sex completely.

Lawton & Brody 1969

Physical self-maintenance scale

A. Toilet

1. Cares for self at toilet completely, no incontinence.
2. Needs to be reminded, or needs help in cleaning self, or has rare (weekly at most) accidents.
3. Soiling or wetting while asleep more than once a week.
4. Soiling or wetting while awake more than once a week.
5. No control of bowels or bladder.

B. Feeding

1. Eats without assistance.
2. Eats with minor assistance at meal times and/or with special preparation of food, or help in cleaning up

after meals.
3. Feeds self with moderate assistance and is untidy.
4. Requires extensive assistance for all meals.
5. Does not feed self at all and resists efforts of others to feed him.

C. Dressing

1. Dresses, undresses, and selects clothes from own wardrobe.
2. Dresses and undresses self, with minor assistance.
3. Needs moderate assistance in dressing or selection of clothes.
4. Needs major assistance in dressing, but cooperates with efforts of others to help.
5. Completely unable to dress self and resists efforts of others to help.

D. Grooming (neatness, hair, nails, hands, face, clothing)

1. Always neatly dressed, wellgroomed, without assistance.
2. Grooms self adequately with occasional minor assistance, e.g. shaving.
3. Needs moderate and regular assistance or supervision in grooming.
4. Needs total grooming care, but can remain wellgroomed after help from others.
5. Actively negates all efforts of others to maintain grooming.

E. Physical ambulation

1. Goes about grounds or city.
2. Ambulates within residence or about one block distant.
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3. Ambulates with assistance of (check one) a ( ) another person, b ( ) railing, c ( ) cane, d ( ) walker,
e ( ) wheel chair.
1.  ( ) Gets in and out without help.
2.  ( ) Needs help in getting in and out.

4. Sits unsupported in chair or wheelchair, but cannot propel self without help.
5. Bedridden more than half the time.

F. Bathing

1. Bathes self (tub, shower, sponge bath) without help.
2. Bathes self with help in getting in and out of tub.
3 Washes face and hands only, but cannot bathe rest of body.
4. Does not wash self but is cooperative with those who bathe him.
5. Does not try to wash self and resists efforts to keep him clean.

Instrumental activities of daily living scale

A. Ability to use telephone

1. Operates telephone on own initiative. Looks up and dials numbers, etc.
2. Dials a few well-known numbers.
3. Answers telephone but does not dial.
4. Does not use telephone at all.

B. Shopping

1. Takes care of all shopping needs independently.
2. Shops independently for small purchases.
3. Needs to be accompanied on any shopping trip.
4. Completely unable to shop.

C. Food preparation

1. Plans, prepares, and serves adequate meals independently.
2. Prepares adequate meals if supplied with ingredients.
3. Heats and serves prepared meals, or prepares meals but does not maintain adequate diet.
4. Needs to have meals prepared and served.

D. Housekeeping

1. Maintains house alone or with occasional assistance (e.g. ‘heavy work–domestic help’).
2. Performs light daily tasks such as dish washing, bedmaking.
3. Performs light daily tasks but cannot maintain acceptable level of cleanliness.
4. Needs help with all home maintenance tasks.
5. Does not participate in any housekeeping tasks.
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E. Laundry

1. Does personal laundry completely.
2. Launders small items: rinses socks, stockings, etc.
3. All laundry must be done by others.

F. Mode of transportation

1. Travels independently on public transportation or drives own car.
2. Arranges own travel via taxi, but does not otherwise use public transportation.
3. Travels on public transportation when assisted or accompanied by another.
4. Travel limited to taxi or automobile with assistance of another.
5. Does not travel at all.

G. Responsibility for own medications

1. Is responsible for taking medication in correct dosages at correct time.
2. Takes responsibility if medication is prepared in advance in separate dosages.
3. Is not capable of dispensing own medication.

H. Ability to handle finances

1. Manages financial matters independently (budgets, writes checks, pays rent, bills, goes to bank), collects
and keeps track of income.

2. Manages day-to-day purchases, but needs help with banking, major purchases, etc. 
3. Incapable of handling money.
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CHAPTER 7

Laboratory tests in the endocrine
evaluation of aging males
Michael John Wheeler

Introduction

In the routine investigation of a male presenting
with low libido, perhaps with tiredness, obesity, and
erectile dysfunction, a wide range of hormones may
be investigated, depending on the clinical presenta-
tion and history of the patient. These may include
the investigation of pituitary, testicular, thyroid,
and adrenal function depending on patient presen-
tation and clinical history.

Much information presented in this chapter,
relating to method comparisons and method perfor-
mance, is drawn from recent data from the UK
National External Quality Assessment Schemes
(NEQAS). These schemes are well known interna-
tionally and include many laboratories from outside
the UK. Detailed discussion of assays will be limited
to those that have a clear role in the initial investi-
gations of erectile dysfunction and low libido in the
male.

Thyroid function

Any patient presenting with symptoms associated
with lack of drive and lethargy should be investi-
gated for hypothyroidism. Hypothyroidism is com-
mon, particularly in the elderly. Population studies
report an incidence of about 3–5% in men overall,
rising to about 16% in those over 65 years.1

TSH
TSH is the most sensitive test for hypothyroidism.
There is some dispute about the upper limit of the
reference range. Population studies carried out by
laboratories usually give an upper limit for the refer-
ence range of about 5.5 mIU/l. However, within
such a population mildly hypothyroid subjects might
be hidden. The American Thyroid Association
(www.thyroid.org) suggests that a TSH >2.5 mIU/l
indicates a patient at risk of hypothyroidism, a TSH
between 4.0 and 10.0 mIU/l indicates subclinical
hypothyroidism, and a TSH above 10.0 mIU/l indi-
cates overt hypothyroidism. This may be too sim-
plistic an approach and the TSH result should be
considered along with free thyroxine (FT4) and thy-
roid antibody results. Clinicians should consider
these factors when interpreting TSH results and
ensure conformity with their colleagues.

TSH is measured by immunometric assay and
the greatest improvements in assay sensitivity and
quality have been achieved with TSH assays.
Sensitivity of commercial assays is now at least 0.01
mIU/l, i.e. below the lower limit of the reference
range. In a UK NEQAS recovery experiment in
2005, using the International Standard 80/558,
all but one of the automated third generation
assays gave a recovery between 96% and 108%.
Imprecision between methods was between 10%
and 12% and between-laboratory imprecision was
as low as 5% for some methods.
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Free thyroxine
While many laboratories measure TSH and FT4 as
the routine thyroid screen, other laboratories mea-
sure only TSH. TSH is a sensitive indicator of pri-
mary hypothyroidism but the TSH concentration is
often normal in cases of secondary hypothyroidism.
Secondary hypothyroidism is rare and an incidence
of 9 new adult cases per million population per year
has been reported.2 However, Wardle et al3 reported
an incidence of 55 cases per million population per
year of which 32 per million per year might be undi-
agnosed if TSH is the only test performed in a
thyroid screen. Clinicians should bear this in mind
when investigating hypothyroidism. In those labo-
ratories where TSH alone is the first line screening
test, men with a normal TSH and with a low or
inappropriately low LH and FSH should have a
repeat TSH with an FT4 measurement requested.

FT4 is measured on automated immunoassay
analyzers by competitive analog methods in most
laboratories. Significant differences exist between
these FT4 methods, since no reference method has
been developed. These differences can be between
4 and 5 pmol/l in the reference range. It is therefore
not possible to compare results from one method
with another. A change of method by a laboratory is
likely to lead to significant changes in reference
ranges and clinicians should be aware of this when
interpreting a patient’s FT4 concentrations over an
extended period. 

Androgens and sex-hormone
binding globulin

Total testosterone
Early methods for measuring testosterone involved
column chromatography,4 solvent extraction, and
radioimmunoassay.5 These methods were very spe-
cific and, when adjusted for losses, were very accu-
rate. However, they were not suited to the routine
analysis of large numbers of samples and later meth-
ods excluded the chromatography. These latter
methods removed conjugates and displaced steroids
from the binding proteins but were less specific. 5α-
Dihydrotestosterone (DHT) was the main cross-
reactant and could contribute up to 1.5 nmol/l to

the testosterone result in some assays. As antisera
became more specific, the contribution from DHT
was only 0.3 to 0.5 nmol/l and was insignificant at
normal male concentrations; female reference
ranges usually reflected this contribution. The use
of highly flammable solvents and radioactive tracers
made these assays unsuitable for automation and
they were eventually replaced with direct (non-
extraction) assays using non-radioactive labels.
These are now used in most routine clinical labora-
tories. These assays have introduced a number of
problems to the measurement of testosterone and
some laboratories have continued to use an extrac-
tion assay, particularly for the measurement of
testosterone in female samples. More recently,
methods using tandem mass spectrometry have been
developed.6 These methods are simple, fast, and,
potentially, highly accurate. However until more
methods have been developed and validated against
the reference method, isotope dilution gas chro-
matography mass spectrometry (IDMS), it is too
early to say how specific and comparable these
methods are or whether more experience will reveal
significant methodologic problems.

There are currently about eight direct testos-
terone assays on fully automated immunoassay plat-
forms. An evaluation of eight testosterone assays7

showed that five of them had been calibrated against
the reference method IDMS.8 However, there was a
3 nmol/l difference between the median of these
methods for a serum pool with results from 9 to 16
nmol/l (Figure 7.1). At lower levels of testosterone,
differences between methods were proportionally
even greater. There is no information available on
the calibration procedure with IDMS and so it is
unclear why these differences exist. One problem
may be that companies calibrate their calibrators
against IDMS but do not use precalibrated serum
samples. Calibrators are only serum-like and can
behave immunologically significantly differently
from serum. More recently others9,10 have also
reported on the large differences between methods
as well as the poor agreement with mass spectromet-
ric methods.

A reference range specific for each method is,
therefore, essential. There are important issues that
need to be considered in setting up a reference
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range.11 Commercial companies provide reference
ranges for their methods but these are only guides
and should not be used as the laboratory reference
range. Unfortunately, due to lack of time and suffi-
cient relevant samples, some laboratories do adopt
the manufacturer’s quoted range. A large number of
normal subjects are required to derive a statistically
sound reference range (at least 100 subjects). In
addition, testosterone levels, as well as the other
hormones like LH and FSH, have a skewed distrib-
ution. Data should, therefore, be log transformed to
achieve a more accurate reference range. Figure 7.2
is derived from the paper of Sikaris et al11 and shows
that a company’s quoted reference range is usually
quite different from that derived from a normal
population, in this case of over 124 subjects. Also
the transformed data gave a reference range that
had a lower limit 2 nmol/l higher than the lower
limit of the arithmetrically derived reference range.
This was true for all the methods investigated. The

findings reported here for testosterone relate to
most hormone reference ranges.

Testosterone concentrations also show a marked
circadian rhythm both in young and elderly
men.12,13 Samples collected throughout the day will
give a much wider reference range than one derived
from morning samples only. Where a reference
range has been established using morning samples,
testosterone concentrations can be below the refer-
ence range at 4 pm in both young and elderly
healthy males (Figure 7.3). Hence blood samples
should be drawn ideally in the early morning between
9 and 10 am. A repeat sample collected in the early
morning should always be requested when a result
below the reference range is reported for a sample
collected in the afternoon.

It is now well established that testosterone levels
fall from the fourth decade of life.14–16 Although
there is no consensus on whether age-related ranges
should be used to assess testicular function there is
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Figure 7.1 Comparison of results for two serum pools analyzed by commercial automated testosterone methods
(from Lamph et al 2004.7)
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a trend to use younger males (20–40 years) as the
reference population.17

Figure 7.3 shows data for 10 healthy young men
and 10 healthy older men. The laboratory’s refer-
ence range for men aged 20–50 years was 10.0 to
35 nmol/l and for older men 9.0 to 30 nmol/l. These
ranges were derived arithmetrically. Using these ref-
erence ranges all but one older male had normal
testosterone concentrations at 9 am. At 4 pm there
were 3 subjects in each group that were below their
appropriate reference ranges. Taking the observa-
tion from the paper of Sikaris et al11 that log trans-
formed data increases the reference range by about
2 nmol/l, and using the data for the younger men,
the figure shows that four older men are now below
the reference range at 9 am and 7 younger men and
8 older men are below the reference range at 4 pm.
This exercise shows the importance of constructing
a well-defined reference range using log transformed
data. Until there is more research and a consensus

on whether to use age related reference ranges or
not, the author suggests age-related reference ranges
may avoid unnecessary treatment of the older male.
However, some clinicians may suggest that some of
these older patients had subclinical primary
hypothyroidism due to low testosterone at 9 am
(using the log transformed younger male range) but
no apparent symptoms of androgen deficiency. 

The subjects used for constructing the reference
range should also reflect the local population since
ethnic variation has also been reported. Heald
et al18 found that total and free testosterone concen-
trations were lower in Parkistani men than in white
European and Afro-Caribbean men. Lookingbill
et al19 found no significant difference between
Caucasian and Chinese males and Wang et al20

found no significant difference between young
white men and young Asian men for either the
metabolic clearance rate or the production rate of
testosterone, although the number of subjects was
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geometric calculation, and (d) by non-parametric calculation, for four different commercial kits (from Sikaris
et al11).
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low. Santer et al,21 however, found a lower produc-
tion rate of testosterone in Chinese subjects living
in China. Care should be taken when interpreting
results in Asian males. 

Therefore, blood sampling should be consistent
with the data collected for the reference range. That is
it should be carried out preferably between 9 and 10
am. This is not always practical as clinics may be held
in the late afternoon. Samples collected outside of
these times should be regarded as screening samples. It
may be helpful to the clinician should consider a
testosterone concentration above which they consider
the result to be normal e.g. above −1 SD of the mean.
Patients with results below this can then have a fur-
ther blood sample taken between 9 and 10 am. Since
testosterone secretion is episodic a low result may also
be due to collecting a trough sample and a second
sample may show normal testosterone concentration.
It has been reported that men have a significant
day-to-day variation that can be as much as 49%.12,22

Therefore, diagnosis of hypogonadism should never be
based on a single testosterone result.

The sample type, which is acceptable for different
methods, varies. Some methods recommend only
serum and state that plasma may give lower results.

Other methods state that both serum and plasma,
even EDTA plasma, is acceptable. Serum would
appear to be the safest blood sample to use as it is
suitable for all methods. The evaluation report from
the UK indicated that methods can be very sensitive
to sample matrix. Clinicians should always use the
sample type required by the laboratory.

Extended exercise, both acute and chronic,
sleep, and sexual intercourse have all been reported
to alter testosterone concentrations. These factors
are unlikely to be a major issue for most men attend-
ing the male clinic since effects are of relatively
short duration. The exception may be the body
builder taking anabolic steroids, although LH and
testosterone results should indicate steroid abuse. 

Some problems with testosterone measurement
are out of the hands of the clinician and depend on
the laboratory’s vigilance. These include the reported
effect of surfactant present in SST or ‘gel’ tubes23 and
prolonged storage. However, the clinician should be
aware that testosterone increases in unseparated
blood24 although this only affects low testosterone
concentrations. This is due to conversion of
androstenedione to testosterone by red cell enzymes
and is most significant when the testosterone is low.
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For male samples it should be a minor problem but,
if blood cannot be sent to the lab within a couple of
hours, it should be stored at 4°C until it is trans-
ferred to the laboratory. Blood can be kept for up to
6 hours at room temperature without any significant
change in the testosterone level.

Free testosterone
Equilibrium dialysis is usually considered to be the
‘reference’ method for free testosterone (FT) mea-
surement.25 The method is not without criticism
with purity of tracer, disturbance of the equilibrium
between bound and free hormone, and the dilution
effects being cited. Other methods on a par with
equilibrium dialysis are ultracentrifugation and
steady-state gel filtration. The latter method has
been used in the author’s laboratory for a number of
studies and does not have the problems of dilution
or disturbance of the equilibrium, but for all these
methods purity of the label is paramount.26 These
methods are lengthy and complex and unsuited to
the routine laboratory. There have been a number
of different approaches to try to provide a more
convenient indicator of FT. These involve some
form of calculation of the FT concentration.
Calculated measurement of FT ranges from a sim-
ple ratio of T/SHBG26 to quite complex formulae.27

Several formulae exist although probably the most
common one now used is that of Vermeulen.25

An alternative approach is to measure non-sex
hormone binding globulin (SHBG) bound testos-
terone.28,29 This is a relatively simple procedure but,
since there is no automated method available, few
routine laboratories offer the assay. This measure-
ment arose from the suggestion that as the binding
affinity of testosterone to albumin was low some of
this testosterone might be available to tissues. It is
debatable whether this is true given the fast transit
time of blood through most tissues. 

There are currently two commercial kits pur-
ported to measure free testosterone. These methods
have been heavily criticised as their correlation
with equilibrium dialysis is poor30,31 and it has been
recommended that these methods should not be
used as a measure of true FT concentration.

Is any indirect method for the measurement of
FT better than the others? The most useful study to

date is that of Vermeulen et al25 who compared dif-
ferent methods for FT and non-SHBG bound
testosterone (nsbT) measurement with an equilib-
rium dialysis (ED) method. The conclusion from
their study was that the measures that correlated
best with the ED method were the calculated FT
(using Vermeulen’s formula) and nsbT. They also
reported that, for relatively normal levels of albu-
min, calculated FT only required the measurement
of total testosterone and SHBG, conveniently
both automated methods. The website of the
International Society for the Study of the Aging
Male (www.issam.ch) has a calculator for FT and
bioavailable testosterone. Albumin, testosterone,
and SHBG concentrations can be entered after
choosing the units of measure. Clinicians will ben-
efit in clinical diagnosis by encouraging their labo-
ratory to use one of these indicators if currently
unavailable.

Limitations
Since the direct measurement of FT is complex and
is unsuited to routine clinical investigations it will
not be discussed further. Further information can be
found in the review of Wheeler.33 Most laboratories
will use a calculated value or the androgen index.
Although both are helpful clinically they are both
dependent upon the reliability of two measures,
total testosterone and SHBG. Fortunately SHBG
methods appear to be very robust and there is good
agreement between methods (see below). Most
variation therefore comes from the total testos-
terone method and the most precise methods will
give the most reliable calculated FT results. As dis-
cussed above there are significant differences
between testosterone methods and each testos-
terone method will give rise to different reference
ranges for FT. The different formulae that have been
published also give different values and are not
transferable.34 It is important that each laboratory
establishes its own reference range for FT. 

As well as the differences that exist between
total testosterone methods and between the formu-
lae for calculating FT, all the problems discussed
above for the measurement of total testosterone
regarding cut-off values, circadian rhythms, and
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inter-individual variation also hold for FT. There is
no UK NEQAS for FT.

Sex hormone-binding globulin
Early methods for this protein used competitive pro-
tein binding of tritiated DHT. Eventually these
methods were replaced by immunometric methods
and most laboratories found good agreement
between the competitive binding assays and the
immunometric assays. The UK NEQAS for SHBG
is comprised mainly of four methods, DPC
Immulite, DPC Immulite 2000, Roche Elecsys, and
the Wallac DELFIA methods. Until recently the
DPC Immulite methods used to dominate the
scheme and were used by about 80% of participants.
Roche has recently introduced a method on their
popular automated system and now about 30% of
participants use this method. The latter method is
slightly higher than the DPC Immulite method by
about 4% and about 13% higher than the DPC
Immulite 2000 method. This difference means that
the Roche method gives a result for calculated FT
concentration about 9% higher than the DPC
Immulite 2000 method. For example, a testosterone
concentration of 10 nmol/l would result in a calcu-
lated FT concentration of 161 nmol/l by the DPC
method and 175 nmol/l by the Roche method.
Clinically these differences are small but, depending
on cut-offs, they could make a difference in inter-
pretation at some concentrations. It is important
that there is good communication between clini-
cians and the laboratory so that method changes are
notified, recorded, and the consequences of method
changes fully discussed. Of course, the laboratory
should prepare a new reference range whenever
there is a method change but this may not done if
differences are considered small (no more than
about 10%). It is hoped that agreement between
SHBG methods will improve further with the use of
the WHO 1st International Reference Preparation
95/560 for calibration.

Data from UK NEQAS shows that the assays are
very stable. The overall imprecision between all
methods is about 13% from 10 to 100 nmol/l; this
includes the normal male range of about 10 to 60
nmol/l. Also the agreement between users of the
same method is very good and is about 5% for the

Roche and Immulite 2000 methods. This indicates
that the imprecision of FT calculation comes mostly
from the testosterone method when investigating
healthy men.

Limitations
SHBG is affected by a number of pathologic condi-
tions.34 It is increased when testosterone is low and
is also increased by estrogen therapy. It is also
increased in cirrhosis of the liver and in patients
taking anticonvulsant therapy. In the latter case
hypogonadal men can have a normal testosterone
although an elevated LH and SHBG will indicate
the true clinical condition. SHBG is also raised in
thyrotoxicosis with increased testosterone concen-
trations, but the FT will be normal or low.

There are few technical problems with the mea-
surement of SHBG but a careful clinical history is
important for the interpretation of the SHBG
result.

Androstenedione
The measurement of androstenedione is not clin-
ically helpful in the investigation of low libido
and erectile dysfunction in men. It is used mostly
in the investigation of hirsutism in women and
monitoring treatment of congenital adrenal
hyperplasia.

Androstenedione has always been measured by
competitive immunoassay and direct methods are
now available. As its clinical use is limited there are
currently few automated procedures and it is an
assay that is mostly carried out in specialist steroid
laboratories or laboratories in teaching hospitals.
Reviewing current usage in UK NEQAS shows that
60% of laboratories use manual assays, with the
DPC Immulite and Immulite 2000 assays being the
only automated methods used by participants.
Agreement between methods is just under 20%
down to a concentration of about 5 nmol/l, below
which agreement worsens. Within-method agree-
ment is about 10%. The relationship between the
manual methods and the automated methods is
concentration dependent, with the automated
methods demonstrating a marked positive bias at
low concentrations.
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Dehydroepiandrostenedione
No clinical requirement has been established for
the measurement of dehydroepiandrostenedione
(DHEA) as the role of DHEA in the body, and
the benefit of DHEA therapy, are controversial.
Most of the studies indicating a beneficial effect of
DHEA are based on animal studies in which the
normal levels are very low. Human studies have
tended to use pharmacologic doses of the steroid.
The benefits of DHEA therapy have included main-
tenance of the immune system, cancer, heart dis-
ease, and cognitive function. The latter case has
attracted much interest because of the fall in DHEA
concentrations from the fourth decade of life and
the very low levels encountered in the elderly. The
steroid is available as a dietary supplement in many
Western countries. At the moment there are insuf-
ficient data to define a clear clinical role for this
steroid.36

Measurement of DHEA is confined to a few spe-
cialized steroid laboratories and there is no EQA
scheme for the steroid in the UK.

Dehydroepiandrosterone sulfate
The measurement of dehydroepiandrosterone sul-
fate (DHEAS) is not helpful in the investigation of
low libido and erectile dysfunction in men. It may
be measured in the investigation of hirsutism in
women to establish the adrenal contribution to high
androgen levels in the blood.

DHEAS is essentially an adrenal steroid and has
a concentration about a thousand times greater
than other androgens. It shows the same decline
with age as DHEA. Because of the high concentra-
tions some investigators have felt that it must have
a role in the body and hence the interest in DHEA
therapy.36

Pituitary hormones

LH and FSH
These two peptide hormones are discussed together
as many laboratories measure both at the same time
on their automated systems. The two hormones are
now measured by immunometric assay and are
available on all automated systems. The develop-

ment of immunoassays to immunometric assays did
not significantly change FSH results but there was a
fall of about 30% in LH results. As immunoassays
are no longer used for clinical purposes this is not a
problem.

LH and FSH are standard assay requests in any
investigation of infertility in men and women. FSH
is useful in the investigation of spermatogenesis and
early testicular failure. In the male FSH can be
raised when the LH and testosterone levels are
normal. Many males then go on to develop general
testicular failure with raised LH and low testos-
terone. LH may not be particularly helpful in the
aging male with mild testicular failure. It has been
shown that, although LH levels increase with age as
testosterone levels fall, the extent of this rise is less
than that of testosterone. It has been demonstrated
that this is due to an increased sensitivity of the
hypothalamus to testosterone feedback in the older
male.37 Therefore the LH concentration may still be
in the upper normal range when the testosterone is
low and care must be taken in interpreting LH
results in the older male.

There are over 12 different assay platforms used
in the UK with the Bayer, Centaur, DPC Immulite
2000, and the Roche Elecsys systems being the
most popular. UK NEQAS data for 2005 show an
overall between-method agreement of about 10%
for FSH and about 12% for LH. For both assays,
taking the mean results of methods, there is about
a 30% difference between the lowest method mean
and the highest method mean. All methods are
calibrated against the same reference preparations
and it is not known at this time whether these
method differences are due to differences in cali-
bration. Therefore clinicians should be aware of
changes of method in their laboratories and great
care should be taken when interpreting results
from another center using a different methodology.
However, clinicians can have more confidence in
the consistency of a single method.

Limitations
LH and FSH assays have the same potential inter-
ference problems as all immunometric assays,
namely the hook effect and interference from
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heterophilic antibodies and rheumatoid factor. The
hook effect is not a problem in the investigation of
male fertility as the concentrations encountered for
these two hormones are never very high.
Interference from the presence of heterophilic anti-
bodies and rheumatoid factor is well recorded.
Marks38 sent out samples from 10 donors, 8 of whom
tested positive for rheumatoid factor; 1 also had
high levels of human anti-mouse antibodies
(HAMAs). In 12 laboratories, using 11 different
assay systems, 9 of the assays gave erroneous results
for LH and FSH for a patient with high rheumatoid
factor. Clinically inconsistent results for LH and
FSH were obtained in 9 out of 11 systems for the
donor sample with high levels of HAMAs. Ismail
et al.39 examined retrospectively 5310 results for
TSH, LH, and FSH and found 28 (0.53%) analyti-
cally incorrect results. Not all the assays were simul-
taneously affected, which itself could lead to
clinical confusion. Of the 28 cases, 22 of them were
corrected by treating for heterophilic antibodies.
The other 6 were not corrected in this way, suggest-
ing that other proteins or antibodies were causing
interference. It is important that if a result does not
fit the clinical picture the clinician should discuss
this with the laboratory. The laboratory may re-
analyze the sample although it is usually more effi-
cient to take another sample to exclude a mix-up of
patient names and blood bottles occuring, either at
the time of blood collection or when the sample was
received in the laboratory.

Prolactin
Immunoassays have been replaced by immunomet-
ric assays and are available on all automated sys-
tems. Again prolactin should be a routine request in
the investigation of infertility in both men and
women to exclude the presence of a prolactinoma.
Unlike the female, where high levels of prolactin
are normally associated with disruption of the men-
strual cycle, the male has no such early indicators.
Males with large prolactinomas usually present with
headaches and visual field defects. 

Laboratories will use the same analytic platform
as they use for LH and FSH assays. However, agree-
ment between methods is not as good as the other
two assays. About 9 years ago agreement in UK

NEQAS between methods was about 10% but over
recent years agreement has deteriorated so that now
between-method agreement is about 20%. Also the
difference between the mean method results ranges
from −15% to 40% of the target value, i.e. there are
significant method differences. 

Limitations
Prolactin assays are susceptible to the same interfer-
ence seen in LH and FSH assays. However, the
hook effect can be a problem. Recently our labora-
tory found a prolactin concentration of 1 million
mIU/l in a female patient. This patient had a large
cranial tumor that had grown up from the pituitary.
Surprisingly the patient had normal adrenal, repro-
ductive, and thyroid function. Her prolactin was
later measured in another hospital, to which she
had been transferred, where a prolactin result of
3567 mIU/l was reported. The patient was operated
on and rendered hypopituitary. It became evident
that the second assay system suffered from a ‘hook’
effect and gave an erroneously low result. This sug-
gests that a normal or modestly raised prolactin
concentration <5000 mIU/l in a male with symp-
toms associated with a pituitary tumor should have
a repeat measurement with the sample analyzed at
several dilutions.

Although interference from heterophilic anti-
bodies is also possible, Marks38 found no clear
evidence of such interference. He did report 16
false high results but they all remained within the
reference range.

The major interference encountered in prolactin
assays is with macroprolactin or ‘big big’ prolactin.40

This is monoprolactin bound to an immunoglobu-
lin. All assays appear to cross-react with this mole-
cule but to varying extents. Presumably this is due
to recognition of different epitopes. The presence of
macroprolactin can lead to false high results that
are frequently mildly raised (1000–5000 mIU/l), but
may be grossly high. Figure 7.4 shows an example of
a Sephacryl chromatography profile of a sample with
significant macroprolactin. In this case the situation
was further complicated by antipsychotic therapy
raising the prolactin concentration. Table 7.1 shows
how changing the therapy from risperidone and
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amisulpride to clozapine reduced the level of
prolactin to normal. During therapy the prolactin
concentration was elevated to very high levels due
to the presence of macroprolactin. The presence of
macroprolactin is easily tested and should be a rou-
tine procedure on all samples with a raised pro-
lactin.41,42 Clinicians should ensure that samples
with a raised prolactin result have been tested for
the presence of macroprolactin before acting upon
the result.

Growth hormone and insulin-like
growth factor 1
The measurement of growth hormone (GH) has no
place in the initial investigation of low libido and
erectile dysfunction and is no longer used in the
routine investigation of the GH axis since insulin-
like growth factor 1 (IGF-1) is a superior assay.

GH used to be measured in the investigation of
acromegaly and GH deficiency. However, a random
GH measurement is frequently unhelpful and
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Table 7.1 Hyperprolactinemia in a patient caused by antipsychotic therapy and the presence of
macroprolactin. Recovery of monoprolactin after PEG precipitation with the calculated monopro-
lactin is shown. The patient showed true hyperprolactinemia, as shown by the concentration of
monoprolactin, when on, and due to, risperidone and amisulpride but not on clozapine

Total prolactin Recovery Monoprolactin
Date Therapy (mIU/l) (%) (mIU/l)

16.05.04 Risperidone 21 257 9.0 2584
24.06.04 Amisulpride 31 388 10.4 4417
22.07.04 Amisulpride 38 835 9.2 4829
12.09.04 Clozapine 7 376 9.9 986
15.10.04 Clozapine 392 20.4 108
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Figure 7.4 A profile from a Sephacryl gel column of a serum sample containing macroprolactin. The total
prolactin concentration was measured as 1840 mIU/l; the monoprolactin concentration was in the normal range.

Reference range ≤ 500 mIU/l.
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misleading. GH increases with stress and anxiety
and so a raised result is not confirmatory of
acromegaly. Equally some acromegalics have only
mildly elevated GH concentrations and so low GH
results do not exclude acromegaly. Also unde-
tectable results are found in normal people during
the day so that the method is unsuitable for detect-
ing GH deficiency. Acromegaly and GH deficiency,
using GH measurement, can only be confirmed
with dynamic tests.

IGF-1 concentrations are more stable and are
not affected by anxiety. High levels of IGF-1 indi-
cate acromegaly43,44 or overtreatment with GH, but
GH deficiency may be accompanied by low normal
IGF-1 results. In a patient with suspected pituitary
insufficiency dynamic tests of the GH axis should
be carried out.

IGF-1 has no place in the initial investigation of
erectile dysfunction or low libido in men.

Summary

There have been significant improvements in the
delivery of hormone results over recent years due to
the automation of routine hormone assays. These
assays are faster and use less serum. However, this
has come with a cost. The development of direct
steroid assays has led to loss of sensitivity, deteriora-
tion in precision, and poor agreement between
methods. There have been more problems of inter-
ference in some assays. Although LH and FSH
assays have good precision the agreement between
prolactin assays is less good and interference from
the presence of macroprolactin is a significant prob-
lem. Tandem mass spectrometry gives some hope for
the future as it has the potential for precise, accu-
rate assays leading to better between-method agree-
ment. To date there has been no interlaboratory
comparison of results from tandem mass spectrometry
methods.

The quality of the result also depends on the
correct sample being taken at the correct time into
the correct tube and sent as quickly as possible to the
laboratory. If these parameters are not addressed the
quality of the assay is irrelevant. This is very much
the responsibility of the clinician.

Finally good communication between clinician
and the laboratory is essential so that the clinician
is aware of assay problems and changes of method as
they happen. The clinician has the perfect bioassay,
namely the patient, and if results do not appear to
fit with the clinical picture, the clinician should
have no hesitation in either sending a second sam-
ple or discussing the results with a senior person in
the laboratory. A quality service to the patient
requires a partnership between the clinician and the
laboratory.
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CHAPTER 8

Genitourinary system: An
Introduction
Claude C. Schulman

Genitourinary diseases increase in prevalence with
aging, and with the significant increase in life
expectancy, the majority of men will probably be
affected by a genitourinary disease during their life-
time. This has a major impact on public health
resources. 

In most Western countries men live an average
of 5.8 years less than women. Education and aware-
ness of male health problems for both the public
and healthcare providers, and early detection of
these problems, will eventually result in reduced
rates of morbidity and mortality, as well as reduced
health costs for these diseases. Indeed, men visit the
doctor 150% less than women for a variety of rea-
sons, including fear, lack of information, a greater
emphasis on performance rather than longevity, and
a natural tendency to be a ‘risk taker’. Significant
numbers of male health problems, such as prostate
cancer (the most frequent cancer in men), benign
prostatic hypertrophy, testicular cancer, inconti-
nence, erectile dysfunction and various endocrine
problems could be diagnosed and treated if men’s
awareness of these problems was greater.

Prostate cancer is the most common malignancy
affecting men beyond middle age, and is the second
most common cause of cancer death after lung
tumours. This type of cancer usually has a slow
growth rate; the lifetime risk of developing clinical
cancer is about 16% and the risk of dying from the
disease is about 3%. One out of eleven men will pre-
sent with clinical prostate cancer. The widespread

early detection programmes during the past decade
have led to an absolute increase in the incidence of
prostate cancer diagnosed at an earlier age and ear-
lier stage. Hence, it is projected that more than one
million men will be diagnosed with prostate cancer
in the USA during the next 3 years. Age is the
strongest predictor of the development of prostate
cancer, and as a result of the world-wide trend
towards an aging population, the incidence of clin-
ical prostate cancer is predicted to increase very sig-
nificantly. Benign prostatic hypertrophy is one of the
most common conditions affecting men after the
age of 60 years, with about 40% of men showing
symptomatic disease. Of these, about 17% between
50 and 59 years, 27% between 60 and 69 years, and
35% between 70 and 79 years, will need some form
of treatment. 

Erectile dysfunction has been shown in the last 20
years to be predominantly of organic etiology with a
strong psychological impact. The probability of
complete erectile dysfunction almost triples
between the fifth and the seventh decade of life,
affecting 5% of men over the age of 40, 10% of men
in their sixties and 20% of men in their seventies.
These figures suggest that some 20 million men in
the USA may suffer from erectile dysfunction, with
a similar prevalence among men in Europe. In the
last few years, the treatment of erectile dysfunction
has been revolutionized by new pharmacological
approaches offering a simple and effective treat-
ment for the vast majority of these men.
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Testicular Cancer is the most common cancer in
men aged between 25 and 34 years. It is estimated
that one man in 500 may develop testicular cancer
by the age of 50. Provided that they are diagnosed
at an early stage and treated adequately, the major-
ity of these affected men will survive this disease
due to successful combinations of different forms of
treatment.

Incontinence which affects between 20–30%
of women over the age of 60 years also affects men

significantly after their seventies, and can be a
severely dehabilitating condition. 

In conclusion, education of both patients and
healthcare provides on the importance of early
detection of male health problems and more
specifically of early detection of male health prob-
lems and more specifically urological diseases, will
result in reduced morbidity and mortality, as well
as in reduction of health costs and impact on the
community.
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CHAPTER 9

Benign prostatic hyperplasia
Simon RJ Bott and Roger S Kirby

Introduction

Benign prostatic hyperplasia (BPH) is the most
common benign human neoplasm. Most men will
live to an age where they have an 88% chance of
developing histologic BPH and a more than 50%
chance of being symptomatic from benign prostatic
obstruction (BPO).1 BPH seldom reduces the dura-
tion of a man’s life, but it may impact heavily on his
quality of life and on those closest to him.

The demand for medical intervention in BPH is
increasing. The population of the Western world is
aging such that, at birth, a man now has a life
expectancy of over 73 years. Furthermore, the media
and the Internet have heightened the awareness of
BPO as a treatable condition, rather than an
inevitability of old age as previously presumed.

While surgery remains the mainstay of treatment
for symptomatic BPH, medical therapies are
increasingly used, with proven effect. Patients often
favor a tablet over an operation. Likewise, those
who control the purse-strings perceive medical
treatment as a cheaper alternative. This may or may
not be true for two reasons. First, more men receive
treatment than if surgery was the only treatment
option. Second, some men start medical therapy
that subsequently fails and then require a definitive
surgical procedure, such as transurethral resection of
the prostate (TURP). This phenomenon is termed
the therapeutic cascade. Cost for medical treatment
and the TURP must then be met rather than the

cost of the TURP alone. From a health-care point
of view, more men receiving treatment should
reduce the incidence of lower urinary tract symp-
toms (LUTS) in the community as a whole.
Furthermore, the therapeutic cascade is often
favored by the patient who appreciates the stepwise
approach to his care.

Prostate research is at an all-time high. Both the
prevalence of BPH and its impact on men’s quality
of life have fueled the public’s demand for newer,
better treatments.

Etiologic factors

Inherited and environmental factors are implicated
in the etiology of BPH. Prostatic enlargement
appears to run in families, which suggests it is to some
degree inherited.2 Asian people have a lower inci-
dence than white individuals, unless they migrate to
the Western world where the incidence of BPH
closely matches that of their white compatriots.3

Furthermore, the incidence of BPH in Japan is rising
as the Western diet becomes more popular there.

A large number of dietary components have
been examined as causative agents for BPH. High-
fat diets increase serum prolactin, which has a pro-
liferative effect on the prostatic epithelium.
Alcohol consumption of 25 oz or more per month
may reduce the risk of surgery, as alcohol reduces
serum testosterone.3

Lunenfeld-ch-09.qxd  8/22/2007  6:29 PM  Page 115



Pathogenesis

The development of BPH is a complex process that
is not fully understood. What is clear is that aging
and the hormone dihydrotestosterone (DHT) play a
key role.

Dihydrotestosterone is a metabolite of the male
sex hormone testosterone (Figure 9.1). Serum free
testosterone levels fall with aging, whereas estrogen
levels remain the same. This acquired endocrine
imbalance may trigger BPH. What is interesting is
that if a man is castrated before puberty he will not
develop BPH. However, if a man with BPH is cas-
trated, the BPH does not necessarily regress, imply-
ing androgens have a role in initiating but not
maintaining BPH.

The role of DHT in prostate development is ele-
gantly demonstrated by a small population of men
living in the village of Salinas in the Dominican
Republic.4 They have a congenital deficiency of the
enzyme 5α-reductase that converts testosterone
into DHT. They are capable of all the testosterone-
dependent functions, such as the development of
normal secondary sexual characteristics, but with-
out DHT their prostates remain vestigial and they
retain their hairline. Furthermore, they never
develop BPH, unless DHT is administered.

Dihydrotestosterone binds to androgen receptors
and stimulates the production of local growth fac-
tors (Figure 9.2). These include epidermal growth
factor (EGF), fibroblast growth factor (FGF), and
transforming growth factor (TGF). The precise role
these factors play in BPH remains elusive. However,
they normally control cell division and cell death
(apoptosis); when an imbalance occurs, the rate of
cell division exceeds the rate of cell death and this
may lead to hyperplasia.

Pathophysiology

The prostate lies between the neck of the bladder
and the urogenital diaphragm, and in man (and in
dogs) it surrounds the urethra. It is normally the size
of a walnut but may grow 100–200% larger in BPH.
It consists of three zones: the transition zone in
which BPH develops, the peripheral zone where
70% of prostate cancers originate, and the central
zone (Figure 9.3).

The first histologic sign of BPH may be evident
in men in their twenties. Microscopic nodules
appear in the periurethral glands around the veru-
montanum. These nodules are composed of varying
amounts of fibrous and smooth muscle cells as well
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as glandular hyperplasia, and may be a few millime-
ters to a few centimeters in diameter. As the prosta-
tic adenoma enlarges it encroaches on the urethra,
increasing resistance to urine flow by mechanical,
or ‘static’, obstruction.

Interestingly, the overall size of the prostate does
not correspond well with the degree of obstruction
for two reasons. First, enlargement of the middle
lobe of the prostate obstructs the bladder outflow
but does not significantly affect the overall size of
the prostate. Second, there is a ‘dynamic’ compo-
nent to BPO exerted by the smooth muscle cells,
contracting in response to sympathetic stimulation.
The sympathetic nerves release norepiniphrine
(noradrenaline), which binds to receptors on the
smooth muscle cells, initiating contraction.

The increased resistance exerted by the enlarged
prostate causes the bladder muscle to undergo hyper-
trophy. Eventually, the detrusor muscle decompen-
sates as collagen is deposited among the smooth
muscle cells; this reduces the bladder compliance
and renders the detrusor muscle atonic.

Furthermore, the bladder becomes ‘irritable’.
Recent research indicates that bladder irritability is
due to transient ischemia of the autonomic nerves
in the bladder at the time of voiding. A high intrav-
esical pressure is required to expel the urine through
the obstructing prostate; this pressure impedes
blood flow. The impaired blood supply reduces

oxygen delivery, damaging the nerves in the bladder
wall. As the nerves are irreparably damaged, the
bladder relies on its inbuilt myogenic, or muscle-
generated, stimulation for bladder contraction.
Myogenic stimulation is not under the control of
higher nerve centers, and leads to more frequent
bladder contraction as the bladder starts to fill. This
gives rise to the symptoms of frequency, nocturia,
and urgency. The obstructing prostate impedes the
flow of urine such that the patient observes a
reduced stream. The bladder detrusor muscle taking
longer to generate the higher pressure required to
expel the urine results in hesitancy. This high pres-
sure may be unsustainable, and the bladder tires
before recovering and contracting again, giving rise
to intermittency. Incomplete emptying occurs if the
detrusor is unable to recover in a short time and
residual urine remains in the bladder.

Benign prostatic hyperplasia progresses slowly
with time, but patients’ symptoms do not necessar-
ily deteriorate. In one study looking at the symp-
toms of men with BPH in whom surgery was not
warranted, 27% remained stable, 15% improved,
and 58% deteriorated over 3 years without any
other treatment.5

Presentation

Lower urinary tract symptoms are so common in the
aging male that they are considered by many as part
of growing older. Media coverage, heightened aware-
ness of health-care professionals, and the availability
of medical therapy have meant that now more and
more men are seeking treatment for their bothersome
symptoms. Furthermore, as the profile of prostate can-
cer rises, patients are requesting assessment of their
prostate to exclude malignancy; this inevitably draws
attention to their outflow symptoms.

History
When assessing a man with LUTS, it is important
to confirm that the symptoms arise from the BPH
rather than another pathology (Table 9.1), particu-
larly prostate cancer. Second, it is essential to
ensure the obstructing prostate has not given rise to
complications including bladder stones (Figure 9.4),
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urinary tract infection, or renal failure. A compre-
hensive history, a focused examination, and the rel-
evant preliminary investigation enable an accurate
diagnosis to be made in the vast majority of cases.
Those in whom uncertainty still exists can undergo
further evaluation by transrectal ultrasound and
biopsy, flexible cystoscopy, and urodynamic studies.

Assessment of a man’s LUTS is best achieved
using a symptom score sheet (Figure 9.5); the most
widely employed is the International Prostate
Symptom Score (IPSS). This is used to assess the
‘obstructive’ and ‘irritative’ symptoms, and also asks
how these symptoms affect the individual’s quality
of life. A score is given for each symptom, and these
scores are totalled to give a value that indicates
whether a patient has mild, moderate, or severe
symptoms. These scores enable a quantitative
assessment of symptoms; they do not enable the
diagnosis of BPH to be made. Poor urinary flow and
incomplete emptying are the most reliable indica-
tors of prostatic obstruction, but this may be due to
prostate cancer rather than BPH.

The irritative symptoms of frequency, nocturia,
and urgency are common in BPO. However, other
pathologies give rise to an irritative picture: either
as a complication of BPH such as a urinary tract
infection or bladder stones, or as a separate bladder
pathology such as carcinoma in situ of the bladder.

Medical conditions including diabetes mellitus
and insipidus as well as treatment with diuretic
agents can cause polyuria. The volumes of urine
passed as well as the frequency are excessive. A
time–volume chart in these men distinguishes
polyuria from frequency. Neurologic conditions can
cause irritative bladder symptoms; Parkinson’s dis-
ease, a history of strokes, and multiple sclerosis can
all alter bladder function.

A drug history especially pertaining to antide-
pressants such as amitriptyline or anticholinergic
agents such as oxybutynin may be relevant, and a
brief family history is prudent as a first-degree rela-
tive with prostate cancer increases the patient’s
chance of acquiring the disease by 2–3-fold.

Clinical examination
A routine clinical examination should be per-
formed. Abdominal examination may reveal a pal-
pable bladder, indicating chronic retention of urine.
A focused neurologic examination will exclude
neurologic conditions that give rise to urinary
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Table 9.1 Differential diagnosis of a man
withlower-urinary tract symptoms

Malignancy
Prostate cancer
Carcinoma in situ (bladder)
Infection
Bacterial
Tuberculosis/bilharzia
Inflammation
Bladder stone
Interstitial cystitis
Neurological
Parkinson’s disease
Cerebrovascular event
Multiple sclerosis
Bladder neck dysynergia
Mechanical
Urethral stricture
Severe phimosis
Drug-induced
Antidepressants, e.g. amitriptyline
Anticholinergics, e.g. oxybutynin
Diuretics, e.g. furosemide

Figure 9.4 Pelvic radiograph showing multiple bladder
stones.
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symptoms. The digital rectal examination (DRE) is
an essential component of the clinical examination
of a man with LUTS. This includes assessment of
the anal sphincter tone, palpation of the anal canal
and rectal mucosa, and, finally, examination of the
prostate. Prostate examination should concentrate

on the size, shape, and consistency of the gland
(Table 9.2).

Although the DRE is not very sensitive (fewer than
50% of cancers can be felt on DRE), together with a
prostate-specific antigen (PSA) result it can be used to
improve detection of prostate cancer (Table 9.3).
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•  Incomplete emptying
Over the past month, how often have you 0 1 2 3 4 5
had a sensation of not emptying your
bladder completely after you finished
urinating?

•  Frequency
Over the past month, how often have you 0 1 2 3 4 5
had to urinate again less than 2 hours after
you finished urinating?

•  Intermittency
Over the past month, how often have you 0 1 2 3 4 5
found you stopped and started again
several times when you urinated?

•  Urgency
Over the past month, how often have you 0 1 2 3 4 5
found it difficult to postpone urination?

•  Weak stream
Over the past month, how often have you 0 1 2 3 4 5
had a weak urinary stream?

•  Straining
Over the past month, how often have you 0 1 2 3 4 5
had to push or strain to begin urination?

•  Nocturia
Over the past month, how many times did 0 1 2 3 4 5 +
you most typically get up to urinate from
the time you went to bed at night until the
time you got up in the morning?

Total IPSS

Patient score

A
lm

ost alw
ays
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ot at all

M
ore than

half the tim
e
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bout half

the tim
e
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half the tim
e
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Figure 9.5 International Prostate Symptom Score (IPSS).
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Investigation

Urinalysis
Urinalysis may identify whether a patient’s symp-
toms are as a result of another pathology, for exam-
ple urinary tract infection or bladder cancer.
Microscopic hematuria requires further investiga-
tion with urine culture and cytology. Upper-tract
imaging and cystoscopy may also be requested to
exclude conditions such as stones and bladder or
renal tumors. If these investigations do not yield a
diagnosis, there may be a ‘medical’ cause for micro-
scopic hematuria. Glomerulonephritis, endocardi-
tis, and vasculitis can all produce dipstick-positive
hematuria and require specialist investigation.

The presence of leukocytes implies infection,
requiring formal urine microscopy and culture.

Blood tests
Serum creatinine levels are elevated in 10% of
patients who present with LUTS. This is not always
due to outflow obstruction, leading to back-pressure
on the kidneys, but partly reflects the degree of
comorbidity in the aging population tested.

However, if the creatinine level is elevated further,
investigation with upper-tract imaging may be
required. Patients who have renal insufficiency
have an increased risk of postoperative complica-
tions, and the mortality increases 6-fold.6

Acute and chronic retention can both impair
renal function; overcoming the obstruction with a
catheter or a TURP will improve the serum urea
and electrolyte levels. Clearly, without relief of the
obstruction, the renal function will continue to
deteriorate; consequently, these cases are managed
on an urgent basis.

PSA
The use of PSA testing as a screening tool remains
controversial, and will continue to be until the
results of large trials in Europe and North America
are available. PSA testing in the symptomatic man
is, however, recommended in the majority of cases.
Patients should be counseled before undergoing the
test. The merits and the drawbacks of the test, the
possible need for a prostate biopsy, and the thera-
peutic options if prostate cancer is diagnosed
should be discussed. While PSA lacks specificity, it
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Table 9.2 Prostate examination

Benign prostatic hyperplasia Prostatitis Prostate cancer

Size enlarged enlarged enlarged or normal
Shape smooth, symmetrical, smooth, symmetrical nodular, asymmetrical loss

central sulcus of central sulcus, lateral
and cranial extension

Consistency rubbery tender, firm or boggy, hard
warm

Table 9.3 Incidence of prostate cancer detected by prostate-specific antigen (PSA) and digital rectal
examination (DRE)

Incidence (%)

PSA < 4 ng/ml PSA 4–10 ng/ml PSA > 10 ng/ml

Normal DRE 9 20 31
Abnormal DRE 17 45 77
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remains the most sensitive, simple test available to
diagnose prostate cancer, especially when com-
bined with DRE.

Attempts have been made to refine PSA testing
to improve its sensitivity and specificity in detect-
ing prostate cancer. Age-specific PSA correlates
advancing age with increasing PSA; PSA velocity
charts PSA over time to look at the rate of PSA
rise; PSA density compares the PSA value with that
expected for the size of the patient’s prostate; and
the free/total ratio relies on patients with BPH hav-
ing a higher concentration of PSA in the free form.
Patients with prostate cancer tend to have a
free/total ratio of less than 0.19, although they fre-
quently have concomitant BPH that may distort
the result.

Flow rate and residual volume
The urine flow test and post-void residual urine vol-
ume provide an objective assessment of a patient’s
symptoms. When performing a flow test, at least
150 ml must be passed to obtain an accurate result.
For volumes smaller than 150 ml the bladder does
not generate its maximum pressure, and therefore
the achievable maximum flow rate is never reached.
A maximum flow rate of less than 15 ml/s is consid-
ered significant for obstruction, although it is often
helpful to repeat the test as a single result may not
be representative. It should be remembered that fac-
tors other than BPH reduce the maximum flow rate,
for example poor detrusor contractility or urethral
strictures (Figure 9.6).

A significant residual volume, over 150 ml, is
predictive of acute urinary retention and is a good
indicator of whether a patient will ultimately
require surgery for their LUTS. Again, more than
one reading should be taken to minimize individual
variation.

Urodynamics
Where the diagnosis is still in doubt, urodynamic
studies can be undertaken. This involves passing a
pressure transducer into the rectum and one into
the bladder. The transducers record the change in
pressure as the bladder is filled. The patient voids
into a flow meter, and the pressures generated are
again recorded (Figure 9.7). The rectal transducer

records a change in abdominal pressure when the
patient performs tasks, such as coughing, as this will
also affect the intravesical pressure. The rectal pres-
sure is subtracted from the intravesical pressure to
give the pressure generated by the detrusor muscle:
the detrusor pressure. This enables the specialist to
distinguish between detrusor hypocontractility,
where the detrusor muscle is weak, dysynergia,
where the detrusor contracts satisfactorily but the
sphincter fails to relax appropriately, and outflow
obstruction.
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Figure 9.6 Ascending urethrogram demonstrating
stricture in the bulbar urethra.
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Treatment

The choice of treatment for a man with BPH
depends on a number of issues: first, the degree to
which he finds the symptoms bothersome; second,
the symptom score; and finally, the objective assess-
ments of flow rate and residual volume.

Medical
Medical therapies offer a safe and effective treat-
ment for patients who are troubled by their symp-
toms, and in whom complications have been
excluded. Currently, the gold standard treatment for
BPH is transurethral resection of the prostate
(TURP); however, increasingly, medical options are
used either as first-line treatment or as a definitive
treatment over the longer term. The symptom score
and flow rate improvements are less dramatic with
oral medication; nevertheless, patients suffer less
from side-effects.

Two classes of drugs are used: α-blockers reduce
the dynamic component, and 5α-reductase
inhibitors reverse the static component of BPO
(Table 9.4). Using these together gives no signifi-
cant advantage over monotherapy.7

α-Blockers
α1-Receptors are situated on smooth muscle cells
found in the prostatic stroma, urethra, and capsule, as
well as the bladder neck. The stroma consists of
smooth muscle and fibrous connective tissue. In nor-
mal individuals the stromal to epithelial component is
2:1; in BPH this becomes 5:1. Norepinephrine from
sympathetic nerves binds to α-receptors and stimu-
lates smooth muscle contraction, leading to outflow
obstruction (Figure 9.8).

Development Marco Caine and colleagues8 first
introduced α-blockers as a treatment for symptomatic
BPH in 1978. They demonstrated an improvement in
patient symptoms and voiding using the α-blocker
phenoxybenzamine. Phenoxybenzamine binds non-
selectively to both α1- and α2-receptors; the former
are found in the lower urinary tract, and the latter are
in nerve endings and are involved in the re-uptake
of norepinephrine. As a result of this non-selective
α-blockade, a third of their patients suffered side-
effects including dizziness, postural hypotension,
tiredness, and nasal congestion.

In 1978, the α1-selective blocker prazosin, used
as an antihypertensive agent, was shown to cause
urinary incontinence.9 Further studies identified the
a receptor subtype α1-adrenoceptor in prostate tis-
sue.10 Hedlund and colleagues11 presented prazosin
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Figure 9.7 Urodynamic study (filling and voiding).
Curve 1, bladder filled with saline; curve 2, intravesical
pressure; curve 3, detrusor pressure: high pressure
(>100 cmH2O) is required to overcome the obstruc-
tion; curve 4, intra-abdominal pressure, subtracted from
intravesical pressure to give detrusor pressure: this
patient is straining to overcome the obstruction; curve 5,
urine flow rate: poor maximum flow with interruption
(intermittency)
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as the first selective α1-adrenoceptor blocker to be
used to treat BPO. They reported that prazosin
improved symptoms and urine flow rate as well as
reducing the post-void residual volume. Prazosin
does not antagonize α2-receptors; consequently, the
side-effects were limited to 10–15% of cases. This
resulted in the development of second-generation
α-blockers, which include doxazosin, alfuzosin, ter-
azosin, and indoramin (Figure 9.9).

More recent research has uncovered further sub-
classes of α1-adrenoceptors,12 and these are now the
target of further pharmaceutic research. Drugs that
reduce BPO with minimal side-effects, by selectively
inhibiting the subtype of α1-adrenoceptor found pre-
dominantly in the lower urinary tract, are termed
‘uroselective’. Tamsulosin is an α1A-adrenoceptor
antagonist and, as such, is uroselective.

Efficacy The α-blockers all have similar efficacy,
despite the differing incidence of side-effects.
Placebo-controlled trials have reported that symp-
tom scores improve by 40–60%, and flow rates by
30–50%.13 What is more, they have a rapid onset of
action; alfuzosin produces an optimal flow rate
improvement after a single dose, symptom improve-
ment after 1 week, and full therapeutic benefit after
3 months.14 Furthermore, these improvements are
maintained in open-label studies for at least 4 years.
The risk of developing acute urinary retention and
the need for surgical intervention is probably also
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Table 9.4 Alpha-blockers vs. finasteride

Alpha-blockers Finasteride

Onset of action few hours 6–12 weeks
Symptom score improvement 40–60% 15%
Flow-rate improvement 1.0–4.0 ml/s 1.3–1.6 ml/s
Urinary retention/surgery may reduce incidence reduces incidence
Side-effects postural hypotension drowsiness impotence, decreased libido,

and headache, retrograde breast tenderness
ejaculation

Treatable prostate size any > 40 g
Effects on PSA none halves

Figure 9.8 Section of prostate staining positively for
norepinephrine

PSA, prostate-specific antigen
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reduced, although data from long-term, randomized,
placebo-controlled trials are not yet available.

Side-effects α-Blockers are generally well toler-
ated. The main side-effects occur as a result of α1-
blockade in the brain and cardiovascular system.
The most common adverse effects include tiredness,
dizziness, and headaches, which occur in 10–15% of
patients. Less common side-effects (1–2%) include
asthenia, palpitations, and gastrointestinal distur-
bance such as nausea, vomiting, diarrhea, and con-
stipation.

Care is taken when prescribing these drugs for
patients with orthostatic hypotension and in those
using antihypertensive therapy, as they are prone to
hypotensive collapse. The first and second genera-
tion of α1-blockers may also give rise to hypotension
after the first dose: the ‘first dose effect’; therefore, a
low initial dose is given and then subsequent doses
are increased, titrating the therapeutic effect against
any unwanted symptoms.

The hypotensive effect of α1-blockers can be
used to treat hypertensive patients with BPO.
Normotensive men do not experience a clinically
significant fall in their blood pressure with
doxazosin; however, hypertensive men achieve a

significant reduction in mean arterial pressure.15

One drug can therefore be given to improve compli-
ance, limit drug interaction, and reduce cost. Where
the hypotensive effects would be detrimental, tam-
sulosin is a safer alternative. Tamsulosin may, how-
ever, cause retrograde ejaculation by relaxing the
smooth muscle of the bladder neck.

5α-Reductase inhibitors
These act by blocking the enzyme-driven conver-
sion of testosterone to dihydrotestosterone (DHT),
and in doing so reverse the process of BPH. The
enzyme responsible is 5α-reductase, which is also
found in hair follicles of the skin. DHT plays a role
in male-pattern balding, and patients taking a 5α-
reductase inhibitor may notice some reversal of the
balding pattern.

Background John Hunter, the Scottish surgeon,
noted in 1786 that prostatic enlargement was
related to the aging process and was dependent on
normal testicular function.16 JW White proposed
bilateral orchidectomy as a treatment for BPH in
the 19th century,17 and, although effective in 100 of
his patients, not surprisingly castration was never
popularized.

In 1963 it was reported that testosterone was
metabolized in the prostate to DHT,18 and less than
a decade later researchers identified DHT as the
main androgen modulating prostate growth.19 A fre-
netic search by the pharmaceutic industry resulted
in the development of one drug: finasteride, which
inhibits 5α-reductase and thereby reduces both
prostate DHT levels by 90% and prostate size by an
average of 30%.20 Moreover, it does not affect the
testosterone-dependent functions and is therefore
better tolerated than the earlier anti-androgen
treatments. Research is ongoing with dutasteride
(GI198745), which inhibits two isoenzymes of
5α-reductase; this may in the future prove faster and
more effective than finasteride.

Efficacy Finasteride, Proscar® 5 mg once daily,
has been extensively investigated in a number of
placebo-controlled trials. The SCARP trial
(Scandinavian Reduction of the Prostate),21 a large,
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Figure 9.9 Effect of alpha-blockers on the prostate
and corresponding flow rate 
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double-blind, multicenter trial, compared the
efficacy of finasteride with that of placebo over a
24-month period. The symptom score improved in
the finasteride arm by 15%, compared with a 2%
improvement in the placebo group, at 2 years.
Likewise, the flow rate improved by 1.5 ml/s com-
pared with a reduction of 0.3 ml/s in the controls. In
the Proscar long-term efficiency and safety study
(PLESS),22 another randomized, placebo-controlled
trial involving 3000 men in North America, finas-
teride was compared with placebo. This study
showed that finasteride reduced the risk of urinary
retention from 2.7% in the placebo group to 1.1%
in the finasteride arm, and the need for surgical
intervention from 6.5 to 4.2%.

It should be noted, however, that finasteride has
been shown to be of little benefit over placebo for
patients with smaller prostates (<40 mg).
Furthermore, as finasteride acts by reversing the dis-
ease process, it may take 3–6 months before an
improvement in symptoms is seen. However, it has
proven efficacy for at least 7 years.

Side-effects Finasteride is well tolerated.
Approximately 3% of patients will suffer impotence,
loss of libido, and reduced ejaculatory volume, and
patients should be warned of this before starting
treatment. This is reversible if the treatment is dis-
continued. Breast enlargement or tenderness occurs
in 1% of cases.

Proscar reduces serum PSA levels by 50% in
patients with BPH, with or without prostate cancer.
When evaluating the PSA of a patient who has
been taking finasteride for 6 months or more, the
PSA level should be doubled, to compare with the
normal range for untreated men.

Phytotherapy
Phytotherapeutic agents are chemicals derived from
plant extracts, and men have been taking a variety
of these substances for their LUTS over many cen-
turies. The fact that these ‘natural remedies’ have
endured the test of time, and despite their expense
are increasingly popular, is testament to their thera-
peutic potential, be this real or placebo. Evidence
that these ‘medicinal botanicals’ are either safe or

efficacious is difficult to obtain. Phytotherapies vary
enormously, different plant extracts are incorpo-
rated into different tablets, the extraction process is
not standardized, and there is even variation within
the same plant species.23 The active ingredients are
often not known; therefore, combining the appro-
priate substances at a therapeutic, but non-toxic,
dose is haphazard.

Trials that have been undertaken are either small
or not placebo-controlled, or do not show a statisti-
cally significant difference from placebo. Serenoa
repens (saw palmetto) is the most widely used phy-
totherapeutic for BPO. Its mechanism of action is
probably similar to that of finasteride, i.e. it inhibits
5α-reductase, although it may have other effects. In
a placebo-controlled trial, Permixon®, an extract of
the American dwarf palm tree berry (Serenoa repens),
improved symptom and flow rate scores compared
with placebo; however, at the end of the trial neither
patient nor clinician could show a difference in satis-
factory response between Permixon and placebo.24

Another trial compared Permixon with finasteride in
over 1000 men; both treatments improved symptom
scores by nearly 40% and peak flow improved in the
finasteride group by 3.2 ml/s and by 2.7 ml/s in the
Permixon group, a significant difference.25 The trial
was not placebo-controlled and lasted only 6 months,
and therefore has less impact.

Undoubtedly though, in in vivo and in vitro
studies,26,27 histologic changes including prostate
epithelial contraction and gland atrophy occur in
response to Permixon treatment; furthermore, the
incidence of side-effects is low. Serenoa repens may
yet prove, in randomized placebo-controlled trials,
to be a safe and effective treatment for BPO.

Other phytotherapies used for BPH include
Pygeum africanum (African plum), Urtica dioica
(stinging nettle), and Secale cereale (rye pollen). To
date, no long-term, placebo-controlled, double-
blind trials have been performed to prove their effi-
cacy and safety.

Surgical
Surgical treatments for BPH have been used since
White performed bilateral orchidectomy on over
100 patients at the latter end of the 19th century.
The first endoscopic prostatectomies were carried

125

Benign prostatic hyperplasia

Lunenfeld-ch-09.qxd  8/22/2007  6:29 PM  Page 125



out in the 1930s, when the mortality from the pro-
cedure was 25%.28 Since then, newer techniques
have evolved: newer energy sources such as ultra-
sound, microwaves, and lasers; newer modes of
delivering the energy such as loops, bands, needles,
and transrectal probes, and, with the advent of
fiberoptics, an improved light source. Despite these
more recent developments, transurethral resection
of the prostate (TURP) remains the gold standard
with which all new technologies are compared.

TURP
In the National Health Survey of 1986, 96% of sur-
gical procedures for BPH performed under the
Medicare system in the USA were TURPs, and
350 000 TURPs were carried out that year. Despite
an 80% increase in the diagnosis of BPH, fewer than
200 000 TURPs were performed a decade later.29

This is because new guidelines were issued in the
USA, recommending watchful waiting for patients
with minimal symptoms, greater information for
patients of the possible harmful effects of surgery,
and a greater role for the patient in the decision-
making process of which treatment modality should
be adopted. Furthermore, alternative surgical treat-
ments including vaporization, microwave, and laser
prostatectomies were under development, and
newer, safer, and more effective medical therapies
became available. In Europe, although the number
of TURPs performed is declining, the reduction is
less dramatic. TURP can be performed under spinal,
epidural, or general anesthesia, and involves passing
a resectoscope up the urethra. A diathermy loop is
used to cut and cauterize the hyperplastic tissue,
while irrigating fluid maintains a clear surgical field.
The prostatic chips are flushed out and sent for his-
tologic examination.

Currently, 20% of patients with an obstructing
prostate undergo TURP. TURP achieves a reduction
in symptom score of 75%, an increased flow rate of
125% (absolute mean improvement of 9.7 ml/s), and
a reoperation rate in the order of 2% per annum.30

Morbidity and mortality of TURP The mortal-
ity from the procedure has improved from 25% in
Alcock’s paper of 193228 to virtually zero today.30

The morbidity likewise has decreased with advances
in technology and experience. The transfusion rate
is less than 8%31 and frequency of surgery for ure-
thral strictures and bladder neck stenoses is less
than 5%. The transurethral resection syndrome
remains a rare, but important complication. It is
caused by absorption of irrigating fluid via the pro-
static veins, and leads to hyponatremia and fluid
overload resulting in fitting, coma, and, ultimately,
death. During an average TURP lasting 40 minutes,
1–2 l of irrigant is absorbed, but for larger prostates
or in inexperienced hands the operating time is pro-
longed, increasing the amount of fluid absorbed and
the risk of developing the syndrome.

Retrograde ejaculation occurs in 65% of men
after TURP.30 This is because the bladder neck
sphincter is resected during TURP and so semen is
able to reflux into the bladder during ejaculation,
rather than pass down the urethra. TURP, however,
does not affect potency: in a large study of
American war veterans, potency was no different
after TURP when compared with an age-matched
population.32

Open prostatectomy
Open prostatectomy is reserved nowadays for
patients with large prostates in whom sufficient
resection would not be achieved in the time avail-
able to perform a TURP. Likewise, patients who
have a large bladder stone may also undergo this
procedure, as the stone and BPH can be treated
under one anesthetic. Open prostatectomy is an
effective treatment, reducing the symptom score by
88% and increasing the flow rate by 230%.
However, the morbidity and mortality associated
with an open procedure and the prolonged hospital
stay mean this is now used only for men with very
large prostates (>100 ml).

Transurethral vaporization of
the prostate
Transurethral vaporization of the prostate was
developed in an attempt to reduce blood loss.
Vaporization employs a rollerball through which
electric current passes to heat the prostate to over
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100°C. This high temperature vaporizes intracellu-
lar water, and the cells explode leaving an immedi-
ate tissue defect. Blood loss and the incidence of
transurethral resection syndrome are reduced, and it
has follow-up symptom and flow rate scores equiva-
lent to those of TURP in moderate-sized glands,
after 3 years.33 Some men suffer with prolonged irri-
tative symptoms, particularly dysuria. Attempts are
being made to combine the hemostatic properties of
the electrovaporizing technique with the cutting
abilities of the TURP loop – ‘adding more gold to
the gold standard’.34 A resecting loop with similar
cutting abilities to the TURP loop but with an
increased contact area for coagulation is being
developed. However, to date, the results of this
band loop have failed to meet expectations, with no
significant reduction in blood loss35 when compared
with TURP.

Lasers
Lasers are used more and more and in a greater vari-
ety of ways in the urinary tract, whether to treat
ureteric stones, to resect bladder tumors or in
surgery for BPH. They offer a precise cutting tool
that is hemostatic; this makes them ideal for
prostate surgery. They are used to heat the prostatic
adenoma either under direct vision (visual laser
ablation, VLAP) or with ultrasound guidance
(transurethral laser incision of the prostate,
TULIP). In both these prostate-ablating procedures
the BPH undergoes coagulative necrosis and then
sloughs off; tissue is not excised at the time of the
procedure. Patients may therefore have prolonged
periods of catheterization and frequently suffer from
perineal and urethral pain.

Lasers are also used to excise prostatic tissue.
Holmium laser resection and enucleation (HoLRP
and HoLEP) involve cutting the prostate into
wedges like the segments of an orange. The wedges
are flushed into the bladder, fragmented with a tis-
sue morcellater, and removed. As the whole ade-
noma is excised, the symptom and flow rate
improvements are even better than with TURP;
furthermore, the hemostatic property of the laser
not only reduces blood loss but also allows
patients on anticoagulant therapy to continue their

treatment. Although some fine-tuning is required
before this kit is optimized, HoLEP is likely to
replace TURP as the gold standard surgical treat-
ment for BPH within the next decade.

High-intensity focused ultrasound
High-intensity focused ultrasound is a technique
that, without any direct contact, ablates the
prostate. A probe is passed into the rectum, and
ultrasound waves are focused to heat the prostate to
80–200°C without damaging adjacent structures.
There is no direct urethral trauma; this limits post-
operative dysuria and theoretically urethral stric-
tures. Early data were promising; significant
improvements in both symptom score and flow rates
were reported in the short term. The longer-term
results, however, were disappointing; the symptoms
and flow rate improvements were not sustained.36

Consequently, this technique is no longer used in
the treatment of BPH.

However, it is being adapted for use in prostate
cancer for patients in whom radical treatment is
inappropriate.

Transurethral microwave thermotherapy
Low- and high-energy microwave thermotherapy
has been employed to heat the prostate either
transurethrally or via a probe inserted through the
rectum. The advantage of this technique is that it
can be performed under local anesthesia as a day
case, as there is minimal blood loss. It is therefore
preferred for patients with significant comorbidity.
The symptom score improvements are reasonable
over the short term; however, two-thirds of patients
require supplementary BPH treatment, the flow rate
improvements are small, and the duration of
catheterization is often prolonged.30

Transurethral needle ablation
Transurethral needle ablation (TUNA) involves
inserting two antennae into the prostate
transurethrally; these emit radiofrequency waves
that heat the prostate to 60–90°C, without heating
adjacent structures. As a result the pain-sensitive
prostatic urethra is preserved, intraoperative pain is
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reduced, and the procedure can be performed under
local anesthesia. Moreover, postoperative irritative
symptoms and retention are also reduced.

The blood loss is negligible, although some
patients complain of irritative symptoms; these usu-
ally resolve in a matter of a few weeks after surgery.
Roehrborn and colleagues37 demonstrated that
TUNA improved urodynamic parameters, although
these improvements did not predict the degree of
symptomatic response in either their TUNA or
their TURP group. In an earlier study from the same
institution, the authors demonstrated that TUNA
was well tolerated, and provided substantive and
lasting improvements in symptom score, flow rates,
and quality of life over 1 year.38

Summary

Benign prostatic hyperplasia has a significant effect
on men’s quality of life in middle and old age. For
some men the symptoms are of minor inconve-
nience, for others BPO and its complications have a
profound effect on their own lives and the lives of
those around them.

In the future, research will improve our under-
standing of the pathophysiology, and with this
knowledge will come progress in our pharmacologic
management of BPH. Advances in surgical tech-
niques will reduce the incidence of complications
and further improve symptom and flow rate scores.
Improved patient education and a greater role for
patients in the decision-making process will enable
more men to obtain a better quality of life.
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CHAPTER 10

Prostate cancer
Michaël Peyromaure, Vincent Ravery, and Laurent Boccon-Gibod

Introduction

Prostate cancer is the most common malignancy
and the second leading cause of cancer mortality in
males. Traditionally, prostate cancer was considered
as a disease of the aging male, and this may be partly
responsible for the delay in diagnosis and manage-
ment. With the use of prostate-specific antigen
(PSA) testing in screening programs, prostate can-
cer is being diagnosed at an earlier age and stage.

The increasing number of low-staged cancers in
young men has led to the development of curative
treatments. In males whose life expectancy is above
10 years, radical prostatectomy is the standard cura-
tive therapy when the tumor is organ-confined.
However, impotence is a frequent long-term compli-
cation of surgery that impairs the patient’s quality of
life. Therefore, attention is focused on decreasing
morbidity related to surgical treatment and develop-
ing alternative therapies such as external radiotherapy
and brachytherapy. For locally advanced tumors vari-
ous approaches, including combination treatments,
are available. In metastatic disease the management
remains palliative, and is based on hormonal therapy
and chemotherapy. In elderly men whose survival is
not expected to be improved by curative therapy,
watchful waiting and deferred treatment if necessary
is the standard approach for localized tumors.

Epidemiology

In Europe and the USA, prostate carcinoma
represents the most common cancer in males. Its

incidence has rapidly increased since the 1970s
because of the aging population and better diagno-
sis methods.1 There are national and racial differ-
ences in the incidence of prostate cancer. In Asia,
the incidence and mortality rates of prostate cancer
are much lower than in Western countries.2

The geographic differences in the incidence of
prostate neoplasia may be explained by genetic fac-
tors. Heredity seems to be the most important risk
factor. Indeed, men with a family history of prostate
cancer have a 4-fold increased risk of developing
prostate cancer, and the risk is higher when two or
more relatives are affected or when the affected rel-
ative is a brother.3 Nevertheless, other findings sug-
gest that prostate carcinogenesis depends partly on
exogenous factors. When Asiatics move to the
USA, their risk of having prostate cancer becomes
similar to that of Americans after one generation.4

Some lifestyle factors are believed to play a role in
the occurrence of prostate cancer, but only few data,
to date, are available in the literature. A high animal
fat content in the diet may be one of the most impor-
tant environmental factors related to prostatic carci-
noma.5 Other food components have been suggested
to protect men from the risk of prosrate cancer,
including soy, carotenoids, tomatoes, pumpkin,
spinach, watermelon, citrus, and green tea.

Even though only 3% of patients will die of their
prostate cancer, the overall mortality of the disease
is very important because of its high prevalence.
After lung cancer, prostate carcinoma is the second
leading cause of death by cancer in males. Since the
1990s, the mortality rate of prostate cancer has been
tending to decrease in Europe and the USA due to
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the detection of early stage tumors and to the
improvement of curative treatments.

Detection

Since the 1980s, the wide use of the digital rectal
examination (DRE) and PSA testing has resulted in
an increased detection of prostate cancer. A DRE
abnormality leads to prostate carcinoma diagnosis in
more than 20% of cases, regardless of the physician’s
specialty. When performed in a population of asymp-
tomatic men, DRE allows the detection of prostate
cancer in 0.1–4% of males submitted to screening.6

The PSA level is a better independent predictor
of prostate cancer than the DRE. Using a mono-
clonal antibody assay, the overall predictive value of
PSA testing is approximately 30% when the PSA
level is between 4 and 10 ng/ml, and more than 50%
when the level is greater.7 However, the threshold of
PSA level to indicate a prostate biopsy remains
uncertain. Some investigators suggest performing a
prostate biopsy for a PSA level lower than 4 ng/ml.
Recently, a 14.3% rate of prostate cancer detection
has been reported among patients with PSA levels
between 2 and 3.9 ng/ml when systematic prostate
biopsies were performed regardless of DRE findings.8

Other PSA variables have been tested in an
attempt to increase the predictive value of PSA, such
as PSA density, PSA velocity, PSA doubling time, free
PSA ratio, complexed PSA, BPSA (‘benign PSA’),
and pro PSA, the precursor form of PSA. Free PSA
ratio is of particular interest when PSA is between 4
and 10 ng/ml.9 Indeed, free PSA ratio has been proved
to be significantly lower in prostate cancer than in
benign prostatic hyperplasia. The use of free PSA ratio
is recommended when PSA is in the intermediate
range (4–10 ng/ml) and when the DRE is normal.
However, the threshold value of free PSA ratio that
may optimize the specificity of total PSA testing
remains unknown.10 Complexed PSA, BPSA, and pro
PSA seem to optimize the sensitivity and specificity of
PSA for the detection of prostate cancer. However,
only few data are available regarding their clinical
impact, and these markers are still under investigation.

Performing a prostate biopsy is the standard way
to prove the presence of cancer and to obtain a

cytologic grading. Biopsy cores are guided by ultra-
sound, and can be carried out without anesthesia in
an outpatient setting. Bleeding complications occur
in approximatively 70% of patients.11 Hematuria,
hematospermia, and rectal bleeding are the most
common complications. The rate of acute prostati-
tis is less than 2% when an antibiotic and a rectal
enema are given prior to the biopsy. Major compli-
cations requiring hospital admission are excep-
tional. The optimum number of biopsy cores for
cancer detection is controversial. The standard
number of cores is six, but several studies indicate
that performing 10 or 12 core biopsies may improve
the detection rate of prostate cancer by 6–35%,
without increasing the biopsy-related morbidity.12–14

Recently, attention has been focused on the poten-
tial role of prostate saturation biopsy, which consists
in performing an extended number of biopsy cores (up
to 36). This technique may be useful in patients with
previous negative biopsies and with a persistent suspi-
cion of prostate cancer. It can be also used to improve
the characterization of low volume, well-differentiated
tumor in patients with a diagnosis of potentially
insignificant microfocal prostate cancer, as defined by
1 single focus positive core with less than 5 mm of
Gleason score ≤ 6 tumor on primary biopsy.

Staging

Local staging (T-staging) of prostate carcinoma is of
particular interest in patients with a life expectancy
of 10 years or more. Indeed, the intent of treatment
in these patients is curative only in the case of organ-
confined disease. Although serum PSA level
increases with local stage, its ability to predict the
final pathologic stage is limited when used as an indi-
vidual parameter. In contrast, the combination of
PSA, DRE, cytologic grade (Gleason score), and per-
centage of positive biopsy cores has been proved to
be predictive of local extension.15 Some nomograms
can be used to predict the risk of extracapsular exten-
sion. These nomograms include various parameters,
the most significant being clinical stage of cancer,
PSA, and Gleason score on biopsy. Endorectal ultra-
sonography and/or endorectal magnetic resonance
imaging (MRI) may be useful in addition to clinical

132

Lunenfeld-ch-10.qxd  8/23/2007  5:11 PM  Page 132



and cytologic parameters to assess local invasion,
particularly in cases of seminal vesicle involvement
and significant capsular effraction. The sensitivity of
endorectal MRI for the detection of extracapsular
extension varies between 60 and 75%.

Nodal staging (N-staging) should be performed
only when curative treatment is planned. The com-
bination of PSA and biopsy findings has a predictive
value for N-staging. Other useful factors to detect
nodal metastases are computed tomography (CT)
scan and endorectal MRI. The accuracy of endorec-
tal MRI is at least equivalent to that of CT scan for
N-staging. High-resolution endorectal MRI with
magnetic nanoparticles has been reported to have a
100% sensitivity and a 96% specificity for the detec-
tion of nodal metastases.16 Nodal metastases can also
be detected by surgical open or laparoscopic lym-
phadenectomy. Regarding the risk of nodal involve-
ment, three groups of patients have been identified:
low risk (no biopsy core with Gleason > 3), moderate
risk (≥ 1 core with Gleason >3), and high risk (≥ 4
cores with Gleason > 3).17 In the opinion of most
authors, preoperative imaging by CT and/or MRI is
not necessary in the low risk group.

Metastasis staging (M-staging) is important in
patients whose disease is suspected to be advanced.
The gold standard for M-staging is bone scintigra-
phy, since bone metastases are the most frequent
occurrence. The presence of bone metastases is
associated with poor prognosis, and can generate
skeletal complications that impair quality of life.
Serum PSA level is the best predictive parameter of
bone metastases. A PSA level greater than
100 ng/ml has been reported to have a positive pre-
dictive value of 100%.18 In contrast, the negative
predictive value of a PSA level below 20 ng/ml is
approximatively 99%.19 Bone scintigraphy is con-
sidered by most authors to be unnecessary when the
pretreatment PSA level is <10 ng/ml and when the
Gleason score of tumor is < 8.

Localized prostate cancer

Definitions and general considerations
‘Clinically localized prostate cancers’ are stage T1
and T2 cancers. Stage T1a and T1b cancers are

incidental histologic findings after transurethral
resection or open prostatectomy for benign prosta-
tic hyperplasia. Stage T1a is defined as 5% or less
of prostatic tissue involved in the cancer, while
stage T1b is defined as more than 5% of tissue
involved. The risk of tumor progression of
untreated T1a prostate cancer is only 5% after 5
years, but increases up to 50% after 10 years.20 The
risk of tumor progression of untreated T1b is more
than 80% after 5 years. Stage T1c cancers are
clinically undetectable, and diagnosed by needle
biopsy for PSA abnormality. The incidence of T1c
prostate cancer has increased since PSA testing
has become widely used. One study showed that
30% of T1c prostate cancers had an extraprostatic
extension (locally advanced cancers).21 Stage T2
cancers are clinically palpable and confined to the
prostate. Stage T2a is defined as one abnormal
lobe of the prostate, while T2b involves both
lobes. Disease progression rates of untreated T2a
and T2b carcinomas after 5 years are 40% and
75%, respectively.22

Three treatments have been proved to be effi-
cient in eradicating localized prostate cancer: surgi-
cal removal of the prostate and vesical vesicles
(radical prostatectomy), external beam radiother-
apy, and interstitial radiotherapy. It is admitted that
patients who will benefit from these treatments are
those whose life expectancy exceeds 10 years. No
benefit is expected in older patients who are likely
to die from another disease.

Radical prostatectomy
Indications for radical prostatectomy are presumably
curable tumors in patients whose life expectancy is
above 10 years: localized tumors (T1, T2), PSA level
< 10 ng/ml, Gleason score < 8, tissue core invaded by
cancer ≤ 20%, and percentage of positive biopsies
≤ 50%.

Many experts consider radical prostatectomy to
be the gold standard treatment in young patients
having organ-confined disease. Open radical prosta-
tectomy can be performed with a transperineal or a
retropubic approach. Compared with the perineal
approach, the retropubic approach is associated
with a lower rate of positive surgical margins, espe-
cially in stage T2 cases.23 Moreover, the retropubic
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approach allows simultaneous removal of pelvic
lymph nodes. In recent years the laparoscopic
approach for radical prostatectomy has been devel-
opped in most of the institutions. Although long-
term data are lacking regarding the results of the
laparoscopic approach, this technique seems to pro-
vide similar results to the open approach.

The complication rates of radical prostatectomy
have condiderably decreased over the last decade.
Perioperative mortality, which is reported to be less
than 1% in most series, is usually due to medical
complications rather than surgical complications.24

Major bleeding complications requiring blood trans-
fusion and rectal injuries occur in less than 5% of
patients. Urinary incontinence is common during
the first weeks after intervention, but it decreases
with time. The rates of persistent urinary inconti-
nence depend on the definition of continence and
the method of assessment. Moreover, they vary
among institutions. However, those rates are usually
inferior to 10% 2 years after surgery.25 The most
common and worrisome complication at long-term
follow-up is impotence. At 12 months, the rates of
erectile dysfunction vary between 30 and 70%.

Nerve-sparing techniques have been described to
decrease the rate of postoperative impotence, lead-
ing to impotence rates inferior to 30% after 12
months.26 However, a great proportion of ‘potent’
patients still need to use medical therapies to
improve their sexual function. For some authors, the
risk for local recurrence after nerve-sparing surgery is
higher than after the standard procedure. Therefore,
candidates for nerve-sparing radical prostatectomy
should have low-staged and low-graded tumors.
Other experts have reached opposite conclusions,
and the impact of the nerve-sparing technique on
the oncologic outcome remains a matter of debate.

Since the early 1990s, laparoscopic radical prosta-
tectomy has been commonly performed in most of
the urologic centers. The main difficulty of the
laparoscopic procedure is its long learning curve.
Compared with open surgery, the laparoscopic pro-
cedure has been reported to result in less morbidity,
without increasing positive surgical margins and
impotence.27 However, further follow-up is needed
to assess postoperative results. Recently, the use of a
surgical robot has been shown to be feasible for

laparoscopic radical prostatectomy. This technique
may decrease the learning curve of laparoscopy.
Moreover, for some authors the robot-assisted
approach could improve the functional outcome.

Many studies have evaluated the results of radi-
cal prostatectomy, but only a few have been per-
formed prospectively with a long follow-up. In most
reports, surgical removal of the prostate has been
shown to be curative in localized cancer, with an
overall disease-free survival rate of greater than 60%
within 10 years. For example, Han and colleagues
from the John Hopkins Medical Institution reported
the oncologic results of radical retropubic prostate-
ctomy in 2091 patients.28 The actuarial 15-year
PSA recurrence-free survival was 61%, and the
actuarial 15-year cancer specific survival rate was
89%. More recently, Roehl reported a series of 3478
radical prostatectomies performed between 1983
and 2003.29 Mean follow-up was 65 months. The
10-year progression-free survival was 79% for
patients with pathologically-localized tumors.

Follow-up after radical prostatectomy is based on
PSA monitoring. PSA is expected to be unde-
tectable within 3 weeks after radical prostatectomy.
An increasing PSA level may indicate local recur-
rence or systemic recurrence. When PSA is still
detectable, three parameters will help to distinguish
between local recurrence and distant metastases:
pathology, time to PSA elevation, and PSA dou-
bling time. Positive surgical margins and/or undif-
ferentiated tumors increase the risk of residual
cancer and pelvic disease recurrence. A delayed and
slowly increasing PSA level is generally due to
residual local disease, while a rapidly increasing
PSA rather indicates distant metastases.

Neoadjuvant hormonal therapy
prior to radical prostatectomy
To improve the results of radical prostatectomy
alone in prostate cancer, some authors have pro-
posed giving hormonal therapy prior to prostate
removal. Most of the published studies report a
lower rate of positive surgical margins after surgery
associated with androgen suppression than after
surgery alone. However, the rate of PSA failure at
long-term follow-up seems to be the same in both
groups. Comparing radical prostatectomy alone

134

Lunenfeld-ch-10.qxd  8/23/2007  5:11 PM  Page 134



with neoadjuvant complete androgen blockade
followed by surgery for T2b tumors, Soloway and
colleagues30 found rates of PSA failure at 24 months
of 21% in both groups. Similarly, Aus et al prospec-
tively compared surgery alone with neoadjuvant
hormone therapy followed by surgery in 126
patients with clinically-localized prostate cancer.31

Neoadjuvant therapy significantly reduced the rate
of positive surgical margins, but not the PSA pro-
gression free survival. One study showed better local
disease control achieved by neoadjuvant therapy.
Evaluating the effects of a 3-month neoadjuvant
treatment prior to radical prostatectomy, Schulman
and associates32 reported a decreased rate of positive
surgical margins in the neoadjuvant hormonal ther-
apy group, in T2 tumors as well as in T3 tumors.
Moreover, when evaluating the local control rate at
4 years in T2 tumors, the local recurrence rate was
significantly lower in the neoadjuvant therapy
group than in the control group (3% versus 11%).
This was not the case for T3 tumors. Even though
local control may be, in the opinion of some
authors, improved by neoadjuvant androgen depri-
vation, the question remains whether or not sur-
vival may be increased. To date, it remains
impossible to answer this question because of insuf-
ficient published data. To date, neoadjuvant hor-
monal therapy prior to radical prostatectomy is not
recommended in routine practice.

External radiation therapy
The curative indication of external radiotherapy is
similar to that of radical prostatectomy: organ-
confined cancer in patients with a life expectancy
above 10 years. Radiotherapy is considered to
result in lower rates of incontinence and erectile
dysfunction than with radical prostatectomy. In a
study comparing both treatments, some authors
found a statistically lower rate of impotence
related to external radiation than after surgery
(41–55% versus 80–91%).33 However, studies
comparing sexual dysfunction after radiotherapy
and nerve-sparing prostatectomy are lacking.

The major side-effects of conventional external
radiotherapy are urinary irritative symptoms and
bowel complications. Quality of life related to uri-
nary problems seems to be worse after radiation at

2 years of follow-up than after radical prostatectomy.34

One year after external radiotherapy, the rates of
rectal urgency and bowel incontinence are 40% and
10%, respectively.35

To improve tumor targeting and to increase
radiation intensity, three-dimensional conformal
radiotherapy (3D-CRT) was developed in the mid-
1990s. Bowel toxicity related to this technique has
been reported to be significantly lower than that
related to conventional radiotherapy. One year after
radiation therapy, the rates of rectal urgency and
bowel incontinence are 22% and 0%, respectively.35

Although intestinal complications occur less fre-
quently, quality of life and urinary symptoms do not
seem to be improved by 3D-CRT.35

Oncologic results of external radiotherapy are
similar to those of radical prostatectomy. After radi-
ation or radical prostatectomy, the survival rate
depends on clinical stage, initial PSA level, and
Gleason score. For clinically-localized cancer, the
overall rate of disease-free survival after 10 years
ranges between 43 and 70%.36,37 Evaluating tumor
response after 3D-CRT, Zelefsky and colleagues38,39

reported that 93% of patients had no biochemical
recurrence (PSA > 1 ng/ml) after 5 years, when the
initial PSA level had been ≤ 10 ng/ml. This rate was
60% in patients with an initial PSA level between
10 and 20 ng/ml and 40% in those with a PSA
level > 20 ng/ml. In some reports, results of 3D-CRT
have been proved to be dose-dependent, especially
for an initial level of PSA < 10 ng/ml.

After radiation therapy, PSA monitoring is more
difficult than after prostatectomy, because of resid-
ual PSA levels related to residual prostatic tissue.
The DRE cannot distinguish between local disease
recurrence and radiation-induced fibrosis. The level
of PSA nadir seems to be of particular importance.
It has been reported that a better negative value of
tumor progression was obtained with a PSA nadir
below 0.5 ng/ml. Hanlon and colleagues showed
that the predictors of improved cause-specific sur-
vival are a lower PSA nadir and a longer interval to
nadir from the start of treatment.40 In their study,
the 8-year metastases-free survival rate was 96%,
89%, and 61% for PSA nadir values of ≤ 1 ng/ml,
1.1–2.0 ng/ml, and > 2.0 ng/ml, respectively.40 The
PSA nadir threshold remains controversial. For
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some authors, a PSA nadir below 1 ng/ml is associated
with a low rate of disease recurrence within 5 years.
Regardless of the actual PSA level, the kinetics of
PSA levels seems to be informative. Most authors
consider that three consecutive rises of PSA level
after radiation are predictive of disease progression.
In a study including 1650 patients subjected to
external radiotherapy for prostate cancer, men with
a PSA doubling time of 0 to 3 and 3 to 6 months
demonstrated a 7.0 and 6.6% increased hazard of
developing metastases or death, respectively, com-
pared with patients with a PSA doubling time of
more than 12 months.41

Interstitial radiotherapy (brachytherapy)
Interstitial radiotherapy consists of placing radioac-
tive sources within the prostate, to deliver higher
radiation doses without damaging surrounding tis-
sues. Under anesthesia, radioactive seeds are placed
using ultrasound guidance. Brachytherapy can be
performed either with a high dose rate (HDR) for a
short time or with a permanent low dose rate
(LDR). HDR brachytherapy is usually used in com-
bination with external radiotherapy in locally-
advanced tumors, while LDR brachytherapy may be
indicated in organ-confined tumors (T1, T2). LDR
brachytherapy is indicated in a curative intent. The
most commonly used isotopes in LDR brachyther-
apy are iodine-125 and palladium-103. In some
centers, the procedure is commonly performed on
an outpatient basis. The operative time is about
2hours. Compared with radical prostatectomy, the
major advantage of brachytherapy is its low morbid-
ity rate. Although irritative bladder symptoms are
frequent within the first week, major complications
are exceptional. Rectal toxicity (diarrhea, urgency,
bleeding) depends on dosimetric parameters. Major
rectal complications occur in less than 5% of
patients.42 At 12 months of follow-up, the urinary
incontinence rate is reported to be 1%.43 In high-
volume institutions, the impotence rate varies
between 50 and 80%.43,44

Previous transurethral surgery is a contraindica-
tion of interstitial radiotherapy because of an
increased risk of postoperative incontinence.

Intermediate-term oncologic results of brachyther-
apy are similar to those of other curative treatments.

Potters and colleagues reported the results of prostate
brachytherapy for clinically-localized tumors in a
series of 1449 patients.45 In this study the median
follow-up was 82 months. Overall and disease specific
survival at 12 years were 81% and 93%, respectively.
Some studies have compared the oncologic results of
permanent brachytherapy, radical prostatectomy, and
external radiotherapy for localized prostate cancer.
Most of these studies have shown similar results in
terms of tumor recurrence and progression. Therefore,
brachytherapy may be an alternative treatment to
radical prostatectomy and external beam radiation.
However, this therapy must be evaluated with longer
follow-up. Today, some urologists remain cautious,
and brachytherapy is not recommended when the
PSA level is above 10 ng/ml and/or the Gleason score
is above 7.

PSA monitoring after brachytherapy is difficult
because of the long half-life of the isotopes. Using
iodine-125, the PSA nadir may be expected after 4
years. A PSA threshold of 0.5 ng/ml is considered by
most experts to be acceptable, but this threshold is
still debated.

Watchful waiting
Watchful waiting/deferred treatment consists of a
standpoint strategy until an active treatment may
be required. Only patients with good compliance
and easy access to health-care should be candidates
for watchful waiting. The support for such manage-
ment is based on the natural course of prostate
cancer progression, which has been proved to be
slow. Commonly, deferred treatment is indicated in
asymptomatic old patients (life expectancy < 10
years because of age or debilitating conditions) with
localized or locally advanced cancer. However, it is
now suggested by some experts that watchful wait-
ing can also be indicated in younger patients in very
selected cases. Only patients with stage T1a and
well or moderately differentiated tumors can benefit
from deferred treatment. It is prudent to perform
rebiopsy to avoid understaging of the tumor.

Chodak and colleagues46 studied the results of
watchful waiting in patients with clinically-local-
ized prostate cancer. The authors reported a correla-
tion between survival rate and tumor grade. The
overall 10-year disease-specific survival rate was
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87% for grade 1 tumors, while it was 34% for grade
3 tumors. The 10-year metastasis-free survival rates
for grade 1 and grade 3 tumors were 81% and 26%,
respectively. When analyzing the outcome of T1a
patients, Chodak and colleagues found cancer-
specific 10-year survival rates with grade 1 and
grade 2 tumors to be 96% and 94%, respectively.

More recently, Albertsen and co-workers
reported the outcome of 767 men with clinically-
localized prostate cancer treated with either obser-
vation or immediate or delayed hormone therapy,
with a median observation of 24 years.47 In this
study, the prostate cancer mortality rate was 33 per
1000 person-years during the first 15 years of follow-
up, and 18 per 1000 person-years after 15 years. The
mortality rates for these two follow-up periods were
not statistically different, after adjusting for differ-
ences in tumor histology. Men with low-grade
prostate cancers had a minimal risk of dying from
prostate cancer during 20 years of follow-up
(Gleason score of 2–4, 6 deaths per 1000 person-
years). Men with high-grade prostate cancers had a
high probability of dying from prostate cancer
within 10 years of diagnosis (Gleason score of 8–10,
121 deaths per 1000 person-years). Men with a
Gleason score of 5 or 6 had an intermediate risk of
prostate cancer death. The authors concluded that
the annual mortality rate from prostate cancer
remains stable after 15 years from diagnosis, which
does not support aggressive treatment for localized
low-grade prostate cancer.

Although conservative treatment is admitted to
be advantageous in elderly patients without symp-
toms, its indication in younger men remains
controversial.

Prostatic intra-epithelial neoplasia and
‘clinically insignificant’ prostate cancer
Performing prostate biopsies for PSA elevation
among patients with a clinically unapparent tumor
has led to the identification of premalignant
abnormalities: prostatic intra-epithelial neoplasia
(PIN).48 Although patients with high-grade PIN
have a high risk of developing a carcinoma within 5
years, PIN is not considered to be an indication for
radical treatment. Most authors recommend a
rebiopsy in males presenting with PIN because of its

frequent association with prostate carcinoma.
Indeed, in autopsy series, high-grade PIN is reported
to be associated with prostate cancer in more than
40% of cases.49,50

The wide use of prostate biopsy has also resulted
in the discovery of small and low-grade tumors (less
than 3 mm in only one biopsy core and Gleason
score ≤ 6), considered by some authors to be ‘clini-
cally insignificant’. In the opinion of these experts,
the treatment of such tumors should be curative in
young patients but should be deferred in asympto-
matic patients whose life expectancy is less than 10
years. The significance of such ‘clinically insignifi-
cant’ prostate neoplasms is still a matter of debate.
Indeed, it has been shown that approximately 30%
of prostate carcinomas are understaged by biopsy.51

Therefore, it seems dangerous to defer treatment
in patients whose tumor may contain pathologic
features more pejorative than those revealed by
the biopsy. For some authors, the detection of a
clinically-insignificant prostate cancer by standard
biopsy could represent an indication for saturation
biopsy. Saturation biopsy consists in performing a
repeat biopsy with an extended number of cores.
This procedure could help to better determine the
characteristics of the tumor (percentage of positive
cores, cytologic grade).

Locally advanced prostate cancer

Definitions and general considerations
Locally advanced carcinomas are stage T3 and T4
cancers. Stage T3a is defined as capsular perforation
and T3b as invasion of the seminal vesicles. T4
cancer is defined as extension to the surrounding
organs (bladder and rectum). In the past, locally
advanced cancers were more frequent than today and
commonly treated by surgery. To date, it is univer-
sally admitted that patients with T4 tumors require
palliative treatment. The management of T3 tumors
is more controversial and may be curative in some
patients without pejorative pathologic features.

Radical prostatectomy for T3 tumors
Compared with prostatectomy for T1–T2 prostate
cancer, surgical removal of T3 carcinoma is associated
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with an increased risk of positive surgical margins
and local recurrence. A recent study has analyzed
the outcome of 176 men who underwent radical
retropubic prostatectomy for clinical stage T3
prostate cancer from 1983 to 2003.52 Of the patients,
36% received neoadjuvant hormonal therapy. At a
mean follow-up of 6.4 years, 48% of patients had dis-
ease recurrence with a median time to biochemical
recurrence of 4.6 years. The actuarial 10-year proba-
bility of freedom from recurrence was 44%.
Neoadjuvant hormonal therapy was not a significant
predictor of biochemical recurrence. Overall the 5-,
10- and 15-year probabilities of death from prostate
cancer were 6%, 15%, and 24%, respectively. In fact,
some T3 prostate cancers are clinically overstaged,
and pathologic examination of the radical specimen
shows organ-confined tumor (pT2 stage). In the
literature, the rate of clinical stage T3 tumors that
are overstaged varies between 8 and 27%.53 These
findings support the curative intent of treatment in
young patients with T3 cancer.

Radical prostatectomy may be an option for
patients with locally advanced cancer, but a selected
group needs to be individualized. Until further
reports are available, it seems reasonable in the
opinion of some authors to limit indications to
T3aN0 tumors with PSA levels < 10 ng/ml.54

As for localized cancer, neoadjuvant hormonal
therapy prior to radical prostatectomy in T3 cancer
has been recently proposed, but no advantage of
such combined therapy has been noted.

Postoperative radiotherapy for T3
tumors
After radical prostatectomy for organ-confined can-
cer, approximatively 30% of specimens are found to
contain foci of capsular effraction.55 The risk of
local recurrence without adjuvant therapy is consid-
ered to be 25–68%.56 In such cases, postoperative
radiotherapy has been proved to improve local dis-
ease control. In a study comparing radical prostate-
ctomy alone and surgery plus adjuvant radiotherapy
for T3 tumors, Valicenti and colleagues57 reported
rates of 5-year freedom from PSA relapse of 55%
and 89%, respectively. Ansher and colleagues
recently reported a series of 159 patients who under-
went radical prostatectomy and were found to have

positive surgical margins, extracapsular extension,
and/or seminal vesicle invasion.58 Of these, 46
received adjuvant radiotherapy and 113 did not.
The median time to failure in the surgery alone
group was 7.5 versus 14.7 years in the radiotherapy
group. Late recurrences were less common in the
surgery alone group than in the radiotherapy group
(9 and 1% at 10 and 15 years, respectively, versus 17
and 9%).

In the opinion of some authors, radiation therapy
should be delayed until the PSA level rises and
becomes >1 ng/ml.55 Other authors consider that
early adjuvant radiotherapy is more effective than
salvage therapy for a rising PSA. To date, no bene-
fit at long-term follow-up has been shown in pub-
lished series. Further data are required to assess the
benefit of postoperative radiation therapy in terms
of survival.

Hormonal manipulation alone
Hormonal manipulation is the standard therapy for
T4 tumors and T3 tumors with high risk of recur-
rence (elevated PSA and/or unfavorable histologic
features). Many studies evaluating hormonal ther-
apy alone in metastatic disease are available, but
only a few with regard to locally advanced tumors.
Consequently, the effectiveness of endocrine
monotherapy in this latter indication remains
unknown.

External radiotherapy combined with
hormonal manipulation
In the past, radiation therapy alone was proposed
not only for localized tumors but also for T3–T4
tumors. In stage T3 cancer, the overall 10-year sur-
vival rate and 10-year disease-free survival rate after
radiotherapy alone have been reported to be 42% and
38%, respectively.59 It is now admitted that radiation
therapy alone is not the optimal treatment for locally
advanced prostate cancer. Some authors suggest that
hormonal therapy administered before and/or after
radiation may improve the tumor response.

Bolla and associates60 showed that 79% of patients
with locally advanced prostate cancer treated by
radiotherapy alone were local recurrence-free within
5 years, versus 97% of those treated by adjuvant hor-
monal blockade. The 5-year survival rate was 62% in
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the radiotherapy-alone group versus 78% in the
combined group. In this study, the authors reported
no increased morbidity when combination treatment
was administered, even though hot flushes occured in
33% of patients in the combined-treatment group.

More recently, the same team analyzed 415
patients treated with radiotherapy alone or radio-
therapy plus immediate androgen suppression.61

Five-year clinical disease-free survival was 40% in
the radiotherapy-alone group and 74% in the com-
bined-treatment group. Five-year overall survival
was 62% and 78%, respectively, and 5-year specific
survival 79% and 94%.

There is concern regarding the time when hor-
mone therapy should be initiated. In another random-
ized study, Bolla and co-workers62 compared the results
of radiation therapy plus 3 years of adjuvant hormonal
therapy with those of radiation therapy initially plus
hormonal therapy only at disease recurrence, and
found a better 5-year survival rate in the first group.

Deferred treatment
In the opinion of some experts, watchful waiting
may be proposed in asymptomatic patients with
locally advanced cancer and short life expectancy.
This choice of therapy requires careful follow-up
because of early occurrence of symptoms due to
local disease progression.

Prostate cancer with nodal
involvement or distant metastases

Hormonal therapy as first-line treatment
In the case of nodal involvement or distant metastases
at diagnosis, treatment is palliative and comprises
hormone therapy. Watchful waiting should be
proposed only in exceptional cases of asymptomatic
patients with very short life expectancy. Supported
by the endocrine dependence of prostate cancer, hor-
monal therapy involves decreasing the level of testos-
terone. Hormonal manipulation is administered to
reduce the tumor volume and the risk of progression,
but it is not indicated for curative intent. Indeed,
most prostate carcinomas become refractory to
endocrine therapy after a median delay of 2 years.
The mechanism of such hormonal resistance is not

well known. Mutations of the androgen receptor
gene may be responsible for the development of
hormone independence.63

Surgical castration (bilateral orchiectomy) is an
efficient way to eliminate the circulating level of
testosterone and cause the prostate to atrophy.
Surgical castration used to be the gold standard of
hormonal therapy before medical castration became
available. To date, orchiectomy is still widely per-
formed because of its simplicity and reduced cost. A
benefit in terms of time to tumor progression is
obtained in approximately 80% of patients, with a
mean duration of 2.5 years.64 The main complica-
tions of bilateral orchiectomy are hot flushes,
decreased libido, and erectile dysfunction, which
occur in more than 70% of patients. Long-term
adverse effects of androgen blockade are muscle
atrophy, osteoporosis, gynecomastia, depression,
and anemia.65

Luteinizing hormone releasing hormone analogs
(LHRHas) have also been proved to be efficient in
advanced prostate cancer. LHRHas decrease the
secretion of luteinizing hormone (LH) and follicle
stimulating hormone (FSH) from the pituitary via a
biofeedback mechanism, and thereby reduce the
level of testosterone. However, the initial rise in LH
and FSH results in a transient (3–5 days) increase of
circulating testosterone levels. In patients with
potential bone metastasis, this ‘flare-up phenome-
non’ may worsen symptoms, and should be prevented
by the administration of an anti-androgen during the
first weeks of therapy. In practice, LHRHas are
administered every 3 months or monthly by injec-
tion. The results for survival and complications of
LHRHas have been shown to be similar to those
reported after bilateral orchiectomy.66

Estrogens represent an alternative hormone ther-
apy. Estrogens block the secretion of LH and FSH by
a feedback mechanism, and achieve medical castra-
tion. In the opinion of some investigators, decreased
androgen synthesis may also be a direct effect of
estrogen administration. In one of the largest series
evaluating the effects of estrogen therapy on
advanced prostate cancer, 5-year progression-free
survival was 68%.67 At a follow-up exceeding 60
months, the survival rate was 31%, and similar to
that reported following orchiectomy. Estrogens can
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be administered either orally or parenterally. The
major disadvantage of estrogen therapy is cardiovas-
cular toxicity (venous thrombosis, pulmonary
embolism, stroke, and heart attack).68 The combined
use of acetyl salicylic acid may reduce the rate of
cardiovascular complications.

Anti-androgens block the action of androgens
within intraprostatic cells. Anti-androgens can be
administered either alone or in combination with
surgical or medical castration (complete androgen
blockade). Non-steroidal anti-androgens act only
upon androgen receptors in cells, while steroidal
androgens also have effects upon the pituitary
gland. Non-steroidal androgens tend to increase the
serum testosterone level, whereas steroidal anti-
androgens lower levels of testosterone and LH,
which may induce loss of libido and erectile dys-
function.69 In patients with locally advanced cancer,
there are no published data that support the advan-
tage of complete androgen blockade compared with
anti-androgen monotherapy. There are differences
in side-effects with various anti-androgens when
taken alone.70 Flutamide induces mainly diarrhea,
hepatic dysfunction, and breast tenderness. The
main side-effects of nilutamide are visual distur-
bances, respiratory disturbance, and hepatic dys-
function. Gynecomastia and breast pain are noted
using bicalutamide.70

Few studies have evaluated results of androgen
blockade with long-term follow-up. Because of the
outcome of hormonal independence, progression-
free survival rates at 5 years are estimated to be less
than 70%. According to the literature, approxima-
tively one-third of patients with advanced prostate
cancer are still alive 5 years after the beginning of
hormonal manipulation.67

To prevent early androgen independence, some
authors propose beginning hormonal therapy at the
time of symptom presentation instead of at the time
of diagnosis. To date, no randomized study has
shown any benefit in terms of survival and quality of
life from delayed versus early treatment.

Intermittent hormonal therapy
The goals of intermittent hormonal manipulation are
to prolong survival by delaying progression to andro-
gen independence and to improve quality of life by

avoiding the side-effects of continuous androgen
deprivation. Intermittent hormonal therapy has been
evaluated in a few studies, either with LHRHa alone
or with complete androgen blockade. Unfortunately,
prospective randomized studies with long-term follow-
up have not, to date, been published. This lack of
data is responsible for controversies regarding inter-
mittent androgen suppression. In the opinion of
experts who recommend such intermittent treat-
ment, periods of 6–9 months on therapy are usually
necessary, and the mean off-therapy intervals are
approximatively 50% of this duration.

De Leval and colleagues compared the efficacy of
total intermittent androgen deprivation with total
continuous androgen deprivation in 68 patients
with advanced prostate cancer.71 Median cycle
length and percentage of time off therapy were 9
months and 59.5, respectively. The estimated 3-year
progression rate was significantly lower in the inter-
mittent therapy group (7.0%) than in the continu-
ous therapy group group (38.9%).

Sato and co-workers analyzed the effect of inter-
mittent androgen suppression on the changes in
quality of life in 49 patients with locally advanced or
metastatic prostate cancer.72 They found that quality
of life remarkably improved during the off-treatment
periods. However, only few data are available regard-
ing the oncologic and functional results of intermit-
tent hormonal therapy. To date, the benefit of such
therapy remains unknown. Moreover, the optimal
treatment and the PSA threshold to stop and start
hormonal treatment have not been determined.

After radical prostatectomy
In the opinion of most urologists, adjuvant treat-
ment by androgen suppression may be advocated in
patients who are found to have nodal involvement
after radical prostatectomy. Although no prospec-
tive randomized study to date has evaluated the
impact upon survival of such a treatment, it seems
reasonable to propose androgen suppression when
disease is found to have nodal involvement. Indeed,
it has been proved that nodal involvement is asso-
ciated with a high risk of local recurrence and dis-
tant metastases. Immediate adjuvant surgical
castration has shown a 10-year cancer-specific sur-
vival rate of 80%.73 Conflicting data exist regarding
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the time to initiate neoadjuvant hormonal therapy:
some authors suggest that early hormone therapy
should be advantageous, while others recommend
delayed treatment.

Androgen-independent cancer
About 10% of prostate cancers are androgen-
independent at diagnosis, and more than 80%
become androgen-independent after a mean hor-
monal treatment period of 2 years.68 When tumor
progression occurs despite endocrine deprivation, it
is essential to document the castration levels of
testosterone.

If the serum testosterone level is not decreased,
optimized hormonal therapy is indicated to improve
castration. Incomplete androgen blockade should
be completed by the combination of LHRHa or sur-
gical castration and an anti-androgen. The dose of
anti-androgen should be increased when using an
anti-androgen that achieves a dose-dependent
response.

If the serum testosterone is at a minimal level,
there is evidence that the cancer has become hor-
mone-independent and requires a second-line treat-
ment. Some clinical and biochemical responses
have been described with discontinued anti-andro-
gen therapy. The mechanism of this phenomenon,
called the ‘anti-androgen withdrawal syndrome,’
remains unknown, but androgen receptor mutations
are suspected.74 There are no published data dealing
with the efficacy of discontinued anti-androgens.
What is known is that a few patients with hormone-
independent cancer will show a brief response when
stopping anti-androgens. This suggests that discon-
tinued treatment should be tested before proposing
chemotherapy. Secondary hormonal therapy using
estrogens with corticosteroids or anti-androgens at
high dose is an alternative.

Chemotherapy is indicated when prostate cancer
becomes refractory to other treatments. No single
chemotherapeutic agent has been demonstrated to
provide a survival benefit, but several studies have
suggested a synergy effect when chemotherapy is
combined with other drugs.75

In recent years, attention has been focused on a
new agent for the treatment of advanced prostate
cancer, docetaxel. Several trials have shown that

docetaxel improves survival of patients with
hormone-refractory cancer. For example, Petrylak
and colleagues compared the effectiveness of doc-
etaxel and estramucine with that of mitoxantrone
and prednisone for advanced refractory prostate
cancer.76 Each specimen was given in 21-day
cycles: 280 mg of estramustine three times daily on
days 1 through 5, 60 mg of docetaxel per square
meter of body surface area on day 2, and 60 mg of
dexamethasone in three divided doses before doc-
etaxel, or 12 mg of mitoxantrone per square meter
on day 1 plus 5 mg of prednisone twice daily; 338
patients were assigned to receive docetaxel and
estramustine, and 336 to receive mitoxantrone
and prednisone. The median overall survival was
longer in the group given docetaxel and estramus-
tine (17.5 months versus 15.6 months). The
median time to progression was 6.3 months in the
group given docetaxel and estramustine, versus 3.2
months in the other group. In another study, 130
patients were randomly assigned to receive doc-
etaxel and estramustine or mitoxantrone.77 All
patients received prednisone. Overall survival was
better in the docetaxel arms (18.6 and 18.4 months)
compared with the mitoxantrone arm (13.4
months). Over the last decade, docetaxel demon-
strated clinical benefit in androgen-independent
prostate cancer. It is now admitted that docetaxel
represents the new standard of care for hormone-
refractory prostate cancer.78

Attention is also focused on new cytotoxic
agents. Growth factor inhibitors have been proved
to decrease the proliferation of prostate cancer
cells in vitro, but further evaluation by clinical
trials is required. For example, the combination of
suramin plus hydrocortisone has been shown to be
advantageous when compared with placebo plus
hydrocortisone in a multicenter, double-blind
phase III study.79

Radioisotopes such as strontium-89 and samar-
ium-153 may be useful in decreasing pain related to
bone metastases. The use of parenteral radioisotopes
is reported to achieve a clinical response in approx-
imately 70% of patients. The use of zoledronic acid,
a new bisphosphonate, decreases bone pain and the
risk of skeletal complications in patients with bone
metastases.80
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Prostate cancer and the aging male

General considerations
In the opinion of most authors, it is not suitable to
perform prostate biopsies when localized cancer is
suspected (PSA < 10 ng/ml) in elderly men,
because the natural course of the disease without
treatment is expected to be longer than the
patient’s life expectancy. Patients over 75 years old
are considered to have a life expectancy below 10
years, and therefore to receive no benefit from
curative therapies.

However, randomized studies dealing with qual-
ity of life and survival in elderly patients, comparing
watchful waiting or hormonal manipulation versus
curative treatment, have not been performed. With
increasing longevity, it should be questioned
whether elderly men should be diagnosed and
treated like younger patients.

Deferred treatment
Deferred treatment is widely accepted, as it is felt
that this approach may not compromise survival.
Gronberg and colleagues81 reported a direct influ-
ence of age on the loss of life expectancy. These
authors also underlined the difference between rel-
ative survival and loss of life expectancy, the latter
signifying the absolute effect of prostate cancer. In
their series, relative survival was the same for all age
groups if adjusted for cancer grade. However, the
loss of life expectancy varied among age groups. For
grade 1 tumors, the loss was 11 years for the younger
group and only 1.2 years for the older group.82 These
authors suggest that patients with well and moder-
ately differentiated clinically-localized prostate
cancer, with a life expectancy of 10 years or less, can
be safely monitored and treatment deferred until
progression. Early treatment, usually hormonal, at
the time of local or systemic progression results in a
better quality of life than delaying treatment until
symptomatic progression.

Analysis of the literature suggests that deferred
treatment may be appropriate in elderly patients
with PSA < 10 ng/ml, Gleason score ≤ 6, good per-
formance status, and reasonable life expectancy, in
whom the risk for having disease-related symptoms
is particularly low.

Radical prostatectomy
Kerr and Zincke83 investigated the benefits of rad-
ical prostatectomy in men over 75 years old, by
comparing two groups of patients (≤ 55 years and
≥ 75 years old) treated for clinically-localized
prostate cancer. In this series, elderly patients had
higher-pathologic-stage and higher-grade tumors.
Significant urinary incontinence occurred in 16%
of the elderly compared with 3% of the younger
patients at 1 year. This study confirmed that if
well selected, these patients can have excellent
survival, but that it is difficult to recommend such
a surgical procedure owing to the high rate of
incontinence, which significantly impairs quality
of life.

A recent study compared health-related quality-
of-life and survival of elderly men (aged 75 to 84
years) with localized prostate cancer who received
aggressive treatment with those receiving conserva-
tive management.84 At 2 years following diagnosis,
aggressively treated men were significantly more
likely to report daily urinary leakage and to be both-
ered by urinary problems and sexual problems. The
adjusted disease-specific mortality hazard ratio was
0.43, favoring aggressive treatment. However, the
absolute 5-year disease-specific survival difference
was only 6% (98% versus 92%). Over 80% of all
deaths were from other causes. The authors con-
cluded that elderly patients who were aggressively
treated for localized cancer had a minimally-
reduced risk of dying from prostate cancer.
Therefore, physicians and old patients should con-
sider these outcomes in making decisions about
screening and treatment.

Andropause
Andropause, a syndrome in aging men, consists of
physical, sexual, and psychologic symptoms that
include weakness, reduced muscle and bone mass,
sexual dysfunction, depression, anxiety, insomnia,
and reduced cognitive function.85 Andropause is
associated with a low testosterone level. The free
testosterone level begins to decline at a rate of 1% per
year after age 40 years. It is estimated that 20% of men
aged 60–80 years have levels below the lower limit of
normal. Epidemiologic studies point toward an associ-
ation with increased morbidity and mortality, with
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low testosterone states in aging males. For example,
there is a higher prevalence of coronary heart dis-
ease, osteoporosis, fracture rates, frailty, and even
dementia with low testosterone states.

The administration of testosterone results in clin-
ical improvements. Most studies to date have focused
on the physical benefits of testosterone replacement,
and have failed to assess psychologic symptoms rigor-
ously. Preliminary data suggest that therapy may ben-
efit elderly men with new-onset depression. It
remains unclear at what age such therapy should start
and what monitoring should be performed.

Testosterone prescriptions have increased in
recent years, partly because of the introduction of
newer delivery systems that are topical, and have
good bioavailability. In the USA alone, approxi-
mately 2 million prescriptions for testosterone were
written in 2002.86 This represents a 30% increase
from 2001 and a 170% increase from 1999. There
has also been a 500% increase in prescription sales
in the past 10 years. The rise in prescriptions may
be in part due to the increasing recognition of
hypogonadism in aging males or andropause.
Recently, there have been some concerns regarding
the long-term safety of testosterone replacement
therapy. The most worrisome problem of testos-
terone replacement is the potential risk for
increased prostate cancer occurrence. According to
some studies, there is no causal relationship
between prostate cancer and physiologic dosing of
testosterone, especially with careful selection and
monitoring of patients. Further clinical investiga-
tions are necessary to evaluate the long-term risk
for developing prostate cancer in men submitted to
testosterone therapy.
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CHAPTER 11

Erectile dysfunction in the aging male
Andrea Gallina, Alberto Briganti, Andrea Salonia, Federico Dehò,
Giuseppe Zanni, Pierre I. Karakiewiz, and Francesco Montorsi

Introduction

Erectile dysfunction (ED) is defined as the persistent
inability to attain and/or maintain a penile erection
sufficient to complete a satisfactory sexual intercourse.
It was suggested that a 3-month minimum duration
should be present for establishment of this diagnosis,
except in some instances of trauma or surgically
induced erectile dysfunction. The introduction of oral
phosphodiesterase inhibitor therapy in 1998 was asso-
ciated with a surge in resource use for erectile dysfunc-
tion (ED), as demonstrated by a 50% increase in
physician office visits for ED in the last years.1

As the mean life expectancy is progressively
increasing, we should expect a steady increase in the
number of men reporting ED. However, ED becomes
a matter of sufficient medical interest to lead to a
search for an appropriate therapy only when it causes
personal distress either to the patient himself or to
the couple. This definition is critical when evalua-
tions of the prevalence of ED are considered, espe-
cially in the aging man. In fact, even if it has been
demonstrated that erectile function deteriorates pro-
gressively with aging, only a minority of patients who
report some form of ED when questioned will request
treatment.2 The aim of this chapter is to review the
data currently available on the epidemiology, patho-
physiology, and management of ED.

Epidemiology of erectile dysfunction 

In 1948 Kinsley et al provided the first description
of the association between the aging male and ED.3

They demonstrated a decline in sexual activity and
erectile function with aging. In that report the inci-
dence of ED was 25% in 65-year-old men and 75%
in men aged over 80 years. These historic findings
have been confirmed in several recent studies. The
National Health and Social Life Survey, which
defined various types of sexual dysfunction in men
and women, documented an ED incidence of 18%
in men from 50 to 59 years old.4 The initial report
of the longitudinal Massachusetts Male Aging
Study in 1290 men with ages ranging from 40 to 70
years old showed an incidence of ED in 52% of
included subjects, with 10% of the study population
experiencing severe ED.5 Between subject ages of 40
and 70 years, the probability of complete ED tripled
from 5.1 to 15%, while the probability of moderate
ED doubled from 17 to 34%. Within the same age
range, the probability of minimal ED remained con-
stant at approximately 17%. An estimated 40% of
the men included in the study were impotent at age
40 years, with an increase to 67% impotent men at
age 70 years. Whenever age was tested by multivari-
ate linear regression or multivariate analysis of
variance in conjunction with another predictor of
ED, age invariably proved to be an independent
predictor. 

More recently, in a large population-based
study, Saigal et al found that, in men aged 20 and
older, self-reported ED affected almost 1 in 5
respondents.6 This prevalence dramatically
increased with advanced age: 77.5% of men aged
75 or older reported some form of ED. In their
multivariable analyses, addressing the presence of
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ED, they found several associated medical condi-
tions. Increasing age was the strongest predictor of
ED. There was a constant increase in the odds of
ED with each decade after the age of 40 years.
After adjusting for other factors, men aged 60 to 69
years and men 70 years and older were, respec-
tively, 9 and 30 times more likely to report ED,
compared to young men, aged 20 to 29 years.
Diabetes mellitus imparted the greatest increase in
risk of all medical comorbidities included in the
model. In addition, modifiable risk factors, such as
obesity, hypertension, and smoking, were indepen-
dently associated with ED. Similar results were
obtained by Grover et al.7 They analyzed a cross-
sectional sample of 3921 men aged 40 to 88 years
refering to primary care physicians. Using the
International Index of Erectile Function (IIEF)
questionnaire,8 they recorded an overall preva-
lence of ED of 49%, defined as IIEF erectile func-
tion domain lower than 26. Moreover, they
demonstrated that cardiovascular disease, diabetes,
future coronary risk, undiagnosed hyperglycemia,
metabolic syndrome, and impaired fasting glucose
levels were independently associated with ED.

Currently, ED represents an important health
problem both from the clinical as well as the public
health perspective. Based on the projected aging of
the population,9 it may be anticipated that it will
affect an even larger proportion of men in the 21st
century.10

Pathophysiology of erectile
dysfunction 

Penile erection is a neurovascular phenomenon
under psychologic control. Erections are usually
classified as central, reflexogenic, and nocturnal
erections. In central erections, an initial stimulus
arising from supraspinal centers travels through the
spinal cord and reaches the corpora cavernosa, trav-
eling ultimately along the cavernous nerves. Terminal
branches of the cavernous nerves release several neu-
rotransmitters, which are involved in initiating the
erectile process. In addition, endothelial cells lining
the walls of the cavernous sinusoids release active
mediators. Nitric oxide (NO), vasoactive intestinal

polypeptide, acetylcholine, and a number of
prostaglandins are considered the most important
erectogenic neurotransmitters, which ultimately
lead to relaxation of the smooth muscle cells within
the walls of the penile arteries and sinusoids.
Relaxation of the intracavernosal sinusoids leads to
blood filling of the corpora cavernosa, with the sub-
sequent compression of the subalbugineal venular
plexus against the inner surface of the tunica albug-
inea, thus activating the veno-occlusive mechanism
of the corpora cavernosa. When this mechanism is
activated, blood is actually entrapped within the
corpora cavernosa, which become an isovolumetric
reservoir. Further arterial inflow then leads to an
increase in intracorporeal pressure and to penile
rigidity. When ejaculation and orgasm are achieved,
norepinephrine is released by neural adrenergic
fibers within the corpora cavernosa, and smooth
muscle contraction is stimulated with subsequent
penile detumescence. 

The same cascade of events is also seen with
reflexogenic erections, in which the triggering
event is produced by mechanical stimulation of
the dorsal nerve of the penis, which sends signals
to the lumbosacral cord where synapses with
parasympathetic fibers traveling back to the cor-
pora cavernosa occur. The continuous stimulation
of the penis occuring naturally during sexual inter-
course contributes to maintain activation of the
descending neural pathways to the corpora caver-
nosa, sustaining penile rigidity until ejaculation or
cessation of stimulation.11 Nocturnal erections
occur during rapid eye movement (REM) sleep
from intrauterine life to late senescence, and are
still poorly understood. They are believed to repre-
sent a spontaneous mechanism for oxygenating the
corpora cavernosa and maintaining the viability of
cavernosal tissue.12

Abnormalities of erectile function have been tra-
ditionally classified as neurogenic (failure to initiate),
arteriogenic (failure to fill), and venogenic (failure
to store).13 However, the term venogenic ED should
be viewed as affecting the anatomy and histology of
the corpus cavernosum, leading to alteration of the
cavernous veno-occlusive mechanism. In addition,
abnormalities of the sex hormone milieu may signif-
icantly affect the quality of penile erections, and
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this aspect has attracted much interest with regard
to its role in the aging population. The process of
aging may affect all the pillars of the erectile process
including nerves, arteries, veins, cavernous tissue,
and hormones. However, evidence in the literature
of aging-induced damage to these structures has
certainly been influenced by the availability of
techniques for identifying certain types of damage,
and this is why vascular and endocrinologic abnor-
malities affecting the male erectile system seem to
play a leading role in this regard. 

The process of aging is multifactorial in nature
and dependent on several factors, including but not
limited to metabolic rate, genetics, lifestyle, and
environmental conditions.14 Independently from
the initiating factor, the ultimate common patho-
logic process is damage to smooth muscle cells and
an increase in the accumulation of fibrosis, which
decrease the vasodilator response. Age-related
smooth muscle dysfunction has long been recog-
nized in the respiratory,15 gastrointestinal,16 and
cardiovascular17 systems. Aging also affects the
genitourinary tract and is associated with lower
urinary tract symptoms (LUTS)18 and sexual
dysfunction3–12 in both men and women. 

The exact mechanism that links aging to smooth
muscle dysfunction is not completely understood.
Normal erectile function is a delicate balance
between vasoconstricting and vasorelaxing mediators
on corporal smooth muscle tone.19 Endothelium-
derived nitric oxide (NO) and endothelin-1 (ET-1)
have been individuated as modulators of erectile
function. Nitric oxide is a key regulator of caver-
nosal smooth muscle relaxation, whereas ET-1 is
believed to maintain penile flaccidity.20,21 Evidence
suggests that there are age-related alterations in the
levels of these modulators of erectile function in
ED.22–25 Garban et al demonstrated that a decreased
NO synthase (NOS) activity and a reduction in
NOS-containing nerve fibers within the corpus
cavernosum occurs in the penis of aging male rats.22

Rajasekaran et al, in 2002, recorded age-related
impairments in the expression of NO and ET-1, and
in the production of growth factors, such as trans-
forming growth factor-beta1 (TGF-β1).25 Defects in
the production or release of neurotransmitters or
the presence of antagonists could cause inhibition

of cavernosal smooth muscle relaxation, resulting in
inhibition of erection. 

However, another mechanism has been suggested
by Chitaley et al,26 who examined the role of the mol-
ecules involved in maintaining penile flaccidity.
Besides the well-established noradrenergic contraction
mechanisms in the penis, an additional mechanism
involving increased sensitivity to ionic calcium has
been proposed.26, 27 This pathway involves RhoA, a
small monomeric G-protein that activates Rho-
kinase. Activated Rho-kinase phosphorylates the reg-
ulatory subunit of smooth muscle myosin phosphatase
(SMPP-IM). Inhibitory phosphorylation of SMPP-IM
leads to the sensitization of myofilaments to Ca++,28

which translates into smooth muscle contraction. An
age-related increase in RhoA expression has been doc-
umented in rat vascular tissues and this overexpression
has been suggested as responsible for age-associated
vascular disorders.29 This hypothesis has been tested
and confirmed. Chitaley et al showed that a specific
inhibitor of Rho-kinase is able to relax vascular and
non-vascular smooth muscle, and intracavernosal
injection of this inhibitor in rats has been shown to
induce penile erection.26 Moreover, hypertension, that
has been recognized as a well-known vascular risk fac-
tor for ED,30 is associated with elevated penile RhoA
levels.31 In turn, inhibition of Rho-kinase activity has
been demonstrated to be beneficial in attenuating the
decline in erectile function in hypertensive rats.32 In
addition, Rho-kinase inhibition has been shown to be
effective in reversing ED in castrated hypogonadal
rats.33 In summary, the net result of the impairment of
erection regulators, such as NO, ET-1, and Rho-
kinase, would be an increased penile smooth muscle
tone, which may be responsible for the impaired erec-
tile response seen in the aging rats.

Another mechanism suggested as a potential
cause of ED is pelvic atherosclerosis. Atherosclerosis-
induced arterial insuffiency is a common clinical
problem in the elderly, and remains the leading
cause of death in the adult population.34,35 The
abdominal aorta and its branches, especially the
bifurcation of the iliac arteries, are early and severely
involved atherosclerotic lesions.36 In animal models
mimicking pelvic ischemia and hypercholes-
terolemia, Azadzoi et al demonstrated an evident
similarity in the smooth muscle alterations of the
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detrusor and of the corpora. In their report, chronic
ischemia resulted in fibrosis, smooth muscle atro-
phy, and non-compliance of the bladder.37 Chronic
ischemia is also involved in the deterioration of
cavernosal smooth muscle and in the development
of corporeal fibrosis, which in turn may lead to
ED.38, 39 Moreover, pelvic atherosclerosis may dam-
age the pudendal–cavernous–helicine arterial tree.
In the early stages of atherosclerosis, this results in a
decreased arterial blood flow to the corpora caver-
nosal and, in consequence, in ED.40 However, in
more advanced stages, the erectile tissue loses its
capability of producing the sufficient quantity of
NO needed for smooth muscle relaxation, due to
the downregulation of the expression of the consti-
tutive NOS.39 In addition, elderly men are subjected
to a decrease in smooth muscle content in the corpus
cavernosum, which is associated with an impairment
of the corpora expandibility. This phenomenon is
responsible for the veno-occlusive dysfunction
observed in the aging male.41 Chronic ischemia is
also responsible of the overexpression of TGF-β1.
This protein is a pleotropic cytokine, demonstrated
to be an essential mediator of tissue fibrosis.30

Overproduction of TGF-β1 decreases the smooth
muscle–connective tissue ratio by inducing the
expression of collagen, fibronectin, and proteogly-
cans, while inhibiting the growth of smooth muscle
cells and the activity of collagenase.42 Azadzoi et al
demonstrated in the rabbit that the level of TGF-β1

correlates with the severity of the fibrosis.37

Oxidative stress is another important mechanism
recently suggested as a potential factor in the patho-
genesis of ED in the elderly. Oxidative damage to
the vasculature, caused by reactive oxygen species
(ROS), plays a fundamental role in the natural
aging process.43 The interaction between ROS and
NO has been indicated as crucial in the develop-
ment of ED.44 Specifically, NO interacts with super-
oxide to form peroxynitrite, which has been
reported to play a central role in atherogenesis.45 In
the presence of peroxynitrite, the enzyme responsi-
ble for inactivating superoxide is inhibited. In turn,
this results in a further increase of peroxynitrite and
in a reduction of the available NO concentration.46

Moreover, peroxynitrite and superoxide increase
the incidence of apoptosis in the endothelium,

leading to a further decrease in available NO.
Finally, the reduction in NO concentration
increases the adhesion of platelets and leukocytes to
the endothelial cells, which react with a vasocon-
striction stimulus, mediated by thromboxane A2
and leukotrienes.47 Since the reduced availability of
NO and the long-term endothelial damage are the
two most important causes of ED, the role of oxida-
tive stress in the corpora cavernosa is critical in the
pathophysiology of ED.

The endocrine status plays a significant role in the
regulation of erectile function. Hypogonadism is a
state of deficiency in gonadal function manifest by
deficient secretion of gonadal hormones and/or game-
togenesis.48 In aging men, an alteration in androgen
production has been described that has been defined
as androgen decline in the aging male (ADAM) or
late onset hypogonadism. The hormones affected by a
decrease in androgen production include testosterone,
dihydroepiandrosterone, thyroxine, melatonin, and
growth hormone. Hypogonadism is associated with a
decrease in sexual interest and a worsening in the
erectile function. Moreover, it is characterized by a
gradual decline in serum total and bioavailable testos-
terone, owing to a decrease in testicular Leydig cell
number and in their secretory capacity, as well as an
age-related decrease in episodic and stimulated
gonadotropin secretion.49 The prevalence of hypogo-
nadism has been addressed in several longitudinal
studies and it has been recorded in 2% of men younger
than 50 years old, while it ranges from 34 to 70% in
patients aged 70–79 years.50–52

The hypothalamic–pituitary–gonadal system is a
closed loop of feedback control mechanism modulat-
ing and maintaining reproductive function. The
gonadal hormones have inhibitory effects on the
secretion of luteinizing hormone (LH) and follicle
stimulating hormone (FSH). Testosterone represents
the major secretory product of the testis and it is the
primary inhibitor of LH secretion in men.53 However,
other hormones are involved in LH suppression, such
as estrogens and dihydrotestosterone (DHT). 

In normal males, 2% of testosterone is free in the
blood, 30% is bound to the sex-hormone-binging-
globulin (SHBG), and the remainder is transported
by albumin and other plasma proteins.54 Since the
affinity between testosterone and SHBG is very high,
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the bioavailable testosterone is the fraction of testos-
terone not bound to this protein. Bioavailable testos-
terone is the cornerstone of the androgen function
and, in turn, changes in SHBG concentration are
responsible for androgen function regulation. In
healthy subjects, the normal testosterone range is
300–1000 ng/dl, corresponding to 10.4–34.7 nmol/l
in most assays of serum total testosterone.55 However,
as previously mentioned, the levels of total and free
testosterone decrease with age.56 Therefore, it is still
unclear whether the reference range of serum andro-
gens derived from younger men is also appropriate for
the elderly population. However, recently Mohr and
colleagues have suggested age-specific thresholds for
defining hypotestosteronemia: 251, 215, 196, and
156 ng/dl for men in their forties, fifties, sixties, and
seventies, respectively.56

Testosterone is a key factor in sexual function
and it is necessary for libido, ejaculation, and spon-
taneous erections. Animal data suggest that testos-
terone may play a role in the mechanism of
NO-mediated vasodilation in the penis and in other
organs.57,58 In castrated rats, Chamness et al demon-
strated that the activity of NOS is reduced by 45%
and that testosterone replacement can recover its
production.57 Moreover, testosterone is implicated
in the modulation of alpha-adrenergic vasoconstric-
tor activity59,60 and, in turn, it can enhance erections
by attenuation of vasoconstriction and by contribut-
ing to the venous occlusion mechanism that main-
tains erection.60 Furthermore, testosterone is
involved in central nervous system control of erec-
tions. In fact, animal studies demonstrate that testos-
terone may facilitate erection in the dopaminergic
mesolimbic cortex, responsible for sexual arousal.61 In
human subjects with pharmacologically-induced
hypogonadism, the libido and the frequency of
spontaneous erections decreased. These alterations
were reversible after restoration of normal blood
levels of testosterone.62 Moreover, recent studies
highlighted the interaction between testosterone
and phosphodiesterase-5 (PDES) inhibitors. Aversa
et al showed that, in a small group of patients
defined as non-responders to sildenafil with arterio-
genic ED and low-normal androgen levels, short-
term testosterone administration increases
testosterone (T) and free testosterone (FT) levels

and improves the erectile response to sildenafil,
likely by increasing arterial inflow to the penis dur-
ing sexual stimulation.63

In summary, it seems reasonable to hypothesize that
the ED of aging is the result of atherosclerosis-induced
cavernosal ischemia, leading to cavernosal fibrosis and
veno-occlusive dysfunction. Abnormalities in circu-
lating levels of hormones controling sexual organs,
especially testosterone, most probably play a signifi-
cant role at least in some patients. As the ED of aging
appears to be a slowly progressive disorder, it appears to
be wise for the patient to seek medical intervention
earlier rather than later, to minimize the development
of veno-occlusive dysfunction.

Assessment of the patient with
erectile dysfunction

As already mentioned in the introduction to this
chapter, it is relevant to stress that many aging men
(and their partners) experience a sexual dysfunction
but do not want (or seek) any form of treatment
because they are not bothered by the dysfunction
itself or not willing to disclose their concern. This
was investigated by de Boer and colleagues in an epi-
demiologic study in the Netherlands, where a repre-
sentative sample of a city population (n = 1481)
were interviewed about the prevalence of ED and its
impact on quality of life. They recorded that 32.7%
of patients reporting a certain extent of ED were not
bother by their condition and that the bother rela-
tive to ED decreased after the age of 60 years.64 This
study was corroborated by previous reports that
demonstrated a decreasing trend in bother relative
to ED, according to increasing age.65,66

During a medical visit, ED should be invariably
explored, although treatment may not always be
requested or immediately necessary. Moreover, ED
should be investigated as it could be the initial pre-
sentation of an underlying cardiovascular disease or
diabetes.67 The wide availability of self-adminis-
tered questionnaires designed to investigate the
patient’s sexual function8,68 has rendered the evalu-
ation of ED less time consuming and thereby has
resulted in greater interest in the evaluation of the
patient’s sexual health. 
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The most important component of diagnosis of
ED is obtaining a complete medical and sexual his-
tory. It is mandatory to identify the sexual problem
(for example, erectile dysfunction versus premature
ejaculation versus loss of libido), as the patient may
be unaware of what represents a sexual problem.
The duration of ED, time of onset, and degree of
patient and partner concern should also be investi-
gated and elucidated. The circumstances surround-
ing ED may be helpful in diagnosis since a sudden
onset, maintenance of nocturnal erections, presence
of psychologic problems, and concurrent major life
events may be suggestive of non-organic ED.69

It is also important to identify ED risk factors,
which include serious medical conditions such as
ischemic heart disease, hypertension, diabetes,
perineal–pelvic trauma, hyperlipidemia, depression,
and previous pelvic surgery. Moreover, it is
extremely important to identify the presence of
reversible risk factors for ED, namely smoking,
heavy drinking, and the use of recreational or med-
ically indicated drugs.70 Most of these risk factors are
more frequently found in the aging population. 

During the history taking, particular attention
should be focused on the potential risk of cardiovas-
cular disease.67,71 There is a high prevalence of cardio-
vascular disease among patients consulting for ED
and sexual activity has a strong relationship with car-
diac risk.67,72 Patients should be stratified into three
risk categories: low, intermediate or indeterminate,
and high risk. In low-risk patients, sexual activity is
not associated with significant cardiac risk (they can
perform exercise of modest intensity without symp-
toms). The intermediate-risk category includes men
with an uncertain cardiac condition or patients
whose risk profile needs further testing before the
resumption of sexual activity. High-risk patients have
a cardiac condition that is sufficiently severe or
unstable that sexual activity may lead to potentially
life-threatening cardiac events and they should be
referred for further cardiologic evaluation.67

A psychosocial history is also important. It may
provide information on the couple’s relationship (if
existing) and on the partner’s health. This is of par-
ticular importance in the aging male, as the female
partner may be menopausal or could be affected by
a male-unrelated sexual dysfunction. Investigation,

diagnosis, and, eventually, treatment of female sex-
ual dysfunction should be considered in patients
consulting for ED in order to consider ED in the
context of a couple’s sexual dysfunction.73 Female
sexual dysfunctions in the aging woman may
worsen a man’s ability to achieve successful inter-
course, despite only mild or moderate ED.
Moreover, female sexual dysfunction is frequent.74

Therefore, this field needs to be explored when
assessing a patient with ED.

Physical examination should include an overall
assessment as well as a focused urologic examina-
tion. Patient height and weight should be assessed
and the body mass index calculated. The cardiovas-
cular part should focus on the determination of
blood pressure and the identification of the periph-
eral vascular pulses (carotid, aortic, femoral, and
pedidial). The neurologic part should target the
peripheral reflexes (knee reflex, Achilles tendon
reflex, and bulbo-cavernosus reflex) and a brief eval-
uation of peripheral sensitivity. The genito-urinary
examination should emphasize the genitals, specifi-
cally, the presence of penile deformities, phimosis,
and/or signs of hypogonadism should be sought.
Digital rectal examination of the prostate gland
should always be performed in the aging man, as
this population is, by definition, at higher risk of
developing prostate cancer.

Laboratory tests should invariably include
prostate specific antigen (PSA), testosterone, and
prolactin.70 Moreover, blood glucose and serum lipids
should be investigated. Inclusion of further tests
should be based on history, physical examination,
and any clinical suspicion. The above laboratory val-
ues virtually invariably allow identification of one or
several underlying causes of ED. This information
may allow a more targeted and more specific
approach to ED treatment. 

Treatment of patients with erectile
dysfunction

Erectile dysfunction treatment guidelines fit the
aging population, which represents the bulk of ED
patients. The objective of the guidelines is to treat
ED using an integrated, multisystemic approach. 
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Modifiable and reversible factors should be
addressed. The treatment of underlying causes of
ED may at times improve or correct ED. For exam-
ple, lifestyle changes may offer potential benefits
when ED is associated with specific comorbidity,
such as diabetes or hypertension.75,76 A hypogonadal
patient may obtain relief of his ED with testos-
terone supplementation. However, this therapy is
contraindicated in patients with a history of
prostate cancer and all patients should be strictly
monitored for clinical response as well as the devel-
opment of prostate cancer.77 Patients diagnosed
with a significant psychologic problem may benefit
from a psychosexual therapy. Each of these treat-
ments is associated with a specific success rate.78,79

These should be communicated to the patient to
ensure realistic expectations. 

The introduction of new oral compounds has com-
pletely changed the therapeutic approach to ED.
First-line therapy mainly consists of oral drug therapy. 

Phosphodiesterase type 5 (PDE5) is a protein
mainly situated in the trabecular smooth muscle
and its function is to hydrolyze cyclic guanosine
monophosphate (cGMP). The inhibition of PDE5
leads to an increase in intracellular cGMP, respon-
sible for the local release of NO.80 This results in
decreased cytosolic Ca2+ concentration and, in turn,
in smooth muscle relaxation, vasodilatation, and
penile erection. Therefore, PDE5 inhibitors repre-
sent the cornerstone of oral therapy.

Sildenafil, the first commercialized selective
PDE5 inhibitor, has certainly revolutionized ED
management in the aging patient. Sildenafil is
rapidly adsorbed and its half-life is approximately 4
hours.81 Men aged 65 or older should be considered
for a starting dose of 25 mg.82 Several studies have
shown that sildenafil is an effective and well-toler-
ated oral agent for treating ED in the general popu-
lation of adult men with ED of broad spectrum
etiology.83 Wagner et al assessed the efficacy and
tolerability of sildenafil in the elderly population
using data from five major, double-blind, placebo-
controlled studies.84 Oral sildenafil was taken as
required (but no more than once daily) over a 12-
week to 6-month period. Data from the elderly
(aged > 65 years) patients enrolled in four studies
(two fixed dose and two flexible dose studies in

patients with broad-spectrum etiology ED) were
pooled for analysis. The fifth study considered had
enrolled only men with ED and a concurrent clini-
cal diagnosis of diabetes of more than 5 years’ dura-
tion for type I diabetes and more than 2 years’
duration for type II diabetes. A total of 411 elderly
patients with ED of broad spectrum etiology and 71
elderly patients with ED and diabetes were random-
ized to treatment in these studies. The patients in
the broad spectrum ED studies were randomized to
receive either fixed- or flexible-dose sildenafil (from
25 to 100 mg) or placebo. In all five studies, patients
were instructed to take the study drug 1 hour before
sexual activity but not more than once daily. At the
end of treatment, 69% of the patients in the broad
spectrum ED subgroup who received sildenafil
reported that treatment had improved their erec-
tions, compared with 18% who had received
placebo (P < 0.001). Similarly, a significant treat-
ment effect was observed for the ED and diabetes
subgroup patients who received sildenafil. Fifty per-
cent of these patients reported improvements in
their erections, compared with 10% of those who
received placebo (P < 0.001). The most commonly
experienced adverse events in the two subgroups
were headache, flushing, and dyspepsia, which
occurred in respectively 17%, 13%, and 8% of
patients receiving sildenafil. Most of these adverse
events were mild to moderate in nature. Twenty-
two elderly patients enrolled in these studies expe-
rienced serious adverse events: 11 were patients
receiving placebo and 11 were patients receiving
sildenafil. None of these serious adverse events were
considered to be related to treatment. The results of
this combined analysis show that sildenafil is an
effective therapy in elderly men with ED of various
etiologies and with concomitant illnesses. More
than two-thirds of the men in the broad-spectrum
ED subgroup and one-half of the men in the ED and
diabetes subgroup reported improved erections with
sildenafil treatment. 

Other oral drugs are available for the treatment of
ED. Tadalafil is a PDE5 inhibitor, with a half-life of
17.5 hours, significantly longer than sildenafil,85 and
its efficacy is maintained up to 36 hours.86 Tadalafil
is effective in elderly men and its safety profile is
comparable to sildenafil. In 11 studies involving
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2102 patients affected with ED of heterogeneous
etiology, tadalafil significantly improved the erectile
function in 67 and 81% of men treated with respec-
tively 10 or 20 mg of tadalafil.85 Moreover, tadalafil
showed good efficacy and tolerability in difficult to
treat subgroups of patients.87

The latest PDE5 inhibitor which has entered the
market is vardenafil. This molecule shows a phar-
macologic profile similar to sildenafil, even if it is a
10-fold more potent inhibitor.88 Vardenafil showed
good efficacy and tolerability profiles both in pre-
and post-marketing studies.88–90

Clinical trials and post-marketing studies have
assessed the safety of PDE5 inhibitors. All three
molecules have demonstrated no increase in the
rate of myocardial infarction in either double-blind,
placebo-controlled trials, or open-label studies.91

However, organic nitrates and other nitrate prepa-
rations are absolute contraindications for the use of
PDE5 inhibitors. Other drugs, such as anti hyper-
tensive or α-blocker compounds, can have interac-
tions with PDE5 inhibitors. In consequence, the
verdenafil should be used with caution when a
patient is already, being treated with those drugs.71

Other agents are available, including apomor-
phine, phentolamine, and yohimbine. Apomorphine
is a centrally-acting dopamine receptor agonist
which ultimately activates the cascade of events lead-
ing to smooth muscle relaxation within the corpus
cavernosum and penile erection. It is available as a
small tablet to be administered sublingually, 20 min-
utes prior to sexual activity. Doses include 2 and 3 mg
preparations; patients are instructed to take the 2 mg
dose first and titrate to the higher dose if 2 mg is inef-
fective. Large randomized studies on apomorphine
have been completed in the United States and
Europe and showed conflicting results in patients
with ED of broad-spectrum etiology.92,93 Efficacy rates
ranged from 28.5 to 55% for attempts to have sexual
intercourse. Apomorphine was well tolerated and
side effects included nausea and vomiting in less than
2% of the cases. Syncope has been reported with
higher doses but its rate of occurrence with the 2 and
3 mg doses was less than 0.5%.92 However, compara-
tive studies clearly show that apomorphine is associ-
ated with significantly lower efficacy and satisfaction
rates than sildenafil.94 Therefore the indication for

apomorphine is limited to patients with mild to
moderate ED or psychogenic ED variants.71

Phentolamine is a rapidly acting, short-lived,
non-selective α1-α2 adrenoreceptor antagonist. This
drug is available for ED treatment only outside the
United States. Studies in animal models indicate
that phentolamine has a high potency of inducing
cavernous smooth muscle relaxation, independently
from the stimulated neurogenic system.95 Yohimbine
is the principal alkaloid of the bark of the West-
African tree Pausinystalia yohimbe. This selective
competitive α2-adrenergic receptor antagonist is a
potential option in men with mild or moderated
ED. However, patients’ response to treatment with
yohimbine is not excellent. In a study involving 18
subjects, Guay et al demonstrated that yohimbine
was able to improve the erectile function in 50% of
the patients.96

Several vasoactive drugs have been considered as
topical agents in the treatment of ED. Topical appli-
cation of nitroglycerin, paverine, or minoxidil has
been suggested. However, none of these topical
agents have been formally approved.71

Finally, vacuum constrictor devices were exten-
sively used in the pre-PDE5 inhibitor era. These
devices provide passive engorgement of the corpora
cavernosa when applied in conjunction with a con-
strictor ring placed at the base of the penis. Regardless
of ED etiology, patient satisfaction is achieved in a
proportion that ranges from 27 to 94%.97 However,
the use of vacuum devices has been dramatically
reduced by the advent of oral treatments.

Although PDE5 inhibitors are clearly a reliable
option for the majority of elderly patients with ED,
other therapeutic options should be discussed.
These should include intracavernous injection ther-
apy, intraurethral drug therapy, and, if all else fails,
placement of penile implants. These treatment
options represent, respectively, second- and third-
line alternatives in the management of ED. These
treatment modalities may be of interest to patients
who are not candidates for PDE5 inhibitor therapy
or who have not achieved an adequate response
rate/satisfaction with oral agents. 

Intraurethral administration of alprostadil using
the Medicated Urethral System for Erection (MUSE)
system can be considered an attractive alternative in
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sildenafil non-responders.98,99 A semi-solid pellet of
prostaglandin E1 is inserted in the urethra, promot-
ing erectile response in 70–83% of cases.99,100

Intracavernosal injection of alprostadil or
vasoactive drug mixtures represents another valid
option for ED treatment. The erectogenic effect of
intracavernosal injections (in terms of penile rigid-
ity) is usually superior to that of sildenafil53 and it
may be offered to oral therapy non-responders with
high success rates.101,102 Although some type of man-
ual dexterity is needed to handle the intracorporal
injection, new injection devices are now available
that make this treatment readily usable by the
elderly. 

Placement of a penile implant is usually consid-
ered for patients who have not responded to other
less invasive forms of therapy. However, it is
uncommon to place a penile implant in patients
older than 65 years, as the sexual needs of these
patients are usually well addressed by other thera-
peutic alternatives.103

Hormonal replacement in the treatment of ED in
the aging male remains controversial. The link
between androgen deficiency and ED has not been
fully elucidated.104 However, although no studies can
firmly link testosterone replacement with an
increased incidence of prostate cancer,105 it is not
clear if the benefits of testosterone replacement out-
weigh the potentially increased risk of prostate cancer.
In aging hypogonadal men, testosterone replace-
ment therapy can improve libido, muscle mass,
bone density, and mood.106 However, some adverse
sequelae may be associated with topical or transder-
mal testosterone administration such as erythrocy-
tosis (polycythemia), skin reactions, testicular
atrophy, and infertility.107 Other adverse events,
such as acne, hirsutism, flushing, fluid retention,
benign prostatic hyperplasia, gynecomastia, hyper-
tension, and lipid alterations, are less common.107

In summary, management of ED in the aging male
is first based on extensive evaluation of the patient’s
sexual and medical history and on the assessment of
the patient’s and couple’s needs and expectations.
Although several therapeutic options are currently
available to treat the patient’s symptoms, it seems
that, in most patients, oral pharmacotherapy plays
the major role because of its high efficacy and safety. 
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CHAPTER 12

Infertility in the aging male
Wolfgang Weidner, Thorsten Diemer, and Martin Bergmann

Introduction

Spermatogenesis as well as the synthesis of testos-
terone in the human testis is a lifelong process that
also persists in aging men. However, spermatogenic
efficiency estimated by the number of spermatozoa
produced per day per gram of testicular parenchyma
(spermatogenic index) apparently declines with
age. This decline is a result of an increase in germ
cell degeneration throughout spermatogenesis as
seen in all cell types of the germ cell line. 

The clinical significance of these phenomena
may be questioned since aging men appear to be still
rare in infertility clinics although parental age
increases in industrialized countries. In this context
alterations in the endocrine system are of more sig-
nificance since serum testosterone levels also appear
to decrease with age. These alterations can be asso-
ciated with clinical symptoms known as late-onset
hypogonadism. Men suffering from late-onset
hypogonadism can be successfully treated with
testosterone, however, a broad discussion has
started about the necessity, usefulness, cost, and
risks of such a therapy in older men.

The most obvious and interesting finding in
human males is the slow decrease of serum testos-
terone that appears to occur between the age of 40
and 70.1–3 The terms ADAM (Androgen Decline
of the Aging Male), PADAM (Partial Androgen
Decline of the Aging Male), and lately late-onset

hypogonadism have been designed to reflect this
circumstance. Between 10 and 15% of males are
believed to have significant decreases of testos-
terone already by around age 40 years and reveal
symptoms that are typical of or similar to those of
manifest hypogonadism.4 The decrease in serum
testosterone is a result of primary testicular changes,
altered neuroendocrine regulation of Leydig cell
function, and an increase in sex-hormone-binding
globulin (SHBG). The testicular alterations
include a reduced secretory response to Leydig cells
under human chorionic gonadotropin (hCG) stim-
ulation due to a reduction in Leydig cell number,
and likely also due to changes in testicular steroid
metabolism.2,5,6 The decreased testicular activity is
associated with a rise in luteinizing hormone (LH),
but this modest increase is inadequate to compen-
sate for the decreased testosterone levels in aging
men. Furthermore, the circadian rhythmicity of LH
is clearly disturbed in older men.7 The main cause
for this appears to be a reduced mean LH pulse
amplitude due to altered hypothalamic GnRH
secretion.8

There is also evidence of a primary and general
testicular deterioration associated with a general
decline in fertility due to aging.9 The latter is docu-
mented by the decreasing concentration in blood of
the Sertoli cell marker inhibin B, and the gradual
lowering of the inhibin B/follicle-stimulating hor-
mone ratio with age.9
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Testicular alterations in aging males

Pathophysiology: alterations in
spermatogenesis
Spermatogenesis is a lifelong process and testicular
histology indicates ongoing spermatogenesis even
in very old males. However, spermatogenic effi-
ciency estimated by the number of spermatozoa pro-
duced per day per gram of testicular parenchyma
apparently declines with age.10 This decline is a
result of an increase in germ cell degeneration
throughout spermatogenesis as seen in spermatogo-
nia, spermatocytes, and haploid round spermatids.
These degenerating cells undergo phagocytosis by
somatic Sertoli cells, resulting in typical morpho-
logic alterations within the seminiferous epithe-
lium. As a result of germ cell phagocytosis Sertoli
cells typically already indicate an increased cyto-
plasmic storage of lipids after the fiftieth year
(Figure 12.1). Sertoli cells may also show a re-
expression of fetal characteristics such as cytoker-
atin 18 intermediate filaments.11 Degenerative
alterations of germ cells become obvious by the
occurrence of (1) spermatogonia with large nuclei,
(2) so-called ‘megalospermatocytes’, indicating a
failure of the pairing of the homologous chromo-
somes, and (3) giant spermatids with numerous
nuclei. In addition, maturation stops at the level of
spermatogonia, primary spermatocytes, or early
round spermatids, or the total loss of germ cells
occurs, leaving only Sertoli cells within the seminif-
erous tubules (Sertoli cell-only). Apoptosis was
found to be one mechanism of germ cell degenera-
tion but is a somewhat rare event and does not seem
to increase with age.12,13 Concomitant with these
alterations, seminiferous tubules show a reduction
in the diameter and thickening of the lamina pro-
pria. After total atrophy of the seminiferous epithe-
lium, only strands of fibrous tissue remain (tubular
ghosts).14

Although these alterations are typical in elderly
men, there is a great interindividual variation in
degree. In addition, these alterations leading to the
reduction of spermatogenic efficiency can also be
observed in testes of adult young and middle-aged
oligo- or azoospermic men.14

Sperm quality in aging males
The seminiferous tubules gradually become atrophic
as a result of decreasing germinal epithelium, but
these changes may not affect the entire testicular
volume due to the focal character.15 Comparing the
daily sperm production of men aged 21 to 50 years
with that of men aged 55 to 80 years, the younger
group shows a 30% higher sperm production.16 In
contrast, men over 65 years show a highly signifi-
cant decrease in daily sperm production.17 This
indicates a gradual decline of fertility with increas-
ing age, although alterations in sperm quality may
be minimal. In principle, spermatogenesis may be
retained well into senescence. Although 50% of
those over 80 have been reported to be completely
infertile,18 children have been fathered even by men
over 90 years of age. When functional sperm para-
meters in older fathers were determined, no differ-
ences to those of younger men were found.19

Another intriguing phenomenon with yet unknown
clinical significance is represented by the fact that
seminal leukocytes and PMN elastase appear to
increase with age. It has not been elucidated if this
just parallels decreasing sperm quality or if these
alterations might provide an etiologic hint.
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Figure 12.1 Seminiferous tubule showing qualita-
tively intact spermatogenesis with few elongated sper-
matids (elSd) together with intraluminal multinucleated
spermatids (mSd), and typical Sertoli cell lipid inclusions
(lipid). (semithin section, primary magnification × 40.)
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Fertility in aging males: clinical
relevance and therapeutic
considerations
Fertility usually persists well into old age. It is con-
cluded that the age of the female partner, rather
than the age of the husband, is the most important
factor in determining the fertility chance of a cou-
ple presenting with infertility.15 This opinion was
published by Rolf and co-workers in 1996.20

Interestingly, the number of pregnancies is not
found to be different when comparing older males
with a group of younger men with relatively old
female partners.20 Even where the male is of
advanced age, the reduced conceptive facility of the
female partner is a more important cause of low
paternity than reduced sperm quality of the male.21

In our own experience, men of advanced age are
still rare in infertility clinics. Specialized guidelines
and specific therapies are not available for the treat-
ment of infertility of older men.

ADAM/PADAM (late-onset
hypogonadism) in human males
LH and FSH serum levels in males decrease with
age, reflecting the reduction of Leydig cell steroido-
genesis and alterations of the seminiferous epithelium
with the reduction of Sertoli cells, respectively.2,22 LH
rhythmicity undergoes significant modulations in
the elderly, likely due to altered secretion of GnRH
in the hypothalamus, but molecular concepts to
explain this phenomenon are lacking.7,23 The reduc-
tion of steroidogenesis in Leydig cells is amplified by
the slow enhancement of SHGB, resulting in an
even sharper decrease in free testosterone (bioavail-
able) in the serum. Although there are technical
problems concerning reliable techniques to estimate
the free or non SHGB-bound testosterone, it is
believed that bioavailable testosterone declines
more steeply with increasing age than total serum
testosterone due to an age-dependent increase in
SHGB binding of testosterone.3

Patients with decreased levels of testosterone
due to aging usually complain about a variety of
symptoms. Erectile dysfunction is among the most
mentioned symptoms of this clientele of men. The
Massachusetts Male Aging Study (MMAS) found

an incidence of erectile dysfunction in 5 to 15% of
males between the age of 40 and 70. Erectile dys-
function likely is not a direct consequence of the
altered endocrine situation,4 but is largely corre-
lated with cofactors such as heart disease and med-
ication. Loss of libido is an important symptom that
correlates well with the loss of testosterone and is
among those symptoms that respond well to hor-
mone replacement therapy (HRT). Decline in bone
density is another symptom that can be well
explained by endocrine deficiency and might be a
strong argument for HRT.9 Loss of physical strength,
reduction in muscle mass, and enhancement of
body fat have their origin in the reduction of testos-
terone, but are also heavily dependent on condi-
tions of lifestyle and physical training. Mood
changes and other psychologic symptoms complete
the picture of the variety of symptoms that are con-
nected to the decline of testosterone in aging males.

Chronic illness in the aging: what is
the impact on gonadal function?

In this context it seems to be important to focus the
interest on the common determinants of aging that
have to be considered also for reproductive health.24

In particular, several forms of systemic chronic illness
(Table 12.125) may occur directly at the testicular
level: reduced Leydig cell function will lead to andro-
gen deficiency, while diseases affecting spermatogen-
esis may lead to male infertility. There is no doubt
that testosterone decline may also significantly
impair spermatogenesis. It is generally accepted that
testicular volume is correlated with spermatogenetic
quality. A decrease in testicular volume in the group
of older men could not be observed in two studies,21,26

although an influence of chronic disease status can-
not be ruled out with 100% certainty.

Other factors influencing testicular
function: disorders in the urogenital
organs

Concerning decreasing gonadal function with age,
infections have to be discussed etiologically.25
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Orchitis may contribute to decreasing sperm qual-
ity; lymphocytic and plasmacytic infiltrates have
been identified in biopsy specimens in the peritubu-
lar tissue, indicating an age-dependent exposition
to recurrent urogenital infections. Others hypothe-
size that this effect may be blurred by a lower fre-
quency of ejaculation in older men,21 although
disorders of ejaculation have not been evaluated in
the literature with respect to age.27 Besides typical
congenital and acquired causes, functional seminal
emission problems such as side effects due to the
intake of drugs (especially antidepressants and
α-blockers) may play a special role in increasing
age. In this context, the interference with sexual
function caused by diseases of the prostate is of great
importance for the urologist.28 Undoubtedly, carci-
noma of the prostate, untreated or under observa-
tion, has the greatest impact on sexual function,
depending on the expectation of survival and treat-
ment modalities. In benign prostatic hyperplasia
(BPH), about two-thirds of patients scheduled for
operation still have erections and ejaculation29 that
will be hampered by conventional BPH therapy.

Aging fathers and genetic risks
for the offspring

The effects of genetic factors on various compo-
nents of health in aging are poorly understood,24

although in general the effect of hereditary influ-
ence on the incidence of chronic conditions seems
to decrease with age.16 There are many genetic syn-
dromes that are associated with hypogonadism and
which may consequently also influence the fertility
status; examples are myotonic dystrophy, Kennedy’s

syndrome, some types of Down’s syndrome,
Prader–Willi syndrome, Kallmann’s syndrome, and
others.25 All these syndromes affect primary andro-
gen action and consequently also spermatogenetic
capacity.

It seems to be accepted that structural chromoso-
mal anomalies in sperm of aging men are detectable,
but not significantly increased.21 An age-dependent
spontaneous mutation rate potentially promoted by
aging fathers has to be discussed as a theoretic risk
for future populations,17 however, the real health
risk was incalculable until now.21

Current opinion considers that the increased age
of the female partner, not the age of the male, is an
indication for dedicated prenatal diagnostic man-
agement.21 Nevertheless, although a negative influ-
ence of paternal age on pregnancy rates cannot be
demonstrated, an increase in structural abnormali-
ties of aging spermatozoa has been reported and has
to be kept in mind. Furthermore, the questionable
higher risk of autosomal dominant diseases has been
discussed in relation to increased paternal age.30

Conclusions

Sexual health includes ‘normal’ libido, sexuality,
erectile function, and fertility. Sexual alternations
in older men include libido disorders, decreasing
sexual interest, and possibly a decline in intercourse
frequency. 

These findings are significantly associated with
typical hormonal findings usually considered as
ADAM/PADAM or late-onset hypogonadism.
Although there are also characteristic alterations in
gonadal function, with numerous indications of a

Textbook of health in aging men

164

Table 12.1 Chronic illness and reduced gonadal function25

Metabolic Organ-defined Iatrogenic

Severe obesity Chronic obstruction airway disease (COAD) Hemodialysis
Diabetes mellitus Pulmonary fibrosis Renal transplantation
Hypothyroidism Cystic fibrosis Chemotherapy
Cushing’s disease Rheumatoid arthritis Irradiation
Uremia Systemic lupus erythematosus
Severe liver cirrhosis Celiac disease
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significant decrease in steroidogenesis in the Leydig
cell as the most important factor in aging, healthy
men likely remain fertile during their lifetime. 

Disturbed sperm parameters are frequently asso-
ciated with chronic illness and concomitant dis-
eases of the urogenital organs. Although a negative
influence of paternal age on pregnancy cannot be
demonstrated, the age of the female is the major
factor in every infertile partnership. It is unclear
whether increasing chromosomal abnormalities
have to be discussed in relationship to the offspring. 

Finally, it seems to be important not to view fer-
tility problems in older men simply as a result of
pathology while overlooking the effect of the nat-
ural process of aging.
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CHAPTER 13

Urinary incontinence
Adrian Wagg

The prevalence of bladder problems in men is
lower than that in women at all ages (Table 13.1),
but as in women, the prevalence of bladder prob-
lems increases in association with older age.
Chronic infections, bladder stones, bladder
tumors, and primary bladder pathology such as
detrusor overactivity may cause such problems in
men, whether or not secondary to a neurologic
lesion. Incompetence of the urethral sphincter
occurs rarely in men, and where it does occur it is
usually due to trauma, surgery, or nervous system
disease. The elderly experience the same bladder
problems as other adults. Where the elderly differ,
though, is in their ability to respond and to com-
pensate for problems which a younger adult may
find trivial. Concomitant disease and drug ther-
apy, in particular, may serve to render an elderly
person incontinent. 

The prevalence of incontinence also varies
with the origin of the surveyed population (Table
13.1) and with the definition of incontinence
employed in the study. In 1995, data from inten-
sive testing of urinary tract function on normal,
asymptomatic elderly people, half of them male,
but without comparative controls were published,
suggesting that normality was a rarity, only 18% of
individuals falling into this category.1 The problem
with such research is that many ‘age-related’ stud-
ies have not used comparative samples of younger
individuals and therefore it is difficult to ascribe
their findings to age alone. However, it is certain
that incontinence should never be viewed as a

normal consequence of aging and that, worldwide,
the expanding proportion of the population in late
life will place an increasing burden on services
delivering continence care. This chapter will
review current understanding of the changes in
lower urinary tract function and incontinence in
men in later life.

Table 13.1 Population estimates of prevalence
of urinary incontinence in adults

Percentage
incontinent

Community dwelling women
15–44 years 5–7
45–64 years 8–15
65 + years 10–20
Community dwelling men
15–64 years 3
65 + years 7–10
Residential homes (men/women) 25
Nursing homes (men/women) 40
Hospital care (elderly and elderly

mentally infirm) 50–70
(men/women)

Reproduced with permission from Royal College of
Physicians. Incontinence: Causes, Management and
Provision of Services. London: Royal College of
Physicians, 1995
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Age-related effects

Many of the data relating to changes in lower uri-
nary tract function are derived from studies of indi-
viduals with lower urinary tract symptoms who have
undergone urodynamic studies. Data from commu-
nity-dwelling, continent individuals are sparse, but
where they do exist, tend to confirm the associa-
tions identified by other means. 

Detrusor contractile function (Figure 13.1),
bladder capacity (Figure 13.2) and urinary flow rates
(Figure 13.3) all appear to decline in association
with greater age.2 There is also an increase in the
prevalence of incomplete emptying as demonstrated
by the existence of a significant post-micturition
residual volume of urine (Figure 13.4).3 In men, the
progressive enlargement of the prostate with age
tends to dominate the behavior of the urinary out-
flow tract, with up to half of all men suffering from
outflow tract obstruction.4 The changes in the blad-
der associated with prostatic hypertrophy, signifi-
cant detrusor muscle hypertrophy,5 a reduction in
the number of acetylcholinesterase containing
nerves,6 and an increase in the collagen to smooth

muscle ratio7 which causes the bladder to be less
compliant have all been demonstrated in associa-
tion with age alone.8–10 Thus it is unclear to what
extent prostatic hypertrophy alone may contribute
to the observed changes. However, as obstruction
increases, the bladder requires a greater contractile
effort to overcome the effects of the obstruction. In
a subgroup of men, this eventually leads to a chron-
ically overdistended bladder, which fails to empty
effectively; in others, acute urinary retention may
develop. 
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Figure 13.1 Contractile function as measured by Q*
in association with greater age in men with lower urinary
tract symptoms (n = 157)2

Figure 13.2 Increased age is associated with a reduc-
tion in bladder capacity (median ± 95% CI)2

Figure 13.3 Median (± 95% CI) maximum flow rate
for men in relation to greater age (p < 0.001)2
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The evolution of detrusor instability is conven-
tionally thought to be associated with the develop-
ment of significant outflow tract obstruction and is
present in 43–86% of patients.4 This viewpoint has
een reinforced by the fact that relief of the obstruc-
tion leads to bladder stability in a significant pro-
portion.11 However, once again, the incidence of
detrusor instability increases in association with age
per se and is similar in females. In men with lower
urinary tract symptoms, the likelihood of detrusor
instability being the cause of these reaches 85% in
the eighth decade, regardless of the presence of sig-
nificant outflow tract obstruction.2 Detrusor insta-
bility will be discussed in more detail below.

conservative and lifestyle measures
to address bladder problems in men

Smoking
One major study by Kosimaki and colleagues12 has
identified an association of bladder problems with
cigarette smoking. The odds ratio of lower urinary

tract symptoms was 1.47 for current smokers and
1.38 for former smokers when compared with men
who had never smoked.12 When adjusted for other
risk factors associated with bladder problems, the
risk associated with smoking still stood. As with
other adverse effects of smoking, this association
weakened following cessation of smoking and
appeared to reach baseline after 40 years of absti-
nence. The association of smoking appeared to be
strongest with the occurrence of detrusor instability.
There are animal data which demonstrate an effect
of nicotine upon the motor function of the bladder.
There are, however, no prospective intervention
trials of smoking cessation on improving bladder
symptoms. However, there is little doubt that smok-
ing should be discouraged in view of the cardiovas-
cular risk, regardless of its effect upon lower urinary
tract function.

Fluid advice
Fluid intake should be around 2–2.5 liters daily.
Obviously an excessive fluid intake will lead to an
increased urinary frequency. A daily average of 7–8
micturitions per 24 hours is considered the upper
limit of normal. Limiting or reducing overall fluid
intake is not effective for managing incontinence,
and may lead to adverse effects, especially in the
face of other medication, and particularly in the
elderly, who already have a decrease in total body
water. Judicious timing of fluid, especially at night,
may be effective in reducing nocturnal urinary
frequency. 

The effect of caffeine on lower urinary tract
function is hotly debated. Avoidance of excessive
caffeine intake in teas, coffees, and colas may exac-
erbate urinary frequency. However, there have been
several short-term urodynamic studies using oral
caffeine which have shown no effect on the blad-
der.13 Similarly in clinical trials no sustained benefit
has been found.14 However, a trial of caffeine reduc-
tion in a predominantly elderly group of women
reported that a reduction in caffeine intake and
maintenance of total fluid intake did lead to a
reduction in urinary frequency.15 Excess alcohol
intake has a similar effect, in addition to the volume
load, but there are no objective data from studies of
alcohol reduction.
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Figure 13.4 Post-void residual volume of urine related
to increasing age in men with lower urinary tract symp-
toms. Figures 1–4 are all reproduced with permission
from reference 2
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Weight reduction
In women, there is good evidence for a positive
association of stress urinary incontinence and body
mass, and some evidence that massive weight reduc-
tion (in a group of women who had undergone jaw
wiring) reduces this.14,16 Unfortunately, there is no
such evidence for the male population and weight
reduction should only be recommended as part of a
management plan to maintain general health rather
than for its putative effect upon continence status.

The ‘lazy urethra’
Dribbling, which may occur late after micturition, is
a significant problem in young men. The prevalence
of this condition in one report ranged from 17% of
men in their third decade to 27% in their sixth.17

This phenomenon is due to the retention of a col-
umn of urine in the bulbus urethra after voiding.
The urine is voided at a later time and is often a
cause of considerable embarrassment, due to stain-
ing of garments. There have been some studies
which have examined this problem. The recom-
mended treatment is to perform perineal massage
following micturition to ‘milk’ the urethra of all
urine prior to leaving the lavatory. This is a success-
ful intervention but is not acceptable to some indi-
viduals because of the manipulation required. An
alternative approach to the problem has been
recently reported. This study demonstrated efficacy
of the application of voluntary pelvic floor contrac-
tion, following taught pelvic floor exercises, in con-
troling the problem.18

Overactive bladder (detrusor instability) 
The overactive bladder is the commonest cause of uri-
nary incontinence in the elderly regardless of gender.
The conventional term for the condition, detrusor
instability, fails to accurately reflect the true extent of
the problem. This is because a diagnosis of detrusor
instability, as defined by the International Continence
Society, is based upon finding a spontaneous detrusor
contraction whilst filling the bladder during urody-
namic testing.19 The difficulty with this definition is
that 25% of people with the classic symptoms of
urgency, frequency with or without urge inconti-
nence, will potentially be excluded from effective
treatment for their condition by this criterion. In

addition, up to 60% of normal, asymptomatic indi-
viduals exhibit spontaneous detrusor contractions
during urodynamic investigations.20

The true incidence of symptomatic detrusor
instability is unknown due to the inherent difficulty
of underreporting, but is estimated at between 10
and 15% of asymptomatic men and women between
10 and 50 years of age, rising to 35% of those aged
over 75 years old.21

In the vast majority of cases, the cause of detru-
sor overactivity is unknown. However, as noted
above, it is commonly associated with bladder out-
flow obstruction in men, pelvic surgery in women,
and neurologic injury or disease, such as spinal cord
injury, multiple sclerosis, cerebrovascular disease,
Parkinson’s, or Alzheimer’s disease. 

Patients’ symptoms are extremely important in
making a diagnosis of detrusor overactivity. Not all
patients may experience all symptoms and many go
to great lengths to avoid experiencing incontinence.
Most often this is achieved either by restricting fluid
intake or increasing urinary frequency. In addition to
taking a relevant history, a patient-completed void-
ing diary is a useful aid.22 The diary records urinary
frequency and volumes passed as well as the number
of incontinence episodes experienced. 

Urinary tract infection and calculi may cause uri-
nary urgency and urge incontinence, and should be
excluded at an early stage. The simplest method to
exclude infection is to use a rapid urinalysis dipstick.
The leukocyte esterase and nitrite tests are an accurate
method of assessing the absence of infection (com-
bined negative predictive value 98%) and can enable
early treatment. If recurrent infection or hematuria in
the absence of infection is noted and subsequently
confirmed then further investigation is needed.

Treatment interventions

The development of pharmacologic treatment for
bladder problems has been slow and it is only recently
that drugs designed specifically with the bladder in
mind have been developed. Antimuscarinic drugs are
still the most widely used treatment in the UK. Data
suggesting that such drugs can inhibit contractions of
the detrusor are conflicting,23–25 however this does not
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appear to affect response to treatment. Trials which
have utilized urodynamic studies to assess efficacy
have normally shown that bladder capacity alone is
significantly changed following treatment.26 There
are also data which suggest that those patients’ symp-
toms respond as well to antimuscarinic agents regard-
less of the diagnosis being made by urodynamic or
clinical characterization.27 The chief drawback of
these agents has been their side-effect profile, as the
target receptor is ubiquitous in the body. Side-effects
such as dry mouth, constipation, blurred vision, and
esophageal reflux have limited the tolerability of
these agents. 

The most commonly prescribed treatment for
the overactive bladder in the UK is oxybutynin.
Oxybutynin is both antimuscarinic, a direct muscle
relaxant, and a local anesthetic agent. Its chief
metabolite, N-desethyl oxybutynin, is also pharma-
cologically active and occurs in higher concentra-
tions than the parent compound. This metabolite is
thought to be responsible for many of the adverse
effects related to this drug. The efficacy of oxybu-
tynin has been shown in both open and controlled
trials.28,29 The main drawback in trials of high dose
oxybutynin (5 mg three times daily) has been the
incidence of side-effects; the withdrawal rate has
varied between 22 and 40%, with up to 80% of
those withdrawing suffering significant adverse
reactions. More recent work using lower doses of
the drug has also shown efficacy with a concomitant
reduction in the adverse effects and an enhanced
level of tolerability.30,31 However, only 10–30% of
patients will still be taking the drug one year after
initiation.32 Oxybutynin has been found to add lit-
tle to the clinical effectiveness of a prompted void-
ing regimen in a nursing home population.33

A modified release preparation with once daily
administration has been approved for use in Europe.
This preparation retains the efficacy of the standard
release form but with up to 40% fewer reported side-
effects.34 Recent studies have concentrated upon
comparing this compound to immediate release
oxybutynin and have resulted in an equivalent effi-
cacy in controling urge incontinence. The inci-
dence of dry mouth was similar, but with a reduced
severity in one study by Versi and colleagues35 and
was reduced in incidence in a second study by

Anderson and co-workers.36 Approximately two-
thirds of the patients prescribed extended-release
oxybutynin for detrusor instability were still taking
the medication 6 months later.

The side-effect profile of oxybutynin is also
improved by other alternative methods of adminis-
tration; both the rectal and intravesical route have
been assessed.37,38 Winkler and Sand,38 in a trial of
25 patients, found a 48% response rate using the
rectal route and 58% of responders were able to use
the drug in the longer term. However, 48% of all
patients suffered from dry mouth. Clearly the
intravesical route has a limited acceptability to
patients who are not routinely practicing intermit-
tent catheterization. 

Tolterodine is a newer, non-selective anti-
muscarinic competitive antagonist, which in the
anesthetized cat model appears to have some func-
tional selectivity for bladder muscarinic receptors
over those in the salivary glands.39 This appears to
explain the lower incidence of dry mouth and the
reduction in withdrawals due to severe dry mouth
seen with use of the drug. Like oxybutynin it too has
an active metabolite which appears to be responsi-
ble for some of the observed therapeutic effect.40

Several randomized, double-blind, placebo-
controlled studies in patients with detrusor instabil-
ity detrusor hyperreflexia, overactive bladder, and
specifically in the elderly have been performed.41–43

In doses of 2 mg twice daily, tolterodine has consis-
tently resulted in a reduction in urinary frequency
and, in some trials, a reduction in the number of
incontinence episodes. Where tolterodine has been
compared to oxybutynin, the drug has been found
equally efficacious. Tolterodine appears to have the
advantage of greater tolerability and fewer with-
drawals due to adverse effects, although there has
been no direct comparison with the lower doses of
oxybutynin used widely in UK practice. The pro-
portion of patients continuing therapy for 6 months
in one study comparing 500 patients taking either
tolterodine or oxybutynin was statistically superior
for tolterodine (32%) compared with oxybutynin
(22%, P < 0.001). For those discontinuing either
drug, oxybutynin was stopped significantly earlier.44

Although tolterodine is more costly than oxybu-
tynin, its use may allow treatment of a greater
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number of patients. What is not known, and not yet
tested, is whether tolterodine has any other advan-
tages, such as its effect upon cognitive impairment,
or other troublesome side-effects. In addition, the
effect of bladder retraining with or without the drug
has not been assessed. 

The older antimuscarinic drug, imipramine,
although not licensed for treatment of detrusor insta-
bility or overactive bladder, is commonly used for this
indication. It is both a centrally- and peripherally-
acting antimuscarinic agent, it blocks reuptake of
serotonin (5-HT) and norepinephrine and has a-
adrenergic agonist properties. There is also some evi-
dence that the drug is an antidiuretic in mice. There
is no evidence that imipramine can suppress unstable
detrusor contractions but several small trials have
shown the drug to be efficacious in the treatment of
detrusor instability.45 In the treatment of 10 elderly
patients with detrusor instability the use of
imipramine was efficacious in achieving continence
(6/10 patients) in doses between 25 and 150 mg.46 A
commonly used antidepressant, doxepin, has also
been assessed in a single-blinded cross-over study at a
dose of either 50 mg at night or 50 mg nightly and
25 mg in the morning.47 There was a significant
decrease in nocturnal urinary frequency.

Propiverine hydrochloride has combined
antimuscarinic and calcium channel blocking activ-
ity. It has several active metabolites and is rapidly
absorbed orally where it undergoes significant first
pass metabolism. There has been no cardiac toxicity
associated with use of the drug to date. Clinical tri-
als have demonstrated superiority to placebo in the
treatment of detrusor hyperreflexia in a 2-week,
double-blind, placebo-controlled trial of oral treat-
ment.48 In comparative trials against flavoxate and
placebo and oxybutynin and placebo, propiverine
has demonstrated a similar efficacy to oxybu-
tynin.49,50 Madersbacher and colleagues,49 in a
4-week study comparing the use of propiverine
against oxybutynin 5 mg twice daily and placebo,
reported a similar efficacy in treatment of symptoms
to oxybutynin, but with statistically significantly
milder and less common incidence of dry mouth.
Up to 20% of patients do, however, experience
adverse effects which are mainly anticholinergic in
nature. There are as yet no long-term data from

European trials of the drug and its use has been
confined to patients with urodynamically-con-
firmed detrusor instability, thus not including the
25% of patients with symptoms of bladder overac-
tivity but normal urodynamics. In addition, there is
no evidence regarding use of the drug in relation to
behavioral intervention. The place of propiverine
in the treatment of overactive bladder remains to be
resolved, but given its equal efficacy and apparent
milder incidence of side-effects it is likely to remain
as an alternative second-line treatment.

Trospium chloride, an antimuscarinic agent
derived from atropine, has also recently been
approved for use in Europe. This drug has been
shown to be effective in the treatment of detrusor
instability in several randomized controlled trials
using urodynamic measures of diagnosis and extent
of disease as well as clinical and quality of life
outcomes.51,52

The drug has been assessed in short-term studies
versus placebo and standard release oxybutynin and
has been found to be superior in effect to placebo
and equivalent in efficacy to oxybutynin, when
treating detrusor hyperreflexia, at doses of 5 mg
three times daily. The number of withdrawals due to
side-effects in the trospium group was lower than
the oxybutynin group.53

The potential for antimuscarinic agents to cause
a deterioration in cognition, especially in the
elderly, has been well recognized in association with
oxybutynin.54,55 The effect of trospium chloride on
electroencephalogram (EEG) activity has been
assessed compared to oxybutynin administration in
one study of 12 healthy volunteers. Trospium did
not cause a significant reduction in EEG activity.
The relationship of this to functional cognitive abil-
ity, however, is unknown and needs further study.56

The drug flavoxate has been widely promoted for
the treatment of the overactive bladder. Its possible
mechanism of action in the treatment of bladder
problems is unclear but it appears to have no anti-
cholinergic properties.57 Studies of its efficacy versus
placebo have failed to show any beneficial effect of
flavoxate,58,59 the reported reduction in urinary fre-
quency ranging between 21 and 5%. In compara-
tive, double-blind, cross-over studies versus
emepromium or oxybutynin, flavoxate was found to
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be equally efficacious in achieving an improve-
ment.60,61 The use of flavoxate was associated with
few side-effects. Given the lack of effect in placebo-
controlled studies of flavoxate it is difficult to
recommend its use. 

Most drug therapy has conventionally been used
in combination with bladder retraining. Bladder
retraining was first described by Jeffcoate and
Francis in 1966.62 This technique involves the sim-
ple maxim ‘hold on’, which is simple to say but far
from simple to perform, requiring much motivation
and will-power. Even in the most motivated
patient, bladder retraining can take months to
achieve a lasting change in habit, and because of
the difficulty and continual attention required there
is a high relapse rate. The regimen involves a
gradual increase in the voiding interval, using
frequency–volume charts as an objective reinforce-
ment and guide. Data from trials of this method
alone are conflicting and there have been few of suf-
ficient methodologic quality to allow firm conclu-
sions to be drawn. Burgio and co-workers63 showed
that behavioral techniques alone may improve
patients’ experience of their disease to a similar
extent to drug therapy when used alone, although
the study was limited by its interpretation. There
are data to suggest that a combination of pharma-
cotherapy and behavioral techniques may achieve
results which are superior to either technique in iso-
lation, although the number of patients in this study
progressing to combination therapy was small.
Where the patient is cognitively impaired or insti-
tutionalized, a progressive regular toiletting regimen
may be employed.64 There are no data to support
the additional use of oxybutynin in this popula-
tion,65 but tolterodine does have efficacy data as a
sole treatment modality. Care has to be taken when
introducing antimuscarinic medication to those
with pre-existing cognitive impairment and to
those already taking anticholinergic medication, as
this may be exacerbated.

Surgery
Surgery is most applicable for those with detrusor
overactivity associated with other conditions, such
as outflow tract obstruction where the overactivity
resolves in two-thirds of patients. For those with

intractable disease uncontrollable by other means,
the technique of clam ileocystoplasty or detrusor
myomectomy (bladder autoaugmentation) is used.
Both of these techniques aim to create a high capac-
ity, low pressure, and stable reservoir. The operation
is effective, with abolition of the underlying insta-
bility in 50% of patients, in addition to an increase
in bladder compliance and the functional capacity
of the bladder. For between 15 and 75% of patients,
the operation is associated with inefficient voiding
so that self-catheterization is required to achieve
complete bladder emptying. There is also concern
about the metabolic effects due to the permeable
endothelium of the small bowel being in contact
with urine, the difficulty caused by intestinal mucus
production, and urinary tract infection.

Good results from surgery have been reported
with variable time of follow-up and in patients up to
the age of 80 years.66 There is no evidence that den-
ervation procedures, such as trigonal phenol injec-
tion, are efficacious. Likewise, data on the efficacy
of repeated cystodistension in alleviating symptoms
of overactive bladder are lacking.

Stress and post-prostatectomy
incontinence
Men seldom suffer from stress urinary incontinence
due to urethral sphincter insufficiency in the absence
of surgery or trauma. Studies estimate the prevalence
of this condition to be 4.6–9.2% of men.67,68

There has been little, if any, systematic research
of treatment of men with urethral incompetence.
Two small studies of 20 and 7 men, 6 of whom in the
latter were postoperative, have reported efficacy in
terms of improvement of incontinence with
ephedrine.69,70

The incidence of incontinence following prosta-
tectomy varies between 1 and 15% depending on
the procedure used. The highest incidence is associ-
ated with radical prostatectomy. Periurethral proce-
dures are associated with rates reported at from
0 to 8%.71,72

The majority of these studies have followed
patients in the short term and are retrospective
reviews, rather than prospective studies with the
express intent to examine the phenomenon. There
are also few data available in the reports to allow

173

Urinary incontinence

Lunenfeld-ch-13.qxd  8/22/2007  6:33 PM  Page 173



underlying diagnosis of incontinence to be estab-
lished. There is clearly a requirement for a prospec-
tive study in this population of men post-surgery
that pays attention to the degree and type of incon-
tinence and its resolution in the longer term.

In late life, pre-existing bladder problems may
co-exist (Figure 13.5), accounting for the observed
underlying pathology. The integrity of the striated
muscle sphincter is compromised in approximately
25% of incontinent patients.73 Underlying detrusor
instability accounts for the majority of cases, either
alone or in combination with sphincteric insuffi-
ciency. Factors that have been associated with an
increased risk of incontinence following prostatec-
tomy are an increased age,74 associated neurologic
disease, or cognitive impairment.75,76 Patients with
pre-existing cerebrovascular disease or Parkinson’s
disease are at an increased risk of becoming inconti-
nent following prostatic surgery.77 Likewise, patients
who have received radiotherapy are more likely to
suffer from postoperative incontinence.78 Where
the prostatectomy has been for malignant disease,
the risk of incontinence has been reported at
between 2 and 5%.79,80

When treated with artificial sphincters, the revi-
sion rate appears to be higher than when this tech-
nique is employed in patients who have not been
exposed to radiotherapy, mostly due to a higher rate

of erosion. There is some debate about the influence
of prior surgery in more recent series, and it appears
likely that there is no additional risk attributable to
a repeat procedure. Poorer results from prostatic
surgery are reported if there is co-existent detrusor
instability and there are some reports of sympto-
matic worsening.81

Treatment of post-prostatectomy incontinence
should be targeted at the underlying pathology where
appropriate. There is good evidence that the inci-
dence of detrusor instability will rise in association
with increasing age amongst the postoperative popu-
lation and that this will lead to an increase in lower
urinary tract symptoms which will require treat-
ment.82 There is good accumulating evidence that
pelvic floor exercises should be the intervention of
choice for post-prostatectomy incontinence, although
there is an appreciable rate of spontaneous resolution.
One short-term study of intensive pelvic floor therapy
noted a significant reduction in incontinence.83

Burgio and colleagues84 reported the effective use of a
combination of behavioral techniques to address this
problem. There appears to be no additional benefit of
electrostimulation.85 Periurethral injectable materials
such as collagen, teflon paste, and autologous fat have
also been used in an attempt to treat stress inconti-
nence in men. The reported results of this interven-
tion have been contradictory and success in the short
term is followed by relapse.86,87 However, once again,
data with which to make an informed decision with
respect to this treatment for stress incontinence are
lacking. For patients with persistent stress inconti-
nence following medical management, the implanta-
tion of an artificial urethral sphincter is a successful
option: more than 70% of men will be either cured or
significantly improved following the procedure. The
presence of co-existent detrusor instability leads to a
reduction in the success rate. Failure is mainly due to
infection, urethral erosion, or mechanical failure,
although later devices are much less prone to this lat-
ter problem. In one report of long-term follow-up,
32.5% of patients required re-operation in the 3 years
following the original operation.88

Clean intermittent catheterization
In combination with antimuscarinic drugs, many
elderly men with co-existent voiding inefficiency
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who would not be candidates for surgical treatment
can be successfully managed by this technique.89

Where a patient’s dexterity is not good, a voluntary
or statutory carer may be successfully employed if
the frequency of intermittent catheterization
required is not too high. There is still considerable
debate (and little evidence) at what volume to
intervene. Empirically, if the patient is continent
and asymptomatic, then many would treat conserv-
atively, some up to volumes in excess of 250 ml.

Nocturnal frequency, polyuria,
and enuresis
Nocturnal frequency is deemed to be excessive if
greater than twice nightly. There is an increased
incidence of frequent voiding in association with
greater age. Prostatic hypertrophy and outflow
tract obstruction is the commonest cause in men,
the assessment and treatment of which is reviewed
above. There are also several physiologic changes
which lead to an increasing likelihood of develop-
ing nocturnal frequency. Normally, adults produce
two-thirds of their 24-hour urine output by day
and the other third by night. In older individuals
this changes: renal concentrating ability falls and
glomerular filtration rate increases in the supine
position. There is a redistribution of fluid at night,
particularly if the individual has venous insuffi-
ciency or is on medication, which predisposes to
the development of peripheral edema. In addition,
some older adults have a delayed diuresis in
response to a fluid load and lose their diurnal
rhythm of antidiuretic hormone (ADH) secre-
tion.90 When taken together, this means that the
kidneys are working harder overnight to produce
greater quantities of more dilute urine, the amount
of which may be in excess of functional bladder
capacity. All this is in the absence of any pathol-
ogy, such as heart failure, which may exacerbate
the situation. Other diseases which predispose to
urinary incontinence are shown in Table 13.2.
There is evidence for the efficacy of DDAVP91 and
early evening diuretic,92 and limited evidence for
daytime recumbence,93 but these are not well tol-
erated by all. In particular, the usefulness of
DDAVP may be limited to those individuals with
true nocturnal polyuria – defined as producing

> 50% of total daily urine output at night – rather
than urinary frequency,94 and its use may be ham-
pered by drug–drug interactions predisposing to
hyponatremia or excessive secondary drinking
habits.

Primary nocturnal enuresis may persist into
adulthood. There is a genetic predisposition to pri-
mary nocturnal enuresis. In 1995, a Danish group
reported finding a mutation on chromosome 13 that
appeared to be partly responsible for nocturnal
enuresis in some families.95 Since then another
gene, on chromosome 12, has been described96.
These genes are known as ENUR 1 and 2, respec-
tively. If both parents are enuretic then a child has
a 70% chance of also being enuretic. This affects
approximately 0.6–1% of all adults, 50% of whom
will never seek help for the problem.97 The majority
of men with persistent nocturnal enuresis, up to the
age of 65 years, appear to have underlying detrusor
instability.98–100

Treatment with imipramine has shown a marked
antidiuretic effect on patients with nocturnal
polyuria; this appears to be a vasopressin-independent
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Table 13.2 Concomitant diseases which may
have an impact upon urinary incontinence

Diseases affecting mobility
Arthritis hip fracture
Contractures
Peripheral vascular disease
Stroke
Parkinson’s disease

Nervous system disorders affecting cognition
and neural control mechanisms

Dementia
Stroke
Parkinson’s disease

Other medical conditions
Diabetes mellitus; causing polyuria and

autonomic neuropathy
Congestive heart failure (CHF); leading to excess

nocturnal urinary production
Venous insufficiency; a similar mechanism as CHF 
Chronic lung disease; exacerbation of stress

incontinence
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effect, mediated by α-receptors in the proximal con-
voluted tubule. DDAVP is used although there are
few data to support the intervention in patients
other than those with neurologic disease. A study
comparing the use of DDAVP with the antimus-
carinic medication oxybutynin showed no differ-
ence in improvement between the DDAVP group
and combination treatment. For institutionalized,
highly dependent men, the problem of nocturnal
incontinence continues to require a major effort to
manage effectively. The continuing developments
in pad technology and the use of barrier creams can
often minimize the disruption of sleep patterns. The
use of electronic ‘wet’ alarms has also been advo-
cated in the USA, but there has been little uptake
in their use. 

Containment
In most health economies, there is a massive expen-
diture on containment products. The most recent
data for the UK suggest that in the region of £80 mil-
lion is spent by the National Health Service annu-
ally. There is rationing of such products in many areas
of England and Wales and, in addition, considerable
spending on over-the-counter products. There are

few up-to-date data on the efficacy of such products
and even fewer comparative data upon which pur-
chasing agencies may base their decisions, thus, for
many, budgetary concerns dominate. However, a sys-
tematic comparison by the Continence Products
Evaluation Network (all in one disposable bodywarm
pads for heavy incontinence, 1998) demonstrated
that the cheapest pads were not necessarily the most
effective and, for that matter, neither were the most
expensive. There has been a trend for single supplier
contracts in many areas of the UK, which has been
cost driven. This denies more useful products to some
patient groups. Likewise there is a shift away from
single-use pads to washable products. 

Additional factors in the elderly
male patient

Concomitant disease and drug therapy, in particu-
lar, may serve to push an elderly person over the
edge and become incontinent. The treatments for
many bladder problems do not differ in elderly peo-
ple and there is evidence to show that the elderly do
just as well with treatment.101 However, attention
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Table 13.3 Drug therapy which may potentially aggravate or predispose to urinary incontinence

Drug Effect

Diuretics increase urinary frequency and may precipiate 
urge incontinence in predisposed individuals

Calcium channel antagonists associated with polyuria, especially at night when
fluid redistribution occurs. Constipation

Anticholinergics may precipiate confusion, especially in those 
(including antihistamines, with pre-existing cognitive inpairment
antipsychotics, antipasmodics,
anti-Parkinsonian agents)

α-adrenoreceptor agonists may predispose to stress incontinence, due to 
relaxant effect on the external urethral sphincter

Non-steroidal anti-inflammatory drugs salt and water retention
H2 antagonists confusion
Benzodiazepines and neuroleptics any sedative medication with an appreciable 

hangover effect will exacerbate continence 
problems in those elderly people predisposed
to problems
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has to be paid to other factors which may limit the
application of routine treatments.

Drug therapy
Many commonly used drugs may, through a variety
of mechanisms, have an adverse effect upon the
function of the lower urinary tract or the physical
ability of an elderly person to cope with pre-existing
urinary symptoms (see Table 13.3). The elderly are
more likely to be taking a number of different drugs;
interactions between these and between any drug
treatment for incontinence and pre-existing med-
ication should be taken into account when prescrib-
ing for an elderly man.

Non-drug factors
Diabetes may certainly present incidentally as urinary
incontinence in elderly people. Toxic confusional
states and intercurrent illness may precipitate the
problem, as can urinary retention. Whilst fecal
impaction causes fecal incontinence and may cause
urinary retention, the relationship between impaction
and urinary incontinence is unclear, though often
claimed. Other disease entities with an impact upon
urinary problems are listed in Table 13.2. 

Problems associated with physical
disability
Physical problems with access to lavatory facilities
and privacy also need to be considered, particu-
larly in institutional settings. The provision of
commodes or other urine collection devices,
appropriate grab rails and raised toilet seats may be
essential in maintaining continence for some peo-
ple. Strategies aimed at maintaining mobility of
elderly individuals also have a positive effect upon
urinary incontinence.102

Toileting schedules
For those patients who are cognitively impaired,
where there is little chance of active participation in
behavioral methods of treatment, drug treatment
may help in reducing the burden of incontinence.
However, there is little evidence that use of oxybu-
tynin in this scenario is effective.33 There is no direct
evidence of efficacy for tolterodine, but there are data
for its effectiveness as a sole modality of treatment.103

For many patients, strategies such as scheduled
voiding (where patients are toileted at regular
intervals), individualized toileting programs
(where the toileting is titrated to the patient’s
known voiding habits), and prompted voiding
programs (where the patient is prompted to visit
the toilet at regular intervals) are effective treat-
ment options. The latter requires staff ability to
ascertain whether the patient is wet or not and
depends upon the ability of the patient to request
toileting. Neither regular nor individual toileting
programs require this. All have been found to be
effective in reducing incontinence episodes in
nursing home patients.104,105 All methods are very
labor intensive, but there is evidence that, for reg-
ular toileting regimens, a 4-hourly interval is as
effective as a 2-hourly one.106 For some elderly
males, the only option available for the treatment
of their urinary incontinence is containment,
whether this is by virtue of physical or cognitive
impairment. The main aims of containment
devices are the protection of skin and clothing
and the prevention of malodor. Such devices
include condoms, clamps, absorbent underwear,
and single-use and reusable pads.

Conclusions

There is considerable debate about the contribu-
tion of outflow tract obstruction to the develop-
ment of changes in bladder behavior leading to
the development of detrusor instability. There is
good evidence to suggest that this condition may
develop in association with greater age alone.
Detrusor instability accounts for the majority of
cases of urinary incontinence in older males and
can be successfully treated by behavioral tech-
niques and pharmacotherapy. For men with post-
prostatectomy incontinence, bladder overactivity
accounts for over half of the observed cases of
incontinence and thus is similarly amenable to
treatment. There is much scope for further study
of alterations in pathophysiology of the bladder in
older men. This is especially pertinent given the
increasing proportions of men who are likely to
survive into late life.
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CHAPTER 14

Testicular cancer
Axel Heidenreich

Introduction

Although testicular cancer accounts for only about 1%
of all human neoplasms, it represents the most com-
mon malignant tumor in young men in the age group
of 20–40 years. In 1994, approximately 6800 new cases
of testicular cancer were diagnosed.1 The peak inci-
dence is at age 32; this compares with a median age at
diagnosis of 68 years for all other tumors.

Epidemiology

Testicular cancer demonstrates two incidence
peaks, at the age of under 2 years and among men
aged 25–34 years, with rates declining rapidly after
the age of 40. There are striking differences in tes-
ticular cancer incidences around the world, with
the highest incidence of 12–14 per 100 000 person-
years in Switzerland and Denmark, and the lowest
incidence of less than one per 100 000 person-years
among the African-American and the Chinese
populations.2

Although some risk factors have been identified as
being associated with the development of testicular
cancer, there are still a number of unknown parame-
ters accounting for the increase in incidence.

Etiology

Cryptorchidism is the best-known risk factor and,
according to case–control studies, the relative risk

for testicular cancer is 2.5–8.8.3 However, an unde-
scended testis accounts for only about 10% of all
testicular cancer cases. According to some investi-
gations, there seems to be an association between
the age at correction of cryptorchidism and the risk
of developing testicular cancer: patients undergoing
orchidopexy prior to age 11 had a 3-fold increased
risk, compared to a 7-fold increased risk in subjects
never having undergone orchidopexy.

Familial and genetic factors have been suggested
to be involved in the development of testicular can-
cer, since first-degree relatives of testicular cancer
patients have a 6- to 10-fold higher risk of develop-
ing this form of cancer.4–6 Furthermore, family mem-
bers with testicular cancer have a significantly
higher risk of cryptorchidism and bilateral disease
and present at a younger age, indicating genetic fac-
tors already present at the time of embryologic
development of the testis. With regard to predispos-
ing genetic events, the Testicular Linkage
Consortium7 has recently identified the locus Xq27
to be predisposing for bilateral testicular cancer and
bilateral cryptorchidism. Other studies have
reported the loci 1p36, 4p14–13, 5q21–21,
14q13–q24.3, and 18q21.1–21.3 to be highly associ-
ated with testicular cancer.8 Recently, it has been
demonstrated that somatic mutations of exons 10,
11, and 17 of KIT occur significantly more often in
patients with bilateral testicular cancer as compared
to patients with unilateral disease.9 The results indi-
cate that KIT might be involved in the develop-
ment of familial and a minority of sporadic germ cell
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tumors and that KIT mutations primarily take place
during embryogenesis such that primordial germ
cells with KIT mutations are distributed to both
testes. 

Prenatal exposure to estrogens might be associ-
ated with the development of testicular cancer,
since excessive nausea during the first trimester is
attributable to the rapid rise in endogenous estro-
gens, and the embryologic testicular development,
highly sensitive to hormonal imbalances, starts at
that time.10,11

No association between vasectomy, testicular
trauma and torsion, infertility, inguinal hernia, and
testicular cancer has been confirmed in case–con-
trol studies. Furthermore, there are no consistent
occupational exposures predisposing to testicular
cancer.

Pathology of testicular germ-cell
tumors

About 90% of all testicular tumors are malignant
germ-cell tumors, and the rest comprise benign

tumors deriving from Leydig and Sertoli cells and
other interstitial components.12–14

The classification of the World Health
Organization (WHO) has become widely accepted in
recent years (Table 14.1). With regard to the classifi-
cation of a given testicular tumor, it is of major impor-
tance to identify each histologic pattern present, since
the percentages of the various histologic subtypes
have direct prognostic significance and might be
applied for the stratification of further therapy.15,16

Although the terminology of tumors of a single histo-
logic type is straightforward, the classification of
tumors consisting of more than one cell type is more
controversial. However, mixed germ-cell tumors con-
sist of multiple non-seminomatous elements, whereas
combined germ-cell tumors consist of non-seminoma-
tous and seminomatous components.

In many cases it might be possible to identify the
major germ-cell tumor component macroscopically
from the appearance of the sectioned surface of the
tumor (Table 14.2).

As it is of the utmost importance to identify accu-
rately the various histologic subtypes of germ-cell
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Table 14.1 World Health Organization (WHO) classification of testicular germ-cell tumors (GCTs) and the
relative frequency of histological subtypes11–13

Relative frequency (%)

WHO classification of GCT Pure histology More than one histology

Tumors of one histological subtype
Classical seminoma 43 (35–51) 12 (7–15)
Spermatocytic seminoma 2 (1–4) 0
Embryonal carcinoma 7 (3–11) 36 (28–44)
Yolk-sac tumor 1 (1–2) 25 (10–39)
Polyembryoma < 1 0
Choriocarcinoma < 1 17 (7–40)*
Pure teratoma 4 (3–5) 37 (22–44)

mature teratoma 4 (3–5) 37 (22–44)
immature teratoma 0 0
teratoma with malignant transformation 0 0

Tumors of more than one histological subtype
Teratocarcinoma 11.5 —
Mixed GCT — 7
Combined GCT — 10.6

*Includes choriocarcinoma and the presence of syncytiotrophoblasts
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cancer in the primary tumor, a number of immuno-
histochemical markers have been utilized in the
diagnosis of germ-cell cancer. Table 14.3 summa-
rizes the staining patterns of the most
commonly used markers for each of the germ-cell
tumor subtypes.14 Alpha-fetoprotein (AFP) is most
commonly associated with yolk-sac tumors, and is
consistently negative in seminoma and choriocarci-
noma; embryonal carcinoma expresses AFP only
focally. Human chorionic gonadotropin (hCG) is
specific for syncytiotrophoblasts, and therefore
is highly expressed in choriocarcinomas; hCG,

however, is also expressed in seminomas and embry-
onal carcinomas to a lower extent. Placental alka-
line phosphatase (PLAP) lacks specificity and is
found in basically all types of testicular germ-cell
tumors; it is most useful in the detection of testicu-
lar intraepithelial neoplasia (TIN) cells and in the
differentiation of TIN from normal germinative
cells, which do not stain positive. The marker 43-9F
has been thought to be specific for embryonal carci-
noma; however, follow-up studies demonstrated a
common expression of 43-9F in all subtypes of
germ-cell tumors and in TIN.17,18
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Table 14.2 Clinical characteristics of various histological subtypes of testis cancer

Tumor Frequency (%) Macroscopy Tumor marker Average age (years)

Seminoma 35–55 homogeneous, white, pale hCG in 5–15% 35–40
Spermatocytic 2 yellow–gray, cysts, none 55–60

seminoma mucoid or clear fluid
Embryonal 3–10 gray–white, soft, necrosis, AFP, hCG rare 20–35

carcinoma hemorrhage
Yolk-sac tumor 2–5 solid, soft, gray–white, AFP 20–35

mucoid
Choriocarcinoma < 1 necrosis, hemorrhage hCG 20–35
Teratoma < 5 cystic none 20–35

hCG, human chorionic gonadotropin; AFP, a-fetoprotein

Table 14.3 Immunohistochemical marker expression by testicular cancer subtypes used for
pathohistological differentiation

Spermatocytic Embryonal Yolk-sac
Marker Seminoma seminoma carcinoma tumor Choriocarcinoma Teratoma TIN

AFP 0 0 + +++ 0 0 0
hCG + 0 + 0 +++ 0 0
PLAP +++ 0/+ +++ +++ ++ + ++
hPL 0 0 0 0 +++ 0 0
EMA 0 0 0/+ 0/+ ++ +++ 0
CEA 0 0 0 + + ++ 0
NSE +++ 0 +++ ++ ++ ++ 0
43-9F ++ + +++ +++ + + ++
Vimentin + 0 ++ +/+++ 0/+ +/+++ 0

AFP, a-fetoprotein; hCG, human chorionic gonadotropin; PLAP, placental alkaline phosphatase;
hPL, human placental lactogen; EMA, epithelial membrane antigen; CEA, carcinoembryonic antigen;
NSE, non-specific enolase; TIN, testicular intraepithelial neoplasia
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Pathogenesis of testicular germ-cell
tumors

Testicular germ-cell tumors originate from totipo-
tent primordial germ cells, which undergo neoplas-
tic transformation as a result of a number of
endogenous, exogenous, hormonal, and genetic, as
well as environmental, events (Figure 14.1). The
neoplastic process results in the development of
preinvasive carcinoma in situ (CIS) or TIN repre-
senting the common precursor for all testicular
germ-cell tumors, except spermatocytic semi-
noma.19–22

Some 70% of all patients with TIN will develop
an invasive testicular germ-cell tumor within 7
years, based on the data of Skakkebaek and col-
leagues21 in cryptorchid testes. Histologically, TIN
cells are larger than normal spermatogonia, and

have an enlarged and hyperchromatic nucleus,
prominent nucleoli, and glycogen-rich cytoplasm
(Figure 14.2a). Immunohistochemically, TIN will
be detected by the abundant expression of PLAP
(Figure 14.2b). After the initial observation by
Skakkebaek,20 a number of groups have demon-
strated that approximately 5% of all patients with a
unilateral germ-cell tumor will harbor TIN in their
remaining testicle.13

The pathogenetic events resulting in the malig-
nant transformation of atypical spermatogonia to
TIN are not well characterized. Furthermore, it is
still unclear whether differentiation from TIN to
embryonal carcinoma might occur directly or
whether seminoma always represents the intermedi-
ate stage of differentiation. However, based on liter-
ature data, an oncogenetic model can be defined,
elucidating the pathogenetic events leading to
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Figure 14.1 Molecular pathogenesis of testicular germ-cell tumors, as summarized from literature data. TIN, tes-
ticular intraepithelial neoplasia; PTH/LH, parathyroid hormone/luteinizing hormone; NSGCT, non-seminomatous
germ-cell tumor
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malignant transformation of spermatogonia to TIN
and the progression of TIN to invasive germ-cell
tumors (Figure 14.1). According to Damjanov,24 the
three stages of initiation, promotion, and progres-
sion result in the invasive phase of the germ-cell
tumor. Pathogenetic events leading to local progres-
sion and metastases have been adapted (Figure
14.1) according to data available in the literature
(for a more detailed summary see reference 25).

Diagnostic procedures and
management of testicular Cancer

Most patients present with a painless, solid testicu-
lar mass of varying size and duration; however,
about 30% of patients present with scrotal pain.
Therefore, any testicular tumor detected in young
men 20–40 years of age should be regarded as malig-
nant until proven otherwise.

Whereas the duration of symptoms does not cor-
relate with survival and stage in classical seminoma,
Moul26 demonstrated a direct relationship between
the mean symptomatic interval and clinical stage
I–IIB, compared to clinical stages IIC and III, with
intervals of 8.5–9.7 weeks and 26.4 weeks, respec-
tively. In another study, Oliver27 reported that delay
in diagnosis was only 2 months in patients who
were free of disease during follow-up, 4 months in

patients who relapsed but were salvaged, and
7 months in patients who died of their disease. 

Physical examination should include bimanual
palpation of the tumor-bearing and the contralat-
eral testicle, and palpation of the inguinal lymph
nodes, especially if the patient has had any prior
scrotal or inguinal surgery. Scrotal ultrasonography
usually reveals a hypoechoic mass within the tunica
albuginea as suspicious for malignancy. Differential
diagnosis between benign and malignant testicular
tumors usually can only be made in the presence of
simple testicular cysts and epidermoid cysts present-
ing either as smooth-lined, hypoechoic masses with
a dorsal shadowing, or a well-demarcated cystic
mass and an echogenic center caused by multiple
acoustic reflections from the keratinous debris.28

Primary management of the
testicular mass

Inguinal exploration and scrotal orchiectomy with
early clamping of the spermatic cord is the therapy
of choice for testicular cancer, revealing accurate
information with regard to histopathology and
pathological stage classification.29,30 However, any
testicular mass of uncertain ranking must be
explored by the inguinal approach to verify or
exclude malignancy. Since benign testicular lesions
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Figure 14.2 Testicular intraepithelial neoplasia (TIN) exhibiting large cells with enlarged and hyperchromatic
nuclei, prominent nucleoli and glycogen-rich cytoplasm (a); TIN and placental alkaline phosphatase (PLAP) stain-
ing: TIN cells are depicted by the abundant expression of PLAP at the cell surface (b)

a b
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are recognized with increasing frequency, frozen sec-
tion analysis should be considered intraoperatively,
which accurately differentiates malignant from
benign testicular lesions31,32 with high sensitivity
and specificity.

About 5% of all patients with a unilateral testic-
ular germ-cell tumor will harbor TIN in their con-
tralateral testicle, which will be detected by an
immunohistochemical evaluation of a randomly
taken testis biopsy at the time of orchiectomy.22 In a
recent prospective trial it has been shown that a sys-
tematic tow-site biopsy of the testis improved sensi-
tivity of TIN detection and the diagnostic extra
yield imparted was 18%.33 Currently, there exists
controversy about the clinical utility of the con-
tralateral biopsy, supposedly unnecessary for 95% of
patients.34 An evidence-based meta-analysis of all
studies concerned with the detection of TIN sug-
gests that it is justified to recommend contralateral
biopsy for men with a testis volume < 12ml and
age < 30 years at the time of diagnosis, since their
risk for contralateral TIN is > 34%.22,30,33 It must be
emphasized that the biopsy specimen should be
fixed in Bouin’s or Stieve’s solution to preserve TIN
cells for diagnosis.

Only in cases of a second metachronously or syn-
chronously occurring testicular cancer, a testicular
tumor developing in a solitary testis, or a benign
testis tumor might an organ-sparing approach be
considered, to maintain endogenous testosterone
synthesis, to preserve fertility, and to improve qual-
ity of life in these long-term survivors. Guidelines
identified by the German Testicular Cancer
Intergroup based on results from more than 73
patients with a testicular germ-cell tumor and a
mean follow-up of 91 months are outlined in Table
14.4.35 However, it must be emphasized that tumor
enucleation for testicular germ-cell tumors should
be the exception for the very few patients present-
ing with bilateral testicular cancer.

Pathohistologic diagnosis

Meticulous pathologic work-up of the orchiectomy
specimen should be performed according to the
WHO recommendations, to identify all histologic

subtypes present and to identify vascular invasion.
Especially in clinical stage I non-seminomatous
germ-cell tumor (NSGCT), it might also be useful
to calculate the percentage of all testicular cancer
subtypes present, to obtain prognostic information
with regard to the probability of occult metastatic
retroperitoneal lymph-node disease.15,16,36 As has
been shown in previous studies, a high percentage of
embryonal carcinoma associated with the presence
of vascular invasion identifies patients at high risk
of lymph-node metastases in the retroperitoneum,
thereby enabling a risk-adapted approach to these
patients.

Radiologic staging

Following radical orchiectomy, further staging
includes computed tomography (CT) of the
abdomen, the chest, and the mediastinum, to detect
metastatic lymph-node disease or visceral metas-
tases.30,37 Unlike other solid neoplasms, the lym-
phatic spread of testicular cancer follows an
anatomically predictable route, with the primary
landing zones of the right testis including the
interaortocaval region and the primary landing
zones of the left side including the para-aortic and
pre-aortic lymph nodes. Micrometastases are pre-
sent in up to 20% and in approximately 30% of clin-
ical stage I seminomas and non-seminomas,
respectively, which will not be detected by classic
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Table 14.4 Guidelines for tumor enucleation in
testicular germ-cell tumors as outlined by
the German Testicular Cancer Intergroup
based on 72 cases

Tumor diameter less than 20 mm
Tumor must be organ confined
Multiple biopsies from the tumor bed to

prove tumor-free resection rims
Normal preoperative testosterone and

luteinizing hormone serum levels
Close follow-up, high compliance of patient 

and physician
Treatment in centers experienced in the

management of testicular cancer
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interpretation of abdominal CT scans owing to the
inability of morphologic differentiation. Therefore,
primary landing zones and the transverse diameter
of the largest lymph node might be helpful, as
demonstrated:38 using the shortest transaxial lymph-
node diameter, the probability of lymph-node
metastases increased with increasing diameter.
Based on uni- and multivariate logistic regression
analysis, an accuracy of 84% was attained at 8 mm
to find metastatic disease. Furthermore, the
expected primary landing zones of right- and left-
sided primaries should be considered in CT inter-
pretation, increasing the predictive ability.

More caudal deposits of metastases usually reflect
retrograde spread to the common, external, and
inguinal lymph nodes; in particular in patients hav-
ing undergone previous scrotal or inguinal surgery,
or presenting with scrotal tumor infiltration, it
advisable to scan the iliac region because of atypical
lymphatic spread.

Magnetic resonance imaging (MRI) of the
abdomen using currently available techniques does
not provide additional clinically useful information,
and should be reserved for patients with contraindi-
cations to CT.37 The introduction of new contrast
agents for evaluation of the lymphatic system might
improve the diagnostic accuracy of MRI to detect
retroperitoneal micrometastases.

In addition, positron emission tomography
(PET) scans are not helpful in the detection of
retroperitoneal micrometastases in patients with
clinical stage I testicular cancer, as has been demon-
strated in a variety of studies.39,40 In this context, a
prospective study in clinical stage non-seminomas
demonstrated an 88% sensitivity to detect small
retroperitoneal lymph node metastases, which was
superior to standard imaging techniques such as CT
scans. Also, positive and negative predictive values
for PET (92% and 100%) were significantly supe-
rior to CT scans, with a predictive value of 78%.41

Although a lateral and posteroanterior chest X-ray
will detect pulmonary metastases in approximately
15% of patients, a chest CT should be obtained owing
to the higher sensitivity to identify lesions as small as
2 mm in diameter.30,42 However, one has to consider
that many of these small lesions are benign and do not
relate to metastases from testicular cancer.43

Brain CT and bone scintigraphy are only to be
performed in cases of advanced testicular cancer
with high-volume metastastic disease (³IIC), in
patients with intermediate and poor prognosis
according to the International Germ Cell
Consensus Classification Group (IGCCCG) crite-
ria, and in case of specific symptomatology.

Tumor markers

Tumor markers are clinically useful for diagnosis,
clinical staging, prediction of prognosis (see IGC-
CCG classification below), and monitoring the
response of therapy.15,30,44,45 The most commonly
used markers applied in clinical practice are AFP,
the β-subunit of hCG, and lactic acid dehydroge-
nase (LDH); in seminomas, PLAP might be of clin-
ical use. Approximately 40–60% of all testicular
cancer patients present with elevated tumor mark-
ers at the time of diagnosis.

Serum β-hCG levels might be elevated in 80% of
all embryonal carcinomas, in all patients with chorio-
carcinoma, and in 5–20% of patients with classical
seminoma. Serum AFP levels might be elevated in
patients with yolk-sac tumors and with mixed germ-
cell tumors; seminomas are always AFP-negative.
LDH reflects primarily tumor burden, and does not
represent a specific tumor marker for testicular cancer.
There is a correlation with stage and LDH in that 8%
of clinical stage I, 32% of clinical stage II, and 81% of
clinical stage III testicular germ-cell tumors demon-
strate elevated serum LDH concentrations.

Following the initiation of therapy, elevated
tumor markers should decline according to their
half-life, which is 24–36 hours for β-hCG and 5–7
days for AFP. Any plateau phase or any delay in
decline is predictive for a poor outcome in terms of
response to therapy.

The prognostic significance of tumor markers at the
time of diagnosis becomes evident for advanced dis-
ease only, adhering to the IGCCCG classification.45

Clinical staging

The Lugano classification46 represents the most
widely used clinical staging system for testicular
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cancer (Table 14.5), and describes approximately the
extent of metastatic involvement of the lymph nodes
and visceral organs. However, in recent years it has
been demonstrated that the prognostic relevance of
the Lugano classification for clinical stage III patients
is too poor to be used for stratification of therapy.
Therefore, the IGCCCG has introduced a new stag-
ing system45 defining three prognostic risk groups with
regard to therapeutic outcome (Table 14.6).
According to characteristics of the primary testicular
tumor, the metastatic involvment of lymph nodes and
organs, and the serum tumor marker level, patients are
classified to be at good risk (probability of cure 95%),
intermediate risk (probability of cure 70%), or poor
risk (probability of cure 50%). The IGCCCG classifi-
cation gives high prognostic evidence and enables an
individualized risk-adapted approach in patients with
advanced testicular germ-cell tumor.

Management of testicular
germ-cell tumors

Testicular intraepithelial neoplasia
Once TIN is diagnosed, therapeutic intervention
is recommended, since 70% of patients will

develop invasive germ-cell tumor within the next
7 years.21

Local radiation therapy with 18 Gy is the therapy
of choice in patients with a contralateral invasive
germ-cell tumor, resulting in a 100% cure rate as
demonstrated by the eradication of all TIN cells and
a Sertoli-cell-only syndrome in follow-up biopsies.20,22

Only in patients wishing to father a child and having
active spermatogenesis does a surveillance strategy
with close follow-up seem to be justified. In patients
undergoing inductive chemotherapy after orchiec-
tomy, a control biopsy should be performed 6 months
after discontinuation of therapy, since about 40% of
TIN will be cured by the systemic approach.

In patients with unilateral TIN and a contralat-
eral normal testis, inguinal orchiectomy appears to
be the preferred management, since local radiation
bears the risk of damaging the healthy testicle.

Non-seminomatous germ-cell tumors
Clinical stage I non-seminomatous germ-cell
tumor (NSGCT) represents a troublesome entity
concerning recommendations for optimal manage-
ment. Approximately 30% of stage I NSGCTs will
exhibit microscopic lymph-node disease by means of
retroperitoneal lymph-node dissection PLND);47–51
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Table 14.5 Clinical staging of testicular germ-cell tumors according to the Lugano classification

Clinical stage Description

I no evidence of metastases
IA tumor limited to testis and epididymis
IB infiltration of spermatic cord or tumor in cryptorchid testicle
IC infiltration of the scrotum, trans-scrotal surgery, tumor developing after 

trans-scrotal or inguinal surgery
IX extent of primary tumor cannot be evaluated
II retroperitoneal lymph-node metastases
IIA all lymph nodes £ 2 cm
IIB more than one lymph node 2–5 cm
IIC lymph nodes > 5 cm
IID abdominal tumor palpable, fixed inguinal tumor
III mediastinal and supraclavicular lymph-node metastases, visceral metastases
IIIA mediastinal and supraclavicular lymph-node metastases only
IIIB pulmonary metastases only
IIIC hematogenous metastases outside the lung
IIID persistent elevated markers without evidence of metastases
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however, for the remaining 70% of patients,
RPLND is only a staging procedure without thera-
peutic benefit. Therefore, several treatment options
such as primary nerve-sparing retroperitoneal lym-
phadenectomy, primary chemotherapy, and active
surveillance have been developed. Altogether, all
three therapeutic options – RPLND,49–51 surveil-
lance,52,53 and primary chemotherapy54,55 – will
result in the same high cure rates of 98% gaining an
additional lifespan of about 50 years; however, the
associated complications and side-effects differ sig-
nificantly (Table 14.7).30 Since quality-of-life issues

have assumed great importance for both the patient
and the physician, with the attention now focusing
on the reduction of potential long-term toxicity,
classic therapeutic endpoints such as response and
survival rates are thrust into the background and
quality of life, protection of fertility, and avoidance
of major toxicities of the chosen therapy come to
the fore.57 The current guidelines of the European
Germ Cell Cancer Consensus Group recommend
an individualized, risk-adapted approach based on
the results of prospective randomized trials consid-
ering the presence or absence of the risk factors
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Table 14.6 Staging system for advanced testicular germ-cell tumors according to the International Germ
Cell Consensus Classification Group (IGCCCG)36

Good prognosis
Non-seminoma primary testicular cancer or extragonadal retroperitoneal cancer,

AFP < 1000 ng/ml, hCG < 5000 IU/ml, LDH < 1.5 ´ normal
no extrapulmonary visceral metastases

Seminoma all primary locations
all elevated serum markers
no extrapulmonary visceral metastases

Intermediate prognosis
Non-seminoma primary testicular cancer or extragonadal retroperitoneal cancer,

AFP 1000 – 10 000 ng/ml, hCG < 5000–50 000 IU/ml, LDH 1.5–10 ´ normal
no extrapulmonary visceral metastases

Seminoma all primary locations
all elevated serum markers
extrapulmonary visceral metastases (liver, bones, CNS)

Poor prognosis
Non-seminoma extragonadal mediastinal germ-cell tumor primary testicular/retroperitoneal

germ-cell tumor with extrapulmonary metastases
AFP > 10 000 ng/ml, hCG > 100 000 IU/ml, LDH > 10 ´ normal

AFP, a-fetoprotein; hCG, human chorionic gonadotropin; LDH, lactate dehydrogenase;
CNS, central nervous system

Table 14.7 Chemotherapy and surgery in options for clinical stage I non-seminomatous germ-cell tumor (NSGCT)

Therapy Surgical intervention (%) Chemotherapy (%) Long-term survival (%)

nsRPLND 100 15 > 98
Surveillance < 10 30–40 > 98
Primary chemotherapy 0 100 > 98

nsRPLND, nerve-sparing retroperitoneal lymph-node dissection
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vascular invasion and percentage of embryonal
carcinoma.30

To enable a more individualized therapeutic
approach, prognostic risk factors for occult retroperi-
toneal lymph-node disease can be integrated in the
pretherapeutic discussion: vascular invasion has
been identified as the most powerful clinical predic-
tor of lymph-node metastasis with 48% of NSGCTs
with vascular invasion developing metastases, com-
pared to 14–22% of tumors without vascular inva-
sion.16,52 A combination of vascular invasion and
percentage of embryonal carcinoma might be even
more powerful, as has been suggested in a prospec-
tive randomized trial by the German Testicular
Cancer Study Group.15,56 In this trial, 200 patients
with CS I NSGCT were prospectively assigned to
retroperitoneal lymph, node dissection and risk fac-
tor assessment was performed within a multicenter
protocol. Vascular invasion was the most predictive
factor of stage in multifactorial analysis. With the
absence of vascular invasion low-risk patients had a
negative predictive value of 86.5%, favoring active
surveillance in highly compliant patients. With the
presence of vascular invasion, the positive predic-
tive value was only at the 59.6% level; a combina-
tion of vascular invasion and percentage of
embryonal carcinoma ≥ 50% increased the positive
predictive value to 63.6%; however, still more than
one-third of patients predicted to have pathologic
stage II disease would have been overtreated.
Therefore, the current guidelines are in favor of
active in low-risk patients and recommend all three
therapeutic options based on an individual discus-
sion and decision-making process due to the low
reliability of prognostic markers.30 For patients with
clinical stage I pure mature teratoma, primary
nerve-sparing RPLND still represents a viable
option, since up to 20% of all teratomas will harbor
occult retroperitoneal lymph-node metastases at the
time of diagnosis.58–60

Currently, all molecular markers such as p53, Ki-
67, bcl-2, cathepsin D, and E-cadherin have not been
proven to be clinically useful prognosticators;16 only
the reverse transcriptase-polymerase chain reaction
for AFP, hCG, and germ cell alkaline phosphate
(GCAP) mRNA for the detection of circulating
tumor cells appears to be an interesting approach,

with 60% of clinical stage I testicular cancer patients
exhibiting positive signals that turn into negative
signals following adjuvant chemotherapy.61

Nerve-sparing retroperitoneal
lymph node dissection
Nowadays, nerve-sparing (ns) RPLND, if performed
as reported by Jewett62 and Donohue and col-
leagues,63 is regarded as the standard approach in
clinical stage I NSGCT, using the surgical resection
templates described by Donohue and associates47

and by Weißbach and Boedefeld,48 and depicted in
Figure 14.3. For a right-sided tumor, the paracaval,
retrocaval, interaortocaval, and pre-aortic lym-
phatic tissue superior to the superior mesenteric
artery should be dissected. For a left-sided tumor,
the para-aortic, interaortocaval, and pre-aortic lym-
phatic tissue superior to the superior mesenteric
artery should be dissected. Up to 10% of patients
will suffer from pulmonary relapse within the first
2 years, and will be cured by platinum-based
chemotherapy. Even in low-volume lymph-node
disease such as pathologic stage IIA, the nerve-
sparing RPLND can be performed as bilateral radi-
cal surgery without compromising the therapeutic
outcome. Recurrence and complication rates are
low if nsRPLND is performed in experienced ter-
tiary care centers, so that RPLND still has its place
in the management of low-volume NSGCT.49 The
role of primary nsRPLND in high-risk clinical stage
I NSGCT is discussed controversially, although the
recommendations of the EGCCCG are in favor
of primary systemic chemotherapy. Stephenson
et al,50,51 however, performed nsRPLND in 267
patients with embryonal carcinoma predominance
and lymphovascular invasion; even in pathologic
stage IIA systemic chemotherapy was only applied
sporadically and the authors described a high 5-year
relapse-free rate of 91%, with 72% of the patients
with positive lymph-node disease having avoided
chemotherapy. Furthermore, the authors demon-
strated a 16% frequency of mature teratoma which
would not have been cured by systemic chemother-
apy anyhow. Based on these data, primary nsRPLND
remains the treatment of choice in many centers in
the US. 
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Primary chemotherapy or surveillance
In clinical stage I NSGCT, primary chemotherapy
consisting of two cycles of cisplatin, etoposide, and

bleomycin (PEB) results in the same high cure rate of
98% as with primary nerve-sparing RPLND.29,30,53–55

Currently, a risk-adapted management of these
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Figure 14.3 Template boundaries of (a, b) left-sided and (c, d) right-sided testicular non-seminomatous germ-cell
tumors as outlined by Donohue and colleagues38  (a,c) and Weißbach and Boedefeld39 (b,d)

a b

c d
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patients has been proposed, based on the presence of
vascular invasion and the percentage of embryonal
carcinoma in the primary orchiectomy specimen,
which have been identified as significant prognostica-
tors for occult retroperitoneal disease in a number of
studies.16,17,56 Prospective randomization to two cycles
of PEB (presence of vascular invasion) or to surveil-
lance (absence of vascular invasion) results in relapse
rates of only 7% and 14%, respectively, compared to
the initial observation series describing recurrence
rates of 42%;53–55 all relapsing patients can be
sal–vaged by inductive platinum-based chemotherapy.

In order to further reduce treatment-associated side-
effects, current treatment protocols evaluate the role
of a single course of PEB instead of the standard two
cycles. Preliminary results suggest an equal therapeu-
tic efficacy with reduced toxicity.64 In summary, treat-
ment decisions in CS I NSGCT can be based on the
algorithm depicted in Figure 14.4.

Low-stage (IIA/B) NSGCT
Low-stage testicular disease comprises clinical
stages IIA and IIB associated with a cure rate of
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Figure 14.4 (a) Schematic drawing of anatomic relationship of sympathetic nerve fibers and retroperitoneal lymph
nodes. (b) Intraoperative situs of a nerve sparing RPLND resembled to schematic drawing.
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approximately 98%. Patients with low-volume
disease and abnormal tumor marker levels of AFP,
β-hCG, or LDH are treated according to the algo-
rithm of the IGCCCG and the EGCCCG recom-
mendations.30 Patients with marker negative
retroperitoneal lymph nodes suspected to be clinical
stage IIA might be offered two treatment option:
nsRPLND or surveillance. Primary RPLND is a
viable approach in clinical stage IIA, since an over-
staging is faced in about 20% of patients who would
have been subjected to unnecessary chemotherapy
otherwise; additional advantages of nsRPLND are
preservation of sympathetic nerves in 80% of
patients and accurate staging in all patients.
Furthermore, adjuvant chemotherapy will only be
necessary in patients with positive lymph node dis-
ease and unfavorable prognostic markers.50,51,65,66

Risk of relapse is only about 15% if fewer than three

lymph nodes are involved, the maximum lymph
node diameter is < 2 cm, and there is no extranodal
extension, so not all patients must undergo adju-
vant chemotherapy and a subgroup of patients
might be followed by surveillance. If primary sur-
veillance without nsRPLND is chosen, follow-up at
6-week intervals is indicated to document any
growth or regression of the lesion. A growing mass
indicates vital cancer and therapy can be initiated.
A lesion decreasing in size usually does not harbor
malignant disease and can be followed. As in clini-
cal stage I disease, both therapeutic options should
be intensively discussed with the patient, and para-
meters such as the wish to father a child, compli-
ance of both patient and physician, and the need for
safety must be integrated into the decision (Table
14.8). The only exceptions are patients with ele-
vated markers following radical orchiectomy but no
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Table 14.8 Advantages and disadvantages of therapeutic options in management of clinical stage IIA
non-seminomatous germ-cell tumor (NSGCT)

nsRPLND + adj. chemotherapy nsRPLND + surveillance Primary chemotherapy

Advantages Advantages Advantages
Accurate staging Fewer associated side-effects RPLND necessary in only 10–15%
Risk for relapse 0–7% owing to single therapy Low relapse rate of 4–9%
Primary extraperitoneal Accurate staging revealing

recurrences pathological
Fewer CT scans for follow-up stage I in up to 20%

Chemotherapy in only 20%
of patients

Disadvantages Disadvantages Disadvantages
Potential induction Minimum of three cycles Unnecessary chemotherapy

of secondary malignancies in case of relapse in up to 20% owing to
Surgical morbidity of 10% Surgical morbidity of 10% pathological stage I
Retrograde ejaculation Retrograde ejaculation Surgical morbidity due to 

in 5–15% operated in in 5–15% operated in secondary RPLND as high 
centers centers as 39%

Higher incidence of Risk for relapse is 20%, Retrograde ejaculation
associated morbidities compared to 0–7% in as high as 15–20%

first option Higher frequency of follow-up
CT scans

Three cycles of chemotherapy,
compared to two cycles in 
first option

nsRPLA, nerve-sparing retroperitoneal lymphadenectomy; adj., adjuvant; CT, computed tomography;
nsRPLND, nerve-sparing retroperitoneal lymph-node dissection
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visible metastases on CT scans, who should undergo
primary chemotherapy with three cycles of PEB.

Patients with clinical stage IIB testicular cancer,
however, will undergo primary chemotherapy
depending on the serum concentrations of the
markers AFP, β-hCG, and LDH with three or four
cycles of PEB followed by secondary RPLND in
about 30% of cases,30 although basically the same
three therapeutic options are available as for clini-
cal stage IIA (Table 14.9).

Clinical stages IIC and III
Inductive chemotherapy represents the therapy of
choice, with the number of cycles applied depending
on the IGCCCG-based prognostic classification.36

Patients with a ‘good prognosis’ face a long-
term survival rate of > 90%, and are best managed
by three cycles of PEB, whereas patients with a
poor prognosis are best treated with four
cycles.30,45,67,68 If there are contraindications for the
application of bleomycin, four cycles of platinol
and etoposide should be administered. It appears to
be crucial to give all agents without dose reduction
at 22-day intervals. Only in the case of neu-
tropenic fever or severe thrombocytopenia is
dose reduction or prolongation of the next cycle
justified.

Patients with an ‘intermediate prognosis’ face a
survival rate of 70–80% and are managed by four
cyles of PEB or cisplatin, etoposide, and ifosfamide
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Table 14.9 Advantages and disadvantages of therapeutic options in management of clinical stage IIB
non-seminomatous germ-cell tumor (NSGCT)

nsRPLA ++ adj. chemotherapy nsRPLND ++ surveillance Primary chemotherapy

Advantages Advantages Advantages
Accurate staging Fewer associated side-effects RPLA necessary in only 30–40%
Risk for relapse 0–7% owing to single therapy Low relapse rate of 11–15%
Primary extraperitoneal Accurate staging revealing
recurrences pathological stage I in

up to 20%
Fewer CT scans for follow-up Chemotherapy in only 50%

of patients
Disadvantages Disadvantages Disadvantages
Potential induction of Minimum of three cycles Unnecessary chemotherapy

secondary malignancies in case of relapse in up to 20% owing to
pathological stage I

Surgical morbidity of 10% Surgical morbidity of 10% Surgical morbidity due to
secondary

Retrograde ejaculation Retrograde ejaculation in 32% RPLND as high as 39%
in up to 32%

Higher incidence of associated Risk for relapse is 50%, Retrograde ejaculation
morbidities due to surgery compared to 0–7% in as high as 15–20%
and chemotherapy first option Higher frequency of 

follow-up CT scans
Three cycles of chemotherapy,

compared to two cycles in
first option

nsRPLA, nerve-sparing retroperitoneal lymphadenectomy; adj., adjuvant; CT, computed tomography;
nsRPLND, nerve-sparing retroperitoneal lymph-node dissection
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(PEI); however, there are no prospective random-
ized trials defining a standard therapy.30,45,69

Patients with a ‘poor prognosis’ have a survival
rate of only about 50%; standard therapy consists of
four cycles of PEB or PEI.30,45,70–73 A major advan-
tage of primary high-dose chemotherapy has not
been demonstrated, but this approach is currently
being tested in prospective randomized trials. 

Seminomatous germ-cell tumors

Clinical stage I seminoma
Despite negative CT scans, there is a risk of 12 to
32% of occult retroperitoneal lymph node metas-
tases depending on the absence or presence of neg-
ative prognostic markers. The cure rate of clinical
stage I seminomatous germ cell cancer is close to
100% and can be achieved by the three different
therapeutic options active surveillance, radiation
therapy, and carboplatin monochemotherapy
(Table 14.10). Adjuvant retroperitoneal radiation
therapy to the para-aortic or paracaval region is the
most frequently used approach, resulting in a
relapse-free long-term survival of 97%.30,74,75

According to the results of recently published
prospective randomized trials, a radiation dose of 20
Gy is sufficient to achieve high cure rates.76 Active

surveillance might represent the most reasonable
approach to patients with good prognostic markers
such as a tumor size < 4 cm and absence of rete testis
invasion associated with a low recurrence rate of
about 12%.77 Most relapses develop in the retroperi-
toneum or in high iliac lymph nodes. Treatment of
relapses is more intense with systemic chemother-
apy of 3–4 cycles PEB in most cases. Adjuvant
chemotherapy with 1 cycle carboplatin AUC 7 rep-
resents the third treatment alternative, resulting in
a relapse-free rate of 97.7% according to recent
prospective randomized clinical trials. Based on the
results of current trials and recommendations, all
three options result in an equally high cure rate of
100% associated with a different relapse pattern.
The individual strategy should be based on the pres-
ence or absence of validated prognostic markers
such as tumor size and rete testis invasion since a
recent prospective randomized trial has demon-
strated the feasibility of such a risk-adapted
approach.78

Low-stage (clinical stage IIA/B)
seminoma
Radiation therapy with 30 Gy (IIA) and 36 Gy
(IIB), including the ipsilateral iliac and inguinal
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Table 14.10

Radiation therapy Carboplatin Surveillance

Advantages
Mild to moderate acute Mild side-effects No therapy for 90% to 70%
side-effects One-day, single treatment of patients following 
Relapse rate as low as 3–4% Relapse rate as low as 3% orchiectomy
All relapses are outside the
radiation field

Disadvantages
Overtreatment in about 80% Most relapses are in-field Relapse rate of 12–30% with
Potential risk of radiation-induced Relapses difficult to treat intensive salvage therapy
secondary malignancies Impact on fertility unknown Psychologic distress due to 

close follow-up
High intensity of
follow-up CT scans
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lymph nodes, is the standard therapeutic approach
for low-stage seminomas.30,79 The radiation field
might be enlarged to the iliac and inguinal lymph
nodes in the case of prior scrotal surgery. Relapse-
free survival is as high as 92.5% in clinical stage
IIA/B; relapse rates are about 5% in stage IIA and
about 11% in stage IIB seminomas. Primary
chemotherapy with two cycles of PEB can be an
alternative to radiation in clinical stage IIB semi-
noma for patients not willing to undergo radiation
therapy.30 The clinical utility of three (IIA) and four
(IIB) cycles of carboplatinum monotherapy in 108
patients with clinical stage IIA/B has been investi-
gated in a prospective clinical trial.80 A complete
response rate of 81% was achieved whereas 17
patients (16%) and 2 patients (2%) demonstrated a
partial response and no change, respectively. After a
median follow-up of 48 months, 14 patients (13%)
relapsed in the retroperitoneum, making up an over-
all failure rate of 18%. Since 3 and 4 cycles of single
agent carboplatin do safely eradicate retroperitoneal
disease, it cannot be recommended as alternative
treatment to standard radiation therapy.

Clinical stage IIC and III
As pointed out for advanced non-seminomatous
germ-cell tumors, therapy should be initiated
according to the IGCCCG classification.45 For
patients with a good prognosis, 3 cycles of PEB
chemotherapy are the treatment of choice. If
there any contraindications against bleomycin, 4
cycles PE might be applied, resulting in a cure rate
of 90%. Patients with an intermediate prognosis
have a cure rate of about 80% and are best treated
by 4 cycles PEB chemotherapy. Currently it is
being investigated in prospective randomized tri-
als whether the addition of taxol to PEB improves
survival. For patients with a poor prognosis 4
cycles of PEB are the standard therapeutic
approach, resulting in a 5-year progression-free
and overall survival of 41% and 48%, respectively.
It has not been proven that first-line high-dose
chemotherapy plus autologous hematopoietic
stem cell support is superior to standard
chemotherapy in terms of survival. Therefore,
high-dose chemotherapy should be applied in
prospective clinical trials only. 

Residual tumor resection following
chemotherapy for advanced
testicular cancer
Residual tumor resection (RTR) represents an inte-
gral part of the multimodality treatment of advanced
testicular germ cell tumors.30 The rationale for RTR
is to completely resect mature teratoma and vital
cancer which will be found in 30–40% and 20% of
the patients, respectively; however, about 50–60% of
all patients with residual masses following inductive
chemotherapy harbor necrosis/fibrosis only. Within
recent years there has been a significant change with
regard to the indication of RTR following inductive
chemotherapy for advanced testicular cancer.30

Currently, all residual lesions independent of size
should be resected in non-seminomatous germ cell
cancer since even small lesions < 1 cm in diameter
will harbor mature teratoma and vital cancer.81,82 In
order to enable a risk-adapted approach and to omit
RTR several groups have tried to develop nomo-
grams to predict necrosis and fibrosis.83–85 Steyerberg
and colleagues83,84 have proposed several risk-
adapted models for the prediction of final pathology
in patients with residual masses, and claim a sensitiv-
ity and specificity of about 80%; this model, how-
ever, does allow a risk-adapted approach in an
individual patient. Similar data have been reported
by the German Testicular Cancer Study Group also
demonstrating a sensitivity of only 80% to predict
residual masses containing necrosis/fibrosis only.85 If
RTR is being performed, controversy exists on
whether it is sufficient to resect the mass only, with-
out respecting the boundaries of modified surgical
templates during primary RPLND, or whether a for-
mal modified RPLND has to be performed to
achieve optimal oncologic control.30,86 The extent of
surgery depends on individual risk factors for relapse
and quality of life issues. If the histology of the
resected retroperitoneal masses is necrosis only, fur-
ther resection of residual lesions in other organs
might be omitted since there is concordance of his-
tology in about 90% of the patients. RTR is a com-
plex surgery associated with the necessity to resect
adjacent organs or vascular structures in about 25%
of the patients82,87 and should, therefore, be per-
formed in experienced tertiary cancer care centers
only. 
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Whereas additional systemic chemotherapy is
not indicated in patients with mature teratoma or
necrosis/fibrosis, patients with vital tumor cells
might undergo an additional 2 cycles of conven-
tional polychemotherapy. According to one analysis
of prognostic markers it has been shown that
patients harboring a residual mass with > 10% vital
cancer cells or those where the completeness of
resection is in doubt might benefit from consolida-
tion chemotherapy whereas all others do not bene-
fit in terms of relapse-free and overall survival.88

Postchemotherapy or postradiotherapy RPLND
in seminomas has only to be performed in lesions
with a positive PET scan performed about 6 weeks
after chemotherapy or radiation therapy in patients
with residual lesions > 3 cm. A positive PET scan is
a strong predictor of remaining vital cancer cells
with a sensitivity and a positive predictive value of
100% and close to 100%, respectively.89,90 It is rec-
ommended to perform a PET scan in all patients
with seminomatous primaries and residual
lesions > 3 cm in diameter prior to any decision with
regard to RTR. 

Salvage chemotherapy, high-dose
chemotherapy
In seminomas relapsing after first-line radiation
therapy a cure rate of > 90% can be achieved by cis-
platin-based chemotherapy according to the IGC-
CCG algorithm with regard to advanced
seminomas. About 50% of relapsing seminomas fol-
lowing conventional chemotherapy can be salvaged
with another combination chemotherapy consisting
of PEI–etopside, ifosfamide, and platinol (VIP) or
–vinblastine, ifosfamide, and platinol (VeIP).
Currently, a 10% benefit of high-dose chemother-
apy with regard to survival has been demonstrated;
therefore, it seems advisable that all relapsing
patients should be treated in a tertiary referral
center.

With regard to non-seminomas relapsing follow-
ing conventional chemotherapy, salvage rates are as
low as 15–40% using standard salvage protocols
such as PEI–VIP or PEI–VeIP.71,72 In some institu-
tions the addition of paclitaxel to ifosfamide and
cisplatin has been favored due to a high response
rate > 50%.232 Conventional dose cisplatin-based

salvage chemotherapy can achieve long-term remis-
sion in 15 to 40% of patients. Early consideration of
high-dose chemotherapy seems advisable, according
to a number of studies.55,58 The trials reported from
the Memorial Sloan Kettering Cancer Center sug-
gest a benefit for the use of high-dose chemotherapy
and autologous bone marrow transfer, with 46% and
50% of the patients being alive and disease-free
after a median follow-up of 31 months and 30
months, respectively.73 In another study including
35 patients, the progression-free survival rate for all
patients was 44 months, and the 2-year survival rate
was 65%.30 However, one also has to consider that
the results of high-dose chemotherapy combined
with autologous bone marrow transfer are not supe-
rior to a combination therapy including paclitaxel,
ifosfamide, and cisplatin as second-line therapy for
relapsing germ-cell tumors. In the treatment of 30
patients, a complete response was achieved in 77%
and all patients were without evidence of recurrent
disease after a median follow-up of 30 months.91

Therefore, high-dose chemotherapy is an option but
not the standard for the management of relapsing
testicular germ-cell tumors. Options for third-line
chemotherapy are combinations such as paclitaxel
and gemcitabine, gemcitabine and oxaliplatin, or
paclitaxel, gemcitabine, and cisplatin, within clini-
cal trials.30

Future directions in testicular
cancer

Based on the excellent therapeutic outcome, there
appear to be only a few developments possible that
will have a further impact on the survival of testic-
ular cancer patients. However, there might be many
options to improve quality of life either due to
reduction of acute toxicity associated with first-line
therapy or due to the development of treatment
regimes associated with a significantly reduced
long-term toxicity. 

Currently, the toxicity of adjuvant chemother-
apy might be further decreased by applying only one
cycle of PEB, as is currently being tested in a
prospective randomized trial by the German
Testicular Cancer Intergroup. Elucidation of those
mechanisms involved in the development of

199

Testicular cancer

Lunenfeld-ch-14.qxd  8/22/2007  6:34 PM  Page 199



chemo-refractoriness in testicular cancer will be a
major issue in the future, to apply effective chemother-
apeutic protocols and to save even more lives.

Despite the high cure rates, it will be necessary
for testicular cancer to be treated by clinicians and
institutions with sufficient experience in the diag-
nosis and management of germ-cell tumors. Specific
problems such as extended tumor masses, relapsing
tumors, or poor prognosis at initial diagnosis must
be referred to tertiary centers having the facility of
an interdisciplinary approach.
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Introduction

The world’s population is aging and expanding at an
exponential rate. The human race entered the 19th
century with a billion people, the 20th century with
1.6 billion, and today it exceeds 6 billion. The
largest increase is predicted to occur in the aging
population, those individuals over the age of 65
years. In 1950, less than 5% of the population was
older than 65 years; by 2000, more than 400 million
(7%) were over 65 years. This percentage is pre-
dicted to increase to 15% by 2050, swelling to over
1.5 million elderly. Life expectancy in the devel-
oped world over the same time period has increased
from 47 years in 1900 to 80 by 2010.1,2 This is attrib-
uted in part to developments in modern medicine
and improved sanitation that occurred in the 20th
century. 

The prevalence of erectile dysfunction (ED) is
related to aging as evidenced by the Massachusetts
Male Aging Study (MMAS). Erectile dysfunction is
defined as the persistent inability to attain and/or
maintain a penile erection sufficient to complete a
satisfactory sexual intercourse. In order to meet the
definition of ED, it should cause distress to the
patient or the couple. This is important because
even though a significant proportion of elderly men
would report some form of ED, only a minority seek
treatment. 

As the average life expectancy has increased,
more elderly men are likely to come forward to ask

for medical assistance, encouraged by the availability
of oral therapy. 

Epidemiology

The association between aging and male ED has
been shown in several epidemiologic studies. In
1948, Kinsey at al first showed that sexual activity
and erectile function declined with aging.3 This
study on 15 000 individuals between the ages of 10
and 80 years remains the largest population based
study on male sexual behavior. It describes an inci-
dence of ED of 25% in 65-year-old men and 75% in
men above 80. Likewise, the Baltimore
Longitudinal Study of Aging reported that, by age
55 years, ED was a problem in 8% of healthy men
and the prevalence increased to 25%, 55%, and
75% for ages 65, 75, and 80 respectively.4

The most contributive epidemiologic study to
date is the Massachusetts Male Aging Study
(MMAS), a community-based multidisciplinary
survey of health and aging in men. In 1290 men
whose ages ranged from 40 to 70 years, the mean
probability of some degree of ED was 52%.
Between the ages of 40 and 70 years, the proba-
bility of complete ED tripled from 5.1 to 15%,
while the probability of moderate ED doubled
from 17 to 34%. Within the same age range, the
probability of minimal ED remained constant at
17%. While an estimated 60% of men were potent
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at age 40, this decreased to 33% at age 70 years.
Whenever age was tested by multivariate linear
regression or multivariate analysis of variance in
conjunction with another predictor of ED, age
invariably proved to be statistically significant at
P < 0.001.5

Furthermore, coital activity also rapidly declined
with age. The Duke Longitudinal Study found that
95% of men aged 46 to 50 years have intercourse at
least once a week, but by the age of 66 to 71, only
28% report weekly coital activity.6 The main rea-
sons reported by men as to why they are not sexu-
ally active are the lack of a suitable partner, health,
and medical problems. 

Physiology of normal
erectile function

Penile erection is a neurovascular phenomenon
under psychogenic control. This psychogenic/neural
control can be conceptualized into three main areas:
local neural pathways, midbrain and spinal cord
pathways, and higher brain centers.7,8

Local neural pathways
The local neural pathways incorporate both the
genital and pelvic nerves and plexi. It can be
divided into the autonomic (sympathetic and
parasympathetic) and somatic (sensory and
motor) systems. The cavernous nerves are mixed
postganglionic parasympathetic and sympathetic
neurons that supply the erectile tissue, thus con-
troling the tone of the smooth muscles. The motor
innervation is via the pudendal nerve that leads
into the bulbocavernous and ischiocavernous
muscles. Contraction of the latter muscles is
important in the rigid erection phase as it con-
stricts and compresses the corpora cavernosa,
while rhythmic contraction of the bulbocavernous
muscles is important for the expeling of semen
during ejaculation. The afferent arc consists of
sensory receptors in the penile skin that send sen-
sory input via the dorsal nerve of the penis, con-
necting to the pudendal nerve and then the sacral
spinal cord. 

The spinal cord and midbrain
The lumbar spinal cord is the first level of reflex
organization for coordination and generation of sex-
ual responses. These spinal reflexes can be regulated
by descending signals from the midbrain and higher
centers. The spinal reflexes usually rest in an inhib-
ited state; the efferent side is directed to non-sexual
function, inducing flaccidity and lack of engorge-
ment. Local sensory input and descending spinal
signals can change this balance and activate a pros-
exual cascade of parasympathetic activity, reduced
sympathetic output, and somatic muscular support.

Sensory information is conveyed cephalad
through spinothalamic, spinoreticular, and vagal
pathways. Various regions in the midbrain have
been identified in the neural pathways of normal
sexual function. The nucleus paragigantocellularis
(NPG) receives ascending sensory input and has
neurons that innervate the penis. It appears to
have a role in orgasm but is not vital to erection.
The most common neurotransmitter identified
here is serotonin. The peri-aqueductal gray area
has a large number of connections with hypothal-
amic sites involved in sexual response. One of
these sites is the paraventricular nucleus (PVN),
which has a major role in controling genital
response. It consists mainly of oxytocinergic and
dopaminergic receptors. Its neurons send direct
projections via the NPG onto neurons that inner-
vate the penis. It also has direct projections to
pelvic and autonomic efferents as well as being
reciprocally connected to the medial pre-optic
area (MPOA). The MPOA serves a vital role in
sexual behavior and is potentially modulated by
sex hormones (Figure 15.1).

Higher brain centers
The impact of imagination on human sexual behav-
ior has been studied. In man, enhancing the central
pro-erectile signals by enhanced imagination or by
pharmacologic means improves erection. Studies
with functional magnetic resonance imaging (MRI)
have identified sexual imagery to be associated with
activation in the dominant hemisphere, especially
the occipital cortex, inferior frontal lobe, cingulate
gyrus, corpus callosum, thalamus, caudate nucleus,
globus pallidus, and inferior temporal lobe.
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Smooth muscle 

The tone of the smooth muscles determine the
hemodynamic events that maintain the penis in the
flaccid or rigid state. This in turn depends on the
intracellular calcium levels.

Smooth muscle contraction
Contraction of the penile arteries and trabecular
smooth muscles is mediated by α1-adrenergic recep-
tors that can be mediated by adrenergic nerve termi-
nals or circulating catecholamines.9 Activation of
the α1 receptors initially provokes the release of
intracellular calcium from sarcoplasmic reticulum
and subsequently extracellular calcium entry by
opening the calcium channel on the smooth muscle
cell membrane. This increase is transient and, when
the intracellular calcium returns to basal levels, the
calcium-sensitizing pathways take over. During this
transient phase, the increased intracellular calcium
activates the calcium–calmodulin-dependent myosin
light chain kinase (MLCK) which phosphorylates
myosin light chain.10,11 This causes vasoconstriction

of the penile arteries and contraction of the trabecular
smooth muscles which result in reduction of the arte-
rial inflow and collapse of lacunar spaces. The con-
traction of the trabecular smooth muscles causes
decompression of the draining venules from the cav-
ernous bodies and promotes venous drainage from
the lacunar spaces.12,13 The main neurotransmitters
involved are endothelin,14 angiotensin II,15 and con-
strictor prostanoids, PGF2α and thromboxane A2

(TXA2).16

Smooth muscle relaxation
An initial stimulus starting from the supraspinal
centers travels through the spinal cord and reaches
the corpora cavernosa, ultimately traveling along
the cavernous nerves. Terminal branches of the cav-
ernous nerves release several neurotransmitters that
are involved in initiating the erectile process. In
addition, endothelial cells lining the walls of the cav-
ernous sinusoids release active mediators, namely
nitric oxide (NO), vasoactive intestinal polypeptide,
acetylcholine, and a number of prostaglandins such as
PGI2 and PGE1. In particular, NO activates guanylyl

209

Treatment of erectile dysfunction in the elderly

Proerectile stimuli:
imagination, audiovisual, tactile

Cortex

Dopamine

Dopamine receptors

Neural erectile signaling
Penile erection

Inhibitory stimuli:
depression, anxiety, fear

PVN −

No OXY

Figure 15.1

Lunenfeld-ch-15.qxd  8/22/2007  6:34 PM  Page 209



cyclase which converts cyclic guanosine triphosphate
(cGTP) to cyclic guanosine monophosphate
(cGMP), thus increasing intracellular cGMP levels.
cGMP signals by three different ways: ion channels,
phosphodiesterases, and protein kinases. Through
these interactions, the cGMP induces loss of con-
tractile tone by reducing intracellular calcium. This
is achieved via hyperpolarization, closure of voltage-
gated calcium channels, and sequestration of cal-
cium by intracellular organelles.17 This NO-induced
increase in cGMP levels can be attenuated by phos-
phodiesterase V (PDE5) which metabolizes cGMP.18

Ultimately, this leads to relaxation of the smooth
muscle cells within the walls of the penile arteries
and sinusoids.19 The relaxation of the intracaver-
nosal sinusoids leads to the corpora cavernosa filling
with blood and the subsequent compression of the
subtunical venous plexus against the inner surface of
the tunica albuginea. This activates the veno-occlu-
sive mechanism of the corpora cavernosa that traps
blood within the corpora cavernosa, forming an iso-
volumetric reservoir. Any further arterial inflow

then leads to an increase in intracorporeal pressure
and penile rigidity20 (Figure 15.2).

When ejaculation and orgasm are achieved,
noradrenaline is released by adrenergic fibers within
the corpora cavernosa and smooth muscle contrac-
tion ensues with subsequent penile detumescence.8 

Pathophysiology of erectile
dysfunction in the aging male 

With normal aging, there are changes in the physi-
ology of the male erectile function. During arousal,
the aging male presents a prolongation of the
excitement phase with delayed erection, a length-
ening of the plateau phase with a longer interval to
ejaculation, and decreased penile rigidity. During
orgasm, a shorter ejaculation event with an
increased incidence of resolution without ejacula-
tion is often observed. During postorgasm, the aging
male has a more rapid detumescence and an
increased refractory period.21
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Abnormalities in erectile function have been
characterized as neurogenic (failure to initiate),
arteriogenic (failure to fill), and venogenic (failure
to store).22 However, the term venogenic ED should
be viewed as mainly identifying the abnormalities
in the corpus cavernosum anatomy and histology
leading to the alteration of the cavernous veno-
occlusive mechanism.23 In addition, abnormalities
of the sex hormones may significantly affect the
quality of penile erections (endocrine based ED).
The process of aging may affect all pillars of the
erectile process including nerves, arteries, veins,
cavernous tissue, and hormones.

Effect of aging on smooth muscle
function

The most prominent pathologic features of age-
related histopathologic changes are fibrosis and
smooth muscle atrophy. Studies with penile caver-
nosal tissue have shown that age-related fibrosis and
smooth muscle atrophy produce an adverse effect
on the mechanical properties of the penile erectile
tissue and interfere with erection.

Using computerized image analysis, the percent-
age of smooth muscle cells was measured in patients
of different age with normal erections. Less than 40
years old, the percentage was 46%; between 41 and
60 years, it was 40%; and over 60 years of age, it was
35%. This decrease in smooth muscle content may
be responsible for the decline in erectile functions
in older men. In addition, the rigidity of penile erec-
tion depends on the corporal veno-occlusive mech-
anism, which allows intracavernous pressure to
increase during erection.24

Currently, age-related smooth muscle dysfunc-
tion is poorly understood. Atherosclerosis-induced
arterial insufficiency is a common clinical problem
in the elderly.25 The abdominal aorta and its
branches, especially the bifurcation of the iliac
arteries, are involved earliest and most severely by
atherosclerotic lesions.26 Atherosclerosis of the
aorto-iliac arterial bed can potentially compromise
the blood supply of the lower genitourinary tract.
Major risk factors for atherosclerosis such as hyper-
tension, hypercholesterolemia, smoking, and diabetes

mellitus, have also been found to be associated with
smooth muscle degeneration.27

Numerous studies have shown that atherosclero-
sis and tissue ischemia affect both arterial inflow
and the veno-occlusive mechanism of the corpora
cavernosa.28 The severity of arterial occlusion has
been correlated with the reduced proportion of
smooth muscle in the corpus cavernosum. The
reduction in smooth muscle content of the corpus
cavernosum is associated with the impairment of
cavernosal expandability and results in veno-occlu-
sive dysfunction.29 Hypoxia-induced overexpression
of TGF-β1 is believed to play a key role in the
process of ischemia-induced damage.30 Under nor-
mal conditions, TGF-β1 maintains cell numbers by
inhibiting cell proliferation and by controling the
mitogenic actions of platelet-derived growth factor
(PDGF), a companion cytokine. TGF-β1 also regu-
lates the amount of extracellular matrix (ECM) by
balancing new synthesis and deposition of ECM by
degradation and removal with proteases. Under
ischemic conditions, TGF-β1 has been shown to be
an essential mediator of tissue fibrosis.
Overproduction of TGF-β1 decreases the smooth
muscle to connective tissue ratio by inducing the
expression of collagen, fibronectin, and proteogly-
cans while inhibiting the growth of smooth muscle
cells and the activity of collagenase.31 In addition,
TGF-β1 gene expression is significantly increased in
the older rat penile tissues as compared to the young
rats.32 It appears that the histologic alterations start
distally in the very small penile arteries.33 The
patient develops a corporeal veno-occlusive dys-
function, whereas the cavernous arteries do not
demonstrate any pathologic alteration at Doppler
examination. Later, the pathophysiologic mecha-
nism progresses and provokes severe arterial disease.
At this stage, fibrosis of the corpora cavernosum
becomes clinically evident.

Another important role of cavernosal oxygen
tension appears to be regulation of prostanoid
production in the corpus cavernosum. It has
been shown that low oxygen tension decreases basal
and acetylcholine-stimulated production of pro-
stacyclin, PGI2, TXA2, PGF2α, and PGE2 by inhi-
biting the activity of prostaglandin H synthase.34

Decreased levels of PGE1 also correlated with
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increased expression of TGF-β1 mRNA in human
corpus cavernosum smooth muscle cells.35 It is likely
that the effect of low oxygen tension on prostanoid
production also has a role in ischemia-induced cav-
ernosal fibrosis.36

Bakircioglu et al investigated the effect of aging
on trabecular smooth muscle content and caveolin-
1 protein expression in rodent penile smooth
muscle cells.37 Caveolae are specialized plasma
membrane invaginations on the surface of most
cells. They are involved in transporting macromol-
ecules across capillary endothelial cells by transcy-
tosis, photocytosis, and signal transduction.
Caveolae contain various signal transduction mole-
cules including G protein, which is involved in reg-
ulating intracellular calcium homeostasis and the
endothelial form of nitric oxide synthase. Caveolin
is a family of integral membrane proteins associated
with caveolae and trans-Golgi network derived
vesicles. The suggested functions of caveolin-1
include cholesterol transport, caveolae formation,
G protein subunit regulation, oncogenic transfor-
mation, insulin signaling, and endothelial nitric
oxide synthase regulation. When both young and
old rats were evaluated, immunostaining for cave-
olin-1 was noted in each group in the sarcolemma of
smooth muscle cells and endothelium of trabecular
sinusoids, but the staining pattern was less intense
and the percentage of smooth muscle cells positive
for caveolin-1 was reduced in the aged versus the
young rats. In addition, young trabecular smooth
muscle had more caveolae in the sarcolemma on
electron microscopy and a higher expression of
caveolin-1 protein on Western blot analysis, sug-
gesting that a reduced expression of caveolin-1 may
contribute to ED in aged rats.

Besides the histologic modification observed
with penile ischemia, oxygen tension appears to be
an important regulator of NO production. With
reduced O2 level, a reduction in smooth muscle cell
relaxation has been observed.38

Hormonal changes in aging

With prolonged life expectancy, men can expect
to live one-third of their lives with some form of

hormone deficiency. Hormonal changes in the aging
male are associated with changes in the body mass
index, osteoporosis, and sleep and mood disorders. 

Andropause is characterized by a gradual decline
in serum total and bioavailable testosterone due to
a decrease in testicular Leydig cell number and in
their secretory capacity, as well as an age-related
decrease in episodic and stimulated gonadotropin
secretion.39 Mean serum total testosterone levels
decrease by 30% between ages 25 and 75 years,
whereas mean serum free testosterone levels
decrease by as much as 50% over the same period.
This steeper decline in free testosterone levels is
explained by an age-associated increase in sex hor-
mone binding globulin.40 With the decrease in
androgens, luteinizing hormone (LH) and follicle
stimulating hormone (FSH) increase transition-
ally.41 The MMAS showed that, between the ages of
40 and 70 years, there was an annual decrease in the
hormones, as shown in Table 15.1.42

Studies have also shown that levels of DHEA
and DHEA-S decrease with age, so that by age 60
years, plasma levels for DHEA-S are one-third of
those at ages 20 to 25. Our understanding of DHEA
and DHEA-S has been limited because of a lack of
DHEA-specific receptor, which is a prerequisite for
the production of hormonal effects. Recent animal
studies, however, revealed a putative DHEA-spe-
cific receptor on the plasma membrane of bovine
aortic endothelial cells.43 This receptor is coupled to
the G family protein that promotes the production
of endothelial nitric oxide synthase (eNOS). A fur-
ther recent study by Williams et al showed evidence
that supports the existence of a DHEA-specific
receptor in human vascular smooth muscle cells
(VSMCs).44 VSMC proliferation contributes to
remodeling of blood vessels and may be relevant
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Table 15.1 Hormonal changes due to aging

Testosterone 0.4%
Free testosterone 1.2%
Albumin bound testosterone 1%
Androstenedione 1.3%
Androstanediol 0.8%
Androstanediol – glucoronide 0.6%
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with regard to sexual function which involves many
vascular mechanisms.

DHEA is a neurosteroid, suggesting the possibility
of specific effects on the nervous system.Neurosteroids
are steroids persisting in the brain or nerves after
castration and adrenalectomy, and hence are produced
by neural synthesis from cholesterol. In vitro and in
vivo effects on brain neurotransmission have been
demonstrated in animal studies for DHEA.45

Overall, it can be seen that all fractions of bio-
logically active gonadal and adrenal androgens
decrease with age.

There are a variety of symptoms associated with
decreasing androgen levels. Not all of these symp-
toms are directly related to a decrease in androgens
but may be due to a concomitant decrease in the
conversion product of androgens. It should be noted
that each individual has his own threshold level of
androgens; symptomatology generally occurs at the
level of < 10 nmol testosterone, but in some men it
may occur at < 12–15 nmol.

Finally, the third endocrine system of interest
that gradually reduces its activity with aging is the
growth hormone (GH)/insulin like growth factor
(IGF) axis. This reduction is associated with
changes in lean muscle mass, bone density, hair dis-
tribution, and the pattern of obesity. GH adminis-
tration reverses these alterations.46 It has also been
identified as an anti-apoptotic agent in a neuronal
model. This has profound implications in the pre-
vention of degradation of neurofibril proteins in
Alzheimer’s disease. Although the majority of evi-
dence favors the use of androgens in the treatment
of some of the manifestations of androgen defi-
ciency in the aging male, recent studies indicate
that elderly men respond to GH administration
alone as well. In terms of sexual functioning, even
though the literature is sparse regarding the role of
GH, its administration does improve peripheral cir-
culation and emotional status.47 

Role of testosterone on
penile erection

The possible regulatory roles for androgens in penile
erection physiology have been most extensively

studied in animals. A clear statement regarding
androgen control in the erection physiology of
humans is not currently possible based on existing
evidence. In rats and rabbits, castration reduces tra-
becular smooth muscle content and increases con-
nective tissue.48 Androgen replacement prevents
smooth muscle loss comparable to that observed in
control animals. 

Cavernosal androgen receptor activity in the rats
varies widely with age, with maximal levels at
puberty and markedly lower levels thereafter. This
age-related reduction in the number of androgen
receptors is androgen mediated and is irreversible.49

This age-dependent decline in the androgen recep-
tor coincides with and appears to be responsible for
the cessation of penile growth.50

Androgens seem to stimulate and maintain the
activity of the enzyme nitric oxide synthase (NOS).
In adult rats, the decrease in NOS activity that
followed castration was restored with androgen
replacement, whereas no additional NOS activity
was observed when intact animals were given addi-
tional androgens.51 NADPH diaphorase staining
decreases by more than half in cavernosal nerves
after 10 days of castration but returns to near nor-
mal values following testosterone replacement.52

There is decreased NOS activity in castrated com-
pared to intact or testosterone replaced animals.53

Measurement of NOS enzyme protein showed that,
in castrated animals, there is less than half the
quantity of NOS protein compared to testosterone
replaced animals.54

In dogs, castration leads to a decline in the ratio
of intracavernosal pressure to peak systolic pressure
and there is also evidence of higher outflow rates in
the castrated animals.55 In rabbits, when strips of
cavernosal tissue precontracted with α-adrenergic
agonists were subjected to electrical field stimula-
tion, there was a greater degree of relaxation in
strips from castrated than intact animals.56 The con-
traction in response to norepinephrine may also be
hormonally dependent, with strips from intact rab-
bits showing a greater degree of contraction than
tissues from castrated animals in response to the
same concentration of agonist.57 The relaxation in
response to field stimulation was greater in castrated
than in intact animals although relaxation in
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response to NO donor drugs was not different
between the two groups, suggesting that basal NOS
may be adequate to mediate the erectile response.57

In humans, several studies have reported that the
episodes of nocturnal penile tumescence (NPT) and
quality of spontaneous erections are diminished in
hypogonadal men. Treatment with testosterone
improves the quality of the erection and NPT fre-
quency.57 However, libido and visual erectile mech-
anisms may require smaller amounts of testosterone
than normal blood levels. This explains why some
hypogonadal men can have normal erections and
NPT frequency.58 In surgically castrated patients,
levels of androgen adequate to maintain some
degree of penile erection may be secreted by the
adrenal cortex.59

Evidence from animal studies also demonstrated
that normal androgen level is a prerequisite for a
PDE-5 inhibitor to work appropriately. The same
study showed that androgen deprivation, either by
surgical or medical means, leads to fundamental
structural alterations in the corpus cavernosum and
results in failure of the veno-occlusive mechanisms.60

Other effects of testosterone
As testosterone decreases with advancing age, vis-
ceral fat and body mass index (BMI) increase. A
large visceral fat depot is a strong predictor of a
number of conditions, including diabetes mellitus,
hypertension, cardiovascular disease, high triglyc-
eride levels, and low high-density lipoprotein
(HDL) cholesterol. Obesity is a multimorbid disease
state that leads to insulin resistance, glucose intol-
erance, hyperglycemia, and type 2 diabetes mellitus
(DM). Congestive heart failure is experienced at an
increased frequency among this population as well.
These associated comorbidities could also con-
tribute to ED in aged men.61,62

Other contributory factors to erec-
tile dysfunction

Comorbidities
When discussing age-related issues, it is often difficult
to separate and to distinguish between the natural
aging process, aging amplifiers, and an acute or

chronic illness or intercurrent diseases. The aging
male in particular has the risk of developing gender-
specific urologic diseases such as prostate cancer,
benign prostate hyperplasia, and incontinence disor-
ders, which could contribute to ED either because of
the disease per se or its therapy. Other diseases asso-
ciated with an increased incidence due to aging are
shown in Table 15.2. Many of these conditions can
impact on sexual function. Furthermore, the drugs
used to treat some of these conditions also have
an effect on sexual function, for example thiazide
diuretics, β-adrenergic antagonsists, α2-adrenoceptor
agonists such as methyldopa, tricyclic antidepressants,
and certain antipsychotic drugs.63–65

Diabetes mellitus
Among all the endocrine causes of ED, diabetes
mellitus (DM) occupies the most prominent posi-
tion and it should be ruled out in all males with
erectile insufficiency. The documentation of ED
does not exclude other etiology of ED in diabetic
patients. Organic factors are, however, most promi-
nent in the causality of ED in the diabetic male and
appear quite early in the course of the disease. The
primary organic, pathophysiologic factors causing
diabetic ED can be categorized as vascular, neuro-
logic, and hypogonadism.

Vasculopathy
The vascular changes are quite prominent as shown
by an observational study by Wang et al that looks
at diabetic males with ED.66 Duplex ultrasound
examinations after intracorporeal injection of PGE1

revealed 87.2% to have moderate and severe cav-
ernous arterial insufficiency. This increased to 100%
when hypertension or alcohol abuse were added risk
factors to DM. In other studies, increased incidence
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Table 15.2 Diseases associated with aging

Cardiovascular diseases
Malignancy
Degenerative diseases such as osteoporosis and
arthritis
Metabolic diseases such as diabetes mellitus
Dementia such as Alzheimer’s disease
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of endothelial dysfunction was found as evidenced
by reduced fibrinolysis, enhanced expression of
endothelin 1, decreased prostacyclin release,
increased adhesion molecule expression, and
increased platelet adhesion.67

A major consequence of endothelial dysfunction
is decreased production and/or action of NO. It has
been documented that diabetic rats exhibit a
marked decrease in penile NOS activity and a
reduced nNOS content in penile tissue.68

Hyperglycemia in DM causes other metabolic
changes that can affect penile physiology. Sobrevia
and Mann, in an extensive review of the literature,
noted that elevated blood sugar causes regional
hemodynamic changes and endothelial-dependent
relaxation is impaired. Protein kinase C is acti-
vated and oxygen free radicals are generated which
inactivate NO and may cause further endothelial
damage.69

Neuropathy
An observational study on patients with insulin-
dependent diabetes mellitus (IDDM) revealed 60%
had cardiac autonomic neuropathy, 68% had dia-
betic cystopathy, while 80% had signs of peripheral
neuropathy. The surprising thing is that ED was the
most common symptom and not postural hypoten-
sion.70 Bemelmans et al, in a case-controlled study,
looked at 27 impotent and 30 potent IDDM men as
well as 102 impotent, non-diabetic men. Neurologic
testing showed that 85% of the impotent diabetic
men had some form of neuropathy versus 40% of the
potent, diabetic men and 44% of impotent, non-dia-
betic men. They also found that poor diabetic con-
trol, as measured by the HbA1c levels, correlated
with increased sexual dysfunction.71

Hypogonadism
DM lowers testosterone level and hypogonadism
can be another factor contributing to ED in this
population. The MMAS longitudinal epidemio-
logic study on 1709 men, aged 40 to 70 years,
looked at 1156 men 7 to 10 years later. They found
that testosterone and SHBG levels were predictive
of new cases of diabetics. The odds ratio for future
diabetes is 1.58 for a decrease of 1 SD in free testos-
terone (4 ng/dl) and 1.89 for 1 SD decrease in

SHBG (16 nmol/l). This was consistent with prior
cross-sectional data from this study.72

Prostate cancer

It should be noted that prostate cancer may be pre-
sent in hypogonadal men and a rate of 29% has been
reported in men aged 60 and over.73 One of the pre-
senting symptoms of prostate cancer is sudden onset
of ED when the prostate cancer cells have invaded
the cavernosal nerves. However, the main associa-
tion of prostate cancer with ED is following defini-
tive management of the disease by radiation or
radical prostatectomy. The primary mechanism of
ED after surgery is usually neurologic, but a contrib-
utory vascular cause has also been described.74 The
neurologic lesion occurs in either the pelvic plexus
or cavernosal nerves. The incidence used to be in
the vicinity of 100% but, with the advent of nerve
sparing procedures, maintenance of erectile capabil-
ity varies from 30 to 65%, depending on the surgical
technique, the pathologic staging, age of the patient,
and level of pretreatment sexual functioning.75

Recovery of erectile function after radical pelvic
surgery can be slow, over the course of 12–18
months. Early treatment (with self-administered
intracavernosal injection of vasoactive agents) has
been shown to improve the recovery of erectile
function. It is believed that the pharmacologically-
induced erections prevent the structural tissue
changes associated with prolonged ischemia, which
in turn is due to infrequent or no erections during
the nerve recovery process.76

Management of erectile dysfunction
in the aging male

It is important to stress that many older men (and
their partners) do experience sexual dysfunction but
do not want (or seek) any form of treatment because
they are not bothered by it themselves. This was
recently confirmed in an epidemiologic study in the
Netherlands where a representative sample of the
city population (n = 1215, aged between 40 and 80)
was interviewed about the prevalence of ED and its
impact on quality of life. There was an age-related
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increase in the prevalence of ED that reached 37%
in the 70–79-year age group and an age-related
decrease in the proportion of men who were both-
ered by ED (73% in the 40–49-year age group to
46% in the 70–79-year age group ).77 This must be
kept in mind when interviewing the aging male
who has requested medical help for any possible rea-
son. The readily available, easy to handle, and self-
administered questionnaires designed to investigate
the patient’s sexual health have facilitated the eval-
uation of sexual concerns.78

The management of ED in the aged male is the
same as any ailment; it would require a detailed his-
tory and physical examination assisted by some lab-
oratory tests.

History should be focused on the type of sexual
problem (i.e. ED vs premature ejaculation vs loss of
libido) as patients sometimes get confused them-
selves. What is more important is that the clinician
must identify the risk factors for ED which comprise
serious medical conditions and lifestyle factors. This
includes ischemic heart disease, hypertension, DM,
perineal or pelvic trauma, dyslipidemia, depression,
previous pelvic surgery, smoking, alcohol, and sub-
stance abuse. Most of these risk factors are more
commonly found in the aging population and need
to be investigated extensively. A psychosocial his-
tory is also important in order to obtain information
on the couple’s relationship (if one exists) and the
partner’s health. It is our experience that the part-
ner would probably be in the menopausal phase of
her life and could potentially suffer from some form
of sexual dysfunction herself.

The physical examination should include both
systemic review and a focus on the genitalia. The
general assessment would include determining the
height and weight for calculating the body mass
index, verifying blood pressure, and identifying any
peripheral vasculopathy and sensory loss. A digital
rectal examination (DRE) of the prostate gland and
rectum should always be performed in the aging
male as they are at risk of developing prostate and
rectal cancer. 

Laboratory tests should be offered to all aging
males presenting with ED. Serum glucose and lipids
should be done. Prostate-specific antigen (PSA)
testing is offered to those under 70 years of age with

risk factors for prostate cancer as well as those with
suspicious DRE. In addition, total testosterone and
prolactin levels should be tested in patients who are
PDE-5 inhibitor failures and those with symptoms
of andropause. Other tests could be performed if
indicated clinically.

Treatment options

There are mainly two main types of treatment for
ED, namely medical therapy and surgical therapy.
Sandwiched in between, the option of sexual coun-
seling and psychologic therapy should always be
offered.

Medical therapy
Medical therapy is broadly classified into three main
groups:

1. oral medication
2. local/topical therapy, e.g. intraurethral alprostadil

and various topical agents
3. injections, e.g. intracavernosal PGE1.

Oral therapy
The first line of therapy would include oral drug
therapy, vacuum devices, and sex therapy. The lat-
ter is usually less frequently indicated as the propor-
tion of aging patients with pure psychogenic ED is
less than for their younger counterparts. The vac-
uum device is able to create a rigid erection in the
majority of cases regardless of the patient’s age.
However, its use is troublesome and it is usually
acceptable to patients with a stable relationship
with their partners where the patient–partner’s con-
fidentiality is not a problem. The use of vacuum
devices has been dramatically reduced since the
advent of sildenafil and the other PDE-5 inhibitors.

There are two main classes of oral drugs avail-
able, either centrally acting or peripherally acting.

Peripherally acting agents – the
PDE-5 inhibitors
Sildenafil has certainly revolutionized the therapeu-
tic approach to ED in the aging male. A selective
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and competitive inhibitor of PDE-5, it has been
shown to be an effective and well-tolerated oral
agent for treating ED of broad-spectrum etiology.79

Recently it has been joined by another two com-
pounds, vardenafil and tadalafil.

As mentioned previously, the normal pathway
for penile erection is initiated by sexual arousal
which stimulates release of NO from nerve endings
in the penis and vascular endothelial tissue. The
NO in turn stimulates the guanylyl cyclase that
increases the production of cGMP.20 This leads to
the activation of cGMP-dependent protein kinase
and, after local phosphorylation of proteins, there is
a reduction in intracellular calcium, leading to
smooth muscle relaxation and accumulation of
blood in the corpus cavernosum.19 Therefore,
cGMP is vital in the process of penile erection,
which is constantly being degraded by the enzyme
PDE-5.18 This is where sildenafil comes into play, as
an inhibitor of PDE-5; it reduces the degradation of
cGMP and maintains a higher intracellular level of
cGMP in both the corpus cavernosum and the ves-
sels supplying it. This increases relaxation of the
smooth muscle which dilates the corporal sinusoids,
resulting in increased blood flow and allowing an
erection to occur.

The PDE-5 inhibitors do not increase the level
of NO but potentiate its effect to facilitate an erec-
tion. Without sexual arousal, which triggers the
nerve–NO pathway, these inhibitors are ineffective.

The most commonly experienced adverse events
are headache, flushing, and dyspepsia, which occur
in 10–15% of patients. Most of these adverse events
are mild to moderate in nature. Visual disturbances
may be experienced by a small number of patients
receiving sildenafil (4%). These have been
described as a transient and mild color tinge in
vision or blurred vision. 

Centrally acting agents – the dopamine
agonists
Penile erections are initiated by central stimuli as
discussed in previous chapters. These stimuli
send inputs to the medial preoptic area (MPOA)
and paraventricular nucleus (PVN). The PVN
contains dopaminergic neurons which impinge on

oxytocincontaining neurons. The PVN is the nucleus
where apomorphine, the dopaminergic agonist, acts.
From here, signals are transmitted to brainstem nuclei
such as periaqueductal gray, raphe nuclei and then to
the periphery of the erectile axis.80

Dopamine is one of the neurotransmitters
involved in the initiation of erection.81 Dopamine
receptors are divided into two main families, the D1
and D2 like receptors. Apomorphine has a higher
affinity for the D2 like receptors that are thought to
be the main site for the induction of erection in the
PVN.82 Hence, apomorphine acts as a conditioner
in the PVN, increasing the response to sexual stim-
uli, resulting in enhanced erections induced in the
periphery. NO is required as a cofactor at the PVN
in order to activate the oxytocinergic neurons.
Hence, adequate sexual stimulation is needed to
allow the erectogenic effect of apomorphine to
work. Apomorphine is available in a sublingual
form in some countries.

Others
Yohimbine is derived from the cortex of the
Coryanthe yohimbe tree. Its main pharmacologic
action is α2-adrenoceptor antagonism. The α2-
adrenoceptors are located both centrally and
peripherally. The site of action of yohimbine in
humans is not well defined. It may have both
peripheral and central actions. Central α2-adreno-
ceptors are implicated in the regulation of sexual
behavior.83 Yohimbine has been demonstrated to
increase sexual motivation in experienced male rats
and induce sexual activity in sexually naïve or inac-
tive rats.84

Peripherally, yohimbine acts antagonistically on
postjunctional α2-adrenoreceptors that mediate
contraction of the corpus cavernosum and helps
facilitate penile erection. Recent data also indicate
that yohimbine may mediate relaxation of the
human and rabbit corpus cavernosum via release of
NO from the endothelium.85

Local/topical therapy
Intraurethral suppositories may be used, for example
MUSE, which contains alprostadil, a naturally
occurring PGE1, which relaxes corpus cavernosal
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smooth muscle. Its action is discussed under the
section on intracavernosal injection.

Topical therapy
Topical therapy for ED has been proposed as one of
the means to circumvent some of the problems
associated with intracavernosal injection and

intraurethral suppository. It has an intrinsic appeal
to patients as it could potentially avoid the systemic
effects of oral therapy while being perceived as min-
imally invasive as it does not require any needles or
intraurethral manipulations. Topical therapy may
also be beneficial to patients unresponsive to sys-
temic therapy or who are on medications that con-
traindicate such oral treatment (e.g. nitrates).
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Table 15.3 Comparison between the PDE–5 inhibitors

Tadalafil (Cialis) Sildenafil (Viagra) Vardenafil (Levitra)

Usual dose 10 mg 50 mg 10 mg

Onset 15–45 mins 20–60 mins 15–30 mins

Half-life 17.5 hours 1–2 hours 45 mins

Duration 24–36 hours 4 hours 4–5 hours

Affected by food No Yes Yes

Metabolism CYP3A4 CYP3A4 (major) CYP3A4 (major)
CYP2C9 (minor) CYP2C9 (minor)

Drug interactions CYP3A4 inhibitors CYP3A4 inhibitors CYP3A4 inhibitors
CYP2C9 inducers CYP2C9 inducers

Side-effects Headache Headache Headache
Dyspepsia Flushing Flushing
Nasal congestion Dyspepsia Dyspepsia
Flushing Nasal congestion Nasal congestion
Back pain Visual disturbances Dizziness

Contraindications Patients taking nitrates Patients taking nitrates Patients taking nitrates
or alpha blockers or alpha blockers or alpha blockers
Known hypersensitivity Known hypersensitivity Known hypersensitivity
to PDE-5 inhibitors to PDE-5 inhibitors to PDE-5 inhibitors

Cautions Heart disease Heart disease Heart disease
Stroke Stroke Stroke
Peptic ulcers Peptic ulcers Peptic ulcers
Low blood pressure Low blood pressure Low blood pressure
Liver impairment Liver impairment Liver impairment
Renal impairment Renal impairment Renal impairment
Prolonged erection Prolonged erection Prolonged erection
(> 4 hours) (> 4 hours) (> 4 hours)
Bleeding disorders Bleeding disorders Bleeding disorders
Blood cell problems Blood cell problems Blood cell problems
Retinitis pigmentosa Retinitis pigmentosa Retinitis pigmentosa

Dosage forms 5, 10, 20 mg 25, 50, 100 mg 10, 20 mg
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Currently, it remains under clinical trial and is not
available for widespread use.

Intracavernosal injection
The use of alprostadil or other vasoactive drug
mixtures is a reliable option for treating ED. The
erectogenic effect is usually superior to that of
PDE-5 inhibitors in terms of penile rigidity and
onset of action.86 Although some form of manual
dexterity is required to handle the intracorporeal
injection, new injecting devices are now available
and make this treatment more readily accessible by
the elderly.

PGE1 Alprostadil or PGE1 mediates relaxation of
corpus cavernosum smooth muscle by increasing
the intracellular concentration of cAMP via activa-
tion of EP prostaglandin receptors.87 PGE1 may also
act by inhibiting the release of noradrenaline from
sympathetic nerves88 and suppressing angiotensin II
secretion in the cavernosal tissues.89

Papaverine In vitro, papaverine induces relax-
ation of corpus cavernosum smooth muscle, cav-
ernous sinusoids, penile arteries and penile veins,
and attenuates contractions caused by stimulation
of adrenergic nerves and exogenous noradrena-
line.90 In addition, in vivo studies in the rat model
documented that intracavernosal injection of
papaverine elicited a significant and prolonged
increase in intracavernous pressure.91

Papaverine is also a non-specific phosphodi-
esterase inhibitor that causes an increase in intra-
cellular cAMP and cGMP, leading to corporal
smooth muscle relaxation and penile erection.
Papaverine may also regulate cavernosal smooth
muscle tone via inhibition of voltage-dependent
calcium channels independent of cAMP.92

Phentolamine Phentolamine is a non-selective
α-adrenoceptor antagonist with similar affinity for
α1- and α2-adrenoceptors. It induces the relaxation
of corpus cavernosum erectile tissue by antagonism
of the α1- and α2-adrenoceptors.93 Furthermore, it
delays detumescence, contributing to the mainte-
nance of penile erection.

Combination therapy Phentolamine, papaver-
ine, and PGE1 are the vasoactive agents most com-
monly used in combination therapy to treat ED.
Understandably, combination therapy is not only
more efficacious, it is also associated with a reduc-
tion in the incidence of sideeffects and cost per
dose.

Surgical therapy
This option includes various penile implants and
medical devices.

Penile implants
Penile implants are usually considered for patients
who do not respond to other less invasive forms of
therapy or for whom those therapies were con-
traindicated, such as patients on nitrates. There are
various types of implants, ranging from inflatable to
malleable, the selection of choice being guided by
the surgeon according to the patient’s body habitus
and manual dexterity. A patient with a larger penis
is best served by a three-piece inflatable. Those with
limited manual dexterity or those having difficulty
manipulating the hydraulic devices are encouraged
to choose a semi-rigid rod.

The operation is usually performed under gen-
eral or regional anesthesia. The complication rate
is minimal if proper preoperative precautions and
preparations are observed; potential complications
are perforation of the corpora and urethra, migra-
tion of the prosthesis, infection, and mechanical
failure. Generally, the patients’ satisfaction with
this procedure is about 90%, the highest among all
available treatment modalities. The 5-year
mechanical survival rate is reported to be about 90
to 95%.94,95

Vacuum constriction devices
Vacuum constriction devices (VCDs) cause rigidity
by creating negative pressure suction and trapping
the blood in the penis with an elastic band, disc, or
O ring around the base of the penile shaft. Excessive
negative pressure can cause bruising and hematoma
and hence a vacuum pressure regulator is essential.
The constriction can be maintained without risk for
30 minutes.96,97 
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The devices usually consist of a transparent plas-
tic chamber, a manual or battery-operated vacuum,
and elastic bands or other constriction devices.
There are no absolute contraindications for this
procedure, even for those patients with some form
of coagulopathy or on anticoagulation.

The VCD causes penile rigidity sufficient for
vaginal penetration in most men regardless of the
cause of ED. The probability of achieving proper
intercourse is as high as 80%. However, the drop-
out rate can be as high as 50% as well, with longer
follow-up.97,98 The complications encountered are
usually minor, such as petechiae due to rupture of
capillaries after use. Ecchymoses and hematoma are
rare. Altered climax and impaired ejaculation have
also been reported. 

A word of caution regarding treatment of ED in
the aging patient. It has been shown that most of
these patients suffer from diffuse atherosclerotic dis-
ease that often affects the heart. Sexual activity
should be viewed as any other form of physical
activity, and the sudden commencement or increase
in sexual activity due to the use of any effective
erectogenic treatment should be evaluated by a
clinician from a cardiovascular perspective in those
individuals deemed to be at risk.

Role of hormone replacement

Androgen deficiency in men is increasingly recog-
nized as an important health and quality of life issue.
The goals of treatment include restoration of sexual
functioning, libido, and sense of well-being. In addi-
tion, androgen replacement can prevent or delay
osteoporosis and optimize bone density, maintain vir-
ilization, improve mental acuity, and restore normal
hormone levels. Testosterone replacement therapy
should maintain physiologic levels not only of serum
testosterone but also of its metabolites, including
dihydrotestosterone (DHT) and estradiol. Flexible
dosing, convenient administration, infrequent appli-
cation, and prolonged action are important features
of an effective androgen replacement therapy.

However, the use of hormones in the elderly still
remains controversial. Muscle weakness, anemia,
lowered bone mass, and mood disturbances rapidly

normalized in middle-aged hypogonadal men during
testosterone replacement therapy. It is not known at
this moment whether testosterone therapy in older
men has similar beneficial effects and whether it
can be done safely. On the specific activity of andro-
gens on ED, reports suggest a marginal synergistic
effect when testosterone is added to PDE-5
inhibitors in hypogonadal men who failed the latter
as a single therapy, apparently mediated by an
increased inflow in the cavernosal arteries.99 These
studies only involved small groups of patients who
were followed for a limited period.100 Only a
prospective, double-blind, placebo-controlled study
evaluating the effect of testosterone administration
to aging hypogonadal men with ED could answer
these questions.

Prior to any testosterone substitution or replace-
ment therapy, an assessment for prostate cancer
should be conducted through PSA measurement
and DRE. As previously mentioned, prostate cancer
can be present in hypogonadal men.73 Whether
testosterone also promotes the development of
prostate cancer remains to be determined. Morales
reported a meta-analysis of 13 evaluable studies of
testosterone therapy and found no significant
changes in PSA levels or prostate cancer detection
rate, although the follow-up was not long.101

It is necessary to monitor men on testosterone
therapy every 3 months during the first year and, if
they are stable, at 1-year intervals thereafter. The
dosage applied should be based on clinical improve-
ment and not necessarily on the achievement of
normal hormone levels. During testosterone ther-
apy, lipid and cholesterol levels should be moni-
tored, as well as liver and cardiovascular function.
The latter is important as hematocrit can increase
after 3 months of therapy.

Types of hormone replacement
therapies

Current testosterone preparations for treating the
aging male include oral testosterone undecanoate,
injectable testosterone esters, transdermal testos-
terone patches, and subdermal testosterone implants,
as well as testosterone gels.

Textbook of health in aging men

222

Lunenfeld-ch-15.qxd  8/22/2007  6:34 PM  Page 222



Injectable
An imporved intramuscular injection with a longer
half-life could reduce side-effects such as those due
to the transient supraphysiologic levels experienced
in the first few days after injection and the subnor-
mal levels felt just prior to the next injection.
Longer-acting injections (4–6 months) are probably
not suitable for the elderly male. In cases of serious
side-effects, a rapid withdrawal of testosterone
replacement should be possible.

Oral
The maximal plasma concentration level is gener-
ally observed within 2–3 hours after ingestion, but
after 6–8 hours the levels return to pretreatment
levels. Hence replacements should be administered
2 or 3 times daily, always with a meal to improve
absorption. The dose required should be determined
on the basis of plasma levels and clinical effects.102

Transdermal
Transdermal scrotal and permeation enhanced non-
scrotal patches provide physiologic testosterone lev-
els in hypogonadal men.103 The peak levels are
reached 2–4 hours after application and subse-
quently decrease to two-thirds of peak levels after
22–24 hours, mimicking the normal circadian vari-
ation. The non-scrotal patches cause local skin irri-
tation although newer formulations have fewer of
such side-effects. The patches also have the advan-
tage of enabling the therapy to the stopped imme-
diately when necessary.

Gel
Various hydro-alcoholic testosterone gels have now
become available. When administered, a variable
percentage of the testosterone applied becomes
bioavailable and, with daily applications, normal lev-
els of testosterone can be reached and maintained.104

Anti-aging products and other hormone
replacement therapies

DHEA
The use of DHEA remains controversial, with
recent data showing a slight beneficial effect in

women but not in men.105 self-administration of
DHEA occurs on a massive scale as it is sold as a
health product, but so far no side-effects have been
reported. Currently, there is no convincing evi-
dence about DHEA and its relations with ED,
although recent data support the possibility of
DHEA-specific receptors on vascular endothelial
and smooth muscle cells, suggesting the likelihood
of a vascular involvement of DHEA in ED.106

However, it would require well-designed studies
with specific end-points aimed at investigating the
effects of deficiency of adrenal androgens and the
results of replacement therapy in humans to
resolve this issue of long-term effects of DHEA
therapy. 

Growth hormone
GH administration in aging patients at this point in
time is not advisable due to its narrow dose limits and
potential side-effects, which include flu-like symptoms,
myalgia, arthralgia, carpal tunnel syndrome, edema,
and impaired glucose tolerance. Contraindications to
GH usage are type I DM, active or history of cancer,
intracranial hemorrhage, diabetic retinopathy, and
severe cardiac insufficiency. 

Future treatment

Gene therapy
Despite the introduction of oral therapy, there is
still room for improvement in the treatment of ED.
First, there is a need for better treatment for moder-
ate to severe ED. Second, the currently approved
medical therapies require some form of planning
prior to intercourse. Gene therapy represents a
viable option in the future. Champion et al used
adenoviral-mediated gene transfer of eNOS in aged
rats which were subsequently submitted to cav-
ernous nerve stimulation.107 These authors demon-
strated that the enhanced expression of eNOS
employing an adenoviral vector significantly
increased the erectile response to cavernosal nerve
stimulation in the aged rats, similar to the response
observed in young rats. The same authors also found
a significant decrease in calcitonin gene related
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peptide (CGRP) in the penis of aged rats and
subsequently performed an adenoviral-mediated
gene transfer of prepro-CGRP. The aged rats
showed a significant increase in cavernosal CGRP
and cAMP levels 5 days after the gene transfer pro-
cedure, whereas cGMP levels remained unchanged.
More importantly, a significant increase was seen in
the erectile response to cavernosal nerve stimula-
tion in the aged rat.108 

Because neuropathy is a significant factor in
many cases of organic ED, Bakirciogla et al explored
the possibility of brain-derived neurotropic factor
gene therapy to restore nerve-stimulated intracaver-
nosal pressure (ICP) in a rat model with neurogenic
impotence.109 The results revealed that the treat-
ment group had a significantly elevated nerve stim-
ulated ICP response and this was correlated with a
significant increase in the number of NOS positive
nerve fibers observed. Another method is to use an
angiogenic factor such as vascular endothelial
derived growth factor (VEGF) as treatment for ED.
Direct intracorporeal injection in a rat model of
vascular insufficiency had restorative effects on
nerve stimulated ICP response.110

Potassium channels provide an important mech-
anism for the regulation of corporeal smooth muscle
cell tone and also represent a convergence point for
mediating the effects of a wide array of neurotrans-
mitters, neuromodulators, and hormones. Gene
therapy employing this method has enabled the
restoration of sufficient corporeal smooth muscle
relaxation to result in normal penile erection.111

Finally, another approach is re-implantation of
genetically modified cells into the corpus caver-
nosum. Wesells and Williams had established the
feasibility of using autologous transplantation of
endothelial cells into the corpus cavernosum of rats.
The long-term viability and duration of this option
are as yet unknown. Certainly, it opens up another
therapeutic possibility.112

Conclusions

The weight of scientific evidence supports the state-
ment that ED in the elderly male is generally multi-
factorial in origin. Treatment options should be

individualized with all risks and benefits clearly
defined for the patient and partner. Currently, we
lack the ability to identify the underlying etiology of
erectile difficulties in individual patients and thus
direct therapy towards symptoms rather than rever-
sal of the causative factors. With improved tech-
nologies and better understanding of the underlying
molecular and genetic basis of erectile function,
new therapeutic management is being devised. The
role of hormone replacement therapy as well as
anti-aging products in the aging male has yet to be
fully defined. Clear statements concerning their use
will be possible only after completion of large-scale,
randomized, placebo-controlled studies.
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CHAPTER 16

Assessment of the aging man with
sexual dysfunction
Sidney Glina

Introduction

The increase in life expectancy over the past cen-
tury has meant that individuals over the age of 65
years form an increasingly large proportion of our
population. It is projected that by 2025 the popula-
tion above 65 years of age will increase by 82%.1 As
sexual functioning declines with age, sexual dys-
function has become a main health concern.

Age is considered a major risk factor for various
sexual disorders. Kinsey et al2 made the first report in
1948 about sexual behavior in the human male. They
studied 12 000 men and found an incidence of erectile
dysfunction (ED) of 2% in men younger than 20 years
and 25% in men aged 56 to 75 years. Also, probably
the best known epidemiologic study on male sexual
function, the Massachusetts Male Aging Study,
showed that 52% of men in the Massachusetts area
claimed some level of ED and the prevalence was also
age-related.3 Rosen et al4 showed that ejaculatory dis-
orders are strongly related to age. The aging male
tends to have a significant decrease in sexual desire5

and sexual activity is reported to decrease; 53% of
older married couples at the age of 60 have sexual
activities while only 24% of couples over the age of 76
have any sexual encounter.6

Although the incidence of sexual dysfunction
increases in old age, this can be primarily related to
the increased rate of health problems, rather than

aging per se. A history of cardiopathy, diabetes,
hypertension, neuropathy, or pelvic surgery/radiation
increases the risk of ED. More than one associated
condition increases the risk. In comparison with
non-diabetic and non-hypertensive men, the odds
ratio of ED was 1.4 for hypertensive men without
diabetes, 4.6 for diabetic men without hypertension,
and 8.1 for men with both diseases. Smoking is also
an important risk factor.7 It was reported that, in
comparison with never smokers, the odds ratio
of ED was 1.7 for current smokers and 1.6 for ex-
smokers, and it increased with the duration of the
habit.8 These health factors are more prevalent in
older people and hence it is perhaps not surprising
to find an increase in biologically caused sexual
problems in the elderly. Also many drugs, highly
utilized by older adults, are related to sexual dys-
function. Antihypertensives such as thiazide
diuretic and non-selective β-blockers, antidepres-
sants, antipsychotic agents, and anti-androgens,
among others, have been incriminated as a cause of
sexual dysfunction.9

However the importance of psychosocial risk fac-
tors should not be dismissed. Psychologic conditions
such as depression and psychosocial stresses (such as
divorce, death of the spouse, lack of partners, loss of
social status, loss of job, health-related family prob-
lems) are highly prevalent in older adults and con-
tribute to sexual disorders.10
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Assessment of a patient with 
erectile dysfunction 

During the last two decades significant advances have
been made in the understanding of male sexual dys-
function and ED can be caused by psychologic factors,
arterial insufficiency, neurogenic disturbances, cav-
erno-veno-occlusive dysfunction (CVOD), hormonal
insufficiency, drugs, and Peyronie’s disease.

In every disease the diagnostic work-up should
be very detailed to find the correct etiology and to
determine the best treatment. However, for ED, the
exact cause frequently cannot be found or there is
no ‘best’ treatment, but an effective way to restore a
patient’s sexual function. Principally after the
development of an effective oral agent, the treat-
ment of ED became simpler. Instead of an extensive
diagnostic work-up, the physician should emphasize
to the patient the therapeutic options, their effec-
tiveness, and the adverse effects, and both of them,
preferably with the agreement of the partner, must
decide on the treatment. This is known as the goal-
directed approach or patient-centered care.11

However, in every case a minimal work-up
should be done. A detailed anamnesis is important
to reveal the real problem. Is the erection impaired
or has the patient a decrease in libido, premature
ejaculation, or a difficult relationship with his part-
ner? These are different conditions from ED and
deserve different care, and many patients classify all
of them as ED. Sexual inquiry is most often con-
ducted by face-to-face interview, although self-
reported questionnaires might help. These tools are
simple and provide validated and cost-efficient
identification of the problem.11

The goal of the sexual history is to evaluate the
whole sexual function of the couple. When a
patient complains of ED it is, for example, impor-
tant to learn whether the erectile disorder happens
in every intercourse or is partner-related, if it is dif-
ficult to initiate and/or to maintain the erection at
masturbation or only during intercourse, and
whether morning or nocturnal erection is rigid. The
presence of a rigid and sustainable erection in any of
these situations normally means that the organic
aspects of erection function are normal. Basic topics
for a sexual history are summarized in Table 16.1.

Following the sexual history a medical history
should be taken and the objectives are to identify
possible comorbid medical conditions and to assess
the use of concomitant medications. Many underly-
ing conditions such as diabetes, depression, cardio-
vascular disease, dislipidemia, hypogonadism, or
past pelvic surgery can be severe risk factors for
or the cause of ED. Furthermore, ED can be a
marker of an underlying silent morbid condition
such as diabetes or coronary artery disease.12 In addi-
tion, the patient can be taking an ED-associated
drug such as finasteride or an antihypertensive
agent; withdrawing it or substituting it by an other
agent may solve the problem. The use of some med-
ications such as the nitrates also constitutes a con-
traindication for the use of phosphodiesterase type
5 inhibitors.

A psychosocial assessment is fundamental to
understanding the patient’s ED. Multiple psycho-
logic factors can contribute to or cause sexual dys-
function. Depression, loss of a partner, disease or
death of a family member, professional and financial
stress, and intracouple relationship distress should
be identified during patient interview. An initial
psychologic evaluation can be done by the urologist
or general practioner with some experience, but in
some cases a referral to a psychologist or psychiatrist
makes it easier and can increase the adherence to a
planned psychotherapy.

In many cases the differentiation between ED of
physical and psychologic origin can be done by history.
Psychogenic ED usually has an acute onset, it is
partner-related or can be situational; the patient
usually presents some of the psychologic factors dis-
cussed above and he can refer normal erections in
various circumstances as at masturbation or at night
or morning. Organic ED has a gradual onset,
patients generally refer to other comorbidities, and
masturbation, nocturnal, or morning erections are
rare and poor. It is important to consider that many
times both psychologic and physical factors can be
coexisting.

Although rarely identifying the cause of the ED,
the physical exam of the patient can reveal condi-
tions that determine different treatments: signs of
hypogonadism, atropic testes, hepatomegaly, or
penile fibrosis. Decreased testicular pain sensivity
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can be the only signal of a diabetic autonomic neu-
ropathy and the absence of a dorsal arteries pulse
can be the sign of a vascular disease. Also, this can
be the unique opportunity for a digital rectal exam
of the prostate. 

In a patient with ED a minimal laboratory check-
up is advisable to identify a possible cause of the sex-
ual dysfunction as hypogonadism and to identify
possible silent comorbidities. The check-up should
include lipid profile, fasting glucose, testosterone,
and PSA.11

In some situations for patients with primary ED,
when there is a medico-legal dispute, or when
patients want to know the etiology of their ED a com-
plementary work-up should be added. There are vari-
ous guidelines for this complementary evaluation11

and I usually ask for a psychologic interview with a
sexologist, the bioavailable or free testosterone level
(plus prolactin, when there is a concomitant low
libido) and an office pharmaco-induced erection test
or an outpatient nocturnal penile tumescence (NPT)
test with Rigiscan.

In this way it is possible to evaluate the various
etiologies of ED: psychologic factors (anamnesis
and psychologic interview), arterial insufficiency
(patient should present a negative pharmaco-
induced erection test, or abnormal NPT; must be
confirmed by duplex ultrasound and arteriography if
a vascular restoration is planned), neurogenic dis-
turbances (history of possible neuropathies such as
diabetes, alcohol abuse, medullar lesions, and an
abnormal NPT, caverno-veno-occlusive dysfunc-
tion (negative pharmaco-induced erection test or
abnormal NPT), hormonal insufficiency (low
testosterone level), drug-induced ED (by medical
history), and Peyronie’s disease (anamnesis and
physical exam).

Cavernosometry and cavernosography have a low
value in the ED evaluation. First, they rely on a phar-
maco-induced relaxation of the smooth muscle of the
corpora cavernous and we still do have not an easy
and reliable method to confirm it.13 Thus, an abnor-
mal cavernosometry can mean a caverno-venous-
occlusive dysfunction (CVOD) or incomplete
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Table 16.1 Basic topics for a sexual history (adapted from Rosen et al 11)

Defining the problem:
1. Do you consider your sexual frequency satisfactory? (Libido disorder)
2. Do you feel sexually aroused frequently? (Libido disorder)
3. When you are sexually stimulated can you get and maintain a hard enough erection for a vaginal 

penetration? (Erection disorder)
4. Are you able to ejaculate when you have sexual activity? Is it too rapid? (Ejaculation disorder)

Erection domain:
1. Was the onset of your erectile dysfunction gradual or acute?
2. When did you have or try your last sexual intercourse?
3. Were your able to get an erection at that time?
4. Were your able to maintain the erection until your ejaculate?
5. What is the percentage of intercourses you have not been able to get or maintain the erection?
6. Do you have morning or nocturnal erections? How do you grade this erection according to

rigidity (0–10)?
7. Do you have an erection at masturbation? How do you grade this erection according to

rigidity (0–10)?
8. Have you noticed if the erection is better in any situation or with different partners (if you have 

more than one)?
9. Do you have any pain during erection?

10. Is there any curvature or bend in your penis?
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relaxation due to anxiety. Second, there is still no
adequate test or a reliable normality criterion for the
CVOD.14 The diagnosis of CVOD can be made after
a negative pharmaco-induced erection test, with self-
stimulation or redosing of the vasoactive agents and
a negative home test (autoinjection with vasoactive
drugs at home and tentative sexual intercourse).

Other exams as neurologic testing are useful only
in selected cases for a research protocol or medico-
legal reasons.11 However most neurologic exams
(evoked potentials, peripheral electromyography, and
latency time of dorsal nerve) check pathways other
than the autonomic system that is responsible for the
erection. Electromyography of the corpora cavernous
remains an experimental tool and needs to be studied
further before it enters clinical practice.11

Where are the patients?
The main challenge sexual medicine experts face is
the low treatment procurement by sexual dysfunc-
tion patients. Although ED is a very common med-
ical condition very few patients receive treatment.
Chew et al reported that only 11.6% of patients
with ED had received treatment for this condition
in the Perth, Australia area.15

Although ED can produce a negative impact on
quality of life of patients and their partners,16 it is
difficult the patient to seek medical aid. In my prac-
tice patients take an average of 4 years to look for
medical care for their sexual problems. 

It is important to understand that ED is not a
problem for every man. In a survey conducted in the
UK around 20% of men claimed some sexual dys-
function,17 although 23% of them considered that
this dysfunction was not an important issue.
However, 49% of men and 39% of women with sex-
ual dysfunction wanted professional help for their
sexual problems, and only 12% of these men and
6% of these women had received this help.

Patients are used to consulting their physicians
because of other medical conditions as diabetes,
hypertension, and lower urinary tract symptoms,
and do not complain about their sexual disorders.18

Most of them are embarrassed to broach this subject
with the doctor.19 Cultural attitudes may contribute
to the expectation that older people are, or ought to
be, asexual.20 Although sex roles have changed and

there has been more freedom of sexual expression
since the 1960s, the stereotypes that older people
are physically unattractive, uninterested in sex, and
incapable of achieving sexual arousal are still widely
held. Thus when they face a sexual problem they
think that is ‘normal’ for old people.

ED is still also underdiagnosed because patients
do not complain and physicians do not ask their
patients about their sexual function. This is mainly
because, in general, physicians are not prepared to
deal with sexual medicine, ED is not seen as a med-
ical condition, others do not feel comfortable with
the subject, and ED is a time-consuming issue.

However, it is important for the physician to
know that ED shares the same risk factors as any
cardiovascular disease and can be considered as a
marker of those diseases. In many cases the sexual
dysfunction precedes a major cardiovascular event.12

Furthermore, treatment of ED can improve the
quality of life and the relationship of the couple21

and it increases the adherence of the patient to the
treatment of other major medical conditions.22 In
addition, there are tools such as the self-reported ques-
tionnaires, including the Sexual Health Inventory
for Men (SHIM) among others, that reduce the
time of ED diagnosis and facilitate patient–physi-
cian communication.23 Lastly patients can be
referred to experts if a physician is not comfortable
treating sexual dysfunction.

Ejaculation disorders in the
aging male

Ejaculation disorders in the aging male are much
less studied than erectile dysfunction. Masters and
Johnson24 reported that, among other alterations in
the sexual response of aging men, ejaculation time
is longer compared to that of young adults, with
longer periods of coitus. However in the clinical set-
ting many aging adults complain of a decrease in the
volume of ejaculate, delayed ejaculation, sometimes
an inability to reach orgasm and ejaculation, and
less frequently rapid or premature ejaculation.

In a survey of sexual function in men aged 50–80
years from five Asian countries Li et al found
that ejaculation disorders were present in 68% of
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respondents (52% reported bothersomeness) and
pain on ejaculation was experienced by 19% of the
men in the study (88% reported bothersomeness).25

Lue et al classified the delayed ejaculation, ane-
jaculation, and retrograde ejaculation as male
orgasmic dysfunction (MOD) and estimated that
its prevalence is the same as for ED in the aging
male.26

The etiology of MOD can be any medical dis-
ease, drug, or surgical procedure that interferes with
either central control of ejaculation, the peripheral
sympathetic nerve supply to the vas and bladder
neck, the somatic afferent nerve supply to the
pelvic floor, or the somatic afferent nerve supply to
the penis.25 Prostate or bladder neck surgery can
lead to retrograde ejaculation or loss of orgasmic

sensation in 80% and 35% of men,27 respectively;
both have been prevalent in men with lower uri-
nary tract symptoms.24 Also drugs as alpha-blockers
and serotonin-uptake inhibitors, commonly used in
aging males, can cause MOD. Causes of MOD are
summarized in Table 16.2.

Low-volume ejaculate can be caused by prostate
enlargement, diabetic autonomic neuropathy, or
hypogonadism. Painful ejaculation may have psy-
chologic or organic causes and the main cause is
acute or chronic prostatites.28

Lifelong premature or rapid ejaculation (PE) can
go on affecting an older adult, but some men begin
to refer PE because they are afraid to lose the erec-
tion (PE secondary to DE) or to low frequency of
intercourse.29
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Table 16.2 Causes of delayed ejaculation, anejaculation and anorgasmia (MOD) in the aging male
(adapted from McMahon et al29)

Psychogenic
Inhibited ejaculation (cultural, religious factors)

Anatomic causes
Prostate enlargement
Transurethral resection of prostate
Bladder neck incision
Diabetic autonomic neuropathy
Spinal cord injury
Radical prostatectomy
Open prostate surgery
Proctocolectomy
Bilateral sympathectomy
Abdominal aortic aneurismectomy
Para-aortic lymphadenectomy
Radiotherapy of prostate

Endocrine
Hypogonadism
Hypothyroidism

Drug-related
Tricyclic and serotonine-uptake inhibitors
Phenothiazine
Alpha-blockers
Alcohol abuse
Marijuana
Cocaine
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Assessment of the aging male with
ejaculation disorders
As in other sexual dysfunctions, an aging male with
any ejaculation disorder should be evaluated with a
detailed sexual history. The main goal is to define the
precise disorder and to learn whether it is situational,
partner-related, lifelong, or acquired. The patient
should be asked whether there is any problem with his
erection and the frequency of intercourse. Details
about his ejaculatory response, including the presence
or absence of orgasm and the level of sexual satisfac-
tion, or patient and partner distress, must be part of
the history. Table 16.3 summarizes basic topics for sex-
ual history taking of these patients. 

A basic medical history should be obtained with
special focus on the use of prescribed and recre-
ational medications, because of the influence of
some drugs on the ejaculatory response.

A physical examination might be relevant in cases
of delayed ejaculation or anejaculation to establish
the status of the testicles and epididymes, the pres-
ence of the vas deferens, and the sensation of the
genitalia.25

Testosterone determination is probably the only
biochemical investigation to be done in aging men with
MOD to rule out possible hypogonadism. Bioavailable
testosterone or the calculated free testosterone is the
most reliable assay to establish the androgenic status

of the aging adult. Other laboratory-based evaluations,
such as neurophysiologic studies, are not recom-
mended for routine evaluation.25

Hypoactive sexual desire in
aging men

Hypoactive sexual desire (HSD) is a condition that
is characterized by the absence or decreased fre-
quency of a man’s desire for sexual activity. HSD is
identified when it causes distress or dissatisfaction
to the patient and/or the partner. It is not defined by
the number of sexual encounters alone, because it is
well known that in stable long-term relationships
sexual frequency declines, although satisfaction may
remain high. The Diagnostic and Statistical Manual
of Mental Disorders, 4th edition (DSM IV), defines
hypoactive sexual desire disorder as persistently or
recurrently deficient (or absent) sexual fantasy and
desire for sexual activity, leading to marked distress
or interpersonal difficulty.30

Laumann et al, in an international survey of
13 618 men aged 40–80 years from 29 countries,
reported a prevalence of lack of sexual interest from
12.5 to 28.0%, according to geographic area. The
significant risk factors for low sexual desire were
older age, depression, and poor health condition.31

Textbook of health in aging men

234

Table 16.3 Basic topics for sexual history taking in the aging male with ejaculation disorders
(adapted from Rosen et al11) 

1. Are you able to ejaculate when you have sex?
2. Are you able to ejaculate when you masturbate?
3. Do you ejaculate when you want to?
4. Do you ejaculate before your partner wants you to?
5. Are there situations where your ejaculation comes too quickly?
6. Are there any partner with whom you ejaculate too quickly? 
7. Do you take too long to ejaculate?
8. Have you noticed a reduction in the volume of what you ejaculate?
9. Do you have difficulty reaching orgasm?

10. Is your orgasm satisfying?
11. Do you have pain when you ejaculate?
12. Have you seen blood in your semen?
13. If you have any problem with your ejaculation or orgasm, for how long it has been happening?
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There are many theories about the physiology of
sexual desire,32 but it clearly depends on the balance
of a normal hormonal environment and equili-
brated psychosocial response.33 The role of testos-
terone and perhaps of several other androgens
appears to be necessary for the experience of sexual
desire in its drive component. It appears that a min-
imum level of androgen is required for a man to be
able to experience sexual desire.34 HSD is consid-
ered the most common sexual pattern associated
with depression,35 and this is one of the major risk
factors for HSD.30

HSD is a condition that can be a hidden cause of
other sexual dysfunctions, mainly ED.36 It is critical
that the clinician identifies this condition; lack of
success in the treatment of other disorders can be
explained by the presence of an untreated HSD.
Medical and psychologic factors associated with
HSD are summarized in Table 16.4.37

Diagnosis of hypoactive sexual desire in
the aging male
As in other sexual dysfunctions, patient history is
the main tool for the diagnosis of HSD. Many
patients complain about a secondary ED and the
physician should be aware of the possibility that
erection ability is impaired because of a lack of
sexual desire. The diagnosis of HSD is not difficult

if the clinician asks directly about desire, interest,
or sexual activity. 

It is important to differentiate whether the
patient has a complete lack of sexual interest or
whether there is a decrease in sexual desire related
to a partner or situation. In the first case a major
cause, such as hypogonadism, hyperprolactinemia,
or depression, can be suspected. In the second case
the patient will go on showing interest in other sex-
ual activities, such as masturbation, and a relation-
ship conflict can be suspected. 

Basic topics for sexual history taking in men with
HSD are listed in Table 16.5, modified from Rosen
et al.11

A medical history is fundamental because there
are underlying conditions or situations that can ini-
tiate HSD. It is not uncommon that a man who has
undergone major heart surgery develops a secondary
HSD because of a fear of death during sexual activ-
ities. Depression deserves special attention and it
can be identified through the clinical interview;
however, in many instances the use of screening
tools can be useful. There are many scales that have
been developed for depression detection. A short
and useful tool, developed for the geriatric popula-
tion, might be of help for the clinician unfamiliar
with depression or with restricted time during the
consultation, and this is shown in Table 16.6.38 The
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Table 16.4 Medical and psychologic factors associated with HSD36

• Androgen deficiency
• Hyperprolactinemia
• Anger and anxiety
• Depression
• Relationship conflict
• Stroke
• Antidepressant therapy
• Epilepsy
• Post-traumatic stress syndrome
• Renal failure
• Coronary disease and heart failure
• Aging
• HIV
• Body-building and eating disorders
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briefness of the scale (only 5 items) and good psy-
chometric properties make this a useful instrument
for the detection of depression among older men.39

Physical examination can reveal secondary signs of
hypogonadism and, rarely, a gynecomastia sec-
ondary to hyperprolactinemia.

Laboratory evaluation should include the mea-
surement of serum testosterone, preferably bioavail-
able testosterone or calculated free testosterone, and
prolactin. Additional laboratory tests (e.g. thyroid
function, HIV tests) may be performed at the discre-
tion of the physician, based on medical history and
clinical suspicions. 

Conclusions

The population is getting older and sexual dysfunc-
tion is a major health concern in the elderly. It is
important that physicians are aware that patients do

not complain easily about sexual dysfunction,
despite its negative impact on a couple’s quality of
life. But they want to be asked about their sexual
function. Furthermore, sexual dysfunction, mainly
ED, can be a silent marker of underlying medical
conditions. Thus, it is a duty of a physician to at least
be concerned with those disorders. In general, his-
tory taking is the main tool for the diagnosis of a sex-
ual dysfunction and it requires just time and interest
to do it.
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Table 16.5 Basic topics for sexual history taking in men with HSD

1. Do you still look forward to sex?
2. Do you still enjoy sexual activity?
3. Do you have sexual fantasies?
4. Do you have sexual dreams?
5. How frequently do you masturbate?
6. How easily sexually aroused (turned on) are you?
7. Do you read magazines or watch movies with erotic themes?
8. Do you find your partner sexually attractive?
9. Do you enjoy sexual activities with your partner?

Table 16.6 Five-item version of the Geriatric Depression Scale37, 38

1. Are you basically satisfied with your life?
2. Do you often get bored?
3. Do you often feel helpless?
4. Do you prefer to stay home rather than going out and doing new things?
5. Do you feel pretty worthless the way you are now?

Positive answers for depression screening are ‘yes’ to questions 2,3,4, and 5 and a
‘no’ to question 1. 
A score of 0 to 1 positive answer suggests the patient is not depressed, a score of 2 or higher
indicates possible depression.
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CHAPTER 17

Endocrinology of the aging male:
an overview
John E Morley

Introduction

Multiple changes in the endocrine system occur with
aging. In general, these appear to stem from an alter-
ation in the pulse generator within cells which regu-
lates the normal rhythmic secretion of hormones.
The chaotic secretion of releasing hormones in the
hypothalamus results in a diminished secretion of
pituitary hormones.1 In the pancreatic islets chaotic
secretion of insulin plays a role in the development of
the age-related insulin decline.2 Aging is also associ-
ated with a decrease in receptor and/or post-receptor
activity.3 The combination of all these factors results
in the aging male having the appearance of hormone
deficiency. This has led many authorities to suggest
that aging is due to an endocrine pause, with
the corollary to this being that hormone replacement
can result in the reversal of the aging process.
This has led to the mythologic concepts of the
andropause, adrenopause, somatopause, or menopause
as the central drivers of aging. In turn, this has
resulted in an anti-aging industry which sells the
‘hormonal fountain of youth’ as the magic pathway to
rejuvenation.4 However, it is more rational to accept
that hormonal replacement is as likely to produce
negative effects. 

The major changes in circulating hormones that
occur with aging are outlined in Table 17.1

Endocrine disease and aging

The decline in hormone levels that occurs with aging
puts older men at risk of developing endocrine defi-
ciency disorders. Thus with aging there is an increased
prevalence of hypothyroidism, hypogonadism, and
diabetes mellitus. There is also an increased likelihood
of older persons having polyglandular failure.

A typical presentations occur commonly in older
persons. Apathetic thyrotoxicosis is the classic
example of an unusual presentation in the older per-
son. About 7% of older persons with thyrotoxicosis
present with proximal myopathy, atrial fibrillation,
depression, weight loss, and blepharptosis (hooded
eyes). Persons with adrenocorticol insufficiency
often present with weight loss, abdominal pain, and
diarrhea or constipation. Pheochromocytoma can
present with severe weight loss associated with wors-
ening hypertension sue to the catecholamine excess.
Hypothyroidism presents insidiously with fatigue,
cognitive problems, hypertension, and depression.
Hyperparathyroidism can present with anorexia,
weight loss, and cognitive impairment. Systemic
mastocytosis patients may present with syncope,
flushing, diarrhea, and gastroesophageal reflux disor-
der. Endocrine disorders need to be high on the dif-
ferential diagnosis for all older persons presenting
with weight loss, delirium, or dementia.

Lunenfeld-ch-17.qxd  8/23/2007  3:23 PM  Page 241



With aging there is an increase in ectopic hor-
mone production which parallels the increase in
cancer. This applies particularly to ectopic ACTH
production and the syndrome of inappropriate
antidiuretic hormone from lung cancers; skin
hemangiomas (endotheliomas) can result in over-
production of endothelin, resulting in hypertension.

The approach to hormone replacement changes
with aging. Thus, the decrease in the rate of thyroid
hormone plasma clearance leads to a need to reduce
the replacement dose of L-thyroxine. If this is not
done, then the older person can develop accelerated
osteoporosis, atrial fibrillation, and weight loss. In
persons with hypothyroidism who have angina or
dyspnea, a slightly lower replacement dose may lead
to amelioration of these symptoms.

Polypharmacy is common with aging and thus the
effects of medications on hormones need to be con-
sidered. For example, phenytoin displaces thyroxine
from its binding hormone and alters its rate of
turnover, and rifomysin increases the thyroxine
replacement dose needed. Coumadin and oral hypo-
glycemics interact to produce increased hypo-
glycemia and increased bleeding time. Lipid-lowering
agents can increase the effectiveness of coumadin,
resulting in an increased prothrombin time. High
doses of vitamin A cause increased processing of pre-
pro PTH to PTH, resulting in hypercalcemia. When
older persons are on multiple medications, there is
reduced compliance that can result in inadequate

compliance, with older persons failing to take appro-
priate replacement doses.

Some endocrine disorders occur virtually exclu-
sively in older persons. These include osteoporosis,
late onset hypogonadism, and Paget’s disease.

Insulin resistance syndrome

The prevalence of the insulin resistance syndrome
increases with aging such that over 40% of persons
over 60 years of age have the metabolic syndrome.5

Males are slightly more likely to develop the meta-
bolic syndrome than are females. The metabolic
syndrome is classically related to the accumulation
of visceral fat. The International Diabetes
Foundation has defined the syndrome as requiring
an increased waist circumference6 (Table 17.2). The
key features of the syndrome include hypertension,
diabetes mellitus, increased uric acid, increased
plasminogen activator inhibitor-I, hypertriglyc-
eridemia, low HDL cholesterol, increased small
dense LDL, myosteatosis, and non-alcoholic steato-
hepatitis. This syndrome is associated with
increased myocardial infarction, stroke, frailty, dis-
ability, and mortality. Persons with the metabolic
syndrome or diabetes mellitus have low testosterone
levels and there is some evidence that low testos-
terone is associated with insulin resistance.7 Older
persons who receive GnRH agonists for prostate
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Table 17.I Hormones and aging

Decreased Unchanged Increased

Growth hormone Thyroxine Norepinephrine
Insulin growth factor-I Gastric inhibitory peptide ACTH
Testosterone Glucagon releasing peptide Insulin
Estrogen (women) Prolactin Cholecystokinin
Dehydroepiandrosterone TSH Amylin
Pregnenolone Epinephrine Parathyroid hormone
25 (OH) Vitamin D Ghrelin FSH
Aldosterone — —
Triiodothyronine — —
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cancer have a very high incidence of diabetes
mellitus.8

Three studies (the Da Qing, the Finnish
Diabetes Prevention study, and the Diabetes
Prevention Program) have all shown that lifestyle
intervention with a heavy emphasis on exercise
decreases the future incidence of diabetes.9,10

Metformin was ineffective in persons over 60 years
of age. The DREAM study has shown that thia-
zoliclinediones may prevent the occurrence of
diabetes.11

Hormonal replacement and aging

A longitudinal study has shown that 25 (OH) vita-
min D levels decline with aging.12 vitamin D
replacement in older persons with low vitamin D
levels prevents hip fracture, decreases falls,
improves muscle strength, and decreases death.13

vitamin D levels should be measured in all older
men and, if levels are below 30 mg/dl, vitamin D
should be replaced until values are above this level.

There is little evidence to support growth hor-
mone replacement in older men.14 While it may
increase muscle mass, it does not appear to improve
strength. There is some evidence that in malnour-
ished older persons growth hormone may produce
weight gain and improve function.15 Both animal
and human studies suggest that low physiologic
levels of growth hormone are more predictive of
survival than are higher levels. 

Ghrelin is produced in the fundus of the stomach.
Ghrelin increases growth hormone, food intake, and

memory. These effects are mediated through nitric
oxide. The effects of aging on ghrelin are controversial.

Insulin growth factor-1 (IGF-1) levels decline
with aging and decline further in malnourished
older persons. IGF-1 administration increases mus-
cle bulk but not strength and produces hypo-
glycemia. IGF-3 or mechanogrowth factor is
produced in muscle in response to resistance exer-
cise. Growth hormone can further increase these
levels, but not in the absence of exercise.
Mechanogrowth factor (MGF) increases muscle
strength, predominantly by recruiting satellite
cells.16 Stem cell replacement with MGF reverses
the muscle atrophy present in old rats.

Melatonin is produced in the pineal gland.
Melatonin produces a small enhancement of sleep
length and quality; it also has some antioxidant
activity. The French ‘red wine paradox’ in which
red wine drinkers appear to do better is thought to
be due to riservatol in red wine. Riservatol produces
its effects by activation of melatonin receptors.

Dehydroepiandrosterone (DHEA) levels decline
markedly with aging. Despite extravagant claims
for its efficaciousness for reversing the aging
process, a year-long study using 50 mg of DHEA
daily failed to show any effects on muscle mass or
strength.17

There is much enthusiasm to replace testos-
terone in older men with late life hypogonadism or
andropause.18 Small studies suggest that testos-
terone replacement improves muscle mass, strength,
libido, erectile dysfunction, visuospatial memory,
and bone mineral density. Testosterone also
increases the hematocrit. Long-term side-effects of
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Table 17.2 International Diabetes Foundation: Definition of the metabolic syndrome

Central obesity: Waist circumference greater than 94 cm for Europids or 90 cm for
Chinese men and 80 cm for women
Plus any 2 of the following:

• Triglycerides >1.7 mmol/l (150 mg/dl)
• Reduced HDL <1.03 mmol/l (40 mg/dl) in males or <1.29 mmol/l (50 mg/dl) in females
• Raised blood pressure >130 mm Hg systolic and >85 mm diastolic
• Raised fasting blood glucose >5.6 nmol/l (100 mg/dl)
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testosterone therapy, especially on the prostate, are
uncertain. Testosterone may also worsen sleep
apnea. A recent study suggested low testosterone
may be associated with increased mortality.19 Low
testosterone is also associated with increased ather-
osclerotic burden.20 There is a need for a large,
multi-center study to determine the true role of
testosterone replacement in older men.

Conclusions

Over the last decade there have been major
advances in our understanding of the interactions of
hormones in aging in older men. These advances
have created a Pandora’s box of possible hormone
replacements that may enhance the quality of life
and/or promote longevity. Unfortunately, at present
there are inadequate numbers of studies to allow
clear recommendations on the utility of hormonal
replacement in older men.
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CHAPTER 18

Androgen deficiency and its 
management in elderly men
Louis JG Gooren and Bruno Lunenfeld

Introduction

Among the many processes of aging, endocrine
changes are relatively easy to identify and quantify
with the presently available methods for determin-
ing hormone levels, which are reliable and sensi-
tive. The question has been raised whether there
exists a counterpart to aging in women (unfortu-
nately labeled as menopause) in the male. It has
become clear that levels of testosterone do indeed
show an age-related decline but the characteristics
of this age-related decline of testosterone are so
fundamentally different from the menopause that
drawing parallels generates more confusion than
clarity. In men testosterone production is affected in
a slowly progressive way as part of the normal aging
process. It will rarely be manifest in men under the
age of 50 years and becomes usually only quantita-
tively significant in men over 60 years of age. This
age-related decline of testosterone shows consider-
able interindividual variation. Some men in their
eighties will still have normal testosterone levels.
Unlike the menopause, the age-associated decline
of testosterone does not present itself in an ‘all or
none’ fashion. The majority of women are able to
retrospectively identify their age of menopause.
Men are unable to pinpoint the start of their decline
of testosterone. 

So, the age-related decline of testosterone calls
for terminology not reminiscent of the female
menopause. When scientific investigation started

to produce evidence of an age-related decline of
testosterone, terms such as male menopause, male
climacteric, or andropause were introduced. For the
reasons given above, they should not be used.
(Partial) androgen decline in the aging male
(ADAM or PADAM) is a much better description.
The term late onset hypogonadism (LOH) is prob-
ably now the preferred term.1 Some would rather
use the term symptomatic LOH, indicating that
there must be signs and symptoms of the age-related
decline of testosterone to qualify as a clinical entity.
While being an acceptable term, it is of note that
the testosterone deficiency in LOH is usually less
profound and less manifest than in other hypogo-
nadal states, but it may be clinically significant and
deserves the attention of the medical profession. 

Increased longevity compels the medical profes-
sion, and the society at large, to foster effective
medical approaches that prolong independent, and
if possible enjoyable living as long as possible. There
is evidence from longitudinal studies that one of the
key elements in independent living is the capacity
to carry out the so-called activities of daily living for
which muscle strength and bone mineral density are
pivotal. These two decline by 1–2% per year.
Furthermore, aging is associated with increased vis-
ceral fat mass, insulin resistance, falls and fractures,
decreased muscle mass and strength, and decreased
physical and mental performance, all reminiscent of
a state of androgen deficiency. There is ample evi-
dence that these signs and symptoms in younger
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men can be reversed by testosterone replacement
treatment. Whether comparable improvements can
be achieved in elderly men, and whether this is safe,
is now being studied. 

The notion of an andropause or male menopause,
or as it is termed now LOH, is not rarely viewed with
some skepticism by the medical profession.2 This is a
concept that all too readily lends itself to oppor-
tunistic exploitation by anti-aging entrepreneurs,
usually working outside the public health sector,
who tout ‘rejuvenation cures’. The history of this
field, which includes names like Voronoff and
Lespinasse and, surprisingly, even such reputable sci-
entists as Brown-Sequard and and Steinach, is not
illustrious.3 It is feared that those who peddle the
indiscriminate use of androgens, growth hormone,
melatonin, and adrenal androgens will perpetuate
this quackery in the present time.2 Only well-
designed studies into the endocrinology of aging,
with clear clinical objectives and proper terminol-
ogy, can ensure that history does not repeat itself and
that the baby is not thrown out with the bathwater.

Neuroendocrine mechanisms
of aging

Most of the hormone deficiencies associated with
aging are based on neuroendocrine mechanisms.4

One of the best known examples of age-related
decline of hormone is the menopause. Originally
believed to result from ‘exhaustion of the ovary’, it
is becoming clear that neuroendocrine mechanisms
orchestrate the loss of reproductive capacity in
women. Its sequels can be alleviated by the admin-
istration of estrogens, the end products of ovarian
hormone production, though this clinical practice
is now hotly debated.5 The basis of the decline of
testosterone is also largely, but not exclusively,
explained by neuroendocrine mechanisms, all lead-
ing to a diminished stimulation of the pituitary to
produce the stimulatory hormone of the peripheral
endocrine gland. There are also testicular factors
contributing to the decline of testosterone produc-
tion with aging (for review see references 6 and 7).
Healthy elderly men maintain high-frequency, but
low-amplitude luteinizing hormone (LH) secretion

patterns. Further, there is evidence that, with the
same circulating levels of testicular steroids, the
feedback signal to the hypothalamus is stronger
than in younger men, thus diminishing output of
LH when testosterone levels decline.7,8 The patterns
of LH release are significantly more disorderly.
These observations indicate that age reduces hypo-
thalamic luteinizing hormone releasing hormone
(LHRH) outflow (release and delivery) to the
gonadotrope cells in the pituitary.9

Administration of human chorionic gonadotropin
to elderly men produces a diminished response of
testosterone compared to young men, particularly in
obese men,10, 11 pointing to an impairment of testicu-
lar steroidogenesis.

As indicated above, among the many processes
of aging, endocrine changes are relatively easy to
identify and quantify with reliable, sensitive, and
highly specific methods for determining hormone
levels. It is not only the reproductive hormones
that decline with aging. The production of the
sleep-related pineal hormone melatonin declines
with aging. Adrenal androgen levels start to
decline in both sexes from the age of 30 years
(adrenopause), becoming very low at and beyond
age 80 years. The levels of the main adrenal hor-
mone cortisol do not fall with aging. The question
has arisen whether the imbalance between the
catabolic cortisol and anabolic testosterone con-
tributes to the sarcopenia of old age.12 Growth hor-
mone secretion also undergoes an age-related
decline (somatopause). While insulin levels gener-
ally do not fall with aging, sensitivity to the bio-
logic action of insulin decreases considerably with
aging. Changes in calcium, water and electrolyte
metabolism, and thyroid function all characterize
aging. These changes often have clinical relevance.
Hypothyroidism or hyperthyroidism may be associ-
ated with forms of senile dementia, a diagnosis that
can often be overlooked. Asthenia and muscle
weakness may find their cause in disturbances of
the electrolytes or androgen and growth hormone
physiology. Therefore, the relationship between
aging and hormonal changes is a two-way street:
aging affects the endocrine system but endocrine
dysfunction may also mimic symptoms of the aging
process in aging subjects.
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The attraction of identifying hormonal factors
in the aging process is that they lend themselves to
relatively easy correction. Admittedly, it would be
simple-minded to interpret all age-related changes of
hormones as deficiencies awaiting correction.13

There is still substantial research to be done to ascer-
tain whether the replacement of age-related reduc-
tions in hormone production is meaningful and, even
more so, whether it is safe. Hormones such as estro-
gens, androgens, and growth hormone are potential
factors in the development and growth of tumors that
occur in old age. This contribution will focus primar-
ily on the age-related decline of testosterone, for
which the term late onset hypogonadism (LOH) was
recommended by the International Society for
the Study of the Aging Male (ISSAM), the
International Society of Andrology (ISA), and
the European Association of Urology (EAU) to
replace the previous terminology of andropause,
androgen deficiency of the aging male (ADAM), and
partial androgen deficiency of the aging male
(PADAM).14 It is a clinical and biochemical syn-
drome associated with advancing age and character-
ized by typical symptoms and a deficiency in serum
testosterone levels. It may result in significant detri-
ment in the quality of life and adversely affect the
function of multiple organ systems. 

Prevalence

Quantitative aspects of the decline of
androgen levels in aging
Several studies document that androgen levels
decline with aging (for review see reference 15).
Longitudinal studies16–18 have documented a statisti-
cal decline of plasma testosterone by approximately
30% in healthy men between the ages of 25 and 75
years. Since plasma levels of sex hormone-binding
globulin (SHBG) increase with aging, plasma testos-
terone not bound to SHBG decreases even more, by
about 50%, over that period. Studies in twins have
shown that genetic factors account for 63% of the
variability of plasma testosterone levels, and for 30%
of the variability of SHBG levels.19 Also systemic
diseases, increasing with age, are a cause of declining
plasma levels of testosterone.20

While it now has been shown, beyond doubt,
that plasma testosterone, and in particular bioavail-
able and free testosterone, decline with aging, it
remains uncertain what percentage of men becomes
actually testosterone deficient with aging in the
sense that they will suffer the clinical consequences
from testosterone deficiency, and will potentially
benefit from testosterone replacement. In a study of
300 healthy men between the ages of 20 and 100
years,21 defining their reference range of total
plasma testosterone between 11 and 40 nmol/l, one
man was found with subnormal testosterone in the
age group between 20 and 40 years, but more than
20% were above the age of 60 years; however 15%
of men above the age of 80 years still had testos-
terone values above 20 nmol/l! It follows that only
a certain proportion of men has lower-than-normal
testosterone values in old age. There are several
problems. For androgen deficiency it is difficult to
rely on clinical symptoms, particularly in elderly
men. In adult persons who have previously been
eugonadal, symptoms of testosterone deficiency
emerge only gradually and insidiously. So, only the
physical signs of long-standing testosterone defi-
ciency will be clinically recognized. Further, strin-
gent criteria to diagnose testosterone deficiency
have not been formulated, neither in the young nor
in the elderly male population. In the elderly popu-
lation testosterone deficiency is difficult to identify
since symptoms of aging mimic symptoms of testos-
terone deficiency. It has not become clear whether,
for aging men, other criteria for testosterone defi-
ciency should be established than for younger men.

Testosterone has a number of physiologic func-
tions in the male. In adulthood it is responsible for
the maintenance of reproductive capacity and of
secondary sex characteristics; it has positive effects
on mood and libido, anabolic effects on bone and
muscle, and it affects fat distribution and the car-
diovascular system. Threshold plasma values of
testosterone for each of these functions are becom-
ing to be established. The studies of Bhasin et al22

and of Kelleher et al,23 analyzing the dose–response
relationships between plasma testosterone and bio-
logic effects, show that low-to-midnormal plasma
levels of testosterone suffice for most biologic
actions of testosterone. Another consideration is
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whether these threshold values change over the life-
cycle. Theoretically, it is possible that in old age
androgen levels suffice for some but not for all
androgen-related functions. With regard to anabolic
actions, elderly men are as responsive to testos-
terone as young men.22 Male sexual functioning in
(young) adulthood can be maintained with lower-
than-normal values.24,25 However, there are indica-
tions that that the threshold required for behavioral
effects of testosterone increases with aging,26

recently confirmed in a laboratory setting indicating
that libido and erectile function require higher testos-
terone levels in old age compared to younger men,27

but also apparent from clinical observation28 and
suggested by a meta-analysis.29

Pathophysiology 

Correlations between androgen levels
and symptoms of male aging
Before addressing the impact of LOH on sexual func-
tioning more specifically, some age-related physical
and mental changes will be reviewed. These topics are
reviewed more extensively elsewhere in this volume.
Most non-endocrinologists associate the role of testos-
terone with sexual functioning only. Recent insights
show convincingly that testosterone has a wide
impact on male physical and mental functioning far
beyond sexual functions only. Testosterone deficiency
affects general health profoundly. This is of particular
relevance since the quality of health is associated with
sexual functioning.30

Body composition
Body composition is seriously affected by the aging
process (for reviews see references 7 and 31–33).
Aging is almost universally accompanied by an
increase in abdominal fat mass and a decrease of
muscle mass. Androgens have a substantial impact
on muscle mass and on fat distribution, and there-
fore the relationship between these signs of aging
and testosterone levels have been assessed. 

Increase in fat mass
Several studies have convincingly documented an
inverse correlation between abdominal fat mass and

free testosterone levels and it appears independent
of age. This finding has clinical relevance: the
amount of visceral fat is highly significantly associ-
ated with an increased risk of cardiovascular disease,
impaired glucose tolerance, and non-insulin depen-
dent diabetes mellitus (the dysmetabolic syndrome,
or just metabolic syndrome).7,32,34–38 Whether the
abdominal, and more specifically visceral obesity is
the consequence of the low testosterone levels or
vice versa, is not yet clear. It is clear, however, that
visceral obesity leads to a decrease of testosterone
levels, mainly via a decrease in SHBG levels.

Decline in muscle mass and strength
There is an impressive age-associated decline in
muscle mass (12 kg between age 20 and 70
years).39–42 This loss of muscle mass is a major con-
tributor to the age-associated decline in muscle
strength and fatigue. Maximal muscle strength
shows a correlation with muscle mass, independent
of age. This is again related to the occurrence of
falls, fractures, and the consequent limitations of
independent living. The correlation between testos-
terone levels and muscle mass appears stronger than
the correlation with muscle strength.

Bone mineral density 
With aging there is an exponential increase in bone
fracture rate,7,31,43 which carries a clear association
with the age-related decrease of bone mineral density
(BMD). In view of the significance of sex steroids in
the maintenance of BMD at all ages, the question
whether the partial androgen deficiency in aging
males plays an important role in the decrease of BMD
is pertinent. A pivotal role of androgens in the
decrease of BMD has, however, been difficult to
establish. Not all scientific findings agree. Indeed,
some studies find a significant, though weak, correla-
tion between androgen levels and BMD at some but
not all bone sites. Others are unable to establish a
correlation. Some large-scale studies of several hun-
dred elderly men have demonstrated that bone den-
sity in the radius, spine, and hip is correlated with
levels of bioavailable testosterone.43 Interestingly, the
correlation with levels of bioavailable estradiol was
much more prominent, probably pointing to the sig-
nificance of estrogens in men, also in old age.44
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Cardiovascular function
Premenopausal women suffer significantly less from
cardiovascular disease than men, and traditionally it
has been thought that the relationship between sex
steroids and cardiovascular disease is predominantly
determined by the relatively beneficial effects of
estrogens and by the relatively detrimental effects of
androgens on lipid profiles (for review see refer-
ences 35, 37, and 38). Nevertheless, the vast major-
ity of cross-sectional studies in men are not in
agreement with this assumption; they show a posi-
tive correlation between free testosterone levels and
HDL cholesterol, and a negative correlation with
fibrinogen, plasminogen activator inhibitor-1, and
insulin levels as well as with coronary heart dis-
ease,45 but not with cardiovascular mortality. 

Recent research shows that the effects of sex
steroids on biologic systems other than lipids. Fat
distribution, endocrine/paracrine factors produced
by the vascular wall (such as endothelins and
nitric oxide), and blood platelets and coagulation
must also be considered in the analysis of the rela-
tionship between sex steroids and cardiovascular
disease.46

The above review articles emphasize the fact that
short-term studies actually have shown a benefit to
the cardiovascular system,35,37 and that the therapeu-
tic use of testosterone in men need not be restricted
by concerns regarding cardiovascular sideeffects.38

Cognitive performance
There is some evidence to suggest that testosterone
may influence performance of cognitive tasks (for
review see references 47–49), which is supported by
the finding that testosterone administration to
older men enhances performance on measures of
spatial cognition. The correlation between testos-
terone levels and cognitive performance such as
spatial ability or mathematic reasoning has been
confirmed in Western and non-Western cohorts of
healthy males.

Testosterone has also been associated with gen-
eral mood elevating effects. Some studies have
found associations between lowered testosterone
levels and depressive symptoms. Depression is not
rare in aging men and impairs their quality of life,50

so the effects that declining levels of androgens may
have on mood and on specific aspects of cognitive
functioning in aging are well worth researching. 

The impact of androgens on sexual
functioning in elderly men

Aging is the most robust factor predicting erectile
difficulties. It is obvious that aging per se is associ-
ated with a deterioration of the biologic functions
mediating erectile function: hormonal, vascular,
and neural processes. This is often aggravated by
intercurrent disease in old age, such as diabetes mel-
litus and cardiovascular disease, and by the use of
medical drugs. The following will address the role of
testosterone, which, as indicated above, is only one
of the elements which may explain sexual dysfunc-
tion with aging.

Erectile response in mammals is centrally and
peripherally regulated by androgens. Severe hypog-
onadism in men usually results in loss of libido and
potency. The insight into the more precise mecha-
nisms of the action of androgens on sexual func-
tions is of rather recent date. Studies in the 1980s
showed that androgens particularly exert effects on
libido and that sleep-related erections are androgen
sensitive, but erections in response to erotic stimuli,
somewhat surprisingly, are relatively androgen-
independent.51,52 Later studies modified this view
somewhat, showing that penile responses to erotic
stimuli with regard to the duration of response,
maximal degree of rigidity, and speed of detumes-
cence were related to circulating androgens.53,54

It was repeatedly shown in hypogonadal patients
(with a wide age range) that sexual functions
required androgen levels below or at the low end of
reference values of testosterone.22,24,25

The above considerations – the relative androgen-
independence of erections in response to erotic
stimuli and the relatively low androgen levels
required – were reasons to believe that testosterone
was not a useful treatment for men with erectile
difficulties whose testosterone levels were usually
only marginally low. 

An even more important element in the disre-
gard of testosterone as a treatment option was the
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advent of intracorporal smooth muscle relaxants
(papaverine, prostaglandin E1), later superseded by
the PDE-5 inhibitors, which when introduced in
1998 were hailed as the ultimate successful treat-
ment of erectile dysfunction. 

There are a number of recent developments
which shed new light on testosterone treatment of
erectile dysfunction in aging men:

1. The recent insight that, in contrast to the
results obtained in younger men,22,24,25 elderly
men might require higher levels of testosterone
for normal sexual functioning.27,55 Actually,
reviews of the literature on the effect of testos-
terone administration to elderly men on libido
and erectile potency are quite encouraging.29,56,57

2. Several studies have now indicated that the
administration of PDE-5 inhibitors is not always
sufficient to restore erectile potency in men,58–61

and that administration of testosterone improves
the therapeutic response to PDE-5 inhibitors con-
siderably.59–61

3. There is growing insight that testosterone has
profound effects on tissues of the penis involved
in the mechanism of erection and that testos-
terone deficiency impairs the anatomic and
physiologic substrate of erectile capacity,
reversible upon androgen replacement. These
data come mainly from animal experimentation
but a number of studies support their relevance
for the human as well. There are androgen
receptors in the corpus cavernosum.62 Morelli
et al63 have shown that the synthesis of PDE-5
in the corpus cavernosum is upregulated by
androgens. Aversa et al59 demonstrated that the
arterial inflow into the penis is improved by
androgen administration. In a review paper64 the
authors, remarking that data on testosterone
effects on the penis in the human are still lim-
ited, found it reasonable to extrapolate animal
dependency on androgens for molecular activity
in the penile tissue to the human. 

The above provides compelling evidence for a
re-examination of the merits of testosterone admin-
istration to aging men with erectile dysfunction. It
has become clear that the beneficial effects of PDE-5

inhibitors are only optimally expressed in a
eugonadal environment.65 Obviously, the past and
present experience66–68 indicate that testosterone
replacement alone may not suffice to restore erectile
potency. Since erectile dysfunction is so strongly
age-related, it is evident that, inherent in the
process of aging, etiology is multifactorial, and
combinations of drugs might be needed to restore
it. It is a matter of clinical judgment what type of
treatment should be tried first, PDE-5 inhibitors
or testosterone, but it is important to remember
that insufficient success of one type of treatment
might require addition of the other. 

Diagnosis 

Screening 
It is difficult to make a fair assessment of the infir-
mity associated with the aging process. Part of it will
be due to ‘natural aging’ and part of it to emerging
disease processes, which will be increasingly part of
life with aging. ‘Natural aging’ and emerging dis-
eases affect individual subjects to varying degrees. In
addition, hormone deficiencies do not affect all men
to the same degree. Clinical entities such as hyper-
tension and diabetes mellitus range from mild to
severe. Therefore it is useful to have tools that pro-
vide a ‘grip’ on signs and symptoms of aging. Such
an instrument also facilitates assessment of the suc-
cess of interventions in these populations. 

The development of  rate scales is a difficult ven-
ture. The validation of questionnaires is an arduous
process. Translation into another language implies a
new validation in that language to test whether
questions are understood and interpreted linguisti-
cally and culturally in the same way as in the origi-
nal language. The first rating scale was introduced
by Morley and coworkers.69,70 This scale tests
whether certain symptoms are more likely to be pre-
sent in aging men with declining levels of bioavail-
able testosterone. This rating scale has been subject
to criticism.

A recently developed instrument is the Aging
Males’ Symptoms (AMS) rating scale.72,73 This mea-
sures somatic, sexual, and psychologic aspects of an
aging male’s life. It was originally developed to
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measure response to reatment, rather than to
diagnose symptoms of age-related decline of testos-
terone. Originally developed in the German language
it has now been validated for English72 (Appendix 1),
and validations for other European languages are now
available.74,75 Validations in other languages and in
other geographic areas are welcomed. Experience
with the rating scale is not universally positive,76 and
some authors have argued that the problems encoun-
tered by aging men go well beyond symptoms attrib-
utable to androgen deficiency.77

Biochemical diagnosis 
The laboratory reference values of testosterone and
free testosterone show a wider range than those for
most other hormones (for instance thyroid hor-
mones), which makes it difficult to establish whether
measured values of testosterone in patients are nor-
mal or abnormal. Is a patient whose plasma levels of
testosterone fall from the upper to the lower range of
normal testosterone levels (a drop of as much as
50%) testosterone deficient? Levels may well remain
within the reference range but may be inappropri-
ately low for that particular individual. In thyroid
pathophysiology plasma TSH proves to be a better
criterion of thyroid hyper/hypofunction than plasma
T4 or T3, but it is uncertain whether plasma LH is a
reliable indicator of male hypogonadism in the
elderly man. With aging there are reductions in LH
pulse frequency and amplitude. Several studies have
found that LH levels are elevated in response to the
decline in testosterone levels with aging, but less so
than is observed in younger men with similarly
decreased testosterone levels.15 This may be due to a
shift in the setpoint of the negative feedback of
testosterone on the hypothalamic pituitary unit,
resulting in an enhanced negative feedback action,
which consequently leads to a relatively lower LH
output in response to lowered circulating levels of
testosterone. Another variable that might be signifi-
cant in the assessment of androgen status in old age
is plasma levels of SHBG. Its levels increase even
with healthy aging, possibly due to a decrease in
growth hormone production and an increase in the
ratio of free estradiol over free testosterone.15

The above has outlined the many unresolved
questions as to the verification of deficiencies in the

biologic action of androgens in old age and what
plasma testosterone levels conclusively represent
androgen deficiency. Consequently, a pragmatic
approach to this issue must be taken in order to
let aging androgen-deficient men benefit from
replacement therapy while the above theoretic but
important questions are resolved by clinical investi-
gations. The question has received serious attention
in the past years.1,78 Vermeulen21 argues that there is
no generally accepted cut-off value of plasma testos-
terone for defining androgen deficiency, and in the
absence of convincing evidence for an altered
androgen requirement in elderly men, he considers
the normal range of free testosterone levels in
young males also valid for elderly men. In his
healthy male, non-obese, population aged 20–40
years (n = 150), the mean of log transformed early
morning testosterone levels was 21.8 nmol/l
(627 ng/dl); the mean minus 2 SD was 12.5 nmol/l
(365 ng/dl) and minus 2.5 SD 11 nmol/l (319 ng/dl).
For free testosterone, measured by equilibrium
dialysis or calculated from testosterone and SHBG
levels,14 the mean was 0.5 nmol/l (14 ng/dl), minus
2 SD 0.26 nmol/l (7.4 ng/dl), and minus 2.5 SD
0.225 nmol/l or 6.5 ng/dl. If one takes as the lower
normal limit and threshold of partial androgen defi-
ciency a conservative value of 11 nmol/l for total
testosterone and 0.225 nmol/l for free testosterone,
which represent the lower 1% values for healthy
young males, then it appears that more than 30% of
men over 75 years old have subnormal free testos-
terone levels. It should be mentioned that direct
free testosterone assays using a testosterone analog
do not yield a reliable estimate of free testos-
terone.79 The age-associated decline in free testos-
terone levels has both a testicular (decreased Leydig
cell number) and central origin, the latter being
characterized by a decrease in the orderliness and
amplitude of LH pulses in elderly men. Hence,
many elderly men have normal LH levels and an
increase in LH levels is unlikely to be required for
the diagnosis of hypogonadism in elderly men.

Another variable that might be significant in
assessment of the androgen status in old age is plasma
levels of SHBG. Vermeulen and coworkers79 demon-
strated that the free testosterone value calculated by
the ratio total testosterone/SHBG (according to a
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second-degree equation following the mass action
law) as determined by immunoassay appears to be a
rapid, simple, and reliable indicator of bioavailable
and free testosterone, comparable to testosterone val-
ues obtained by equilibrium dialysis. Some algorithms
have been placed on the internet as so-called
bioavailable testosterone calculators (www.issam.ch,
www.get-back-on-track.com/en/tools/kalkulator.php,
and www.him-link.com), making these algorithms
readily available for distant users. It is redundant to
measure/calculate bioavailable/free testosterone if
plasma total testosterone appears to be in the truly
hypogonadal (< 6 nmol/l)or in the truly eugonadal
range (>15 nmol/l).80 So, without much in the way of
solid criteria for testosterone deficiency, determina-
tion of values of testosterone and SHBG might pro-
vide a reasonable index of the androgen status of an
aging person. 

To avoid a false diagnosis of hypogonadism, mea-
surement of testosterone should preferably take place
before 11 am in view of the diurnal rhythm of plasma
testosterone, which is less marked in elderly men
compared to young men, but is usually not absent.
The consequences of lower-than-normal values of
testosterone may have a great impact, such as testos-
terone replacement. If indeed plasma testosterone
values/calculated bioavailable/free testosterone are so
low that testosterone supplementation is considered,
it may be worthwhile to repeat the measurement a
couple of weeks later. The stress of a common cold
and the like may temporarily depress testosterone
secretion. Otherwise, serial measurements of
testosterone in (elderly) men are fairly stable.81,82 For
the measurement of total testosterone commercial
radioimmunoassays and non-radioactive immunoas-
says kits, as well as automated platform immunoassays
that mostly use chemiluminescence detection, are
widely available and provide fairly accurate measure-
ments between 10 and 35 nmol/l. Below 10 nmol/l
their accuracy is considerably less. However, refer-
ence values vary significantly from laboratory to lab-
oratory, and from measurement method to method.
Consequently, it is advisable that every laboratory
establishes its own ‘normal range’ of testosterone in
men.83,84

As already mentioned, in the absence of a
reliable, clinically useful biologic parameter of

androgen action, these laboratory criteria of
hypogonadism of aging men are somewhat arbitrary
but for the time being the best available to provide
guidance. Algorithms have been developed to guide
the clinician with regard to the interpretation of the
results of laboratory measurements of testosterone
and SHBG. 

Different countries have different health
economies with regard to reimbursement of labora-
tory measurements. In fact, measurement of SHBG
is only helpful at the low end of reference values of
testosterone. If values are clearly in the normal
range additional measurement of SHBG is redun-
dant. A value of total testosterone level below
6.5 nmol/l is sufficient proof of hypogonadism and a
value above 13.0 nmol/l rules out hypogonadism in
adult males. This strategy leads to significant time
and cost savings.80

Treatment 

Suitable testosterone preparations
If it turns out that some men benefit from androgen
supplements, are there suitable testosterone prepa-
rations available to treat them? The androgen defi-
ciency of the aging male is only partial and
consequently only supplementation will be
required. Preferably, administration of testosterone
should leave their own residual testosterone produc-
tion intact. 

Parenteral testosterone
preparations
Intramuscular preparations have been the mainstay
of androgen replacement therapy since the 1950s.
Injectable esters of testosterone have been available
for the longest time and their effects are well recog-
nized. They are inexpensive and safe but their use
carries several major drawbacks even for young
hypogonadal males. Plasma testosterone levels fluc-
tuate strongly following administration. The most
widely used pharmaceutic forms are the hydropho-
bic long chain testosterone esters in oily depot,
enanthate, and the cypionate, given intramuscu-
larly (im) at a dose of 200–250 mg/2 weeks. They
yield transient supraphysiologic levels the first 2–3
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days after injection, followed by a steady decline to
subphysiologic levels just prior to the next injec-
tion.85 These fluctuations in testosterone levels are
experienced by some of the patients as unpleasant
and accompanied by changes in energy, libido, and
mood. The transient supraphysiologic levels might
increase the frequency of side-effects, such as
polycythemia.7,86

A new depot im injection containing 1000 mg of
testosterone undecanoate (TU) in 4 ml of castor oil
has recently become available. This is a new treat-
ment modality for androgen supplementation or
therapy. Several studies have documented its use in
hypogonadal men.87,88 In short, after two loading
doses of 1000 mg TU at 0 and 6 weeks, repeated
injections at 12-week intervals are sufficient to main-
tain testosterone levels in the reference range of eug-
onadal men. It has been argued that this preparation
is less suitable for initiation of testosterone treatment
of aging men.89 It is thought that the long duration of
action might constitute a problem in the event that
a prostate malignancy is diagnosed. Experienced
urologists, however, reason that the delay between
diagnosing prostate cancer and its treatment is usu-
ally much longer than 12 weeks, without an adverse
effect on the outcome.85 In addition, current recom-
mendations advocate initial follow-up at 3-month
intervals for the first year, which fits very well in the
schedule of TU injections. In the highly hypothetic
situation that a tumor is discovered, further treat-
ment would be discontinued and the use of an
antiandrogen may be considered. So, certainly after
the first uneventful year of androgen administration,
it seems reasonable to administer long-acting testos-
terone preparations to elderly men.89

Oral testosterone undecanoate
Testosterone undecanoate is testosterone esterified
in the 17β position with a long aliphatic side-chain,
undecanoic acid, dissolved in oil and encapsulated
in soft gelatin. TU is designed to deliver testos-
terone to the systemic circulation via the intestinal
lymphatic route, thereby circumventing first-pass
inactivation in the liver. Therefore it is free
from liver toxicity and brings serum testosterone
levels within physiologic range. The esterification
of testosterone with undecanoate renders TU

sufficiently lipophilic to be incorporated in chylomi-
crons formed during the process of lipid digestion in
the intestine. These chylomicrons are then trans-
ported via the intestinal lymphatic system. Of the
40 mg capsules, 63% (25 mg) is testosterone. After
ingestion its route of absorption from the gastro-
intestinal tract is shifted from the portal vein to the
thoracic duct.90 For its adequate absorption from the
gastro-intestinal tract it is essential that oral TU is
taken with a meal that contains dietary fat 23 g
lipids (for example: 2 cups of decaffeinated coffee, 2
rolls of bread, 2 slices of cheese, 2 slices of ham, 20 g
jam, 20 g butter 460 kcal, or, 48 g carbohydrates and
14 g protein 1 cup of milk, 2 eggs).91

Without dietary fat the resorption and the result-
ing serum levels of testosterone are minimal.91

Maximum serum levels are reached 2 to 6 hours
after ingestion. To increase shelf-life the prepara-
tion has recently been reformulated and the oil in
the capsule is now castor oil. Studies show that
there is dose proportionality between serum testos-
terone levels and the dose range of 20–80 mg.90

With a dose of 120–240 mg per day over 80% of
hypogonadal men showed plasma testosterone
levels in the normal range over 24 hours.90

On the basis of its flexible dosing, TU is also
probably best suited to supplement the reduced, but
still present, endogenous testicular testosterone pro-
duction in the aging male with lower than normal,
but not severely hypogonadal levels, of testos-
terone.90 Long-term use has been proven to be safe,
as demonstrated in a 10-year observation.92

Transbuccal testosterone
administration
Transbuccal administration of testosterone provides
a means of oral administration of testosterone. The
resorption of testosterone through the oral mucosa
avoids intestinal absorption and subsequent hepatic
inactivation of testosterone. Two studies have
assessed the efficacy of transbuccal administration
of testosterone.93,94 Both studies found that adminis-
tration of 30 mg of testosterone formulated as a
bioadhesive buccal tablet twice daily generated
plasma testosterone and DHT levels in the normal
range in hypogonadal men.93,94 Gum irritation was
noted in approximately 3% of men.
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Transdermal delivery
Testosterone can be delivered to the circulation
through the intact skin, both genital and non-
genital.90 The daily physiologic requirement of
testosterone of 5–7 mg can be achieved by the tran-
dermal route of delivery. Excipients are generally
required to enhance absorption and improve
bioavailability. Transdermal administration delivers
testosterone at a controlled rate into the systemic
circulation avoiding hepatic first pass and reproduc-
ing the diurnal rhythm of testosterone secretion,
without the peak and trough levels observed with
long-acting testosterone injections.

Transdermal patches
Scrotal patches were first designed to deliver testos-
terone through the scrotal skin, where the perme-
ability is 5 times greater than for other skin sites. It
required weekly scrotal shaving, and was difficult for
some patients to apply and maintain in position for
24 hours. Transdermal scrotal testosterone adminis-
tration is associated with high levels of DHT as a
result of high concentrations of 5α-reductase in
the scrotal skin.90 The patch may be irritating and
the use is not feasible if the scrotal surface is inade-
quate. To overcome these limitations, non-scrotal
skin patches have been developed. These patches
have a reservoir containing testosterone with a per-
meation-enhancing vehicle and gelling agents.93

Improvements have been reported in sexual func-
tion, libido, energy level, and mood.93

The most common adverse effects are local skin
reactions. Fifty percent of men participating in a
clinical trial reported transient, mild to moderate
erythema at some time during therapy. However,
most of these reactions were associated with appli-
cation of the patch over a bony prominence or on
parts of the body that could have been subject to
prolonged pressure during sleep or sitting.

Testosterone gel
Testosterone gel is also used for replacement therapy.
The gel is hydro-alcoholic and between 5 and 10 g of
1% gel (10 mg testosterone per gram gel) are admin-
istered per day, amounting to between 50 and 100 mg
testosterone in total.90,95 The pharmacokinetics of
testosterone gel has been extensively studied. Serum

testosterone levels rose 2–3-fold 2 hours after appli-
cation and rose further to 4–5-fold after 24 hours.
Thereafter serum testosterone remained steadily in
the upper range of normal and returned to baseline
within 4 days after termination of the gel application.
Mean DHT levels followed the same pattern as
testosterone and were at or above the normal adult
male range. Serum E2 levels rose and followed the
same pattern as testosterone. The application of the
testosterone gel at either one site or four sites did not
have a substantial impact on the pharmacokinetic
profile.96 Later studies showed that 9–14% of the
testosterone administered is bioavailable. Steady-
state testosterone levels are achieved 48–72 hours
after the first application. Serum testosterone and
free testosterone are similar on days 30, 90, and 180
after the start of administration. The formulation of
the testosterone gel allows easy dose adjustments
(50–75–100 mg testosterone gel).97

The clinical efficacy of transdermal testosterone
gel on various androgen-dependent target organ sys-
tems has been very well documented.96 The safety
profile showed that PSA levels rose in proportion
to the increase of testosterone levels but did not
exceed normal values. Skin irritation was noted in
5.5% of patients in the study.96,98 Remarkably, wash-
ing of the site of application 10 minutes after appli-
cation of the gel did not affect pharmacokinetic
profiles.99 Transfer from one person to another was
found to be insignificant. No increase in serum
testosterone was found after intense rubbing of skins
with persons whose endogenous testosterone levels
had been suppressed.99

Recently, a new formulation of testosterone gel
has been introduced,100 and in view of its clinical
success new formulations will follow. 

Androgens and growth hormone

Signs associated with aging show a striking similar-
ity with features observed in adults who are growth
hormone (GH)-deficient, and therefore speculation
has arisen that (some of the) features of aging must
be ascribed to the age-related decline in GH, and
can potentially be remedied with GH replacement
(for review see references 101 and 102). 
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The interrelationship between sleep and the
somatotropic axis is well documented. This rela-
tionship is relevant since most aging subjects expe-
rience a deterioration of their sleep. During aging,
slow wave sleep and GH decline concurrently, rais-
ing the possibility that the age-related decline of
GH is also a reflection of age-related alterations in
sleep–wake patterns.103

Unlike the situation in androgen physiology it is
much more difficult to establish who is GH-defi-
cient in adulthood. The pulsatile nature of GH
secretion and the large number of factors determin-
ing circulating levels of GH complicate the matter
considerably in the sense that a single measurement
of GH does not provide meaningful information. A
single measurement of insulin-like growth factor-1
(IGF-1) is a reasonable first indicator of GH status.
In subjects over the age of 40 years an IGF-1 value
of 15 nmol/l or higher excludes a deficiency of GH.
Further, treatment with GH is not without prob-
lems and still cannot be considered routine medical
practice.

Both androgens and GH have potent anabolic
effects and their decline may be related to the sar-
copenia of old age. The expression of the biologic
effects of each hormone depends on adequate circu-
lating levels of the other. In androgen-deficient
men, the manifestation of anabolic effects of GH
administration is suboptimal, and vice versa.

Several studies have addressed the combined
effects of androgens and GH and found that they
were greater than the effect of either hormone
alone.104–108 Other studies have investigated the
impact of androgens on GH physiology. The insight
is still limited and not all studies are in agreement.
One study did not find that the age-related decline
of testosterone had any impact on GH output.109

Others are more affirmative. One study argued that
a certain threshold of androgens is a condition to
ensure the GH-derived hepatic production of IGF-
1 that mediates the majority of the biologic effects
of GH.110 Other systematic studies of the mecha-
nism by which testosterone impacts on GH have
found that high testosterone levels augment GH
and IGF-1 production in the elderly male,111 maybe
by attenuating the feedback of IGF-1 and GH on
their own production and thus generating a higher

output.112 Further testosterone enhances GH secretion
upon stimulation with GH-releasing peptide.113

So, while treatment of elderly men with GH is
still a delicate issue which should be left to clini-
cians with extensive experience, improving the
androgen milieu might be an option to optimize
the effects of residual GH secretion in elderly
subjects. 

Risks of androgen therapy

Absolute contraindications
The absolute contraindication for testosterone ther-
apy is the suspected or documented presence of
prostate cancer or breast cancer. Although there is
no evidence that testosterone or any other andro-
gen initiates prostate cancer, it is generally accepted
that testosterone therapy may accelerate an already
existing prostate cancer.1,89,114 Relative contraindi-
cations and cautions include severe congestive
heart failure for concern of fluid retention and poly-
cythemia, and severe sleep apnea.1,89,114

Relative risks 
Benign prostatic hyperplasia 
The development of benign prostatic hyperplasia
occurs only in the presence of androgens; reduction
in serum testosterone induced by chemical or surgi-
cal castration reduces prostate volume. It was
reported that prostate volume, as determined by
ultrasonography, increases significantly during
testosterone therapy, mainly during the first 6
months, to a level equivalent to that of men with-
out hypogonadism.115,116 However, urine flow rates,
postvoiding residual urine volumes, and prostate
voiding symptoms did not change significantly in
these studies. This apparent paradox is explained by
the poor correlation between prostate volume and
urinary symptoms. However, several follow-up
studies114,117 have not shown an exacerbation of
voiding symptoms due to benign prostatic hyperpla-
sia during testosterone therapy, and complications
such as urinary retention have not occurred at
higher rates than in controls receiving placebo.
Clinicians should nevertheless be aware that indi-
vidual men with hypogonadism may occasionally
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have increased voiding symptoms with testosterone
therapy. 

Risk of developing a prostate carcinoma
under androgen treatment 
Several studies have found benefits (and risks!) of
androgen replacement to aging men and there is a
large degree of consensus that it is responsible med-
ical practice to prescribe androgens to elderly men
with proven clinical and biochemical hypogo-
nadism. With regard to potential risks, most authors
will agree that testosterone as such does not induce
a malignant development of prostate cells.118–121

More than 60 years of worldwide use of testosterone
has failed to elicit a signal through case reporting or
national adverse-event monitoring of an associated
risk of developing a prostate carcinoma. Overall,
studies, some placebo-controlled, using various
testosterone formulations, over periods ranging
from several months to 15 years, in men with a wide
range of ages, have not revealed an increased risk of
prostate cancer over the background preva-
lence,118,120–129 which is estimated to lie around
0.55% per annum,130 though a recent meta-analysis
found that testosterone replacement in older men
was associated with a significantly higher risk of
detection of prostate events.131

The wary attitude the medical profession has
always had towards the relationship between andro-
gens and prostate cancer may loosen somewhat in
view of some recent publications. There is now some
evidence that men who harbor a precancerous lesion
of the prostate (prostatic intraepithelial neoplasia or
PIN), and who receive testosterone treatment, are
not at higher risk of developing overt prostate cancer
than controls without PIN.132 Also men who have
undergone radical prostatectomy because of cancer
(and whose PSA levels remain undetectable) are
now beginning to receive androgens, again without
much of an adverse outcome.133,134

Most studies have found that there is no relation
between circulating testosterone levels and the
occurrence of prostate carcinomas,118,120,135,136 but a
recent report identified a relation with calculated
free testosterone values.137 There is, however,
agreement that once malignant transformation
has become established, androgens play a role in

stimulating malignant cell activity. Progression of
the malignancy is initially likely to be slow because
of the long doubling time until the latter stages of
cancer when further genetic mutations occur and
when cell death is outpaced by cell proliferation.
However comforting this information may be,
androgens are still prescribed to elderly men with a
degree of trepidation that a prostate carcinoma not
discovered with available diagnostic means might
be stimulated by androgen treatment. And, in fact,
if the population of aging men is large enough,
prostate cancers will certainly become manifest for
the simple reason that aging as such is the strongest
predictor of the occurrence of prostate carcinomas.
The attending physician may face legal procedures
and the arguments pro treatment will be countered
by dissenting opinions on the risks of androgen
administration to elderly men. The latter may be
less informed but might prevail. Therefore, it seems
timely to address the, one could say, thorny issue of
the occurrence of a prostate carcinoma in men
receiving androgen treatment. What is the medical
significance of such an occurrence? Prostate cancers
do occur after testosterone administration to
(elderly) men.138–142 A recent study reported 20
cases of prostate cancer in men receiving testos-
terone in six urology practices143 becoming manifest
within months to a few years after initiation of
testosterone administration. Unfortunately, the
total number of testosterone-treated men in this set-
ting was not reported, so it was not possible to deter-
mine what percentage of men was diagnosed with
prostate cancer while receiving testosterone treat-
ment. This could then have been set against the
normal statistical occurrence of prostate carcinoma
of men at that age. Interestingly, it appeared in this
study that digital rectal examination (DRE) was
more significant than PSA values in detecting these
cancers.143

So, it is clear that some men will be diagnosed
with prostate cancer in the course of their testos-
terone treatment. Will this patient have suffered a
setback in his health and life expectancy and has
the prescription of androgens to that man been a
regrettable decision or even a mistake? If a long-acting
testosterone preparation has been prescribed, is the
patient even worse off? One way of approaching
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these questions is to consider the impact of delay in
treatment on long-term cancer control and out-
come of prostate cancer. One study144 found possible
indications that a delay of treatment negatively
affected prostate cancer cure rates. The study found
that results of PSA levels, Gleason score, and TNM
stage at the time of diagnosis did affect biochemical
disease-free survival rates. However, more recent
studies contradict this notion.145 It appeared that a
delay of a few months of surgery did not adversely
affect the recurrence-free survival rates following
radical prostatectomy. Two other studies arrived at
similar conclusions.146,147 Delays of up to several
months146 or up to a year from diagnostic biopsy to
radical prostactectomy do not impact on long-term
biochemical cancer control rates. Several urologista
feel that patients receiving testosterone replace-
ment (for good reasons) and whose plasma testos-
terone levels are in the physiologic range, are in a
similar situation to eugonadal men diagnosed with
prostate cancer. Men receiving testosterone treat-
ment are usually much more frequently medically
examined compared to other men of similar age,
therewith increasing the probability of early diag-
nosis of prostate cancer.

Several of the recommendations of testosterone
administration to elderly men with LOH argue in
favor of short-acting testosterone preparations.1,14,89

The reasoning is that in case an intercurrent disease
develops, such as prostate malignancy, the impact of
the extra androgens provided by the administration
of testosterone will be short-lived. Is this recom-
mendation rational in view of the facts that (1)
there is an early diagnosis in this group of men who
supposedly are monitored, following the guidelines,
with an absolute minimum of DRE + PSA determi-
nation once a year, and (2) delays between diagnos-
tic biopsies and treatment of several months up to
one year did not affect the recurrence rate as mea-
sured by PSA levels. The modern testosterone
preparations generate physiologic testosterone
levels for a maximum duration of 10–14 weeks. This
span of time matches the delays that usually take
place between diagnostic biopsy and actual treat-
ment intervention. So, it would seem that the
choice of preparation is not of great pathophysio-
logic relevance. 

A further case in point that long-acting testos-
terone preparations are not detrimental to the
patient diagnosed with prostate cancer might be
that neoadjuvant androgen deprivation before sur-
gical radical prostatectomy appears so far to have no
clear benefits to the patient (for review see refer-
ences 148–150). 

Prostate surveillance under
treatment with testosterone 

Digital rectal examination combined with monitor-
ing with PSA should lead to early diagnosis, and
potential cure, of most prostate cancers emerging
under testosterone therapy. Obviously, men eligible
for androgen treatment with an abnormal PSA level
and/or abnormal DRE should first undergo prostate
biopsy. The standard recommendation is that
DRE + PSA measurement should take place every
3–4 months in the first year of treatment, and subse-
quently every year, maybe every 2 years if there are
no major changes.1,14,114 There should be a low
threshold for biopsy if the PSA level rises substan-
tially or if there is a change on DRE, such as the
development of a nodule, asymmetry, or areas of
increased firmness. Conventionally, the cut-off for
normal/abnormal values of PSA has been set at
4.0 ng/ml, but the rates of increase over time are
more significant than absolute values. New guide-
lines have been developed. It appeared in follow-up
studies of ten thousands of men that the risk of
having prostate cancer is also alarmingly high if PSA
values range from 2 to 4 ng/ml, which implies that
the commonly accepted cut-off value of PSA of
4 ng/ml.as safe is no longer acceptable.151,152

Meanwhile the majority of the prostate cancer
experts agree that rather than the absolute value of
PSA, its velocity during the observational period is of
importance and that an increase in PSA of more
than 0.5 ng/ml over 2 following years is an indication
for a prostate biopsy and withdrawal from testos-
terone replacement therapy. The present recommen-
dations are as follows: Biopsy should be recommended if
the PSA velocity exceeds 0.2–0.5 ng/ml/year in men with
a total PSA level less than 2.5 ng/ml or if the PSA
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velocity is greater than 0.75 ng/ml/year and the total PSA
is above 4 ng/ml.153

Androgens and hematopoiesis 

Young hypogonadal men have lower red blood cell
counts and hematocrits than age-matched controls;
the values in the former increase upon administra-
tion of androgens.154 Healthy older men tend to
have similar or slightly lower hematocrit values
than young adult men.154 Androgens stimulate ery-
thropoiesis,155 and in most studies a 2–5% increase
of the haematocrit over baseline has been observed,
but with 6–25% of subjects developing erythrocyto-
sis with hematocrits over 50%156 (for review see ref-
erence 7). Erythrocytosis may increase the risk of
stroke and requires corrective measures such as
temporary interruption or dose adaptation of testos-
terone administration and/or phlebotomy. There is
evidence that the risk of erythrocytosis is related to
the achieved levels of testosterone with the mode of
testosterone administration.7,86

Two studies of elder men receiving androgen
administration have shown increases in hematocrit
of up to 7%.129,157 Androgen replacement therapy
may result in polycythemia.158,159 In some cases of
polycythemia, phlebotomy or withholding andro-
gen administration is required. There is very likely a
relationship with (peak) levels of testosterone asso-
ciated with the treatment modality. Parenteral
testosterone injections with high peak levels of
testosterone produced higher hematocrit values
compared to oral and transdermal testosterone
treatment modalities.86 Studies with relatively new
parenteral testosterone undecanoate, which
generates plasma testosterone levels within the
physiologic range, have not shown induction of
erythrocytosis.87,88,160

Androgens and sleep apnea

Sleep apnea is a relatively uncommon but debilitat-
ing disorder occuring almost exclusively in men,
particularly when they age. In men suffering from
sleep apnea, low total and free testosterone levels
have been found,161,162 which may be secondary to

their abdominal (visceral) obesity. Several androgen
replacement studies provide evidence that androgen
administration to hypogonadal men may induce
(16) or exacerbate sleep apnea in elderly men.163–165

In a study by Matsumoto et al,166 it was shown that
androgen levels may play a role in the pathogenesis
of obstructive sleep apnea and that this may be a
complication of testosterone therapy, though the
relevance of androgens for obstructive sleep apnoea
could not be shown in a study wherein the pure
anti-androgen flutamide was used and no improve-
ment of sleep apnea was observed.167 Since these
apneic events and the ensuing oxygen desaturation
may lead to cardiovascular complications it is perti-
nent to ask elderly men about this symptom and to
measure and follow-up hematocrit values before and
during androgen administration. Care must be exer-
cised in men who are overweight, heavy smokers, or
who have chronic obstructive airway disease. 

Summary 

It is now clear that a certain proportion of men will
develop hypogonadism when they age. This diagno-
sis must be documented by the presence of clinical
signs and symptoms and measurement of plasma
testosterone levels. In these cases it is justified to
provide treatment with androgens. Proper safe-
guards must be in place to secure safety of testos-
terone replacement at an advanced age. 
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CHAPTER 19

Growth hormone and aging in men
Marc R Blackman

Introduction

Aging in man is associated with a progressive loss of
function, leading to decreased homeostasic capac-
ity, initially in response to various stressors, and sub-
sequently under baseline conditions. Both aging
and growth hormone (GH) deficiency are associ-
ated with decreased skeletal muscle, bone mass,
strength, increased total and intra-abdominal fat,
dyslipidemia, glucose intolerance, reduced cardiac
endurance and immunologic function, and altered
quality of life.1,2 Recent studies suggest that admin-
istration of recombinant GH to non-elderly GH-
deficient men ameliorates or attenuates these
abnormalities.1,2 Because normal aging in men is
associated with a decline in GH secretion and
serum insulin-like growth factor I (IGF-I) levels,1,2

it has been hypothesized that the above-noted alter-
ations in body composition and function in older
persons may be due in part to decrements in the
function of the GH–IGF-I axis. To assess this possi-
bility, the effects of different hormone replacement
paradigms are being investigated in selected popula-
tions of elderly men. A major goal of this research
effort is to assess whether tropic factors such as GH,
GH-releasing hormone (GHRH), or other GH-
releasing peptides or non-peptide mimetics can be
used effectively, safely, ethically, and economically
to prolong physical and functional independence,
and to reduce morbidity and frailty in aged men.

Physiologic changes in the GH–IGF-I
axis with aging

Age-related changes of spontaneous
and stimulated GH release
GH is an important anabolic hormone that exerts
stimulatory effects on protein synthesis and on
lipolysis.3 Pituitary GH release is regulated primar-
ily by the interaction of the hypothalamic peptides
GHRH, which stimulates,4 and somatostatin, which
inhibits,5 GH production.

GH secretion is maximal during puberty, occuring
mostly during the night, especially during deep
(stages 3–4) slow wave sleep (SWS). Sleep–wake
homeostasis is the primary contributor to the tempo-
ral organization of GH secretion, whereas the influ-
ence of circadian rhythmicity is much less
important.6 In young, healthy men, nearly 60–70%
of GH release occurs during delta (stages 3–4) SWS.6

The usual nocturnal sleep-onset GH secretory pulse
results from a burst of hypothalamic GHRH release
occuring contemporaneously with a diminished
somatostatin tone, although the nocturnal GH surge
can occur prior to sleep onset in both sexes. Young
adult men given agents that increase SWS, such as
g-hydroxybutyrate, exhibit concomitant increases in
nocturnal and 24-hour GH secretion,7 suggesting
that such drugs may be useful GH secretagogs.

Beginning in early to mid-adulthood, GH pro-
duction decreases at a rate of about 14% per decade,
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primarily a result of a decrease in the amplitude of
nocturnal GH pulses. By late adulthood, daily spon-
taneous GH secretion is decreased by 50–70% that
exhibited in the third to fourth decades.2 The acute
secretory response of GH to pituitary stimulation
with GHRH is reduced in healthy old versus young
individuals. This reduced GH secretory response is
thought to result from a decrease in the secretion or
action of GHRH, and from a rise in somatostatiner-
gic tone.2

Elderly people and GH-deficient younger adults
have decreased delta sleep.8,9 In a recent cross-
sectional survey of 149 healthy men aged 16–83
years, the amount of deep SWS decreased by about
80% from young (16–25 years) to mid (36–50 years)
adulthood, in temporal association with a nearly
75% reduction in spontaneous GH secretion. SWS,
independent of age, was a major determinant of 24-
hour and nocturnal GH release.10

GH binding proteins
Circulating GH binding protein (GHBP) levels
decrease after the fifth to sixth decades in healthy
men.11 Whether the age-related decline in GHBP is
a consequence of a decrease in peripheral GH
receptors, the putative source of GHBPs, or a reduc-
tion in GH secretion with aging, and the possible
physiologic significance of these alterations remain
to be established.

IGF-I
Baseline serum levels of IGF-I are derived primarily
from release of hepatic IGF-I, which tends to
remain relatively constant throughout the day. IGF-
I levels can be augmented directly, by the adminis-
tration of GH or various GH secretagogs, and
indirectly by physical activity and aerobic exercise.

Circulating IGF-I is more than 95% bound to
one or more of six specific binding proteins
(IGFBPs), of which IGFBP-3 is the predominant
circulating binding protein.12 The major role of the
IGFBPs is to prolong the circulating half-life of
IGF-I13 and enhance or restrict the bioavailability
of IGF-I to the target tissues.12 Recent evidence
suggests that the IGFBPs may have mitogenic and
metabolic properties of their own.

In cross-sectional studies, levels of IGF-I in unex-
tracted serum or plasma decreased with age in men,
so that IGF-I levels were 30–50% lower in the sev-
enth than the third decade.14 A low serum IGF-I
concentration (defined arbitrarily as a value below
the lowest 2.5th centile of the comparison group)
occurred in 85% of healthy elderly compared with
young men and in 26% of chronically institutional-
ized compared with healthy elderly men.15,16

Comorbid illness and aging exert independent and
additive inhibitory effects on serum IGF-I levels.
Using assay methods that reduce or eliminate
IGFBPs, such as acid-ethanol extraction, cross-
sectional studies have revealed steadily falling IGF-I
levels, from a peak of nearly 500 mg/l in young adult-
hood to values averaging about 100 mg/l by age 80.17

Baseline serum IGF-I levels are directly related
to spontaneous 24-hour GH secretion in young, but
not older, adults.17 This may reflect the confounding
influences of diminished hepatic synthetic function
and reserve, as well as other age-related variables
that independently modify IGF-I, including abdom-
inal obesity, hyperinsulinemia, hyperglycemia, aero-
bic capacity, changing levels of gonadal steroids, the
menopause, and various disease states. Serum IGF-I
is thus a less useful indicator of GH secretion in
elderly persons than in younger adults. There is to
date no consensus on the optimal clinical method of
assessing age-related decrements in GH release.

Changes of IGF-binding proteins with
age
Levels of IGFBP-3, the major plasma IGF-I binding
protein, decrease with age in men.18 In elderly per-
sons, plasma levels of IGFBP-3 are positively corre-
lated with levels of IGF-I, but only weakly related to
spontaneous GH release.18 Age-related alterations
in the secretory physiology of the other IGFBPs
remain to be elucidated.

GH, IGF-I, and the gonadal axis
Plasma levels of GH and IGF-I are influenced by
endogenous and exogenous gonadal steroids. There
is a significant positive relationship between
endogenous estradiol levels and spontaneous GH
release in healthy elderly men.19 In older men, some

vitrification in assisted reproduction

266

Lunenfeld-ch-19.qxd  8/23/2007  3:24 PM  Page 266



investigators have reported that there are no signif-
icant correlations between serum testosterone levels
and either GHRH-stimulated or spontaneous GH
secretion.19 More recently, however, significant
positive correlations have been observed between
serum testosterone levels and spontaneous and
GHRH-stimulated GH secretion in elderly men
who had age-related reductions in serum testos-
terone levels.20–22 The above observations highlight
the importance of considering the influence of the
sex steroid milieu in studies of the effects of aging
on endogenous GH secretion.

The influence of nutritive status on the
somatotropic axis
GH release is suppressed during hyperglycemia23

and chronic malnutrition, whereas hypoglycemia
and acute fasting stimulate GH secretion.24 The
threshold for, and magnitude of, GH release appear
to be similar in young and elderly adults.25 GH
release is decreased with obesity,26 particularly with
intra-abdominal adiposity.27 There is a reduction in
the frequency of GH secretory bursts and a signifi-
cant shortening of the circulatory half-life of GH,
both of which reduce integrated daily plasma GH
concentrations.27 By comparison with normal
weight controls, obese men also have diminished
GHRH-stimulated GH secretion,26 which is partly
reversible by exogenous administration of GHRH,
arginine, and pyridostigmine, perhaps because of
increased somatostatinergic tone.

Similarly, plasma IGF-I has been inversely cor-
related with adiposity and body mass index
(BMI)28 and, especially, with measures of intra-
abdominal obesity.29 This relationship is indepen-
dent of age,28 is partly reversible with weight loss,
and may explain the association of low levels of
IGF-I with cardiovascular risk factors such as
hypertension, hyperlipidemia, hyperglycemia, and
insulin resistance.30

Physical activity, exercise, and aerobic
capacity
The acute GH response to aerobic or resistance
exercise is reduced with age.29,31 Basal and exer-
cise-stimulated plasma IGF-I levels are higher in
physically conditioned versus sedentary young

men. Because of the general decline in physical
activity with advancing age, a decrease in aerobic
capacity (VO2 max) may contribute to diminished
serum IGF-I levels in elderly persons. Although a
positive correlation between VO2 max and IGF-I
levels has been reported in healthy men of various
ages, this association may be less robust in elderly
men.32 A sustained program of moderate-intensity
resistance exercise training in elderly persons for
1 year failed to increase IGF-I levels.33 Several
current investigations are underway to assess
whether chronic aerobic or resistance exercise
training elicits an increase in spontaneous GH
release and/or IGF-I levels in healthy or frail
elderly people.

The effects of age-related GH
decline on physiologic outcomes

Both aging and GH deficiency in adults are associ-
ated with clinically significant decreases in lean
body and muscle mass, skeletal muscle strength
(sarcopenia),34 and whole body and skeletal muscle
protein synthesis. Aerobic capacity (exercise toler-
ance) also tends to be reduced. Similarly, bone den-
sity is diminished and calcium balance is negative.
There are, in addition, increases in total and intra-
abdominal fat accompanied by higher levels of total
and low-density lipoprotein (LDL) cholesterol.
Reduced strength, endurance, and lean mass may
contribute to falls and frailty. Increased abdominal
fat, particularly the visceral as opposed to subcuta-
neous component, is associated with an elevated
‘bad’ (LDL) cholesterol, increased insulin resis-
tance, and greater cardiovascular disease risk (the
so-called ‘syndrome X’). Low bone mass (osteope-
nia) is associated with an increased risk of fractures,
which are responsible in turn for serious morbidity
and mortality in elderly men.35,36 Administration of
GH to GH-deficient non-elderly adults for 6–12
months improved muscle strength37,38 and lean body
mass,39 decreased total and abdominal fat,40 reduced
total and LDL cholesterol41 and serum leptin levels,
and resulted in gain of bone mass after 18–24
months of treatment42 and improved quality of
life.43 In GH-deficient adults, glucose tolerance and
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insulin sensitivity tend to worsen within the first
few months of GH administration, and improve
thereafter, concurrent with the reduction in total
and intra-abdominal fat.

The effects of GH replacement In
GH-deficient elderly persons

Various metabolic outcomes have been assessed in
short-term GH intervention studies conducted in
older persons. Treatment of elderly patients with
human GH for 2 weeks increased fat oxidation,44

and decreased total and LDL cholesterol, with an
early transient rise in very low-density lipoprotein
(VLDL) and triglycerides and no change in high-
density lipoprotein (HDL).45 Both healthy46,47 and
unhealthy48,49 older adults treated with GH for peri-
ods between 2 weeks,44 4 weeks,50 and 6 months46

exhibit dose-dependent increases in nitrogen, phos-
phate, and sodium balance, IGF-I, mid-arm circum-
ference, and/or body weight. An increase in de novo
protein synthesis was demonstrated after GH
administration in postsurgical44,49 but not healthy51

older individuals. 
Administration of GH for periods up to 6

months leads to substantial, predictable changes in
body composition. A landmark study52 demon-
strated that administration of recombinant human
GH (rhGH) to healthy men > 60 years old could
produce highly significant increases in lean body
mass and reductions in total body fat over a 6-
month period. However, subsequent trials have
failed to demonstrate significant improvements in
strength or bone mass in men or women treated
with rhGH for up to 12 months.46,53,54

Administration of recombinant
human IGF-I

The effects of IGF-I administration have been
assessed in healthy non-obese and obese post-
menopausal women, but, to date, have not been
reported in elderly men. In older women, short-
term (e.g. 4 weeks) administration of high doses of
IGF-I improved anabolism and body composition,

in association with significant side-effects, whereas
low-dose IGF-I promoted lesser, but beneficial,
changes in body composition with fewer side-
effects.50,55,56 In contrast, long-term (12 months)
administration of IGF-I in low doses did not signif-
icantly alter body composition, bone density, or
indices of psychologic function in older women,
suggesting that any benefit from monotherapy with
IGF-I may be transient in this population group.57

Whether similar results would be obtained in
selected populations of aged men remains to be
determined.

GH secretagogs

Several GH-releasing peptides and related non-
peptide GH secretagogs have been synthesized
which exert potent stimulatory effects on pulsatile
GH release. These novel GH secretagogs exert anti-
somatostatinergic functional effects mediated via an
endogenous GH secretagog receptor,58 which, along
with a naturally occuring ligand for this GH secret-
agog receptor,59 has recently been identified. The
physiologic role(s) of both synthetic and naturally
occuring GH secretagogs, and their contribution to
the age-related decline in GH production, remain
to be elucidated.60–63

Adverse effects of GH therapy

Several categories of adverse effects are relatively
common during treatment of non-elderly adults
with GH, whereas others are as yet unproved but of
potential concern.64 The former group includes
effects related to salt and water retention (edema,
hypertension, headache, papilledema, pseudotumor
cerebri), to arthralgias and carpal tunnel syndrome,
and to metabolic dysfunction, whereas the latter
group relates to possible stimulation of benign or
malignant tissue growth. Short-term administration
of GH elicited supraphysiologic increases in IGF-I
in some older individuals, along with hyperinsuline-
mia, impaired glucose tolerance, decreased daily
sodium excretion, and edema.47 However, in other
studies in which elderly men were treated for up to
6 months with low doses of GH, either no adverse
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effects48 or modest increases in mean systolic blood
pressure and fasting plasma glucose concentrations
within the normal range52 were noted. The adverse
effects of GH on salt and water retention appear to
be dose-dependent, and are more often evident with
supraphysiologic increases in circulating IGF-I lev-
els.65 However, even low-dose regimens of GH
administration are non-physiologic, and serum GH
profiles after parenteral administration of GH differ
substantially from the normal, diurnal pattern of
pulsatile GH secretion. Although there is no defin-
itive evidence that administration of GH enhances
risk for de novo carcinogenesis in either GH-
deficient children or young adults,1,64 it is uncertain
whether GH replacement in elderly persons with
age-related decrements in GH secretion enhances
the risk for de novo mutagenesis, or of promotion or
propagation of pre-existent malignant diseases.

Conclusions

There is a physiologic, age-related decline in spon-
taneous (nocturnal) GH release and IGF-I levels
which begins in the third decade and continues into
advanced old age, so that GH and IGF-I measure-
ments in the elderly are often indistinguishable
from those in younger adults with pathologic GH
deficiency. This physiologic decline in GH and
IGF-I, like pathologic GH deficiency in non-elderly
adults, is associated with adverse changes in body
composition such as diminished muscle and bone
mass and increased intra-abdominal fat, with their
attendant increased risks of muscle weakness, osteo-
porosis, obesity, diabetes mellitus, dyslipidemia, and
cardiovascular disease.

Whether the decline of somatotropic function
with age represents a treatable hormone deficiency
state with associated adverse outcomes (e.g. muscle
weakness, osteoporosis, etc.), or an age-appropriate
adaptive response protecting frail older persons from
increased susceptibility to homeostatic disturbances,
is the focus of much current research. Recent stud-
ies suggest that administration of GH to elderly peo-
ple for periods up to 6 months can reverse or
attenuate some of these changes in body composi-
tion and metabolic function, but whether these

effects lead to improvements in physiologic and
functional status, and the quality and duration of
life, remains to be established. Whether the possible
clinical improvements after GH administration will
be outweighed by undesirable side-effects, and
whether they would be sufficient to justify the eco-
nomic costs, also deserve further inquiry, as does the
potential use of the newer, orally active GH-releas-
ing peptides and related non-peptide secretagogs.
Finally, the decision to treat otherwise healthy older
people with GH or GH secretagogs will inevitably
evoke certain ethical considerations, including a re-
examination of the distinction between physiologic
aging and disease, and a redefinition of what consti-
tutes normative and successful aging.
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CHAPTER 20

The thyroid
Mary H Samuels and Jerome M Hershman

Serum thyroid hormone
and thyrotropin concentrations
in the elderly

Thyroid function has been extensively studied in
the elderly. Early studies reported significant alter-
ations in thyroid hormone and thyrotropin (TSH)
levels, as well as blunted TSH responses to exoge-
nous thyrotropin-releasing hormone (TRH) in
older subjects. However, more recent studies
revealed that most of these alterations are due to
the effects of illness and medications on thyroid
hormone levels. Acute or chronic non-thyroidal ill-
ness decreases serum tri-iodothyronine (T3) levels,
and more severe illness also decreases serum thyrox-
ine (T4) levels. Serum TSH levels are usually nor-
mal, but decrease as the illness becomes more
severe, and TSH responses to TRH are blunted.
During recovery from acute illness, serum TSH and
T4 rise in parallel, and TSH may temporarily exceed
the normal range. Glucocorticoids and dopamine
reduce TSH levels, and amiodarone and propra-
nolol block conversion of T4 to T3, thus elevating
serum T4 and lowering T3 levels. For these reasons,
interpretation of thyroid function tests in the
elderly must include an assessment of possible
effects of non-thyroidal illness or medications.1

In healthy elderly subjects, T4 production
decreases by approximately 25%, but serum T4 lev-
els are unchanged, due to reductions in T4 clear-
ance. T3 production and degradation decrease by
approximately 30%, and serum T3 levels may be
slightly lower compared to young subjects while

remaining in the normal range.2 One study reported
decreased 24-hour mean serum TSH levels in
healthy elderly men, suggesting that 24-hour TSH
secretion may be decreased in the elderly.3

Hypothyroidism

Prevalence
The prevalence of overt hypothyroidism in the
elderly ranges between 0.6 and 3%, depending on the
population studied. In most studies, the prevalence is
lower among men than among women, because of
the increased rate of autoimmune hypothyroidism in
women.4 Subclinical (or mild) hypothyroidism,
defined as an elevated serum TSH and normal serum
free T4 concentration, occurs with increasing fre-
quency as subjects age, and is present in approxi-
mately 8–15% of the elderly population. Subclinical
hypothyroidism is also more common in women
(range 7–21% for women vs 2–15% for men).5–7

Elderly subjects with subclinical hypothyroidism
have at least a 2–3% annualized rate of progression to
overt hypothyroidism. This rate increases to 4–5%
per year if antithyroid antibodies are present.8 The
strongest predictor of progression from subclinical to
overt hypothyroidism is the TSH level; baseline TSH
levels of less than 10 mU/l are associated with low
incidence rates of overt hypothyroidism.9

Clinical features
It is a common impression that the typical clinical
features of hypothyroidism are less pronounced in
the elderly. However, one study that addressed this
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question systematically found that most symptoms
and signs of hypothyroidism were present to similar
degrees in young and old hypothyroid patients.10

Specifically, fatigue, weakness, mental status
changes, depression, hoarseness, dry skin, decreased
heart rate, and slowed deep tendon reflexes were
equally common in both age groups. However,
elderly patients had fewer complaints of weight
gain, cold intolerance, paresthesias, and muscle
cramps. Thus, it appears that the major difficulty in
diagnosing hypothyroidism in the elderly is not the
lack of symptoms, but rather their non-specific
nature. Clinical findings of hypothyroidism in the
elderly are often attributed to medical illnesses,
medication use, depression, or the aging process.

Causes
Most hypothyroidism in the elderly is due to
autoimmune (Hashimoto’s) thyroiditis, which
explains the increased prevalence among elderly
women, compared with men.6,11 There is an age-
dependent increase in the prevalence of antithy-
roid antibodies; 16% of older women and 9% of
older men have antithyroid peroxidase antibodies.
Between 40 and 70% of older subjects with ele-
vated TSH levels have antithyroid antibodies,
although only a minority of older subjects with
antithyroid antibodies have elevated TSH levels.
Euthyroid subjects with high levels of antithyroid
peroxidase antibody have increased rates of devel-
opment of subclinical and eventually overt
hypothyroidism.

Apart from Hashimoto’s thyroiditis, other causes
of hypothyroidism in the elderly include thyroid
surgery or radiation therapy to the neck, radioiodine
treatment of Graves’ disease, recovery from suba-
cute or silent thyroiditis, and under-replacement of
thyroxine in subjects with known hypothyroidism.
In addition, drugs such as lithium, iodine-contain-
ing compounds (for example, radiocontrast agents
or amiodarone), and interferon-alpha can cause
hypothyroidism. The issue of hypothyroidism due to
iodinated radiocontrast agents or amiodarone is par-
ticularly important in the elderly, since older
patients are more likely to receive these agents.
TSH levels should be monitored routinely in sub-
jects receiving amiodarone, or in subjects with sug-

gestive symptoms within 6 months of radiocontrast
administration.

Treatment
Overt hypothyroidism in an elderly patient should
be treated with synthetic levothyroxine, rather than
other thyroid hormone preparations such as desic-
cated thyroid extract or combinations of L-thyrox-
ine and L-tri-iodothyronine. The latter preparations
contain unacceptably high levels of tri-iodothyro-
nine, which can precipitate or exacerbate cardiac
conditions. A meta-analysis showed that there is no
additional benefit when tri-iodothyronine is used
together with L-thyroxine.12 The goal of treatment
is attainment of a normal serum TSH level. The
replacement dose of L-thyroxine in the elderly is
lower than replacement doses used in young sub-
jects, since the elderly have decreased metabolism
of thyroxine.11 It is usually prudent to begin with a
low starting does of L-thyroxine (25 µg per day or
less), especially in a patient with long-standing
hypothyroidism and/or known cardiac disease. The
dose is gradually increased every 4–8 weeks until the
TSH is normalized. A number of medications com-
monly taken by elderly patients can interfere with L-
thyroxine absorption, including iron and calcium
supplements, and care must be taken to separate
these medications from thyroid hormone doses. In
addition, elderly patients with impaired gastric acid
secretion due to atropic gastritis or proton pump
inhibitors may require increased L-thyroxine
doses.13 In rare cases, the development of angina
precludes the use of full replacement doses of thy-
roxine. In these cases, it is appropriate to consider
surgical therapy or angioplasty while the patient is
still hypothyroid,14 followed by attempts to achieve
euthyroidism once the angina is well controlled.

It is unclear whether all elderly patients with sub-
clinical hypothyroidism should be treated. Such treat-
ment would prevent progression to overt
hypothyroidism and treat the subtle tissue effects of
mild hypothyroidism, including neurocognitive symp-
toms, cardiovascular effects, and hyperlipidemia. In
support of this, recent epidemiologic studies report
associations between subclinical hypothyroidism and
prevalent or incident cardiovascular disease or overall
mortality,15,16 although there are negative studies as
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well.17,18 L-Thyroxine therapy of subclinical hypothy-
roidism improves surrogate markers of cardiovascular
disease, including lipid profiles, endothelial function,
and carotid intimal thickness. However, there are no
intervention studies that measure cardiovascular or
all-cause mortality endpoints. Based on a synthesis of
the available data, there is general agreement that ele-
vation of serum TSH above 10 mU/l is an indication
for treatment with levothyroxine.19 In contrast,
asymptomatic mild elevations of TSH may be best left
untreated, at least in the oldest old patients.17,20

Patients with suggestive symptoms, abnormal cardiac
function, or hyperlipidemia may benefit most from
therapy for subclinical hypothyroidism, but this has
not been rigorously tested. 

Hyperthyroidism

Prevalence
Hyperthyroidism occurs in 0.2–2% of the elderly pop-
ulation, with somewhat higher rates in elderly women
compared with elderly men.5,6,21 Subclinical hyperthy-
roidism, defined as a suppressed serum level of TSH
with normal free thyroid hormone concentrations,
occurs in about 2% of elderly subjects,2,21 with a vari-
able progression to overt hyperthyroidism.21,22

Clinical features
Elderly hyperthyroid patients do not manifest the
same degree of adrenergic symptoms and signs as
younger hyperthyroid subjects.23,24 Older patients
have decreased rates of fatigue, weakness, nervous-
ness, sweating, heat intolerance, hyperphagia, diar-
rhea, tremor, tachycardia, and hyperactive reflexes,
compared with young patients with hyperthyroidism.
Instead, older patients tend to present with confu-
sion, anorexia, and atrial fibrillation. This phenome-
non has been termed ‘apathetic hyperthyroidism’ in
the elderly. Such patients can be mistakenly diag-
nosed with cancer, heart disease, dementia, or gas-
trointestinal illness rather than hyperthyroidism,
leading to extensive and unnecessary testing.

Causes
The causes of hyperthyroidism in the elderly are
similar to the causes of hyperthyroidism in young

subjects, and include Graves’ disease, toxic multin-
odular goiter, toxic adenoma, subacute or silent thy-
roiditis, or over-replacement with thyroid hormone
preparations.8,25 Graves’ disease is less common in
the elderly, while toxic multinodular goiter is more
common. In addition, the development of hyper-
thyroidism in an elderly patient sometimes occurs
after administration of amiodarone or an iodine-
containing radiocontrast agent.

Risks
There are two specific risks associated with hyper-
thyroidism that are particularly important in older
patients. First, overt hyperthyroidism has marked
effects on the cardiovascular system, including
enhanced myocardial contractility, accelerated
heart rate, increased cardiac output, and peripheral
vasodilatation. This may lead to increased myocar-
dial oxygen demand, cardiac hypertrophy, or angina
in older patients. In addition, the risk of atrial fib-
rillation is increased by overt or subclinical hyper-
thyroidism, especially in older subjects.18,26 Results
from the Framingham Study showed that 28% of
subjects with subclinical hyperthyroidism devel-
oped atrial fibrillation over 10 years, compared with
11% of age-matched euthyroid subjects.16 Second,
hyperthyroidism leads to excess bone resorption and
the development of osteoporosis, especially in post-
menopausal women.27 It may also contribute to
osteoporosis in elderly men.

Treatment
The treatment of hyperthyroidism in the elderly
depends on the cause of the disease, severity of the
hyperthyroidism, and condition of the patient.
Graves’ disease is treated by radioactive iodine-131
or thionamide therapy. Toxic multinodular goiters
and toxic adenomas are treated with radioactive
iodine (at higher doses than those used to treat
Graves’ disease) or surgery, with the choice depend-
ing on the patient’s suitability for surgery and the
presence of any worrisome nodules that would war-
rant excision.

The decision whether to treat subclinical hyper-
thyroidism is difficult, since treatment options are
complicated and carry some risks, and since the
overall risk of subclinical hyperthyroidism has not
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been well quantified. A T3 level should initially be
obtained to rule out T3 toxicosis. One should decide
whether to treat subclinical hyperthyroidism based
on the presence of symptoms (remembering that
hyperthyroidism may be masked in elderly
patients), risks for osteoporosis, and risks for atrial
fibrillation or other cardiac events. In some cases, it
may be prudent to initiate a trial of antithyroid drug
therapy. This affords the physician and the patient a
chance to see whether symptoms and other parame-
ters improve with treatment of the subclinical
hyperthyroidism. Because subjects with serum TSH
less than 0.1 mU/l have a high incidence of atrial
fibrillation,18,26 the etiology should be determined
and treatment should be given to these patients. 

Thyroid nodules

Prevalence
Thyroid nodules, either solitary or multiple,
increase in frequency with aging. The frequency of
detection of nodules by ultrasonography varied from
13 to 67% in different studies.28 The prevalence of
thyroid nodules is somewhat higher in women than
in men. Thyroid nodules in asymptomatic individu-
als (‘incidentalomas’) have been identified fre-
quently by ultrasonography, which is much more
sensitive than palpation. In one study the preva-
lence of incidentalomas was 67% by high-resolution
ultrasonography and only 21% by neck palpation.29

A large autopsy series showed that 50% of the pop-
ulation with no known history of thyroid disease
had discrete nodules, and in 35% the nodules were
greater than 2 cm in diameter.30

Clinical evaluation
Evaluation of the thyroid nodule focuses on the
detection of malignancy. Although thyroid nodules
are more frequent in women, the likelihood of
malignancy is somewhat higher in men. Radiation
exposure during childhood predisposes to thyroid
nodules and thyroid carcinoma, but the latency
period probably does not exceed 50 years, so that
the chance of radiation-induced thyroid cancer
from childhood exposure is low in the elderly. A
family history of thyroid cancer suggests familial

medullary thyroid cancer as a component of multi-
ple endocrine neoplasia (MEN) type 2 or familial
papillary cancer. Multinodular goiter is also preva-
lent in many families.

Most thyroid nodules are asymptomatic.
Hemorrhage into a thyroid nodule or cyst may cause
rapid enlargement and pain. Rapid growth of a nod-
ule over a period of several weeks is suspicious of
malignancy. Persistent hoarseness may result from
recurrent laryngeal paralysis by cancer or a large
multinodular goiter. 

On physical examination, a firm fixed nodule
is more likely to be malignant, but many differ-
entiated carcinomas have a normal consistency.
Lymphadenopathy suggests malignancy. The dis-
tinction between a solitary nodule and multinodu-
lar goiter by neck palpation is limited. In
approximately 50% of cases of a clinically solitary
nodule on palpation, the lesion was subsequently
found to be a dominant nodule in a multinodular
goiter on histologic examination.31 The relative risk
of cancer in solitary versus multinodular thyroid
glands is controversial. Many studies have reported
lower rates of thyroid carcinoma in palpable multin-
odular glands (5–13%), compared with the solitary
nodules (9–25%), but other studies have found sim-
ilar incidences of cancer in solitary nodules and in
multinodular glands.

Diagnostic tests
A low serum TSH concentration suggests the pres-
ence of either an autonomously functioning ade-
noma, or a toxic multinodular goiter. Elevated
antiperoxidase and antithyroglobulin antibody
titers indicate lymphocytic thyroiditis, which may
present as a nodule. The serum thyroglobulin level
is not a useful test to distinguish benign from malig-
nant nodules, because it is increased with any
goitrous process.

In the past, radionuclide scanning of nodular
thyroid glands was recommended as part of the stan-
dard evaluation. This is not a cost-effective
approach, since almost all nodules in euthyroid
patients are non-functioning. Therefore, the cur-
rent evaluation of a suspected thyroid nodule or
multinodular goiter starts with a serum TSH level.
If the patient has a suppressed TSH level, a radionu-
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clide scan is appropriate, but otherwise the patient
should proceed directly to an ultrasound and fine
needle aspiration biopsy, based on criteria detailed
below.

Thyroid ‘incidentalomas’ are found by ultra-
sound of the neck, computed tomography, magnetic
resonance imaging, and even positron emission
tomography scans performed for other indications.
Thyroid nodules as small as 2 mm can be detected
very effectively with current high-resolution ultra-
sonography using a 12-MHz to 16-MHz probe.
Nodules as small as 5 mm can be biopsied by fine-
needle aspiration (FNA) biopsy. 

Thyroid ultrasound scanning discriminates cystic
from solid lesions. It has proved useful to differenti-
ate thyroid from non-thyroid neck masses and to
localize nodules deep within the gland that are not
palpable. Cystic nodules constitute 10–20% of all
thyroid nodules, and a significant fraction may har-
bor papillary carcinomas.32 Ultrasonography is now
used routinely to guide FNA biopsy.

Fine-needle aspiration biopsy provides reliable
information and is the most effective method of
diagnosing the cause of the nodule. Utilization of
FNA biopsy has dramatically reduced the need for
surgery to diagnose benign thyroid nodules. In a
large series of patients who had FNA biopsy of the
thyroid, benign cytology was found in 69% (mainly
colloid goiter), malignant cytology in 3.5% and sus-
picious cytology in 10%.33 The suspicious category
is often called ‘follicular lesion,’ and makes up about
20 to 30% of the nodules in current series. This
could represent a follicular adenoma, hyperplastic
nodule in a colloid goiter, follicular cancer, or a fol-
licular variant of papillary carcinoma. Only one-
tenth to one-quarter of follicular lesions that are
surgically removed are cancers. The diagnosis of fol-
licular lesion is responsible for nearly one-half of
thyroid operations on nodules. In patients with
nodules that are follicular lesions, a radioiodine
scan may be helpful. ‘Hot’ or functional nodules are
rarely malignant.

Because of the high frequency of thyroid nodules
and the impracticality of biopsying all of the
detectable nodules, the Society of Radiologists in
Ultrasound issued a consensus statement about the
indications for biopsy of thyroid nodules.34 The

statement pointed out that none of the sonographic
criteria that are suspicious for malignancy are suffi-
ciently sensitive to be strong indications for biopsy
without considering the size of the nodule. It rec-
ommends biopsy of nodules as small as 1 cm if there
are microcalcifications because they probably repre-
sent psammoma bodies of papillary carcinoma. Other
criteria for FNA biopsy include solid nodules larger
than 1.5 cm, mixed solid and cystic nodules larger
than 2 cm, or substantial growth of a nodule since
the prior examination. The other sonographic
criteria suggesting malignancy, namely hypoecho-
genicity, irregular margins, and increased vascu-
larity within the nodule, were regarded as not
sufficiently sensitive or specific to be strong indica-
tors for biopsy. 

Management
Treatment of the thyroid nodule depends on the
functional state of the nodule and the cytologic
diagnosis of the FNA biopsy. The hyperfunctioning
‘hot’ nodule is treated with radioiodine ablation or
surgery. The vast majority of thyroid nodules are
benign and can be managed medically. Medical
management with thyroid hormone suppressive
therapy is based on the assumption that growth of
the nodule is TSH dependent. Spontaneous regres-
sion of thyroid nodules may occur. L-Thyroxine sup-
pressive therapy is useful for nodules that do not
decrease in size over several months of initial obser-
vation, but is contraindicated in elderly men with
cardiac disease, and should be used with caution in
elderly patients in general. In a randomized, double-
blind, placebo-controlled trial of T4 treatment of
solitary thyroid nodules for 18 months, 27% of
those given L-thyroxine had a volume reduc-
tion > 50% and 27% had a volume reduction of
20–50%, compared with only 17% and 14%,
respectively, in the placebo group.35 The therapy
should reduce the serum TSH to the lower limit of
the normal range in order to avoid the complica-
tions of subclinical thyrotoxicosis noted above.
Generally, patients are followed by ultrasound or
palpation at intervals of 4 to 6 months. 

If the cytologic diagnosis indicates malignancy
or is strongly suspicious for malignancy, the nodule
should be removed surgically.
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Thyroid cancer

Thyroid cancer accounts for 2.2% of all cancers in
the USA, and mortality from thyroid cancer is less
than 0.3% of all cancer deaths. Thyroid cancer is
classified into five major types: papillary, follicular,
medullary, anaplastic, and thyroid lymphoma.

Papillary carcinoma is the most common type of
thyroid cancer and accounts for 80% of all thyroid
cancers. Although its prognosis is generally favor-
able, it is more aggressive in the elderly.36 Surgery,
either near-total or total thyroidectomy, is the ini-
tial treatment of choice for papillary carcinoma.
Radioiodine therapy is used as an adjunct to surgery
to treat patients with residual or recurrent papillary
cancer in the neck.37 The prophylactic use of
radioactive iodine ablation after surgery reduces the
mortality rate and increases survival; it is generally
given to any older person with papillary cancer. 

Recent data show that there is a 2.4-fold increase
in thyroid cancer during the past three decades.
Analysis of these data indicates that the increased
incidence is entirely due to more papillary thyroid
cancers, primarily those smaller than 2 cm.38 An
Italian study of 243 papillary thyroid microcarcino-
mas, defined as smaller than 10 mm, found that
none of those smaller than 8 mm had distant metas-
tases during follow-up for a median of 5.1 years.39

None of the patients had cancer-related mortality.
A study of 211 Japanese patients with papillary
microcarcinomas, diagnosed by FNA biopsy and not
resected, showed that tumors smaller than 7 mm
tended not to enlarge or spread to lymph nodes over
a 4-year period of follow-up by ultrasound.40

Thyroid hormone in a suppressive dose is pre-
scribed after thyroidectomy to reduce recurrence.
TSH stimulates growth of thyroid tumors that con-
tain TSH receptors. The dose of L-thyroxine should
be adjusted to keep the TSH suppressed to subnor-
mal levels without causing clinical thyrotoxicosis. L-
Thyroxine doses may need to be more conservative
in elderly patients with thyroid cancer who have
cardiac disease or atrial fibrillation.

Follicular thyroid carcinoma accounts for about
10% of all thyroid cancers in the USA and occurs
more frequently in the elderly. Hurthle cell carci-
noma, a variant of follicular thyroid carcinoma,

carries a poorer prognosis. Tumor recurrence in dis-
tant sites is more frequently seen with follicular than
with papillary carcinoma, and occurs with higher
prevalence in highly invasive tumors. Treatment
includes total thyroidectomy, and iodine-131 therapy
to ablate residual tumor. Radioiodine is the principal
treatment of metastatic tumors. If the tumor does not
concentrate the isotope, external radiation may be
effective. As with papillary carcinoma, thyroxine
therapy should be given to suppress serum TSH levels
to the subnormal range. 

In patients with differentiated thyroid cancer,
either papillary or follicular, who have been treated
by thyroidectomy and radioiodine ablation, the
serum thyroglobulin is a sensitive marker for recur-
rence of the thyroid cancer and has replaced routine
radioiodine scans in follow-up of these patients.41

Measurement of thyroglobulin under TSH stimula-
tion, endogenous or exogenous, is more sensitive
than suppressed thyroglobulin.42

Medullary carcinoma accounts for 2–4% of thy-
roid cancers and is derived from the calcitonin-
secreting cells or parafollicular cells. Elevated serum
calcitonin levels establish the diagnosis and corre-
late with tumor mass. About 20–30% are familial
tumors and are associated with other endocrine
neoplasias (MEN 2A or 2B). The recognition of
point mutations in RET proto-oncogene on chro-
mosome 10 has enhanced the ability to detect these
neoplasms at an early and potentially curable stage
in suspected family members. Approximately
70–80% of medullary carcinoma is sporadic and
diagnosed later in life, mostly after age 50 years.43

The preferred treatment consists of total thyroidec-
tomy and a modified radical neck dissection on the
side of the tumor and the central compartment.

Anaplastic thyroid carcinoma is the most aggres-
sive and lethal cancer. It accounts for 2% of thyroid
cancer. In 28–70% of patients, there is a previous
differentiated thyroid carcinoma.44 The peak occur-
rence is in the seventh decade; nearly all patients
are 60 years or older. It presents with a rapidly grow-
ing thyroid mass. Treatment includes surgery fol-
lowed by external radiation and chemotherapy, but
only a small percentage survive more than 1 year.

Thyroid lymphoma accounts for about 1% of thy-
roid malignancies and is almost always accompanied

Textbook of health in aging men

278

Lunenfeld-ch-20.qxd  8/23/2007  3:24 PM  Page 278



by chronic lymphocytic thyroiditis. The patients are
usually over 60 years of age, and there is a female pre-
ponderance. This tumor nearly always arises from
B-cell lymphocytes. It presents as a rapidly enlarging
thyroid mass in a patient with Hashimoto’s disease.
FNA biopsy may suggest the diagnosis, but definitive
diagnosis usually requires an open biopsy. Surgical
removal of the lymphoma by total thyroidectomy is
unwise. Treatment with external radiation and four
to six courses of chemotherapy usually produces a
permanent remission.45
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CHAPTER 21

Aging, testosterone, and body
composition
Alex Vermeulen

Introduction

Normal aging in males is associated with important
changes in body composition, characterized by a
decline in fat-free mass, organ mass, and total body
water, as well as by an increase in fat mass. These
changes have important clinical implications: the
decrease in muscle mass induces a decrease in mus-
cle strength, with as a corollary decreased statural
stability with increased tendency to fall, which,
together with the age-associated osteoporosis leads
to an increase in bone fracture rate, whereas the
increase in abdominal fat induces insulin resistance
with impaired glucose tolerance, leading eventually
to diabetes mellitus, atherogenic lipid profile ather-
osclerosis, and an increased risk of cardiovascular
disease.

Aging is accompanied by important changes in
the endocrine system: a decrease in Leydig cell
function and growth hormone (GH) secretion,
decreased adrenal androgen secretion, and
decreased melatonin secretion. As androgens as
well as GH are known to increase lean body and
muscle mass, whereas hypogonadism and GH defi-
ciency are accompanied by an increased fat mass, it
is tempting to postulate a causal relationship
between the altered endocrine function and the
age-associated changes in body composition. 

Many factors, however, influence body composi-
tion and age-associated changes in lifestyle and
energy balance, and a decrease in physical activity,

contribute to the age-associated changes in body
composition. Moreover, some of the endocrine
changes observed in elderly males may be the con-
sequence rather the cause of changes in body com-
position: abdominal obesity, for example, induces a
decrease in GH levels as well as a decrease in
hepatic sex hormone-binding globulin (SHBG)
synthesis, with as a consequence a decrease in total
and free testosterone levels, which can be normal-
ized by weight loss.1,2

Hence, age-associated changes in body composi-
tion are determined by a complex interplay of hor-
monal and non-hormonal factors and it remains
difficult to unravel the possible cause and effect
relationships between changes in hormone levels
and changes in body composition in the aging male.

Changes in body composition
with age

Although symptoms of aging have a multifactorial
origin, in view of the similarity of aging symptoms
and the symptoms of androgen deficiency in young
adults, it is generally believed that the age-associ-
ated decrease in androgen levels may play an impor-
tant role in this symptomatology. It should be
realized, however, that the androgen deficiency in
aging males is only partial, showing moreover an
important interindividual variability, that the
decline in androgen levels is slow, and that aging is
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accompanied by a decline in almost all physiologic
functions. Hence, strong correlations of symptoms
with androgen levels can hardly be expected and a
causal role of the latter in the clinical symptomatol-
ogy will be difficult to establish.

Aging is accompanied by an increase in fat mass,
especially abdominal visceral fat. In a study of com-
munity-dwelling, healthy men it was found that fat
mass increased from 22.3% of body weight in 61
middle-aged men (mean age 42 years) to 29.4% in
271 healthy elderly men (mean age 76 years); the
body mass index (BMI) was similar in both groups,
but lean body mass was 20% lower in the elderly.
The ratio of visceral over subcutaneous abdominal
fat increased highly significantly (p< 001) with age
from a ratio of 0.33 at age 30 to a ratio of 1.33 at age
60 years!3 Seidell et al4,5 reported that, in a healthy
population, age correlates with abdominal fat inde-
pendently of BMI, whereas subcutaneous fat
increases with the degree of obesity.

Fat mass is strongly negatively associated with
(free) testosterone levels3,6 and this is independent
of age, the negative correlation with fat mass being
almost exclusively determined by abdominal fat.3

As, however, adiposity is a negative determinant of
serum testosterone,3 it is not evident whether the
decrease in plasma testosterone is causal to the
age-associated increase of (abdominal) fat.
Nevertheless, some studies show that low testos-
terone levels predict visceral obesity, as well as the
development of the metabolic syndrome and dia-
betes 7–10 years later!7,8 Laaksonen et al8 reported
that subjects with testosterone levels in the lowest
third, after correction for BMI, were 1.7 times more
likely to develop the metabolic syndrome. Similarly,
HO et al,9 in the Rancho Bernardo study, following
over a period of 8 years 294 elderly men, observed
that low total testosterone levels, but not biotestos-
terone levels, corrected for BMI and systolic blood
pressure, predicted diabetes mellitus (odds ratio 2.7;
95% confidence limits: 1.1–6.6).

However, as well as androgens, other hormonal
and non-hormonal factors codetermine the age-
associated changes in body fat. The decrease in GH
and IGF-1 levels with age play an important role in
the age-associated changes in body composition
with an increase in body fat, and GH treatment may

be more effective than testosterone supplementa-
tion in reducing abdominal fat mass (see Chapter by
Stattler). Androgens (and estrogens), on the other
hand amplify endogenous GH secretion,10 which
illustrates again the complexity of the mechanisms
governing the age-associated changes in body com-
position. Nevertheless, the negative correlation of
testosterone levels with abdominal fat persists after
correction for serum GH and IGF-1 levels.3

With a rare exception,11 most studies, moreover,
show that testosterone supplementation in elderly
men induces a modest decrease of 1–2% in fat mass.
(12–17) Page et al16 reported an even more signifi-
cant decrease in fat mass of 6.3%. Hence it may be
concluded that the decline in testosterone levels is
coresponsible for the age-associated increase in
abdominal fat.

The increase in visceral fat has important meta-
bolic consequences: elevated free fatty acids, triglyc-
erides, cholesterol, hyperinsulinism with impaired
glucose tolerance, decreased HDL cholesterol levels
and hypertension (metabolic syndrome) (see
Gooren), resulting ultimately in increased fre-
quency of cardiovascular incidents and reduced life
expectancy. Fasting insulin levels are highly signifi-
cantly correlated with the abdominal/gluteal fat
ratio,3 in accordance with the generally accepted
view that abdominal (visceral) fat is the major
determinant of insulin resistance. Moreover, it has
been observed that low testosterone levels by them-
selves adversely affect insulin sensitivity and the
lipoprotein profile, hence contributing directly to
the development of impaired glucose tolerance and
the metabolic syndrome.7

Testosterone deficiency in young males leads to a
decrease in lean body mass and muscle strength.18 Bross
et al19 reported an age-associated decrease in muscle
mass by as much as 35–40% in males between the
ages of 20 and 80 years. The decrease in muscle mass
is characterized by a decrease in the number of
muscle fibers, especially type II fibers,20 and a decline
in muscle strength. 

However, although exogenous androgen admin-
istration has myotropic effects, increasing protein
synthesis, increasing muscle fiber cross-sectional
area, and reducing muscle degradation,14,21,22 the
correlation between endogenous (free) testosterone
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levels and muscle mass is less clear. Many
authors3,6,23 found no association of testosterone
levels with lean body mass in a large group of com-
munity-dwelling elderly men and, in the Baltimore
longitudinal study of aging, Roy et al23 did not find
any, age-corrected, correlation in men aged 20 to 90
years. Other authors, however,6,24,25 did find an asso-
ciation of free testosterone levels and muscle mass,
but not always with muscle strength.24 Hence the
evidence that the age-associated decline in testos-
terone levels is causal for the decrease in muscle
mass with age is not consistent.

Androgen supplementation in elderly men,
causes a moderate increase in lean body mass,10,16 but
the effects on muscle strength are controversial,
some authors reporting negative,12,15,17 others,14,16,26,27

positive effects (see chapter by Sheffield-Moore).
Aging is accompanied by a progressive bone loss,

leading to osteoporosis and an exponential increase
in the incidence of fractures of hip and spine.28,29

However, although hypogonadism in young men is
accompanied by accelerated bone loss, the role of
partial androgen deficiency of elderly males is still
unsettled. Whereas several authors30–33 found a sig-
nificant correlation between prevalent bone min-
eral density (BMD) and plasma (free) testosterone
levels, others34,35 did not find any correlation. Cross-
sectional studies consistently showed, however, a
positive association of prevalent BMD with free or
bioavailable plasma estradiol levels,6,32,35–39 which to
a large extent have a direct or indirect (via periph-
eral aromatization of testosterone) testicular origin
and also decrease with age. Nevertheless, there is
strong evidence that testosterone itself plays a
direct role in the development and maintenance of
BMD, as shown by the effects of selective androgen
receptor blockade on BMD in men with prostate
cancer,40 and the subnormal BMD in patients with
complete androgen insensitivity, notwithstanding
high estrogen levels.41

As to the effects of androgen substitution on
BMD in elderly males, they seem to be most pro-
nounced in patients with low basal testosterone
levels,12,17 although other authors observed that the
effects were positively correlated with the magni-
tude of the increase in testosterone levels but not
with basal levels.42

Unexpectedly, studying the effects of dehy-
droepiandrosterone (DHEA) supplementation
(50 mg/day for 1 year) on body composition and
bone mineral density in 30 men over 60 years of
age, with low basal dehydroepiandrosterone sulfate
(DHEAS) levels, Jankowski et al43 observed a ten-
dency to an increase in hip BMD, without signifi-
cant changes in fat or fat-free mass. These finding
require confirmation by additional studies.

Conclusions

In conclusion, aging in males is accompanied by an
individually variable decrease in (free) testosterone
levels, a moderate decrease in free estradiol levels,
and a dramatic decrease in DHEAS levels Available
data strongly suggest that, besides other hormonal
(GH!) and non-hormonal factors, this decrease in
free testosterone and estradiol plays a contributory
role in the decrease in muscle mass and BMD as
well as in the age-associated increase in (abdomi-
nal) fat mass. Whereas the decrease in muscle mass
and BMD plays a role in the increased tendency to
falls and bone fracture rate, with its consequent
invalidity, and increased morbidity and even mor-
tality, the increase in abdominal fat mass has impor-
tant metabolic consequences, reaching from
hyperlipidemia, over the metabolic syndrome, to
diabetes mellitus and cardiovascular disease.
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CHAPTER 22

Growth hormone and body
composition in the aging male
Fred Sattler

Introduction

Growth hormone (GH) is a 191 amino acid, single-
chain peptide synthesized in the somatotropic cells
of the anterior pituitary gland and is often referred
to as the ‘master anabolic hormone.’ Its biologic
activity is mediated through signal transduction of a
ubiquitous GH-specific transmembrane receptor.
Additional effects are mediated through insulin-like
growth factor 1 (IGF-1; known as the ‘second mes-
sage’ of GH) that is synthesized largely in the liver
and most other tissues. During the human aging
process, daily secretion and integrated plasma con-
centrations of GH decrease as do IGF-1 levels. 

Aging is also associated with a number of com-
plications including loss of muscle mass (sarcope-
nia), increase in total and trunk fat, loss of bone
mineral density, and the occurrence of metabolic
derangements including dyslipidemia and insulin
resistance that relate to these changes in body com-
position and predispose men to adverse health
effects including impaired physical function, frailty,
bone fractures, hypertension, and complications of
atherosclerosis. Whether these undesirable effects
are merely normal physiologic adaptations to aging
or are in part due to the decline in GH production
and secretion is uncertain. Regardless, there has
been increasing interest in the potential for therapy
with GH as the possible ‘fountain of youth’ to
increase muscle mass, strength, and vigor. Hence,
the relationship of GH to changes in body

composition and function during aging and
evidence supporting replacement therapy with GH
are the focus of this chapter. Care will be taken to
consider and contrast the basis and principles of GH
replacement therapy for older relatively healthy per-
sons versus treatment of adult patients with overt
hypothalamic–pituitary disease that is often associ-
ated with multiple hormone deficiencies.

Growth hormone physiology

A complex neuroendocrine network controls the
mass of GH secreted per burst from the anterior
pituitary. The integrated secretion of GH each day
is diurnal with variable frequency and an amplitude
of pulsatile release that is greatest 1 to 2 hours after
subjects fall asleep. Smaller pulses occur during the
day but are generally below the level of detection
for most conventional assays. Hypothalamic pep-
tidyl agonists and antagonists regulate the mass of
GH secreted per burst from the pituitary gland.
Facilitative signals include GH-releasing hormone
(GHRH) and possibly ghrelin and GH-releasing
peptides (GHRPs), whereas GH secretion is inhib-
ited by somatostatin. Evidence suggests that
decreased GH secretory-burst mass in normal aging
is related to diminished GHRH or ghrelin/GHRPs,
or somatostatin excess.1,2

A number of physiologic factors also affect the
integrated GH secretion, including level of sleep,
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exercise and physical activity, stress hormones, body
composition, nutritional status, and metabolic sig-
nals. For example, fasting, malnutrition, severe
inflammation, and obesity have profound inhibitory
effects on GH production. Obesity is common in
older men and is associated with diminished sponta-
neous and stimulated GH secretion along with
enhanced metabolic clearance of the hormone.
These effects are possibly due to increased hypothal-
amic somatostatinergic tone, GHRH hyporeactiv-
ity, hyperinsulinism, or elevated free fatty acids. 

Once secreted, 40–50% of the serum GH is
bound to GH-binding protein (GHBP, a circulating
extracellular domain of the GH receptor), which
retards clearance of the hormone. Although GHBP
levels are relatively constant until about 60 years of
age, levels of GHBP decline thereafter up to the
10th decade of life. Supplemental androgen therapy
upregulates GHBP. 

Insulin like growth factor 1
IGF-1 is a proinsulin peptide, synthesized by most
tissues, that mediates primarily mitogenic and pro-
liferative actions that overlap a number of the bio-
logic activities of GH (Table 22.1). IGF-1 binds to
a discrete (type 1 IGF-1) receptor that differs from
the insulin receptor to produce both cytokine-like
paracrine and autocrine effects, but it also circulates
and functions as a systemic hormone. The liver
appears to be the primary source of systemic IGF-1,
which mediates some of the systemic effects of GH
(i.e., second message of GH). Blood levels of IGF-1
indirectly reflect the mass of secreted GH and serve
to inhibit hypothalamic–pituitary secretion of GH.
During negative caloric balance or catabolism, IGF-
1 synthesis decreases and GH secretion increases,
producing a state of GH resistance due to the reduc-
tion in GH effects mediated through IGF-1. 

Because of the ubiquity of IGF-1 synthesis and
widespread distribution of IGF-1 and GH receptors,
it is difficult to clearly differentiate which of the
biologic activities of GH are directly regulated and
which are mediated through the IGF-1 system.
Regardless, in determining IGF-1 levels, considera-
tion must be given to caloric balance, stress, under-
lying disease, and factors that affect synthesis
of IGF-1 by the liver and other tissues. Finally,

testosterone supplementation to high physiologic
levels may increase IGF-1 secretion by the liver,3

which could provide an additional anabolic stimulus.

Deficiencies of GH and IGF-1
with aging

The declines in GH production and secretion,
GHBP, and IGF-1 levels that occur with aging are
often referred to as the ‘somatopause’ and are the
basis for speculation that these anabolic hormones
are related to the body composition, metabolic, and
functional changes that occur with aging. Indeed,
after puberty, GH levels decrease exponentially
with aging.4 In particular, GH production has been
reported to decline by 14% per decade5 and may
decline by up to 50% every 7 years in men, begin-
ning in adulthood.2 Elderly men may produce as lit-
tle as 50 µg/day compared with pubertal boys who
produce 1.0–1.5 mg/day.6 In a study in men greater
than 60 years of age, 35% were GH-deficient,7 and
GH secretion for healthy adults in their seventies
was less than 50% of that in 20-year-olds.8 Similarly,
serum IGF-1 levels continue to decline through the
8th and 9th decades of life.9 Eighty-five percent of
healthy 59–98-year-old men had low serum IGF-1
levels below the 2.5th percentile of younger men.10

Diminished GH secretion in adults has been
associated with a number of body composition,
metabolic, and functional changes (Table 22.2).
This constellation of symptoms, signs, and measure-
ments has been largely determined from persons
with hypopituitarism and multiple hormone defi-
ciencies due to tumors, injury, or radiation to the
hypothalamus or pituitary glands. However, there is
some evidence that similar findings occur in older
persons without a history or evidence of these CNS
abnormalities, but with isolated low GH secretion
during provocative testing.11,12 Regardless, the con-
stellation of findings is similar to those expected
with hypogonadism or aging, making it difficult to
assess their relationship to GH deficiency per se in
older persons. Replacement doses of GH may appre-
ciably ameliorate or even correct many of these
abnormalities (as will be described below), espe-
cially in persons with hypopituitarism, supporting
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the supposition but not establishing with certainty
that GH deficiency was causally related since these
patients also had other hormonal abnormalities that
may not have been optimally corrected. 

Clinical evidence of GH deficiency
due to aging

Loss of lean tissue and skeletal muscle
strength
In some men, loss of muscle mass, maximal volun-
tary strength, and physical function occurs with
aging5 despite normal testosterone levels, suggesting
that other anabolic mediators (e.g. GH and IGF-1)
may be impaired and contributing to these undesir-
able effects. Declines in both GH and IGF-1 have
been associated with progressive loss of total lean
tissue from the 2nd to 7th decades.9,10,13 In 121 men
of 65–97 years of age, IGF-1 levels were highly cor-
related with muscle mass in one study.14

The importance of GH in regulating body com-
position and physical function is inferred from GH-
treatment studies. In adult-onset GH deficiency
from pituitary disease, treatment with GH increased
lean tissue by 2 to 5.5 kg,15 presumably through the
known effects of GH to increase nitrogen retention
and protein synthesis while decreasing protein oxi-
dation.16–18 Increases in cross-sectional area of mus-
cle suggest that part of the increase in lean body
mass (LBM) during treatment with GH involves

skeletal muscle.19–21 Maximal voluntary quadriceps
force and torque were not increased with short-term
therapy up to 6 months in some studies,20,22,23 sug-
gesting that beneficial effects demonstrable by
imaging may merely relate to hydration effects that
would be measured as increases in appendicular
LBM. However, increases in strength were demon-
strable after 6–36 months of treatment in other
studies of patients with pituitary diseases,19,21,24,25

suggesting that there had been accretion of func-
tional myofibrillar proteins. Regardless, it is unclear
whether declines in GH section or IGF-1 levels dur-
ing aging are responsible for losses in muscle mass
and strength and whether replacing either hormone
will consistently benefit body composition or phys-
ical strength and function during the normal aging
process. 

Bone mineral density is decreased and the risk of
bone fractures is increased in patients with hypopi-
tuitarism.26 Treatment with GH improves bone
mineralization but it is not clear whether treatment
reduces the risk of fractures.27,28

Accumulation of central adipose mass
and metabolic complications
GH is also an important regulator of adiposity. In
adults with GH deficiency due to pituitary disease
fat mass is increased,29 and it has been shown by CT
and MRI that the fat accumulates centrally within
the abdominal cavity.30,31 In these patients, GH
replacement therapy results in a reduction in fat
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Table 22.1 Biologic effects of growth hormone and IGF-1 

Growth hormone IGF-1 Both hormones

Amino acid transport into muscle DNA and RNA synthesis Insulin antagonism
Total body protein synthesis Muscle hypertrophy Islet cell synthesis
Lipolysis Renal PO4 and Na retention Nitrogen retention
Fat oxidation Linear bone growth Somatic growth
IGF-1 production Chondrocyte expansion Erythropoiesis
IGFBP-3 and ALS6 production SO4 incorporation in to cartilage Immune enhancement
Somatostatin secretion

a, IGF binding protein-3; b, Acid labile subunit, which is part of the ternary complex of
IGFBP-3 and IGF-1 that is the primary carrier of IGF-1 in the blood stream.
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mass of 4–6 kg.15 Anthropometric measurements
and CT and MRI imaging indicate that reductions
occur primarily in the abdominal region29 and
involve the visceral fat.30,31

In this population, increased adipose tissue is
often associated with elevations of total serum cho-
lesterol, LDL cholesterol, and apolipoprotein B, fast-
ing triglycerides and with insulin resistance and
hypertension, whereas HDL cholesterol is
decreased.15 This metabolic profile may be associated
with accelerated atherosclerosis and premature death
due to cardiovascular disease.32–35 Importantly,
carotid artery ultrasonography has demonstrated
increased intima media thickening (IMT) in these
patients.36 The commonly accepted mechanism for
these metabolic changes involves the liberation of
free fatty acids, which can be oxidized by peripheral
tissues or taken up by the liver where they are re-
esterified to triglycerides.37–39 Treatment with GH in

these patients invariably reduces this atherogenic
lipid profile.15 Of importance, arterial IMT, a mor-
phologic surrogate of coronary atherosclerosis, has
been negatively correlated with IGF-1 levels and was
significantly reduced as early as 3 months after initi-
ation of GH treatment in subjects with onset adult
GH deficiency.40,41 Finally, treatment with GH for 6
months has decreased C-reactive protein and pulse
wave velocity,42 providing further evidence for the
potential of GH treatment to reduce cardiovascular
risks. 

Controversial issues related to the
GH deficiency syndrome

Interpretation of a body of data provides conflicting
evidence as to whether manifestations attributable
to GH deficiency are truly due to diminished
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Table 22.2 Manifestations of adult growth hormone deficiency

Body composition

Decreased lean body mass
Decreased skeletal and myocardial muscle mass
Increased total and trunk adiposity
Decreased bone mineral density and osteoporosis
Dry thin skin, wrinkles

Metabolism

Decreased total body protein synthesis 
Decreased lipolysis and fat oxidation
Hyperinsulinism related to obesity
Increased total and LDL cholesterol
Elevations of serum fibrinogen
Elevations of systemic plasminogen activator inhibitor 1

Function

Elevated blood pressure
Impaired cardiac function (left ventricular wall thining, decreased stroke volume  and cardiac output)
Decreased maximum voluntary muscle strength
Anemia and diminished oxygen-carrying capacity 
Decreased aerobic exercise capacity
Decreased vitality and energy
Decreased quality of life (e.g. depression, isolation)
Increased cardiovascular mortality
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secretion of this hormone during aging. First, many
of the studies describing the constellation of find-
ings thought to be due to GH deficiency involved
patients with pathologic pituitary disease. A num-
ber of these reports were published prior to specific
hormone assays or provocative testing procedures
necessary to diagnose specific hormone deficiencies.
Second, suboptimal therapy for other concomitant
hormone deficiencies may have complicated assess-
ment of GH deficiency in these patients. For exam-
ple, overtreatment with cortisol may lead to
increases in central obesity and insulin resistance.
Undertreatment with thyroid hormone may be
associated with obesity and elevation of LDL-C,
whereas overtreatment may result in worsening
osteopenia. Undertreatment with androgens may
perpetuate the ongoing deficiency or even loss of
lean tissue, muscle mass, and voluntary strength
while sustaining central obesity. Third, a number of
reports described increased mortality due to GH
deficiency,32,34,35 one of the most compelling reasons
to justify GH replacement therapy. However, not all
studies described excess atherosclerotic disease and
a number of patients in these reports had received
cranial radiation, which could adversely affect cere-
bral vasculature predisposing such individuals to
unfavorable outcomes. Finally, there are few data
describing a GH deficiency syndrome in relatively
healthy older patients without other hormone defi-
ciencies but who have low GH secretion during
provocative testing. Whether the global benefits of
GH treatment for patients with pituitary disease
can be extrapolated to older relatively healthy
adults has been a lingering question for years. 

Diagnosis of GH deficiency
associated with aging

Dynamic tests of GH secretion
Because of the pulsatile nature of GH secretion, sin-
gle blood tests are not useful to diagnose GH defi-
ciency. For research purposes, 24-hour or overnight
sampling at least every 20 minutes and preferably
every 10–15 minutes followed by deconvolusion
analysis is the most definitive way to assess hypo-
thalamic–pituitary function of the GHRH–GH

system, but this is highly cumbersome and not
appropriate for routine clinical management. There
are several standard methods that utilize dynamic
tests to identify clinical conditions associated with
impaired GH secretions (Table 22.3). The insulin
tolerance test (ITT) is recommended by the
Growth Hormone Research Society 43 and is con-
sidered by many as the gold standard. However, the
test has potential risks related to the necessity to
induce hypoglycemia, namely at least a 50% drop in
blood sugar from baseline or glucose level < 40 mg/dl.
Thus, the ITT must be monitored closely, making
this a resource-intensive test, and it is contraindi-
cated in patients with a history of ischemic heart
disease or seizures. 

Several other stimulatory tests including GHRH,
GHRPs, arginine, L-dopa, clonidine, somatostatin
rebound, or vigorous aerobic exercise are alternative
approaches used by clinicians. Although GHRP-2
bolus injection appears to be the most potent of the
individual provocative tests,44 bolus injection of
GHRH followed by arginine infusion for 30 minutes
appears to be a useful, reproducible, age-indepen-
dent alternative to the ITT with a sensitivity and
specificity of 90–95%, similar to the ITT. However,
protocols (e.g. timing and intervals for blood collec-
tion and GH cut-off points with newer second and
third generation GH assays) have not been well
standardized.45

Obesity, hypothyroidism, or hypercortisolism
blunt the response to GHRH stimulation, whereas
malnutrition, catabolic conditions, and inflamma-
tion may be associated with elevated GH responses.
For example, the evoked response to GHRH plus
arginine was negatively affected by obesity as
assessed by BMI.46 These caveats should be consid-
ered when evaluating the results of any of the
dynamic tests. 

IGF-1 and IGFBP levels
Serum or plasma IGF-1 levels decline with age.47

Because systemic IGF-1 levels and its major carrier
protein IGFBP-3 are highly GH dependent, and
serum or plasma IGF-1 or IGFBP-3 levels fluctuate
very little over 24 hours, measurement of IGF-1 or
IGFPB-3 is sometimes used to screen for GH defi-
ciency. In patients with a history of or findings
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consistent with pituitary disease, IGF-1 levels less
than 77.2 or 84 µg/l45,48 were associated with a high
predictive probability of GH deficiency. However,
IGF-1 levels are affected by nutritional status and
inflammation as well as age and may be normal in
up to 30–40% of hypopituitary patients, especially
men greater than 60 years of age.47 Thus, measure-
ment of these peptides should probably be used for
diagnosis only in conjunction with dynamic tests of
GH secretion. 

Effects of GH treatment in aging
men without pathologic pituitary
disease

During the normal aging process there is a decline
in muscle strength and functional performance,
which is associated with poor medical outcome and
impaired quality of life. The potential for treatment
with GH has largely been extrapolated from a num-
ber of prospective and placebo-controlled studies
that have demonstrated benefits of recombinant
human GH (rhHG) when administered for at least
6 months in adults with primarily pituitary dis-
ease.20,29,30,49–55 Increases in lean tissue ranged from
1.1 to 5.5 kg or up to 7%, with decreases in adipose
tissue of 1.5 to 5.7 kg or up to 10% of total body fat.
Effects on metabolic and functional markers were

more variable but it was clear that rhGH treatment
improved body composition (fat-free mass and adi-
pose tissue) in these studies. However, the numbers
of subjects studied were relatively small and reports
of treatment greater than 6 months are more lim-
ited.52–53 Further, the number of studies involving
relatively healthy older patients without pathologic
pituitary disease is even more limited and will be
reviewed in the remainder of this section. 

Effects of GH treatment on lean tissue,
strength, and physical performance
In older relatively healthy men, GH deficiency is
not as profound as in men with pituitary disease.56

Thus, it is not surprising that there are only a lim-
ited number of controlled studies involving GH
treatment for this population (Tables 22.4 and
22.5). In these studies, subjects generally had low
IGF-1 levels, a putative marker of GH deficiency.
During treatment, increases in IGF-1 were of simi-
lar magnitude to increases in younger persons given
GH, indicating that systemic responsiveness to GH
treatment was preserved and that the low levels of
IGF-1 were likely due to GH deficiency. 

In the first study of 21 men 61-81 years old, sub-
jects were assigned to treatment with 0.03 mg/kg
biosynthetic GH three times weekly or no treat-
ment for 6 months. Study therapy with rhGH
resulted in a significant 8.8% increase in LBM by
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Table 22.3 Dynamic tests of growth hormone secretory capacity 

Stimulatory tests Dosage and route of administration

Insulin tolerance test 0.05–0.15 U/kg intravenous (iv) bolus
Glucagon 1 mg intramuscularly or subcutaneously
GHRHa 1.0 µg/kg iv bolus
GHRP-2b (heralexin) 1.0 µg/kg iv bolus
GHRH + GHRP Variable 
Arginine 0.5 g/kg or 30 g infused iv over 30 minutes 
L-Dopa 500 mg orally
Arginine + GHRH GHRH iv bolus followed by a 30 minute infusion of arginine
Aginine + L-dopa L-Dopa given orally followed by a 30 minute infusion of arginine
Clonidine 250 µg orally

a, Growth hormone releasing hormone; b, Growth hormone releasing peptide-2.
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40K analysis.7,72 Changes in strength and function
were not assessed. In a second study involving 10
men 62–74 years of age, rhGH therapy (0.03 mg/kg
3 times weekly) for 6 months produced significant
increases in total LBM of 3.3 ± 0.7 kg using 40K
counting and muscle mass of 3.3 ± 1.1 kg by urinary
creatinine excretion, with a 14 ± 5% increase in iso-
kinetic thigh strength.18 In a third study of 52
healthy 70–85-year-old men, rhGH (0.03 mg/kg 3
times weekly) significantly increased LBM by 4.3%
kg by DEXA scanning and ultrasonography, but
there was no change in handgrip strength, isoki-
netic knee torque, or VO2max (maximum con-
sumption of oxygen in one minute) testing after 3
months compared with controls.58 In a fourth study,
74 healthy men 73 ± 1.3 years old were randomized
to receive rhGH at 0.03 mg/kg thrice weekly with or
without testosterone supplementation or placebo
for 26 weeks.59 Those receiving GH alone experi-
enced a significant 3.1 kg increase in LBM by
DEXA. There was no change in 1-repetition maxi-
mum (1-RM) voluntary strength of the quadriceps
but VO2max significantly increased by 8.3%. 

In a fifth study utilizing a factorial design with or
without resistance training (RT), 31 healthy 74 ± 1
year old men randomized to rhGH (final average
dose of about 7.2 ± 0.8 µg/kg/day) or placebo, treat-
ment with GH alone for 12 weeks increased fat-free
mass by 2.5 ± 0.5 kg, but there were no significant
changes in isokinetic quadriceps strength, leg power,
or muscle fiber cross-sectional area (CSA).60

However, the myosin heavy chain 2X isoform
increased significantly, suggesting that GH may have
rejuvenated the effects of IGF-1 on skeletal muscle,
as suggested by increased local expression of IGF-1Ea
(exon a, spliced variant) and mechano growth factor
(IGF-1Ec) mRNA in these subjects.61 Finally, in a
similarly designed study involving 31 men aged
71 ± 1.3 years, treatment with GH alone significantly
increased CSA area of both type I and II muscle
fibers of the vastus lateralis after 3 months in seven
older subjects who received only GH.62 Although
knee extension 1-RM strength increased non-signifi-
cantly by 23.1% with GH alone (P = 0.098) versus a
non-significant decline of 16.2% with placebo
(P = 0.096), the effect of GH on strength by multi-
variate analysis was highly significant. 

Interaction of GH treatment with
resistance exercise

Several studies provide further information about
the potential of GH treatment in older men to aug-
ment strength and function (Table 22.4). In 18
men 65–82 years of age with low IGF-1 levels and
who had previously completed 14 weeks of progres-
sive resistance training (PRT), addition of rhGH
(0.02 mg/kg/day) for 10 weeks did not increase type
I or II muscle fiber CSA or strength compared to
placebo during continued PRT, although fat-free
mass increased and fat mass decreased significantly
by DEXA scanning for those receiving GH.23,63 The
authors concluded that deficits in GH with aging
cannot explain the threshold or plateau effects of
PRT in older persons who experience initial bene-
fits with this form of exercise. In a second study of
23 sedentary 67 ± 1-year-old men with low serum
IGF-1 levels assigned to concurrent PRT and ran-
domized to rhGH (12.5–24 µg/kg/day) or placebo
for 16 weeks, total fat-free mass increased more
with GH, but increments in vastus lateralis protein
synthesis rates, urinary creatinine excretion, and
training-specific isotonic and isokinetic strength
were similar in both groups.64 Results of these two
studies are similar to the factorial designed study by
Hennessey et al which showed no benefits of the
addition of GH to RT.62 In these studies, PRT may
have provided a maximal stimulus for muscle
hypertrophy, as demonstrated in an animal
model,65 or the populations studied were too small
to demonstrate small but important enhancements
with GH. In addition, testosterone levels were not
reported and thus some study participants may
have had suboptimal testosterone status, thereby
limiting the effects of GH treatment, as will be dis-
cussed later. 

These data provide limited but compelling evi-
dence that treatment with rhGH augments LBM,
but limited evidence that treatment benefits skele-
tal muscle protein synthesis. Moreover, the studies
provide limited support that the changes in body
composition are associated with meaningful
increases in muscle strength or power, aerobic
endurance, or physical function after short periods
of treatment. 
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Interpreting the results of GH treatment
on lean tissue and physical function
Several caveats must be considered when interpret-
ing these studies. First, much of the increase in LBM
with GH treatment may have been visceral and not
somatic or may have even represented fluid accu-
mulation which is measured as lean tissue by a num-
ber of imaging procedures. The study by Welle et
al18 was the only investigation to show significant
improvements in strength (knee flexion and exten-
sion torque), which suggests that there was in fact
accretion of myofibrillar contractile proteins.
Second, these were relatively healthy ambulatory
subjects with limited evidence of frailty or physical
impairment. It is possible that the effects of therapy
might be different if treatment was evaluated in a
more physically impaired population. Third, the
treatment regimens may have confounded results
related to the common use of an albeit convenient
every other day dosing schedule. Data and experi-
ence suggest that adverse events are dose related. It
is uncertain whether more physiologic strategies
using lower doses given on a daily basis each
evening would have been more tolerable. Finally,
the treatment duration was relatively short in these
studies (generally 6 months or less) and it is possible
that more prolonged therapy, for example, of 1 to 2
years, may have produced different results with ben-
efits including augmented strength and physical
function. 

Effects of GH treatment on bone
In studies of men with adult-onset GH deficiency,
there is a biphasic response to therapy with
increases in biochemical markers of bone remodel-
ing generally occuring during the first 6 months of
therapy with little or no effect on bone mineral den-
sity (BMD), whereas treatment for 12–18 months or
longer is often associated with enhancement of
bone mineral content (BMC) and BMD with little or
minimal change in markers of bone turnover.15,53, 66,67

As shown in Table 22.4, there was evidence in three of
the studies in aging men that rhGH increased BMD
or BMC, with increases in markers of bone remod-
eling in a fourth study.68 Regardless, in these sub-
jects and in the conglomerate of adults with GH

deficiency due to pituitary disease, there is no
evidence that treatment with rhGH decreases risks
for fractures28 and there are probably more cost-effi-
cient ways to treat osteopenia and osteoporosis in
older men such as with bisphosphonates.

Effects of GH treatment on body fat
and measures of metabolism
As indicated earlier, GH status appears to be impor-
tant in regulating adiposity. Indeed, IGF-1 levels are
inversely related to percent total body fat and vis-
ceral adipose tissue (VAT).6,69 Further, in adults
with GH deficiency due to pituitary disease, fat mass
is increased,29 and by CT and MRI the fat accumu-
lates centrally within the abdominal cavity.30,31 In
these patients, GH replacement therapy results in
reductions in fat mass of 4–6 kg.15 Anthropometric
measurements and CT and MRI imaging indicate
that reductions occur primarily in the abdominal
region29 and involve reductions in visceral fat.30,31

The potential for treatment of obesity in adults
without pituitary disease is supported by a placebo-
controlled study of 30 relatively healthy men 48–66
years old with abdominal obesity and low serum
IGF-1 levels25 (Table 22.5). In that report, treat-
ment with GH (9.5 µg/kg/day) for 9 months
resulted in significant reductions in total body adi-
pose tissue, abdominal subcutaneous adipose tissue
(SAT), and VAT of 9.2 ± 2.4%, 6.1 ± 3.2%, and
18.1 ± 7.6%, respectively, by 40K counting and CT
imaging. These changes were associated with signif-
icant reductions in total cholesterol (0.7 mmol/l),
fasting triglycerides (0.31 mmol/l), fibrinogen, and
diastolic blood pressure, but fasting glucose, insulin
levels, and systolic blood pressure were unchanged.
The glucose disposal rate (GDR) during a hyperin-
sulinemic euglycemic clamp decreased modestly
after 6 weeks of GH treatment but was identical to
the GDR in the placebo group at 9 months. 

The studies involving only men more than 60
years of age and without pituitary disease also
reported significant decreases in total and abdomi-
nal fat (Table 22.5). The decreases in fat ranged
from 0.8–3.2 kg or 12.3–14.4% of total body fat.
One of the studies reported significant decreases
in both abdominal SAT (−27 cm2) and VAT
(−21cm2).70 Such improvements in central adiposity
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are expected to be of importance, since increased
abdominal VAT, and possibly SAT, is an important
component of the metabolic syndrome and there-
fore predisposes older persons to increased risk for
atherosclerotic complications and diabetes. In fur-
ther support of these observations, IMT of the
carotid artery, an early morphologic change associ-
ated with atherosclerosis, has been negatively corre-
lated with IGF-1 levels but was significantly
reduced as early as 3 months after initiation of GH
treatment, albeit in adults with GH deficiency due
to hypopituitarism.40,41

Interpreting the results of GH treatment
on body fat and metabolism
Whether reductions in body fat during GH therapy
in older, relatively healthy persons will actually
translate into reduced risk factors for cardiovascular
complications is uncertain. In none of the treat-
ment studies of older persons without pituitary dis-
ease were changes in lipids or fibrinolysis reported,
except in the short 7-day treatment study involving
only six men71 and except for the one trial that also
included middle-aged men as well as some older
subjects25 (Table 22.5). Despite improvements in
central obesity in these studies, the adverse effect
warranting special attention was the occurrence of
impaired glucose tolerance (IGT) and overt dia-
betes, which were reported in three of the studies of
GH in older adults (Table 22.5).57,59,71 This observa-
tion is consistent with reports of early IGT in
patients with pituitary disease treated with GH. 

Potential for adverse events

In the studies of older men without overt pituitary
disease, there were appreciable treatment-
associated side-effects including edema, myalgias
and joint pain, carpal tunnel syndrome, headaches,
gynecomastia, and the occurrence of IGT and even
diabetes.57–60,71,72 In a number of cases these adverse
events were treatment limiting. Fluid retention is
probably the most common adverse event during
treatment with GH and is associated with increased
plasma renin activity. Isotopic studies suggest that

fluid retention is out of proportion to the hydration
effects due to the intracellular accretion of protein64

and therefore reflects accumulation of extracellular
water.

Impaired glucose tolerance and diabetes7,59,71,73

are in part due to the tendency of GH to cause
hyperinsulinism, and the impaired ability of insulin
to suppress hepatic glucose output or to facilitate
peripheral glucose disposal.74,75 However, the bene-
ficial effects of GH on reducing total and abdominal
fat and increasing lean tissue and possibly skeletal
muscle mass later in the course of therapy may result
in restoration of insulin sensitivity to levels similar
to those prior to treatment.25,73,76

In studies of GH treatment for adults, the num-
ber and severity of adverse events have been related
to increased levels of IGF-1 during GH treat-
ment,57,58,77–80 and evidence suggests that dose and
older age are important factors in determining tol-
erability of this therapy.81–83 Symptoms and findings
generally regress and often disappear completely
after several weeks when the dose is reduced, treat-
ment is terminated, or even during continued treat-
ment. However, it is not clear whether lower doses
will have the same benefits on body composition
that have been clearly demonstrable in older men
(Tables 22.4 and 22.5). 

Need for additional
scientific direction

Potential to improve muscle mass
and strength
If GH supplementation is to be of value in treatment
of the somatopause, therapy would need to augment
the loss of muscle that occurs with aging (sarcopenia)
and ameliorate or prevent frailty by increasing skele-
tal muscle strength. In this regard, evidence indicates
that hypertrophy of skeletal muscle (by imaging and
muscle fiber analysis) and enhancement of contrac-
tile fiber protein synthesis are possible in the elderly
with anabolic stimuli.84,85 In fact, increases in skeletal
muscle mass and protein synthesis with resistance
training are comparable to those achieved in young
men.86,87 These increases in muscle mass, contractile
myofibrillar proteins, and adaptations may be
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associated with augmentation in maximal voluntary
strength.85,88,89 However, there is only limited evi-
dence that treatment with GH increases voluntary
skeletal muscle strength or function in older, rela-
tively healthy men. 

Understanding the relationship of low
testosterone and low GH secretion
Relatively low testosterone and IGF-1 compared to
youthful levels may each occur in up to 80% of
elderly persons and may be associated with sarcope-
nia.10 In the New Mexico Aging Process study, lev-
els of testosterone and IGF-1 along with physical
inactivity were the strongest predictors of muscle
loss.90 Yet, the interaction of testosterone and the
GH axes in regulating muscle mass, strength, and
physical function has not been extensively studied
in the elderly, despite some evidence that testos-
terone levels and spontaneous GHRH-stimulated
GH secretion are related in older men. Available
data suggest that testosterone is the primary regula-
tor of net muscle protein and potential for hypertro-
phy. In experimentally-induced hypogonadism
(mean testosterone of 30 ηg/dl), significant decline
in muscle IGF-1 mRNA and increase in muscle
IGFBP-4 (an inhibitor of myofibrillar protein syn-
thesis) occurred after 10 weeks, but there was no
decrease in either mean or peak serum GH and IGF-
1 levels, or GH production rates.91 Whereas testos-
terone treatment of elderly men augments muscle
protein synthesis, muscle mass, and strength and is
associated with increased IGF-1 mRNA and
decreased IGFBP-4 in muscle.92

These observations suggest that the effects of
androgens on myocytes may be independent of sys-
temic levels of GH or IGF-1. However, at higher
doses to achieve systemic levels in the upper physi-
ologic range (similar to youthful levels), testos-
terone is a potent stimulus for hepatic production of
IGF-13,93 and augments 24-hour basal, pulsatile, and
entropic GH production.93 Thus, there may be sys-
temic interactions between these hormonal axes,
which may occur at lower levels of testosterone in
the elderly whose tissues appear more sensitive to
the actions of testosterone.94

The effects of modulating systemic levels of GH
or IGF-1 in regulating muscle physiology have been

less thoroughly evaluated. It is known that upregu-
lation of autocrine or paracrine expression and
secretion of IGF-1 is associated with increased
myofibrillar protein and DNA synthesis. Local pro-
duction of IGF-1 stimulates satellite nuclei to prolif-
erate, differentiate, and to fuse with myofibers to
maintain or re-establish the myonucleus to myofiber
size ratios of the enlarged muscle fibers.95 The
potential of systemic levels of GH or IGF-1 to affect
local changes in muscle is suggested by forearm infu-
sions of GH or IGF-1, which increase local muscle
protein synthesis.96–98 Moreover, in hypogonadism
induced by GnRH antagonism, treatment with
rhGH significantly increased skeletal muscle andro-
gen receptors and IGF-1 while decreasing IGFBP-4,
indicating that systemic therapy with GH has the
potential to upregulate muscle protein synthesis.99

Finally, GH treatment was reported to increase
myosin heavy chains in skeletal muscle.100 Thus,
increasing systemic GH may enhance the local
effects of IGF-1 in skeletal muscle and may augment
the effects of androgens by increasing androgen
receptors in muscle cells. 

When levels of testosterone and GH are both
augmented, anabolic effects may be amplified. In
androgen- and GH-deficient boys, therapy with
both hormones resulted in a synergistic response in
body composition and linear growth.101,102 In elderly
subjects, fixed doses of rhGH plus testosterone pro-
duced greater increases in LBM than either alone.59

However, the optimal levels of these hormones act-
ing in concert to increase muscle mass and achieve
functional benefits in the elderly are unknown.
Moreover, testosterone and GH may regulate differ-
ent types of muscle adaptations. Androgens signifi-
cantly increase muscle force and power by
increasing type II fibers, which are necessary for
activities such as stair climbing and rising from a
chair, whereas therapy with GH up to 6 months
appears to have little effect on muscle strength, but
VO2max may be significantly increased,19,59 suggest-
ing that type I fibers are primarily increased.
Treatment with GH also increases the anerobic
ventilatory threshold19 and results in a lower O2

consumption at the same aerobic power output,103

which may allow daily tasks to be done with less
physiologic fatigue. Thus, the effects of GH and
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testosterone on muscle appear different and may be
complementary. 

It is possible that for GH treatment to enhance
skeletal muscle mass and function in older men, low
testosterone levels may have to be normalized to
the physiologic range or youthful levels. Indeed, in
healthy aged men with relatively low IGF-1 and
testosterone levels, treatment with GH enhanced
total body protein synthesis.104 Testosterone supple-
mentation enhanced the effects of GH but per se
did not enhance protein synthesis. Whereas, in
experimentally-induced clinically severe hypogo-
nadism, treatment with GH maintained protein
synthesis rates, fat oxidation, and fat-free mass sim-
ilar to the pretreatment eugonadal state and pro-
duced marked increases in IGF-1 and androgen
receptor mRNA concentrations in skeletal mus-
cle.105 The latter study suggests that GH positively
influences body composition in the absence of the
anabolic effects of testosterone. Additional studies
will be necessary to further elucidate the individual
importance and interaction of these two anabolic
hormones in maintaining or augmenting myofibril-
lar muscle protein synthesis during the aging
process. 

Determining the effects of GH
treatment on cardiovascular risk factors
during aging
Data provided in this chapter suggest that treat-
ment of otherwise healthy older men will signifi-
cantly decrease total body, abdominal, and even
visceral fat. However, there are few data to indicate
whether, in fact, these benefits translate into
improved blood pressure, atherogenic lipid profiles,
insulin sensitivity, fibrinolysis, left ventricular mass,
or cardiac function in older men with abdominal
obesity and components of the metabolic syndrome,
as has been demonstrated in adult patients with
pituitary disease.106–109 In addition, the potential for
deleterious effects, even if short term, on insulin
sensitivity is worrisome. Regardless, in the context
of cost–benefit considerations, demonstration that
GH supplementation improves multiple compo-
nents of the metabolic syndrome or survival as well
as body composition would provide compeling evi-
dence in favor of providing this therapy during the

aging process for older individuals with diminishing
GH secretion. The adage that more studies are
needed couldn’t be more relevant. 
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CHAPTER 23

Androgens and lean body mass in the
aging male
Melinda Sheffield-Moore, Shanon Casperson, and Randall J Urban 

Introduction

Considerable public interest and scientific effort has
been directed towards the study of the aging male,
with particular attention being focused on whether
androgens can assist in the maintenance of lean
body mass and strength with age. It is well estab-
lished that with advancing age men undergo a grad-
ual but inevitable decline in gonadal function, often
resulting in undiagnosed hypogonadism. A few of
the associated symptoms of age-related male hypog-
onadism or andropause are loss of lean body mass,
increased adiposity, and decline in muscle strength
and function. It is therefore not surprising that age-
related sarcopenia poses a major health concern in
old age and is identified worldwide as a significant
public-health problem.1,2

Of primary concern is the progressive reduction
in lean muscle mass and strength that occurs with
aging. While the mechanisms for the decline are
only just beginning to be explained,3 the resulting
loss of contractile tissue and functional capacity
contributes to the increase prevalence of lower-
extremity weakness and bone resorption, thus
increasing fall-related disability (i.e. bone fracture)
in the aging male.4,5 Indeed, the ability to counter-
act progressive losses in skeletal muscle mass and
strength in older men has considerable implica-
tions. By attenuating or even preventing these
losses, older individuals will have an improved qual-
ity of life, prolonged independent living, and a

significantly reduced dependence on structured
health-care. Apart from the obvious pitfalls of age-
related sarcopenia, there are also metabolic conse-
quences to be considered. These may include a
depressed basal metabolic rate, hypothalamic dis-
ruption of thermoregulation, glucose intolerance,
altered lipid metabolism, and enhanced osteoporo-
sis. Thus, as the population of older men grows the
need to develop therapies to counteract losses in
skeletal muscle mass and strength associated with
aging takes on added significance.

Recent evidence suggests that, in controlled
pharmacologic dosing and replacement therapies,
androgens are clinically beneficial to various
patient populations suffering from muscle wasting.4

In particular, hypogonadal men benefit from testos-
terone therapy via enhanced skeletal muscle mass,
increased bone density, and increased protein syn-
thesis.5 Moreover, changes in body composition,
both increases in lean body mass and decreases in
fat mass, are strongly correlated to dosage and type
of drug being administered.6–9 This chapter discusses
the effects of androgens on skeletal muscle mass,
strength, protein synthesis, and molecular markers
of muscle in aging men.

Androgens and andropause

The maintenance of skeletal muscle mass and func-
tion in the aging male is complicated by the decline
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in androgens associated with a syndrome termed
andropause. In contrast to the menopause in
women, the andropause does not occur in all men,
and its presentation and pathophysiology may
vary.10,11 Decreased potency and libido, increased
fatigability, decreased muscle strength and mass,
osteopenia and osteoporosis, increased adipose
tissue, and depressed mood are clinical features
that define andropause.10–12 Other symptoms of
andropause include prostatic gland hypertrophy and
signs of feminization, for example gynecomastia.12

Moreover, a significant reduction in serum testos-
terone concentrations is a core physiologic event
in those affected by andropause, with the lowest
androgen levels seen in men who are aged 70 years
and older. While there is no definitive age of onset
of andropause, serum testosterone concentrations
decrease as men age,13–16 and significant endogenous
reductions in testosterone can occur as early as the
fifth decade.13 As a man ages, sex hormone-binding
globulin (SHBG) concentration increases,17 and
although serum total testosterone concentrations
are influenced by SHBG, serum free testosterone
concentrations also decrease in healthy aging
men.14,15 Moreover, bioavailable testosterone
declines with aging18 while dihydrotestosterone
(DHT) concentrations remain unchanged.19

Unfortunately, as yet, we do not know the full
health impact of these age-related hormonal
changes in older men. 

It is well accepted that serum testosterone con-
centrations decline with age; however, the associa-
tion between lower serum testosterone levels and
sarcopenia is less clear. The hypothesized relation-
ship is that age-related reductions in serum testos-
terone prevent the maintenance of lean muscle
mass, which in turn leads to muscle weakness,
increased risk for falls, and diminished performance
of daily living skills. For example, we know that
when eugonadal young men are made hypogonadal
with a gonadotropin-releasing hormone analog,
lean body mass and muscle strength are lost.20

Considering that 85% of healthy older men (ages
60–98) have serum testosterone concentrations
below 480 ng/dl,21 based upon a normal range of
480–1270 ng/dl in healthy 20–30-year-old males,
the potential exists for significant numbers of men

to be affected by sarcopenia. In fact, chronically
institutionalized or rehabilitating older men have
been shown to have lower serum testosterone con-
centrations22,23 compared to their healthy counter-
parts22 indicating that the severity of loss of muscle
function correlates with serum testosterone concen-
tration. Thus, a definite link has been established
between lower serum testosterone concentrations
and reduced skeletal muscle function in older men.
However, sarcopenia occurs in both men and
women with aging, so testosterone is not the only
factor implicated in muscle loss. Nevertheless,
androgens are possible therapeutic alternatives to
slow age-associated sarcopenia.

Androgens and muscle
protein synthesis

During the last few years the scientific community
has established that exogenous administration of
androgens induces myotropic effects in the skeletal
muscle of eugonadal males. Both testosterone and
its synthetic analog oxandrolone were proven capa-
ble of inducing myotropic effects in the skeletal
muscle of postabsorptive young6,8,24,27 and older
men.6,8,25–27 In older men, long-term testosterone
administration has an anabolic effect by reducing
muscle protein degradation in the fasted state.28

However, in young men after 5 days of androgen
administration there was an increase in the rate of
protein synthesis (i.e. fractional synthetic rate of
muscle protein).29 Overall, these findings have pro-
vided the physiologic and molecular evidence that
androgens deserve attention in the clinical arena, as
a pharmacologic intervention against losses in the
lean body mass associated with age. 

While natural androgens such as testosterone
clearly stimulate muscle protein synthesis in young
and prevent muscle breakdown in the old, they also
process androgenic or virilizing effects in humans.
Skeletal muscle, bone, and kidneys all show protein-
building effects as a result of the androgen-induced
positive nitrogen balance. However, the possible
side effects of androgen-replacement therapy limit
the clinical use of these androgens to specific
patient populations such as hypogonadal men
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because of these safety considerations. Efforts are
being made to find alternative anabolic agents that
can be used in women and children as well as men. 

We recently demonstrated that a 14-day admin-
istration of oxandrolone in moderate doses stimu-
lates muscle protein anabolism in older women.30

Interestingly, our data suggest that the mechanism
by which this is accomplished differs from those
previously studied in men. Specifically, our data
show that skeletal muscle of older women is ana-
bolically responsive to an androgen and may be
capable of achieving similar benefits of longer-term
androgen supplementation as demonstrated in their
older male counterparts. However, further research
is needed in women to better understand the intra-
cellular mechanisms stimulating muscle protein
anabolism and the timeframe needed for protein
accretion to occur. If the optimal dose and timing of
androgen can be determined in older men and
women that give a maximal anabolic response with
minimal side-effects, the expectation is that andro-
gens could be very beneficial in modulating age-
related sarcopenia. 

Androgens and muscle strength

As men age and lose lean body mass and circulating
levels of serum testosterone, physical strength is
compromised. Evidence from a 12-year longitudinal
study of aging skeletal muscle indicates that the
quantitative loss in muscle cross-sectional area is a
major contributor to the decline in muscle strength
seen with aging.31 In fact, a correlation has been
shown between circulating levels of testosterone
and strength improvement in older adults involved
in a resistance training program.6 In particular, max-
imal strength correlates with muscle mass regardless
of age, but decreases with age to a greater extent
than does muscle mass. Thus, the expectation of
increasing muscle strength by increasing lean body
mass via the administration of therapeutic doses of
androgen alone is intriguing. 

The primary goal of hormone replacement
therapy using androgens in the older male is to
maintain strength and function of the appendicular
muscles. A few studies have accomplished this by

administering therapeutic doses of androgens in
hypogonadal men.3,6,25,32 However, others have been
unable to demonstrate increases in muscle strength
with testosterone administration alone.33,34 Still
others have demonstrated that while testosterone
administration alone improves strength and power,
it does not change specific tension. Hence this leads
to the conclusion that resistance exercise con-
tributes to contractile property changes of skeletal
muscle which are not obtained by testosterone
administration alone.6 In the absence of definitive
findings, it is reasonable to consider that a combi-
nation of hormone replacement therapy, physical
activity (i.e. resistance training), and nutritional
intervention will result in optimal increases in mus-
cle strength. However, the equally important vari-
ables of power, fatigability, and activities of daily
living must not be overlooked when considering
intervention programs, whether it be androgen
therapy alone or in combination with exercise and
nutrition. To date there is a lack of evidence relating
testosterone administration and improvements in
physical function. However, studies have shown
that there is no relationship between fatigability
and testosterone dose.6,32 Clearly, more work is
required in the aging male to determine the extent
to which androgen replacement therapy positively
affects measures of strength, power, and fatigability. 

Molecular aspects of
androgen action

The specific mechanism responsible for the increase
in muscle mass and strength during androgen
administration is not known. We do know that
androgens induce their specific response via the
androgen receptor (AR), which in turn regulates
the transcription of androgen-responsive target
genes. While an accumulation of DNA is therefore
essential for muscle growth, we do not know the
exact mechanisms of androgen-induced DNA
accretion in skeletal muscle. A study in eugonadal
young men and in cultured muscle satellite cells has
shown that androgens increase muscle mass in part
by acting on several cell types to regulate the differ-
entiation of mesenchymal precursor cells in the
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skeletal muscle, although satellite cells and myonuclei
are the predominant sites of AR expression.35

Stimulation of satellite cell replication can also be
caused by increases in the insulin-like growth factor-1
(IGF-1) gene. In one study, muscle hypertrophy
stimulated by IGF-1 was caused by an increase in
both myosin heavy chain content and the mean
number of nuclei per myotube.36 These new data
support our previous finding that the increase in
muscle protein synthesis that occurs with testos-
terone administration is mediated by increasing
intramuscular concentrations of IGF-1. We found
that in healthy older men, testosterone given for 1
month increased IGF-1 mRNA concentrations in
muscle while also decreasing mRNA concentrations
of the inhibitory IGF binding protein-4.37

Myostatin (also designated growth differentia-
tion factor 8) is a member of the transforming
growth factor-β (TGF-β) superfamily that is a
potent regulator of muscle growth. Serum myo-
statin-immunoreactive protein concentrations are
increased in 60–92-year-old men and women
with muscle wasting from sarcopenia of aging.38

Concentrations of mRNA encoding myostatin are
decreased in skeletal muscle of young and older
men and women after heavy-resistance exercise.39

However, expression of mRNA encoding myostatin
in skeletal muscle of older men is not different from
that of younger men,40 and low-dose growth hor-
mone (GH) and testosterone administration in
older men does not alter this expression.41 Two stud-
ies, one showing that myostatin regulates muscle
mass throughout the lifespan,42 and the other show-
ing that myostatin deficiency in a mouse with mus-
cular dystrophy improved muscle function,43 give
great promise to the possibility of using myostatin
antagonists. However, future studies should investi-
gate myoststin expression at different doses of
androgen and at crucial time points of androgen
administration.

Conclusions

While advances in medicine have enabled older
persons to live longer, often their quality of life
is less than optimal. This is in part due to the

alterations in body composition associated with
the aging process. Although there is sufficient evi-
dence to believe that androgen therapy is clinically
warranted in older men afflicted with symptoms
of sarcopenia, we are far from understanding the
timing or mechanisms of age-associated sarcopenia.
Moreover, we have not yet quieted the debate of the
appropriate androgen regimen to be administered to
aging males to prevent age-associated sarcopenia.
The present review clearly demonstrates the need
for additional cross-sectional and longitudinal stud-
ies examining the timing, dosing, and molecular
mechanisms responsible for slowing progressive sar-
copenia in the aging male.

References

1. Dutta C, Hadley EC. The significance of sarcopenia
in old age. J Gerontol 1995; 50A: 1–4.

2. Schwartz RS. Trophic factor supplementation: effect
on the age-associated changes in body composition. J
Gerontol 1995; 50A: 151–6.

3. Greenland LJS, Nair KS. Sarcopenia – consequences,
mechanisms, and potential therapies. Mech Ageing
Develop 2003; 124: 287–99.

4. Evens WJ. Functional and metabolic consequences of
sarcopenia. J Nutr 1997; 127: 998–1003S.

5. Szulc P, Claustrat B, Marchand F, Delmas PD.
Increased risk of falls and increased bone resorption
in elderly men with partial androgen deficiency: the
MINOS study. J Clin Endocrinol Metab 2003;
88(11): 5240–7.

6. Herbst K, Bhasin S. Testosterone action on skeletal
muscle. Curr Opin Clin Nutr Metab Care 2004; 7:
271–7.

7. Kong A, Edmonds P. Testosterone therapy in HIV
wasting syndrome: systematic review and meta-analy-
sis. Lancet Infect Dis 2002; 2: 692–9.

8. Bhasin S, Woodhouse L, Storer TW. Androgen
effects on body composition. Growth Horm IGF Res
2003; 13(Suppl A): S63–71.

9. Woodhouse L, Gupta N, Bhasin M et al. Dose-depen-
dent effects of testosterone on regional adipose distri-
bution in healthy young men. J Clin Endocrin Metab
2004; 89: 718–26.

10. Mastrogiacomo I, Feghali G, Foresta C, Ruzza G.
Andropause: incidence and pathogenesis. Arch
Androl 1982; 9: 293–6.

11. Vermeulen A. The male climacterium. Am Med
1993; 25: 531–4.

12. Urban RJ, Veldhuis VJ. Hypothalamopituitary con-
comitants of ageing. In: Sowers JR, Felicetta JV, eds.

Textbook of health in aging men

310

Lunenfeld-ch-23.qxd  8/23/2007  3:27 PM  Page 310



The Endocrinology of Aging. New York: Raven
Press, 1988: 41–74.

13. Moroa EV, Verkhratsky NS. Hypophysealgonadal sys-
tem during male aging. Arch Gerontol Geriatr 1985;
4: 13–19.

14. Nankin HR, Caulkins JH. Decreased bioavailable
testosterone in aging normal and impotent men. J
Clin Endocrinol Metab 1986; 63: 1418–20.

15. Tenover JS, Matsumoto AM, Plymate SR, Bremner
WJ. The effects of aging in normal men on bioavail-
able testosterone and lutenizing hormone secretion:
response to clomiphene citrate. J Clin Endocrinol
Metab 1987; 65: 1118–25.

16. Vermeulen A. Clinical review 24: androgens in the
aging male. J Clin Endocrinol Metab 1991; 73:
221–4.

17. Purifoy FE, Koopmans LH, Mayes DM. Age differ-
ences in serum androgen levels in normal adult
males. Hum Biol 1981; 57: 71.

18. Morley JE, Kaiser FE, Perry HM III et al.
Longitudinal changes in testosterone, lutenizing hor-
mone, and follicle-stimulating hormone in healthy
older men. Metabolism 1997; 46: 410–13.

19. Gary A, Feldman HA, McKinley JB, Longcope C.
Age, disease and changing sex hormone levels in
middle-aged men: results of the Massachusetts Male
Aging Study. J Clin Endocrinol Metab 1991; 73:
1016–25.

20. Mauras N, Hayes V, Welch S et al. Testosterone defi-
ciency in young men: marked alterations in whole
body protein kinetics, strength, and adiposity. J Clin
Endocrinol Metab 1998; 83: 1886–92.

21. Rudman D, Shetty KR. Unanswered questions con-
cerning the treatment of hyposomatotropism and
hypogonadism in elderly men. J Am Geriatr Soc
1994; 42: 522–7.

22. Abbasi AA, Drinka PJ, Mattson DE, Rudman D. Low
circulating levels of insulin-like growth factors and
testosterone in chronically institutionalized elderly
men. J Am Geriatr Soc 1993; 41: 975–82.

23. Kasasih Jb, Abbasi AA, Rudman D. Serum insulin-
like growth factor-I and serum testosterone status of
elderly in an inpatient rehabilitation unit. Am J Med
Sci 1996; 311: 169–73.

24. Ferrando AA, Sheffield-Moore M, Yeckel CW et al.
Testosterone administration to older men improves
muscle function: molecular and physiological mech-
anisms. Am J Physiol Endocrinol Metab 2002; 282:
E601–7.

25. Schroeder ET, Zheng L, Yarasheski KE, Qian D et al.
Treatment with oxadrolone and the durability of
effects in older men. J Appl Physiol 2004; 96:
1055–62.

26. Page ST, Amory JK, Bowman FD, Anawalt BD et al.
Exogenous testosterone alone or with finasteride
increases physical performance, grip strength and

lean body mass in older men with low serum testos-
terone. J Clin Endocrinol Metab 2005; 90(3):
1502–10.

27. Schroeder ET, Terk M, Satller F. Androgen therapy
improves muscle mass and strength but not muscle
quality: results from two studies. Am J Physiol
Endocrinol Metab 2003; 285: E16–24.

28. Ferrando A, Sheffield-Moore M, Paddon-Jones D,
Wolfe R, Urban R. Differential anabolic effects of
testosterone and amino acid feeding in older men. J
Clin Endocrinol Metab 2003; 88(1): 358–62.

29. Sheffield-Moore M, Urban R, Wolfe S et al. Short
term oxandrolone administration stimulates net mus-
cle protein synthesis in young men. J Clin Endocrinol
Metab 1999; 84: 2705–11.

30. Sheffield-Moore M, Paddon-Jones D, Casperson SL
et al. Androgen therapy induces muscle protein
anabolism in older women J Clin Endocrinol Metab
2006; 91(10): 3844–9.

31. Frontera WR, Hughes VA, Fielding RA et al. Ageing
of skeletal muscle: a 12 year longitudinal study. J
Appl Physiol 2000; 88: 1321–6.

32. Storer TW, Magliano L, Woodhouse L et al.
Testosterone dose-dependently increases maximal
voluntary strength and leg power, but does not affect
fatigability or specific tension. J Clin Endocrinol
Metab 2003; 88: 1478–85.

33. Snyder PJ, Peachey HM III, Kiaser FE et al. Effects of
testosterone replacement therapy in old hypogonadal
males: a preliminary study. J Am Geriatr Soc 1993;
41: 149–52.

34. Tenover JS. Effects of testosterone supplementation
in the aging male. J Clin Endocrinol Metab 1992; 75:
1092–8.

35. Sinha-Hikim I, Taylor W, Nestor F et al. Androgen
receptor in human skeletal muscle and cultured mus-
cle satellite cells: up-regulation by androgen treat-
ment. J Clin Endocrinol Metab 2004; 89(10):
5245–55.

36. Jacquemin V, Furling D, Bigot A, Butler-Browne G,
Mouly V. IGF-1 induces human myotube hypertro-
phy by increasing cell recruitment. Exp Cell Res
2004; 299(1): 148–58.

37. Ferrando A, Sheffield-Moore M, Yeckel C et al.
Testosterone administration to older men improves
muscle function: molecular and physiological mech-
anisms. Am J Physiol Endocrinol Metab 2002; 282:
E601–7.

38. Yarasheski KE et al. Serum myostatin-immunoreac-
tive protein is increased in 60–92 year old women
and men with muscle wasting. J Nutr Health Aging
2002; 6: 343–8.

39. Roth SM, Martel GS, Farrell RE et al. Myostatin
gene expression is reduced in humans with heavy-
resistance strength training: a brief communication.
Exp Biol Med 2003; 228: 706–9.

311

Androgens and lean body mass in the aging male

Lunenfeld-ch-23.qxd  8/23/2007  3:27 PM  Page 311



40. Welle S, Bhatt K, Shah B, Thomton C. Insulin-like
growth factor-1 and myostatin mRNA expression in
muscle: comparison between 62–77 and 21–31 yr old
men. Exp Gerontol 2002; 37: 833–9.

41. Marcell TJ, Harman SM, Urban RJ et al. Comparison
of GH, IGF-I, and testosterone with mRNA of recep-
tors and myostatin in skeletal muscle in older men.
Am J Physiol 2001; 281: E1159–64.

42. Grobet L, Pirottin D, Farnir F et al. Modulating
skeletal muscle mass by postnatal, muscle-specific
inactivation of the myostatin gene. Genesis 2003; 35:
227–38.

43. Bogdanovich S, Krag TO, Barton ER et al.
Functional improvement of dystrophic muscle by
myostatin blockade. Nature 2002; 420: 418–21.

Textbook of health in aging men

312

Lunenfeld-ch-23.qxd  8/23/2007  3:27 PM  Page 312



313

CHAPTER 24

Visceral obesity, androgens, and the
risks of cardiovascular disease
Louis JG Gooren

Introduction 

For long time adipose tissue was considered an inac-
tive reserve depot of fat. It is now increasingly rec-
ognized that adipose tissue itself is active tissue,
directly and actively involved in the control of body
weight and energy balance via secretion of a large
number of molecules with regulatory potential
(adipokines), such as leptin, adiponectin, resistin,
interleukin-6, (IL-6), tumor necrosis factor (TNF),
and plasminogen activator inhibitor-1 (PAI-1). The
identification of these secretory factors has
increased insight into how an excess of body fat is
related to metabolic disturbances, diabetes mellitus,
and cardiovascular disease, an association that was
earlier only understood in epidemiologic terms.1,2

Moreover, the production by the liver of C-reac-
tive protein (CRP), an acute phase inflammatory
protein, and fibrinogen, of which the levels are ele-
vated in subjects with increased risk of cardiovascu-
lar disease, is triggered by various pro-inflammatory
cytokines derived from numerous sources, such as
macrophages, monocytes, and the adipose tissue.
Several large population studies indicate that bio-
markers of inflammation predict an increased risk
for cardiovascular disease and that several aspects of
cardiovascular disease can be viewed as having
aspects of an inflammatory process.3–6

Adipose tissue is metabolically regulated by
several genetic, hormonal, and nutritional factors.7

The primary metabolic function of the adipocyte
or fat cell, the smallest functional unit of the adi-
pose tissue, is to store fat in the form of triglyc-
erides when the energy intake is in excess, and to
release free fatty acids as energy supply in times of
starvation. The amount of triglycerides in adipose
tissue is a reflection of the balance between energy
intake and energy expenditure over time. Several
physiologic mechanisms regulate the amount of
body fat in order to maintain a rather constant
energy storage. It is reasonable to believe that the
highly efficient and precisely regulated mechanism
to conserve energy in the form of adipose tissue
has, primarily, evolved to ensure an adequate
supply of energy in times of scarcity of food, neces-
sary for individual survival and for the energy
demands that pregnancy and lactation put on
women. In modern times this evolutionary adap-
tive mechanism may overshoot its usefulness and
may no longer be favorable for survival in today’s
Western world, rather the contrary! Obesity car-
ries a large number of health risks and shortens life
expectancy. The current wide availability of highly
palatable, calorically dense foods and the sedentary
lifestyle promote weight gain. Obesity is a condi-
tion that is characterized by an excess storage of
triglycerides in adipose tissue. Its development
probably involves a very complex interaction
between genetic, environmental, and developmental
factors.8–10
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The clinical relevance of
visceral obesity

It is now commonly accepted that a preferential
accumulation of fat in the abdominal region is asso-
ciated with an increased risk of non-insulin-depen-
dent diabetes mellitus (NIDDM) and cardiovascular
disease, not only in obese subjects but even in non-
obese subjects.11 A large number of cross-sectional
studies have established a relationship between
abdominal obesity and cardiovascular risk factors
such as hypertension, dyslipidemia (elevated levels
of cholesterol, triglycerides, and low-density
lipoproteins and low levels of high-density lipopro-
teins), and impaired glucose tolerance with hyper-
insulinemia, a cluster known as the ‘insulin
resistance syndrome’ or ‘metabolic syndrome’.12–14

The term metabolic syndrome is now preferred.
Meanwhile two definitions of the syndrome have
been proposed, which largely overlap but take a dif-
ferent approach. The definition of the National
Cholesterol Education program tries to define risks
for cardiovascular disease while the definition
adopted by the WHO assigns greater value to the
metabolic derangements and requires the measure-
ment of insulin.15 In the adult population, between
15 and 25% are suffering from the metabolic syn-
drome, depending on the prevalence of obesity in
that society. It is increasingly recognized that geo-
graphic factors must be taken into consideration in
the definition of the metabolic syndrome.16,17

The explanation of the association between
abdominal obesity and the insulin resistance syn-
drome is still hypothetic, but the identification of
the secretory products of the fat cell (adipokines)
and their pathophysiologic significance have added
to our understanding.2,5 The visceral fat depot has
three characteristics that distinguish it from the
subcutaneous fat stores: (1) it has a high metabolic
activity with a high turnover of triglycerides pro-
ducing large amounts of free fatty acids (FFAs) and
adipokines, (2) it drains on the portal vein which
drains directly into the liver (the hypothesis states
that the liver is unable to handle this high flow
of FFAs and adipokines leading to a disturbance
in glucose and lipid metabolism), and (3) high
levels of FFAs and of adipokines may reduce insulin

clearance leading to hyperinsulinemia, may further
enhance hepatic gluconeogenesis, and may reduce
glucose uptake by the muscles, resulting in periph-
eral insulin resistance. Poor fibrinolysis and
lowgrade inflammation are components of the
metabolic syndrome and add to the cardiovascular
risks.

While this cluster of risk factors is now well
documented, the causal relationships between the
single components of the cluster are still uncertain
but are beginning to be understood. Hyperinsu-
linemia, either primary or secondary to obesity, and
the accompanying insulin resistance are the charac-
teristic elements of the metabolic syndrome and are
probably responsible for the glucose intolerance,
dyslipidemia, and elevated blood pressure through
cause and effect relationships. Hyperinsulinemia
and insulin resistance are causally related to hyper-
tension through direct effects on the vascular tone,
stimulation of the adrenergic system, and inhibition
of natriuresis. Both environmental factors (physical
exercise and eating patterns) and genetic factors
play a role in visceral obesity and insulin resistance
(for review see reference 18). In the treatment of
the metabolic syndrome changes of lifestyle (exer-
cise and eating patterns) should take priority over
pharmacotherapy, which can improve remaining
cardiovascular risk markers.10

Adipokines 

The fat cell has traditionally been viewed as a rather
passive element in the regulation of reserve energy
stores, with its main role to serve as the site of
triglyceride storage in times of caloric excess, and of
release of free fatty acids in times of increased
energy needs. However, several decades ago the
theory developed that the fat cell might play a more
active role and actually senses excessive energy stor-
age, and, in response, provides a signal that leads to
restriction of food intake and induced energy
expenditure, thus keeping body weight and fat mass
within certain limits. As indicated above, in recent
years it was demonstrated that the fat cell functions
as an endocrine cell, producing and secreting mole-
cules with regulatory potential such as IL-6, TNF,
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PAI-1, leptin, adiponectin, and resistin.19–22 One of
the first discovered hormonal signals of the fat cell
was leptin, which represents an important step in a
better understanding of obesity.23 The largest pro-
portion of leptin is produced by the fat cells; the
subcutaneous fat cells probably produce more leptin
than the visceral fat cells. So, the leptin signal to
decrease food intake coming from visceral fat may
be weaker than the signal originating from subcuta-
neous fat. Leptin may be involved in reproductive
physiology as well. It is well known that severe
weight loss in women is associated with amenorrhea
and that puberty in girls develops only when they
have attained a certain critical body mass. Leptin is
in all likelihood the signal provided by the adipose
tissue to the central nervous system to initiate the
release of gonadotropin-releasing hormones, and to
discontinue its release when fat mass falls below a
critical value, as is the case in anorexia nervosa or
in women who exercise excessively (athletes).24

There are sex differences in leptin. Circulating
leptin levels in women are considerably higher than
in men. This may be explained partially by the fact
that women store their excess fat predominantly
subcutaneously in the gluteofemoral region and
men more in the abdominal/visceral area, the latter
localization producing less leptin. Also sex steroids
affect leptin levels, with an increase produced by
estrogens and a suppressive effect exerted by andro-
gens. Puberty in boys is associated with an initial
rise in leptin levels (probably as a result of aromati-
zation of rising levels of testosterone to estradiol)
followed by a decline when their androgen levels
increase in the further course of puberty. Androgen
replacement in hypogonadal men lowers leptin
levels, maybe also as a result of the decrease in sub-
cutaneous fat, but also as a result of the direct sup-
pressive effect on androgens on its production. 

Leptin may be a factor in the association between
adiposity and decreased testosterone levels. In men
there appears to be a correlation between body mass
index and fat mass on the one hand and leptin levels
on the other. Leptin receptors are present on the
Leydig cell and inhibit the testosterone generated by
administration of human chorionic gonadotropin.25

This may be a model for a less effective stimulation of
testosterone production by luteinizing hormone

when circulating leptin levels are high, as is the case
in obesity. Another study found a correlation
between adiposity, insulin, and leptin on the one
hand which correlated negatively with testosterone
levels.26 More studies have found that insulin is an
important determinant of leptin levels. Feeding and
overfeeding increase insulin levels which leads, in
turn, to an increase in leptin, and vice versa.27

The main target of leptin is the central nervous
system. By modulating neurotransmitters in the
hypothalamus it increases energy expenditure and
inhibits appetite and weight gain. Leptin may
enhance hepatic fatty acid oxidation. Leptin
influences neuropeptides affecting appetite and
anorexia. The question has arisen whether obesity is
an abnormality of leptin physiology. Indeed, both
animals and humans with abnormalities of the gene
involved in the production of leptin are very obese.
In animals this can be partially corrected by the
administration of exogenous recombinant leptin.
Most obese subjects with the metabolic syndrome
have high circulating levels of leptin.28 These high
levels may be interpreted as a state of leptin insen-
sitivity, explaining why the physiologic responses to
leptin (reduced food intake and increased physical
activity fail) to take place. It may be a deficient
transport of leptin into the brain,29 or deficient
receptor or postreceptor mechanisms of leptin mak-
ing its action less efficient. 

Will the administration of exogenous leptin ever
become a tool in the hopeless task of weight reduc-
tion? The first studies have been carried out and
indeed hold promise (for review see reference 30).
In the studies where leptin was administered to
human subjects visceral fat decreased earlier in the
course of weight loss than subcutaneous fat, which
is promising in view of the relation of visceral fat to
cardiovascular disease and diabetes mellitus. It is
not yet clear which subjects are particularly eligible
for leptin administration; results of leptin adminis-
tration on adiposity varied strongly between
subjects. The long-term efficacy and safety of
recombinant leptin have not been studied.
Treatment with leptin sensitizers and analogs may
be easier to administer and more potent than the
subcutaneous administration of recombinant
leptin.31 A strong correlation between low levels of

315

Visceral obesity, androgens, and the risks of cardiovascular disease

Lunenfeld-ch-24.qxd  8/23/2007  3:27 PM  Page 315



adiponectin and increased insulin resistance has
been established in animal experimentation and
humans.32,33

Patients with diabetes, patients with the meta-
bolic syndrome, and obese subjects have lower
levels of adiponectin than controls.34,35 Adiponectin
improves insulin resistance in vivo. Circulating
adiponectin levels correlate negatively with insulin
and PAI-1, and positively with insulin sensitivity
and HDL-C.36 There are sex differences in circulat-
ing adiponectin levels. Men have lower adiponectin
levels than women. This sex difference becomes
manifest in puberty and can be related to rising
plasma levels of testosterone in puberty.37 The role
of androgens is further supported by the effects of
testosterone administration to hypogonadal men.38

Resistin, another adipocyte-derived cytokine,
impairs glucose tolerance.39,40 Resistin levels are
increased in obesity and downregulated by thiazoli-
denedones. Its role awaits further delineation. 

IL-6 is an important adipocyte signaling mole-
cule, released from predominatly visceral but also
subcutaneous fat upon sympathetic nervous system
activation (such as with stress). Approximately
25–30% of circulating IL-6 is derived from adipose
tissue.41 The venous drainage of IL-6 via the portal
vein to the liver enhances CRP and fibrinogen pro-
duction. Together with the high concentration of
free fatty acids originating from visceral fat, IL-6
mediates a number of the effects of visceral fat on
the metabolic syndrome. 

IL-10 is a potent anti-inflammatory cytokine. IL-
10 levels are low in the metabolic syndrome.42 TNF
is another pro-inflammatory cytokine secreted by
monocytes/macrophages, endothelial cells, and to a
large extent by adipocytes. TNF levels are strongly
correlated with body mass index. Weight loss
reduces levels of TNF. Levels of TNF are important
regulators of insulin sensitivity.43

Sex differences in fat distribution 

Adult men and women differ in their fat distribu-
tion; the regional distribution of body fat is a
characteristic of masculinity and femininity. In pre-
menopausal women a larger proportion of fat is

stored in peripheral fat depots such as breasts, hips,
and thighs. Men tend to deposit excess fat in the
abdominal regions (both subcutaneous and intra-
abdominal or visceral fat depots) and generally have
a larger visceral fat depot than (premenopausal)
women. As regional localization of body fat is con-
sidered a secondary sex characteristic, it is likely
that sex steroids are involved in the male and
female patterns of fat deposition. This view is
strengthened by the observation that variations in
sex steroid levels in different phases of (reproduc-
tive) life parallel regional differences in fat storage
and fat mobilization. Until puberty boys and girls do
not differ very much in the amount of body fat and
its regional distribution, although girls may have
somewhat more body fat than boys. From puberty
on differences become manifest. The ovarian pro-
duction of estrogens and progesterone induces an
increase in total body fat as well as selective fat
deposition in the breast and gluteofemoral region.
Pubertal boys show a strong increase in fat-free mass
while the amount of total body fat does not change
very much. Adolescent boys lose subcutaneous fat
but accumulate fat in the abdominal region, which
in most boys is not very visible in that stage of
development but clearly demonstrable with imaging
techniques.44 The sex-steroid-induced regional dis-
tribution is not an all-or-none mechanism; it is a
preferential accumulation of excess fat. Obese men
and women still show their sex-specific fat accumu-
lation but store their fat also in the ‘fat depots of the
other sex.’ 

It is not only the fat distribution that differs
between the sexes from puberty on, the dynamics of
fat cell size and fat metabolism are also different. The
amount of fat in a certain depot is dependent on the
number and size of the fat cells. Fat cells in the gluteal
and femoral region are larger than in the abdominal
region. The activity of lipoprotein lipase, the enzyme
response for accumulation of triglycerides in the fat
cell, is higher in the gluteofemoral region than in the
abdominal area. Conversely, lipolysis is regulated by
hormone-sensitive lipase, which in turn is regulated
by several hormones and by the sympathetic nervous
system. Catecholamines stimulate lipolysis via the
β-adrenergic receptor while α2-adrenoreceptors
inhibit lipolysis. Hormones affect the catecholamine
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receptors. Testosterone stimulates the β-adrenergic
resptor while estrogens/progesterone favour α2-
adrenoreceptors. Insulin stimulates fat accumulation.

It is not an unreasonable speculation that the sex-
steroid-dependent fat distribution serves (or maybe
better has served!) the different roles of men and
women in reproduction. The visceral fat depot has a
high metabolic activity which a high turnover of
triglycerides with sets rather acutely large amounts of
free fatty acids (FFAs). The visceral fat depot drains
on the portal vein, which drains its blood in the liver
providing FFAs as fuel for quick and high degrees of
physical activity. So the reserve energy supplies of
men can be mobilized fast and are readily available to
fuel metabolism. Women’s fat stores lend themselves
less to rapid mobilization. Pregnancy and lactation
are situations that release energy from female stores
at the buttocks and thighs, but do so at a slow pace.
Again, these sex differences are not absolute but a
matter of predominance. 

As indicated above, a large number of studies
have documented that visceral obesity is associated
with low plasma total testosterone levels.45–48 Part of
the explanation for the low total testosterone levels
might be the lower plasma levels of sex hormone-
binding globulin (SHBG) encountered in obese
men; these men are often hyperinsulinemic which,
again, might be part of the explanation for the low-
ered levels of SHBG.49 Normally, an increase in
SHBG levels is observed in aging men, in all like-
lihood due to a decrease in growth hormone and
IGF-I levels with aging.39 Studies have found that
low total and free testosterone levels are associated
with coronary artery disease in men and into low lev-
els of plasma total testosterone with cardiovascular
risk factors in healthy men,50 and that these are not
independent variables.51,52 From another study it
appeared that rather than age per se, it is the value of
plasma testosterone that is related to features of the
metabolic syndrome.52 A prospective study found
that men with low testosterone and low SHBG
levels are more likely to develop insulin resistance
and subsequent diabetes mellitus type II.53 It could be
established that sleep apnea and daytime sleepiness
are much more related to visceral obesity than to
general obesity and their occurrence was related to
plasma insulin and leptin levels.54 Inflammatory

cytokines released from adipose tissue produce
fatigue and sleepiness in these men. 

Relationships between sex sterods
and fat distribution in adulthood
and aging

While the evidence that pubertal sex steroids
induce a sex-specific fat distribution with preferen-
tial abdominal/visceral fat accumulation in males
and preferential gluteofemoral fat accumulation in
females is quite solid, later in life a number of para-
doxes occur in the relationship between sex steroids
and fat distribution. 

Acquired adult-onset hypogonadism in men is
associated with a higher amount of subcutaneous fat
than in eugonadal men, but the amount of visceral
fat appears to be not less than in a comparison group
of eugonadal men.55 So, apparently while androgens
induce visceral fat accumulation, once fat has been
stored in the visceral depot it does not need contin-
ued androgen stimulation as opposed to mainte-
nance of bone and muscle mass, which were lower
in the men with adult onset hypogonadism than in
eugonadal controls.49 Induction of androgen defi-
ciency in healthy men by administration of an
LHRH agonist leads to an increase in fat mass.56

Correlation studies in large groups of subjects have
shown that visceral fat increases with aging. There
is an inverse correlation between the amount of vis-
ceral fat and plasma insulin on the one hand and
levels of testosterone and SHBG on the other.
Therefore, the effects of overfeeding and starvation
on sex steroid levels are interesting. In an experi-
ment, 12 pairs of identical twins were overfed for
120 days, resulting in an average weight gain of 8 kg.
The excess fat was accumulated both subcuta-
neously and abdominally/viscerally, with a clear
preference for the latter localization. Plasma testos-
terone levels did not decline but SHBG levels
declined. Even though plasma testosterone did not
decline there was a significant negative correlation
between changes in visceral fat and in plasma
testosterone. In other words: a gain in visceral fat
led to a decrease in plasma testosterone. A further
correlation that appeared was between fasting
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insulin and changes in abdominal fat and in testos-
terone.57 The latter is interesting in view of the fact
that plasma levels of insulin are negatively corre-
lated with SHBG.58,59 In vitro studies have shown
that insulin inhibits hepatic production of SHBG.
Lower SHBG levels lead to a fall in total plasma
testosterone since this leads to an increase in free
testosterone in the first instance and subsequently
to a higher metabolic breakdown of testosterone. It
could be shown that a higher degree of visceral obe-
sity was correlated with lower SHBG levels and
with higher levels of 3α-diol-G, a metabolite of
testosterone, indicating that a lowering of SHBG
induces testosterone metabolism. Plasma insulin
was positively associated with 3α-diol-G.58

Conversely, weight loss produced an increase in
testosterone itself 58,59 and/or an increase in SHBG.60,61

The study of Pritchard et al57 found that the rise in
testosterone levels correlated inversely with loss of
abdominal fat and with plasma insulin. Collectively,
these studies suggest that a high degree of visceral adi-
posity is associated with high insulin levels and low
SHBG levels and low total plasma testosterone, and
with an increase in metabolites of testosterone, and
vice versa. 

Correlation studies cannot unravel the cause and
effect relationships between the correlates, whether
low testosterone induces visceral fat deposition or
whether a large visceral fat depot leads to low testos-
terone levels. Prospective studies have confirmed
that lower endogenous androgens predict central
adiposity in men,62 and that these low testosterone
levels are significantly inversely associated with
levels of blood pressure, fasting plasma glucose and
triglyceride, body mass index, and HDL choles-
terol.63 A study in Japanese–American men found
that low testosterone levels predicted an increase in
visceral fat 7.5 years later.64 Unfortunately, SHBG
levels were not measured but baseline testosterone
levels were significantly correlated with fasting C-
peptide and fasting insulin levels while adjustment
for baseline visceral fat diminished the association
between baseline testosterone and plasma insulin,
evidencing a role of the amount of visceral fat in
their interrelationship. The amount of visceral fat at
baseline also predicted an increase in visceral fat
over the follow-up period of 7.5 years. The latter is

important since in all follow-up studies the
hypotestosteronemia associated with visceral obe-
sity may already have been presented when the sub-
jects were initially included in the study. It does not
come as a surprise that subjects with a degree of vis-
ceral obesity at a younger age show an increase
thereof in their later life, as was the case in the study
of Tsai et al.64 A 5-year follow-up study of Swedish
men indicated that elevated plasma cortisol and low
testosterone were prospectively associated with an
increased incidence of cardiovascular-related events
and diabetes mellitus type 2.65 A cautionary note is
that middle-aged and elderly men with risk factors
for cardiovascular disease usually have lower plasma
testosterone levels than healthy men, and these epi-
demiologic findings may be self-serving in their pre-
dictions. The already existing excess of visceral fat
in the men in the study may have been the mecha-
nism of low testosterone in these men. 

It is of note that, with aging, plasma testosterone
levels also show a decline independently of the
amount of visceral fat.

Elevated androgen levels in women increase the
amount of visceral fat in women, women with the
polycystic ovarian syndrome being the classic exam-
ple.12 In the medical literature, this is often pre-
sented as a paradox in the sense that high levels of
androgens in women and low levels of androgens in
men are associated with visceral obesity. The paradox
is partially semantic: high testosterone levels in
women (for instance 3–5 nmol/l) mean (very) low
androgens in men. So the use of the terms high and
low testosterone must be related to the sex. A fur-
ther element is the relation to age. Women with the
polycystic ovarian syndrome are relatively young (of
reproductive age) when they come to the attention
of the medical profession while the relationship
between visceral obesity and low androgen levels in
men is typically an epidemiologic finding in elderly
men. Apparently, similar to the situation in andro-
gen-naïve teenage boys, androgens in women with
polycystic ovarian syndrome are capable of visceral
fat accumulation when these women are exposed to
androgens postpubertally when their polycystic
ovaries start to produce androgens. 

In postmenopausal women there is a larger
degree of (male type) upper body fat accumulation
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in comparison to the former gluteofemoral fat
storage. Following menopause, androgen levels
drop considerably in women. So, obviously pre-
menopausal estrogen/progesterone levels are required
to maintain a premenopausal female type of fat
distribution, also evidenced by the fact that post-
menopausal hormone replacement (partially)
restores the premenopausal fat distribution.66

Increasing testosterone and the
effects on adipose tissue

It is a widely held belief that androgens have an
atherogenic effect and thus lead to cardiovascular
disease. Two review papers have examined this rela-
tionship and conclude that it is not tenable to regard
testosterone as a culprit in the etiology of cardiovas-
cular disease.67,68 It rather appears that lower-than-
normal testosterone levels in men are associated with
cardiovascular risk factors of which visceral obesity,
with its association with cardiovascular risk factors,
might be the intermediate. Visceral adiposity is asso-
ciated with low testosterone levels in cross-sectional
studies, and from this type of study the cause and
effect relationship is not immediately evident. Does
visceral adiposity induce low levels of testosterone, or
do low levels of testosterone induce visceral adipos-
ity? Some prospective studies argue that low testos-
terone predicts visceral adiposity.62–65 Several studies
have examined the effects of testosterone administra-
tion on adipose tissue in men. Some have found a
decrease in fat mass with testosterone replacement
therapy,69–72 while others found no change.73,74 But
longer-term studies of testosterone supplementation
of older men have consistently demonstrated a
decrease in fat mass.75–79 In one study wherein young
men were made testosterone deficient with an
LHRH agonist, testosterone deficiency was associ-
ated with gains in subcutaneous, intermuscular, and
intra-abdominal fat. Graded restoration of plasma
testosterone with exogenous testosterone led to a
dose-dependent reduction in adipose tissue with no
quantitative differences between trunk and periph-
eral non-trunk fat mass.80

Testosterone inhibits the expression of the
activity of lipoprotein lipase, the main enzymatic

regulator of triglyceride uptake in the fat cell,
preferentially in abdominal fat and less so in
femoral fat, and, maybe, mobilizes lipids from the
visceral fat depot. A study of testosterone adminis-
tration restoring testosterone levels to midnormal
values with a duration of 8–9 months found a
decrease in the visceral fat mass, a decrease in fast-
ing glucose and lipid levels, and an improvement in
insulin sensitivity; in addition, a decrease in dias-
tolic blood pressure was observed.81 More studies are
needed to examine whether raising testosterone
levels in viscerally obese men will lead to a reduc-
tion in visceral fat and an improvement in the car-
diovascular and diabetogenic risk factors associated
with it. One study could not confirm this,82 but oth-
ers found more promising results.83,84

Estrogens and the metabolic
syndrome 

Estrogens in men, which are largely a product of
peripheral aromatization of androgens, are receiving
increasing attention. Traditionally conceptualized
as ‘female hormones’, estrogens appear to have
unexpected but important effects on the male
reproductive/metabolic system.85,86

The discovery of one man with deficient estro-
gen action (on the basis of a receptor mutation) and
four others with deficient estrogen synthesis, and
further studies in knockout mouse models suggest
strongly that in the virtual absence of estrogen
action, symptoms of the metabolic syndrome
develop. For example, atherosclerosis at an early
age, insulin resistance, visceral obesity, and a high-
risk lipid profile were present, and improved upon
administration of estrogens to the men with defi-
cient estrogen synthesis.85,86 It would seem that a
low-to-absent estrogen action in men is a factor in
the metabolic syndrome. In support of a role of
estrogens is the increased risk of cardiovascular dis-
ease in men with a variation in the estrogen recep-
tor alpha gene.43 The circulating testosterone levels
in these men were rather high than low and symp-
toms deteriorated upon administration of testos-
terone. So, this observation distinguishes these
cases from the men studied in population studies

319

Visceral obesity, androgens, and the risks of cardiovascular disease

Lunenfeld-ch-24.qxd  8/23/2007  3:27 PM  Page 319



which predict an increased cardiovascular risk in
men with low testosterone levels,62–64 and improve-
ment upon testosterone administration.65–67 The
men in the studies which found that low testos-
terone levels predict an increased cardiovascular
risk62–67 certainly did not have low plasma estradiol
levels. Plasma estradiol levels in men show no ten-
dency to decline with aging.85 So, a number of para-
doxes are presented here for which presently no
plausible explanation exists. Speculatively, it might
be that the protective effects that androgens seem
to have on the occurrence of the metabolic syn-
drome are only manifest in an endocrine milieu
where there is a normal degree of biologic action of
estrogens,87 potentially through interaction of estro-
gens with androgen receptors.88

The epidemic of obesity and what
to do about it?

Obesity is reaching epidemic proportions in the
developed but also the developing world. Sixty-
three percent of men and 55% of women are over-
weight in the United States. Twenty-two percent
are grossly overweight with a body mass index (body
weight in kg divided by the square of the height
in m) over 30 kg/m2. The prevalence of obesity has
doubled in the past decade (for review see reference
89). The consequences are serious. Approximately
80% of obese adults have at least one and 40% have
two or more associated diseases such as diabetes,
hypertension, cardiovascular disease, gallbladder
disease, cancers, and last but not least diseases of the
locomotor system such as arthrosis. In the USA
300 000 people die more or less directly from the
consequences of obesity and the costs for the
national health-care budget amount to 10%, mak-
ing it not only a personal medical problem but also
a public health problem. The frequency of over-
weight is maximal between the ages of 50 and 60
years and shows subsequently a tendency to decline
slowly. Most people over 75 years are no longer very
obese. Genetics are significant. Studies in identical
twins show that 60–70% of overweight can be
ascribed to genetic factors and 30–40% to environ-
mental influences. If both parents are obese,

approximately 80% of the children will be over-
weight and with one obese parent the likelihood is
40%. If neither parent is obese the likelihood is less
than 10%. 

Body mass index provides a better index than
body weight itself to describe the degree of obesity.
There is now solid evidence that fat distribution (a
large visceral fat depot) is a strong predictor of car-
diovascular disease and of the development of dia-
betes mellitus type II. Visceral fat is quantitatively
most reliably assessed with computerized tomogra-
phy or magnetic resonance imaging, which is too
costly to become a method of mass screening and
probably redundant in assessing an individual case.
A number of studies document that surrogate mea-
sures provide a reasonable indication of the amount
of visceral fat accumulation. A waist to hip ratio
> 0.95, waist circumference of more than 101 cm,
and sagittal diameter > 23 cm (measured with the
patient supine) are all indications of visceral obe-
sity. These patterns of body fat distribution are also
linked to a negative biochemical cardiovascular risk
profile.90 So, it is possible with simple means to
determine overweight and fat distribution patterns.
The above values have typically been obtained in a
Caucasian population. However, in Chinese sub-
jects as well the waist to hip ratio provides addi-
tional information on cardiovascular risk,91 but
different criteria apply for Asians.92 In Asians a BMI
of 23–25 is overweight and > 25 obesity, and a waist
circumference > 90 cm means abdominal obesity. 

The pathophysiology of obesity is poorly under-
stood. That obesity is a discrepancy between food
intake on the one hand and energy expenditure on
the other is simple, but what physiologic mecha-
nisms are involved, and how these could be influ-
enced to redress obesity, are much more difficult
questions. The central nervous systems coordinates
the checks and balances with the arcuate and
paraventricular nuclei in the hypothalamus as key
players. Afferent vagal and sympathetic stimuli and
hormonal messages such as insulin, leptin, cholecys-
tokinin, and glucocorticoid modulate in the hypo-
thalamus the neuropeptides involved in appetite
and satiety. Efferent signals to the sympathetic and
parasympathetic nervous system and to the thyroid
regulate food intake and energy expenditure.93
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Recent identification of novel appetite-regulating
hormones has revealed the complex interactions of
humoral factors in the regulation of feeding behav-
ior in mammals. One of these hormones, ghrelin, a
natural ligand of the orphan receptor GHS-R, puri-
fied from the stomach, is able to stimulate growth
hormone release from pituitary cells. Ghrelin stim-
ulates appetite by acting on the hypothalamic arcu-
ate nucleus, the region known to control food
intake. As an orexigenic peptide, ghrelin is there-
fore an endogenous regulator of feeding behavior
from the peripheral tissues to the central nervous
system.94 It is reasonable to assume that part of the
success of surgical procedures in the treatment of
morbid obesity is based on the reduction of ghrelin
from the stomach.95,96 This information has not led
to powerful tools for intervention. 

A number of hormonal diseases are associated
with increased fat accumulation (hypothyroidism,
hypercortisolism) but they are rarely the explana-
tion for overweight. Obesity associated with
endocrine disease has rather characteristic physical
features and can be recognized relatively easily by a
trained eye. Measurement of thyroid hormone and
cortisol are, therefore, rarely useful in the diagnostic
work-up of obesity. 

Treatment is far from simple. Diet treatment is
only marginally successful. In a review of 21 study
populations with 3030 subjects, of whom 70% of sub-
jects could be followed for 3–14 years, the mean ini-
tial weight loss was 4–28 kg, but 0–49% (median
15%) successfully maintained the initial weight loss
of at least 9–11 kg.97 It is even more difficult, after an
initial success, to maintain a reduced weight in the
long term.97 It is evident that the combination of
reduced caloric intake and increase in energy expen-
diture will lead to a reduction in weight, though the
sad thing is that, being on a weight-reducing diet, the
body develops counter regulations as if the weight
loss was undesired and to be counterbalanced, slow-
ing the loss of weight. The addition of drugs to a
weight-reducing diet has a limited degree of success,98

and it is difficult, even with drugs, to achieve a
weight reduction of more than 5–6%. In a recent
review fluoxetine induced a weight reduction of
5.8 kg after 52 weeks, with considerable side-effects,
such as tremor, sweating, and somnolence. Orlistat

led to a reduction of 2.6 kg at 26 weeks, but with gas-
tro-intestinal complaints. Sibutramine induced a
weight loss of 4.5 kg at 26 weeks but was associated
with palpitations.99 Metformin, a drug used in the
treatment of type 2, diabetes may reduce appetite and
caloric intake. New drugs are being developed.100

Surgical procedures, such as gastric banding, gastric
bypass, biliopancreatic diversion, or duodenal switch,
are increasing successful, though there are consider-
able risks.101–103

It has to be admitted that the fight against obe-
sity is largely unsuccessful and probably cannot be
won in the setting of clinical therapeutic medicine,
but must come from health education teaching sen-
sible eating and encouraging greater physically
activity, starting early in life.104,105 Eating patterns
are very resistant to change. 

Lack of success in the battle against obesity leads
to frustration on the side of the patient and the
physician who, not having powerfull tools, tells the
patients that s/he lacks willpower and must take
his/her responsibilty. 
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CHAPTER 25

Nutrition in older men
David R Thomas

Introduction

The effect of nutritional intake on men’s health can
be divided into three dimensions. First, food is
essential to life. Good health is dependent on an
adequate intake of energy and protein, and dietary
sources of essential vitamins and minerals. Absence
of essential nutrients can lead to primary disease
(malnutrition syndromes). Second, nutritional
intake has been associated with the risk of develop-
ing future disease. Good nutritional health has been
linked to the prevention of premature mortality
(lengthening lifespan) and to prevention of the
development of chronic conditions (burden of dis-
ease). Finally, disease itself impacts nutritional

health. A variety of diseases affect both nutritional
intake (anorexia) and nutritional status (cachexia). 

Morbidity and mortality differ between genders.
Life expectancy at birth for men is 74.5 years, while
life expectancy for women is 79.9 years. Over the
lifespan, women outlive men by an average of 5.4
years. The top 10 causes of death in men, account-
ing for about 80% of deaths, are shown in Table
25.1. More than half of the deaths in men result
from cardiovascular disease and cancer, both of
which conditions have been linked to nutrition.

The accumulation of chronic diseases leads to a
‘burden of illness’ and impacts health-related qual-
ity of life. There are gender-specific differences in
the prevalence of chronic conditions in older

Table 25.1 Top 10 causes of mortality in men: United States 2002

Rank Cause Percentage of male deaths

1 Heart disease 28.4
2 Cancer 24.1
3 Unintentional injuries 5.8
4 Stroke 5.2
5 Chronic obstructive pulmonary disease 5.1
6 Diabetes 2.8
7 Influenza and pneumonia 2.4
8 Suicide 2.1
9 Kidney disease 1.6
10 Chronic liver disease and cirrhosis 1.5
Total 79
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persons over the age of 65 years, as shown in Table
25.2. Heart disease and cancer account for almost
two-thirds of prevalent conditions in older men, but
less than half of prevalent conditions in older
women. All but one of these prevalent conditions –
stroke – have a higher mortality in men than in
women. Prevention of these disorders by nutritional
intervention has the potential to greatly impact the
health status of older men.

A variety of gender-related differences may explain
this disproportionate difference in mortality and mor-
bidity. Body fat distribution differs between men and
women, with men more likely to accumulate abdom-
inal fat (apple-shaped obesity) and women more
likely to accumulate fat around the hips (pear-shaped
obesity). The apple-shaped obesity is associated with
an increased risk of heart disease, diabetes, cancer, and
stroke. Sex hormone differences may explain the fat
distribution differences among genders.

Men are more likely to smoke, drink alcohol, use
illicit drugs, and behave aggressively compared to
women. Risk-taking behaviors certainly account for
some of these differences. Aggressive behavior may
explain an increased risk of mortality from accidents,
suicide, and homicide. Nevertheless, the major con-
tributors to morbidity and mortality in men are car-
diovascular disease and cancer – conditions that have
been related to nutritional risk factors. 

The effect of age on nutrition

The daily volume of foods and beverages declines as
a function of age. Total energy intake decreases sub-
stantially with age, by 1000 to 1200 kcal in men in
the seventh decade. Older adults tend to consume
less energy-dense sweets and fast foods, and con-
sume more energy-dilute grains, vegetables, and
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Table 25.2 Prevalence of selected chronic conditions by age greater than 65 years and sex: United States
2001–2002

Condition Male Female

More common in men
All types heart disease 37.2 27.1
Coronary heart disease 27.1 17
Stroke 9.9 8.2
Any cancer 24.7 17.9

Prostate cancer 9 —
Skin cancer 8.2 4.8
Colorectal cancer 3.1 1.9
Melanoma 1.7 0.6
Lung cancer 1.2 0.5

Diabetes 17.6 13.8
Ulcer 15.3 12
Emphysema 6.6 3.8

More common in women
Hypertension 47.2 52.2
Arthritic symptoms 30.6 31.8
Sinusitis 11 16.4
Kidney disease 3.2 12.0
Asthma 7.2 9.1
Hay fever 5.8 7.1
Chronic bronchitis 5.3 6.8
Liver disease 1.2 3.4
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fruits. Men exhibit a greater decrease in food intake,
over the lifespan, than do women.1 The cumulative
effect of decreases in food intake and the anorexia
of aging places older men at risk for nutritional defi-
ciencies.2,3 Lower food intake among the elderly has
been associated with lower intakes of calcium, iron,
zinc, B vitamins, and vitamin E. This low-energy
intake or low-nutrient density of the diet may
increase the risk of diet-related illnesses. Fifty per-
cent of older adults have a vitamin and mineral
intake less than the RDA, while 10–30% have sub-
normal levels of vitamins and minerals.4

Physiologic changes associated with age, including
slower gastric emptying, altered hormonal responses,
decreased basal metabolic rate, and altered taste and
smell, may also contribute to lowered energy intake.
Other factors such as marital status, income, educa-
tion, socioeconomic status, diet-related attitudes and
beliefs, and convenience likely play a role as well.5

Testosterone levels decline with aging and in the
presence of co-existing disease can reach very low
levels.6,7 Notably, low testosterone levels are associ-
ated with elevated circulating leptin levels, an
anorectic and lipolytic hormone produced by
adipocytes. These changes probably account for
age- and disease-related anorexia, weight loss, and
cachexia in some hypogonadal men.8,9

The effect of nutrition on
prevention of disease

A large body of epidemiologic evidence suggests that
eating a diet rich in sources of vitamins and other
nutrients has a protective effect on development of
disease. Table 25.3 summarizes examples of the epi-
demiologic associations of nutrients with specific dis-
ease states. The data from randomized, controlled
trials show (with a few exceptions) that supplementa-
tion with vitamin supplements does not have much
effect on disease states. Table 25.4 summarizes exam-
ples of randomized, controlled trials and meta-ana-
lytic reviews for nutrients and specific diseases. 

Cardiovascular disease 
Cereal fiber consumption late in life is associated
with a 21% lower risk of cardiovascular disease,

comparing the highest quintile of intake with the
lowest quintile after adjustment for age, sex, educa-
tion, diabetes, ever smoking, pack-years of smoking,
daily physical activity, exercise intensity, alcohol
intake, and fruit and vegetable fiber consumption.
Neither fruit nor vegetable fiber intake were associ-
ated with development of cardiovascular disease.
Higher cereal fiber intake was also associated with a
lower risk of total stroke and ischemic stroke when
analyzed separately. Dark breads such as wheat, rye,
or pumpernickel were associated with a 24% lower
risk of developing cardiovascular disease, compared
to other sources.10

In one of the largest epidemiologic observations,
71 910 female participants in the Nurses’ Health
study and 37 725 male participants in the Health
Professionals’ Follow-up Study who were free of
major chronic disease were followed for incidence
of cardiovascular disease, cancer, or death. Total
fruit and vegetable intake was inversely associated
with risk of cardiovascular disease but not with
overall cancer incidence. The benefit occurred in
persons who had five or more daily servings. Of the
food groups analyzed, green leafy vegetable intake
showed the strongest inverse association with major
chronic disease and cardiovascular disease. For an
increment of one serving per day of green leafy
vegetables, relative risks were 0.95 (95% CI:
0.92–0.99) for major chronic disease and 0.89 (95%
CI: 0.83–0.96) for cardiovascular disease.11 These
findings suggest that high consumption of fruits and
vegetables results in a small reduction in risk of car-
diovascular disease. There was no association found
between fruit and vegetable intake (either total or
of any particular group) and overall cancer inci-
dence. For men and women combined, persons in
the highest quintile of total fruit and vegetable con-
sumption did not have a lower risk for major
chronic disease compared to those in the lowest
quintile.

A number of specific diets have been proposed to
decrease the incidence of cardiovascular disease.
The Mediterranean diet is characterized by a high
intake of vegetables, legumes, fruits, and cereals (in
the past largely unrefined); a moderate to high
intake of fish; a low intake of saturated lipids but
high intake of unsaturated lipids, particularly olive
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Table 25.3 Observational studies on vitamin intake and health

Study Subjects Outcome Measure Results

Robinson et al87 750 patients vs Coronary artery Homocysteine Increased risk
800 controls disease concentrations

> 80th percentile

Robinson et al87 750 patients vs Coronary artery Vitamin B6 < Increased risk
800 controls disease 20th percentile 

Muntwyler et al20 83 639 male US Cardiovascular Self-reported No association
physicians with disease or use of vitamins
no history of cardiovascular E, C, or
CVD or cancer mortality multivitamins

Cancer 26 593 male Cerebral Dietary intake 0.77 (0.61–0.99)
Prevention smokers, aged infarction of beta
Study88 50–69 years carotene

Cancer 26 593 male Cerebral Lycopene, lutein, No association
Prevention smokers, aged infarction zeaxanthin, vitamin
Study88 50–69 years C, flavonols,

flavones, vitamin E

Tabak et al33 Finland (n = 1248), Pulmonary Higher intake Higher forced
Italy (n = 1386), function of fruits, vital capacity
and the vegetables
Netherlands (n = 691)
middle-aged men

Tabak et al33 Finland (n = 1248), Pulmonary Higher intake of No association
Italy (n = 1386), function vitamin C,
and the beta-carotene
Netherlands (n = 691)
middle-aged men

Tabak et al33 Finland (n = 1248), Pulmonary Higher intake of No association
Italy (n = 1386), and function vitamin E
the Netherlands
(n = 691)
middle-aged men

Hung et al4 71 910 women Cardiovascular Total fruit and Chronic
participants in the disease or vegetable disease = 0.95
Nurses’ Health study cancer intake (0.89–1.01);
and 37 725 men cardiovascular
in the Health disease = 0.88 
Professionals (0.81–0.95);
Follow-up Study, free cancer = 1.00
of major chronic (0.95–1.05)
disease, 14-year
follow-up
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Table 25.4 Randomized, controlled studies on vitamin intake and health

Study Subjects Outcome Intervention Results

MRC/BHF 20 536 subjects All-cause, Vitamin E 600 mg/d, No difference
Heart followed vascular or vitamin C 250 mg/d,
Protection 5 years non-vascular and beta-carotene
Study77 mortality, or 20 mg/d vs placebo

major coronary
events, stroke,
revascularization,
and cancer

The 18 314 subjects, Lung cancer Beta-carotene and 28% higher
Beta-Carotene 45–74 years, retinyl palmitate incidence and
and Retinol at high risk, vs placebo 17% higher total
Efficacy Trial78 followed mortality in the

4 years supplemented
group

The 13 017 persons, Cardiovascular 120 mg ascorbic No association
SU.VI.MAX age 45–60, disease or acid, 30 mg
Study79 followed cardiovascular vitamin E, 6 mg

7.5 years mortality beta-carotene,
100 µg selenium,
20 mg zinc vs
placebo

HOPE trial80 3994 persons Cardiovascular Vitamin E 400 No difference
> 55 years with events and IU/d vs placebo in cancer incidence,
CVC or DBM, cancer cancer mortality,
followed cardiovascular
7 years events; higher risk

of CHF and
hospitalization
for CHF

Meta-analysis 4119 persons Age-related Antioxidant vitamin 0.72, CI 0.52–0.98
of 7 trials90,89 macular and zinc

degeneration,
progression to
advanced
disease

Meta-analysis 4119 persons Age-related Vitamin E, No benefit
of 7 trials89 macular beta-carotene,

degeneration, or both
prevention

Girodon et al90 725 Antibody titers, Trace elements Antibody titers
institutionalized respiratory (zinc and selenium after influenza
elderly subjects infections, sulfide) or vitamins vaccine higher in
> 65 years, urinary tract (beta-carotene, groups receiving
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oil; a low to moderate intake of dairy products,
mostly cheese and yogurt; a low intake of meat; and
a modest intake of ethanol, mostly as wine. The
effect of the Mediterranean diet was first thought to
be due to lowering of cholesterol levels, but empha-
sis has recently shifted from the low content of sat-
urated lipids toward its high content of olive oil and

a vague constellation of other characteristics. In
epidemiologic studies, respondents rated their
adherence to a typical Mediterranean diet on a scale
of 1 to 10. Sixty-three percent of subjects had poor
to average compliance with the diet (score 1 to 4),
and no effect on mortality was seen. A 43%
decrease in mortality was seen in those who had

Textbook of health in aging men

334

Table 25.4 (Continued)

Study Subjects Outcome Intervention Results

followed infections, ascorbic acid, and trace elements
2 years survival rate vitamin E) vs placebo alone or with

vitamins, but the
vitamin group had
significantly lower
antibody titers; no
effect on infections
or survival

Chandra 96 Infection, Vitamin A 400 units, 23 vs 48 fewer
et al91 institutionalized antibiotics beta-carotene 16 mg; infection-related

subjects thiamine 2.2 mg; illness days; 18 vs
riboflavin 1.5 mg; 32 fewer days
niacin 16 mg; vitamin taking antibiotics
B6 3.0 mg; folate
400 µg; vitamin B12
4.0 µg; vitamin
C 80 mg; vitamin
D 4 µg; vitamin
E 440 mg; iron 16 mg;
zinc 14 mg; copper
1.4 mg; selenium
20 µg; iodine 0.2 mg;
calcium 200 mg; and
magnesium 100 mg
vs placebo (calcium,
200 µg, and
magnesium, 100 mg)

Meta-analysis81 135 967 All-cause Vitamin E, all doses Higher mortality
participants mortality
in 19 clinical
trials

Meta-analysis82 135 967 Alzheimer’s Vitamin E 2000 IU/d Longer duration to
participants dementia institutionalization,
in 19 clinical higher mortality
trials
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better than average adherence to the diet and a
75% reduction in mortality was seen in those with
very good adherence to the diet.12 Two randomized
controlled trials have demonstrated that a
Mediterranean diet high in alpha-linolenic acids in
patients who have had a myocardial infarction,13 or
a Mediterranean diet modified with whole grains,
fruits, vegetables, and nuts in patients with diag-
nosed cardiovascular disease, can reduce cardiovas-
cular mortality.14

The effect of the Mediterranean diet extended to
persons over the age of 60 years, who had no coro-
nary heart disease, stroke, or cancer at baseline.
However, the effect size was smaller, averaging a 7%
decrease in mortality for each 2- step increment of
diet compliance score. Moreover, the effect was not
homogeneous across all geographic areas, with
Greece showing the most effect size and no effect
seen in the Netherlands or in Germany.15

Other epidemiologic data suggest a clear associa-
tion between elevated homocysteine levels and
higher risk of stroke and cardiovascular disease.
Folate levels, which are dependent on homocys-
teine levels, are predictive of cardiovascular risk.
The risk of stroke is also higher for persons who
consume fewer fruits and vegetables. 

Taken together, the association between homo-
cysteine levels and vascular disease is strong. An
association has been shown for carotid disease (5
studies), coronary disease (2 studies), peripheral
vascular disease (1 study), and aortic atherosclerotic
disease (1 study). An increased risk of cardiovascu-
lar disease and high levels of homocysteine levels
has been shown in 10 of 13 case-control studies and
1 cohort study. A decreased risk for cardiovascular
disease has been observed with high levels of folate
(3 of 5 prospective and 1 of 2 retrospective studies)
and vitamin B6 (2 of 2 prospective and 2 of 2 retro-
spective studies), but not with high levels of vita-
min B12 (1 prospective and 2 retrospective
studies).16 Whether or not decreasing homocysteine
levels by dietary or pharmacologic interventions
will reduce cardiovascular mortality is not known.

Randomized, controlled trials of specific supple-
ments have failed to demonstrate a consistent or
significant effect of any single vitamin or combina-
tion of nutrients on incidence of or death from

cardiovascular disease.17 Vitamin E plus vitamin C
plus beta-carotene showed no difference in all-
cause, vascular, or non-vascular mortality, or sec-
ondary measures including major coronary events,
stroke, revascularization, and cancer compared to
placebo.18 There is some concern that these vita-
mins may blunt the protective HDL2 cholesterol
response to HDL cholesterol-targeted therapy.19

Other studies have not supported a link between
supplemental vitamins and disease. The self-
reported intake of vitamins E, C, or multivitamins
was not associated with a decreased incidence of
cardiovascular disease or cardiovascular mortality
after adjusting for known cardiovascular risk factors
in a large observational study of male physicians.20

Lung cancer 
Four placebo-controlled trials have not shown a
benefit of beta-carotene, alone or in combination
with alpha-tocopherol or retinol, or alpha-toco-
pherol alone on the development of lung cancer.
For people with risk factors for lung cancer, no
reduction in lung cancer incidence or mortality was
found in those taking vitamins alone compared
with placebo. For people with no known risk factors
of lung cancer, none of the vitamins or their combi-
nations appeared to have any effect. In fact, in com-
bination with retinol, a statistically significant
increase in risk of lung cancer incidence was found
compared to placebo.21

Colon cancer 
A diet that is low in fat and high in fiber, fruits,
and vegetables does not appear to reduce the risk of
recurrence of colorectal adenomas. In 2079 men and
women aged 35 years or older who had one or more
confirmed colorectal adenomas, randomly assigned a
low fat (20% of total calories), high fiber (18 g of
dietary fiber per 1000 kcal) diet containing 3.5 serv-
ings per 100 kcal of fruits and vegetables (3.5 servings
per 1000 kcal), the rate of recurrence of large adeno-
mas and advanced adenomas did not differ signifi-
cantly from the group assigned to their usual diet.22

Prostate cancer 
Six hundred and eighty-nine men who were ran-
domized to intensive counseling to consume a diet
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low in fat and high in fiber, fruits, and vegetables
were compared to 661 men who were given a stan-
dard brochure on a healthy diet. Measurement of
prostate-specific antigen at baseline and annually
for 4 years showed no differences between groups.23

Bladder cancer 
Micronutrient intake, including lutein, zeaxanthin,
anhydrolutein, alpha-cryptoxanthin, beta-cryptox-
anthin, lycopene, dihydrolycopene, alpha-carotene,
beta-carotene, total carotenoids, retinol, alpha-
tocopherol, beta-tocopherol, gamma-tocopherol,
delta-tocopherol, and total tocopherols, were exam-
ined in men who developed bladder cancer after 20
years of surveillence and compared to age-matched
controls. There were statistically significant inverse
linear trends in risk for alpha-carotene, beta-
carotene, lutein plus zeaxanthin, beta-cryptoxanthin,
and total carotenoids. However, after adjustment for
pack-years of cigarette smoking none of the inverse
trends remained significant.24

Diabetes
In a study of 3042 subjects randomly enrolled using
the 2001 Census data, who had no clinical evidence
of cardiovascular disease, 33% of the men and 13%
of the women fulfilled the NCEP ATP III criteria
for the metabolic syndrome. In this group who met
the criteria for the metabolic syndrome, 58% of men
and 72% of women were sedentary.25

Glycemic control is central to improving out-
come in diabetes.26 Weight loss has been strongly
associated with an improvement in glycaemic con-
trol.27 Dietary advice has been a cornerstone of the
treatment of diabetes. A number of interventions
have been reviewed in a formal meta-analysis.28

Eighteen trials were identified. Dietary approaches
in this review included low-fat/high-carbohydrate
diets, high-fat/low-carbohydrate diets, low-calorie
(1000 kcal per day) and very-low-calorie (500 kcal
per day) diets, and modified fat diets. Two trials
compared the American Diabetes Association
exchange diet with a standard reduced fat diet and
five studies assessed low-fat diets versus moderate-
fat or low-carbohydrate diets. Two studies assessed
the effects of a very-low-calorie diet versus a low-
calorie diet. Six studies compared dietary advice

with dietary advice plus exercise and three other
studies assessed dietary advice versus dietary advice
plus behavioral approaches. No high-quality data
was found on the efficacy of the dietary treatment of
type 2 diabetes. Exercise, however, improved gly-
colysated hemoglobin at 6 and 12 months in people
with type 2 diabetes. 

Few data exist for or against the use of low-carbo-
hydrate diets, particularly among participants older
than age 50 years, for use longer than 90 days, or for
diets of 20 g/day or less of carbohydrates. Weight
loss in diabetics using low-carbohydrate diets was
principally associated with decreased caloric intake
and increased diet duration, but not with reduced
carbohydrate content.29

Low intakes of vitamin C30 and zinc31 have been
epidemiologically associated with a higher preva-
lence of diabetes. In other trials of diabetic individ-
uals, no associations were observed between
glycolysate hemoglobin and intake of vitamin C, or
intake of vitamin E or beta-carotene.32

Pulmonary disease 
Lung function studies illustrate the sometimes confus-
ing data from epidemiologic surveys. Forced expira-
tory volume was associated with intake of vitamin E
in Finland, but only with dietary intake of fruit in
Italy, and only with beta-carotene intake in the
Netherlands. However, in all three countries, men
with above-average intakes of both fruit and vegeta-
bles had a higher forced expiratory volume than those
with a low intake of both foods. However, after adjust-
ment for energy intake, the association of all three
antioxidants disappeared.33 Differences across popula-
tions, even over relatively small distances, confound
these studies. Six controlled trials on supplementation
of vitamin C in persons with asthma showed no
appreciable benefit on asthma outcome.34

Osteoporosis
Osteoporosis, a metabolic bone disease character-
ized by low bone mass, microarchitectural deteriora-
tion of bone tissue, and increased susceptibility to
fracture, is now recognized to be a disease of both
men and women. By bone mineral density stan-
dards, the prevalence of osteoporosis is approxi-
mately 2 million men in the United States. The
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age-related decline in bone mineral density in men
seems to result from a decline in the levels of
bioavailable estrogen. Alternatively, genetic poly-
morphisms may predispose men to a weakened,
osteoporotic phenotype.35 The treatment of osteo-
porosis in men, including bisphosphonates, cal-
cium, and intermittent parathyroid hormone, is
similar to that in women.

Vitamin and mineral nutrition

Evidence of epidemiologic associations of vitamins
and disease states has been found for nine vitamins.
Inadequate folate status is associated with neural
tube defects and some cancers. Folate and vitamins
B6 and B12 are required for homocysteine metabo-
lism and are associated with coronary heart disease
risk. Vitamin E and lycopene may decrease the risk
of prostate cancer. Vitamin D is associated with
decreased occurrence of fractures when taken with
calcium.36 Zinc, beta-carotene, and vitamin E
appear to slow the progression of macular degenera-
tion, but do not reduce the incidence.

In observational studies (case-control or cohort
design), people with a high intake of antioxidant
vitamins by regular diet or as food supplements
generally have a lower risk of myocardial infarction
and stroke than people who are low consumers of
antioxidant vitamins. The association in observa-
tion studies has been shown for carotene and ascor-
bic acid, as well as tocopherol. The use of various
dietary supplements, including vitamins, to prevent
or delay disease or aging rests for the most part on
epidemiologic associations. It does appear from
these data that a diet rich in vitamins is associated
with a tendency to improved health.

However, the results from controlled trials are
dismal. In randomized controlled trials, antioxidant
vitamins as food supplements have no beneficial
effects in the primary prevention of myocardial
infarction and stroke. Thus, the apparent beneficial
results of a high intake of antioxidant vitamins
reported in observational studies have not been
confirmed in large randomized trials.37

Baseline intake of carotenes and vitamin C, or
vitamin E in supplemental or dietary (non-supplemental)

form, or in both forms, was not related to a decreased
risk of dementia of the Alzheimer’s type after 4 years of
follow-up.38

The discrepancy between different types of stud-
ies is probably explained by the fact that dietary
composition and supplement use is a component in
a cluster of healthy behavior. An alternative
hypothesis is that there are as yet unknown essen-
tial organic compounds in certain foods.

Much of the enthusiasm for the use of vitamin or
mineral supplements to prevent disease or increase
longevity results from the belief that supplementa-
tion is harmless. However, serious adverse events
have been reported. Toxicity may result from exces-
sive doses of vitamin A during early pregnancy and
from other fat-soluble vitamins taken in high doses.
There is increasing concern from randomized, con-
trolled trials that beta-carotene and vitamin E may
be associated with a higher mortality risk.

The most prudent approach is to recommend a
daily intake of fruits and vegetables as a likely
source of essential nutrients. Failing compliance
with a natural source of essential nutrients, and in
populations at high risk of vitamin deficiency,
vitamin supplements should be encouraged. Vitamin
supplements should be used as replacement doses
guided by the recommended daily allowances, and
super-therapeutic doses should be avoided.

The effect of nutrition on disease

Obesity is associated with greater morbidity and
poorer health-related quality of life than smoking,
problem alcohol drinking, or poverty,39 and has
been argued to be the number one health problem
in the United States. In general population studies,
the relationship between mortality and body mass
index (BMI) has been reported as a J-shaped or a
U-shaped curve.40 Excess risk of death has been
observed at both extremes of high and low weight.
This relationship is clear in the young and middle-
aged population, but becomes more controversial in
the older population (see Table 25.5). 

Data from the Framingham Heart Study84

demonstrate an increased mortality risk for both
men and women at the highest extremes of BMI,
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even when accounting for potential effects of excess
weight on serum cholesterol level, blood glucose
level, and systolic blood pressure. At the upper
extreme, risk of death was 2-fold higher over the
entire follow-up period for persons with BMI above
the 70th percentile at both 55 and 65 years of age. 

Data from Established Populations for
Epidemiologic Studies of the Elderly (EPESE)85

demonstrate that mortality risk was approximately
40% higher for persons in the heaviest quintile of
BMI at age 50 compared with persons in the mid-
dle quintile. In the Cardiovasular Health Study
(CHS) data, a BMI greater than 32 in men was
associated with an age-adjusted 18% increase in
mortality.47 Conversely, a BMI greater than 34 in

women was associated with an only an 8% increase
in mortality. 

Greater BMI was associated with higher mortal-
ity in men and women up to 75 years of age in the
Cancer Prevention Study I.41 However, the magni-
tude of the risk associated with greater BMI dimin-
ishes with age. For example, for mortality from
cardiovascular disease, the relative risk associated
with an increment of 1 in the BMI was 10% for
30–44-year-old and 3% for 65–74-year-old men. 

A body mass index of 25 to 30 was not associated
with excess mortality using the National Health and
Nutrition Examination Survey (NHANES) data
compared to the normal weight category of 18.5 to
less than 25.86 Excess mortality began only at a BMI
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Table 25.5 Association of mortality and high body weight

Study Characteristic Relative risk 95% CI

Cancer Prevention Study I92 30–44-year-old men 1.10 1.04–1.16
65–74-year-old men 1.03 1.02–1.05
30–44-year-old women 1.08 1.05–1.11
65–74-year-old women 1.02 1.02–1.03

Cancer Prevention Study II93 65–74-year-old men, BMI 26.5–27.9 1.1 1.0–1.3
> 75-year-old men, BMI 26.5–27.9 1.1 0.97–1.2
65–74-year-old women, BMI 26.5–27.9 1.04 0.9–1.2
> 75 year-old women BMI 26.5–27.9 1.07 1.0–1.2
65–74-year-old men, BMI 30–31.9 1.4 1.2–1.7
> 75 year-old men, BMI 30–31.9 1.2 1.0–1.3
65–74-year-old women, BMI 30–31.9 1.3 1.2–1.5
> 75-year-old women BMI 30–31.9 1.3 1.2–1.4

Nurses Health Study94 BMI 29–31.9 vs BMI 19 2.1
BMI > 32 vs BMI 19 2.2

Framingham Heart Study84 BMI > 70th percentile 2.0

EPESE85 BMI highest quintile vs middle quintile
Men 1.33 1.13–1.57
Women 1.31 1.12–1.53

Cardiovascular Health Study84,47 BMI > 20 None

NHANES I86 BMI > 30 vs BMI 22 to 30 None

Community study83 BMI > 27 None

NHANES, National Health and Nutrition Examination Survey Epidemiological Follow-Up Study;
EPESE, Established Populations for Epidemiologic Studies of the Elderly.
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of greater than 30. These findings are consistent
with the increases in life expectancy in the United
States and the declining mortality rates from
ischemic heart disease.42

Paradoxically, although the prevalence of obesity
in the United States has increased dramatically in
recent decades, the major risk factors for cardiovascu-
lar disease except diabetes have decreased over time
across all body mass index groups. Compared with
obese persons in 1960–62, obese persons in
1999–2000 had a 21% lower prevalence of high cho-
lesterol level, an 18% lower prevalence of high blood
pressure, and a 12% lower smoking prevalence. The
lower prevalence of risk factors was associated with
an increase in lipid-lowering and antihypertensive
medication use, particularly among obese persons.
Although the prevalence of diabetes was stable
within BMI groups, other cardiovascular disease risk
factors declined considerably over time.43

A BMI of greater than 27 kg/m2 has not been
significantly related to risk of mortality.44,45 In older
patients, only a slight elevation in mortality rates
occurred at a BMI of greater than 35 kg/m.46,47

Overall, the data suggest that a BMI >27 kg/m2 does
not convey the same degree of increased mortality
risk in older adults.48 Current standards have
defined overweight for all ages as a BMI of 27.8 or
more for men and 27.3 or more for women.49 Andres
et al have has suggested that a BMI of 24 to 30 is the
desirable range for people aged 60 to 69.50 Although
there is increased mortality at extremes of body
weight, these data would seem to support using
higher desirable weights for older adults.

Only limited data support the notion that inten-
tional weight loss reduces total mortality. However,
mortality is only a small part of the substantial bur-
den of disease caused by obesity-related conditions
such hypertension,51,52 diabetes mellitus,53,54 coro-
nary artery disease,55–58 degenerative arthritis,59 and
cancers of the breast,60,61 uterus,62 and colon.63

Short-term reductions in caloric intake (dieting)
have favorable effects on blood pressure, choles-
terol, and metabolic rate. These benefits require at
least a 20% reduction in caloric intake.64

Weight loss has been shown to reduce disease-spe-
cific risks such as hypertension and type 2 diabetes.65

However, it should be noted that overweight/obesity-

related comorbidities, particularly those associated
with the insulin resistance syndrome (e.g., hyper-
tension, dyslipidemias, and hyperinsulinemia) can be
improved rather independently of weight loss.66,67

Blood pressure can be lowered in the absence of
weight loss by dietary changes.68 The effect on blood
pressure by non-pharmacologic interventions can be
maintained for 3–5 years despite significant increases
in body weight.69 Other trials in coronary artery dis-
ease have shown prevention effects to be independent
of weight loss.70 The data suggest that improvement
in comorbid conditions can be improved with lifestyle
changes, but that the effect is independent of whether
weight loss occurs.

The effect of disease on nutrition

Body weight increases with age in women, at least
until their seventies. However, in men body weight
tends to decline after age 70, in part due to hor-
monal effects and sarcopenia.71

Cachexia is a major cause of weight loss and
increased mortality, affecting an estimated 5 million
persons in the United States. Clinically, cachexia
manifests with excessive weight loss in the setting
of ongoing disease, usually with a disproportionate
muscle wasting. Although numerous diseases are
associated with cachexia, the underlying patho-
physiologic mechanisms are unclear.72 Cachexia is
frequently a complication of disease states, includ-
ing congestive cardiomyopathy, end-stage renal
disease, chronic obstructive pulmonary disease,
acquired immunodeficiency syndrome, rheumatoid
arthritis, and cancer.73

Cytokines associated with disease states directly
result in feeding suppression and lower intake of
nutrients. Interleukin-1 beta and tumor necrosis
factor act on the glucose-sensitive neurons in the
ventromedial hypothalamic nucleus (a ‘satiety’ site)
and the lateral hypothalamic area (a ‘hunger’ site).74

The data suggest that cytokine levels are commonly
associated with disease conditions characterized by
cachexia, and may play a role in appetite suppres-
sion, mortality, and weight loss. 

When observational data for persons with the
lowest and highest BMI have been adjusted for
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weight loss, weight loss rather than current BMI
becomes the salient factor (Table 25.6). The pres-
ence of pre-existing illness may confound the associ-
ation between weight loss and death, either because
of earlier deaths from non-cardiovascular disease or
because weight loss serves as a marker for more severe
cardiovascular disease. In the NHANES I dataset,
risk of mortality was higher for both men and women
who lost 10% or more of their maximum lifetime
weight within the 10 years before the study, even
when controling for current weight. The effect of
pre-existing illness was adjusted for by excluding
deaths within the first 5 and first 8 years of the study.
This adjustment weakened the association between
weight loss and increased risk for death from non-car-
diovascular disease in women. There was a strong
association between weight loss and increased risk for
death from cardiovascular disease among men and
women even with a maximum BMI between 26 and
29 (relative risks of up to 2.1 and 3.6, respectively).75

In the EPESE, persons who lost 10% or more of
body weight between age 50 and old age had a 60%

increased risk of mortality compared with persons of
stable weight. Exclusion of participants who lost
10% or more of their weight and adjustment for
health status eliminated the higher risk of death
associated with low weight. This inverse association
of weight and mortality in old age appears to reflect
illness-related weight loss from heavier weight in
middle age.

In the CHS, the age-adjusted death rate for peo-
ple who reported an unintended loss of 10 lb or
more in the year before evaluation (16.2% for
women and 33.0% for men) was much higher than
the death rate for those who lost weight through
diet or exercise (5% in women and 16.4% in men),
or who maintained or gained weight (9.5% in
women and 14% in men). People who had lost 10%
or more of their body weight since age 50 also
exhibited a relatively higher death rate (15.9% in
women and 30.3% in men). The relationship
between BMI and mortality disappeared after
excluding those who lost weight since age 50. Weight
loss between baseline and age 50 was a critical
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Table 25.6 Association of weight loss and mortality

Study Characteristics Factors Relative risk 95% CI

NHANES86 BMI 22–26, who lost Men 2.1
> 10% of maximum lifetime Women 3.6
weight within the 10 years
before the study

EPESE85 Lost 10% or more of body Men 1.69 1.45–1.97
weight between age Women 1.62 1.38–1.90
50 and follow-up

CHS46 47 Involuntary weight loss of Men (% mortality) 33.0%
10 lb or more in the year Women (% mortality) 16.2%
before baseline

Community Study83 288 frail elders 78 ± 8 years, Weight loss at baseline 1.76 1.15–2.71
home support services; Male gender 2.71 1.73–4.24
followed 3–5 years Age at baseline 1.40 1.06–1.86

NHANES, National Health and Nutrition Examination Survey Epidemiological Follow-Up Study;
EPESE, Established Populations for Epidemiologic Studies of the Elderly; CHS, Cardiovascular Health Study.

Lunenfeld-ch-25.qxd  8/23/2007  3:48 PM  Page 340



risk factor for higher mortality, rather than being
overweight.

From the NHANES I data, an increased risk in
women with a lower BMI occurred only among
those who had lost more than 8.5% of their
reported lifetime maximum weight. Women who
had lost weight had a higher risk than women with
a low BMI. In fact, women with a low BMI, but
whose weight remained stable, had the lowest risk
of mortality. Thus, the effect of weight loss on mor-
tality is more profound than current weight, even
when accounting for factors associated with weight
loss and increased mortality risk.76

Summary and clinical relevance

Epidemiologic data suggest that nutrition affects
future health. Older men in particular are prone to
diseases which have been linked to nutrition. A
healthy diet, defined as higher consumption of fruits
and vegetables, a reduction in fat intake, and ade-
quate vitamin D, has been associated with a lower
prevalence of cardiovascular disease and reduction
in fractures. Unfortunately, supplementation of spe-
cific nutrients has not been as successful in disease
prevention. Finally, the presence of disease itself
impacts nutritional health, leading to anorexia and
cachexia syndromes. Optimizing nutritional intake
may be associated with a reduction in prevalence
and burden of disease in older men.
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CHAPTER 26

Obesity in middle-aged men
Richard YT Chen and Gary A Wittert

Prevalence of obesity in
middle-aged men

Obesity, which is the long-term outcome of energy
intake in excess of energy expenditure, is emerging as
a worldwide epidemic. Although childhood obesity is
now increasingly common, epidemiologic studies
indicate that the onset of obesity in most men tends
to occur in young adulthood, and progresses through
middle and old age. While there is no proper defini-
tion for ‘middle age’, it is arbitrarily characterized by
most studies as the age group of 40–65 years. The
United States National Health and Nutrition Surveys
of 1988–94 (NHANES III) reported an obesity preva-
lence of 19.9% amongst men, based on a body mass
index (BMI) of 30.0 or greater.1 Although the preva-
lence of overweight (BMI ≥ 25.0) Japanese men aged
15 years or older was much lower at 1.6% in 1993,
recent data indicate the prevalence has risen to 32%
in 2001 amongst those aged 40–49 years.2

Age-related changes in body
composition

Body weight increases until approximately the age
of 60–65 years, and decreases in over 60% of the
population thereafter. Muscle mass peaks between
the third and fourth decades, followed by a decline
of about 1.2 kg per decade in men. Muscle mass and
strength decrease by approximately 15% and 30%,
respectively, between the second and seventh

decades.3 Factors which may be responsible for, or
are at least associated with these changes, include
decreased physical activity, inadequate nutrition,
vascular disease, increased activity of the cytokines
interleukin-1 (IL-1), interleukin-6 (IL-6), and
tumor necrosis factor alpha (TNF-α), and decreased
levels of the anabolic hormones testosterone, dehy-
droepiandrosterone (DHEA), growth hormone
(GH), and insulin-like growth factor-1 (IGF-1).4

Fat mass also increases with age and tends to be
redistributed viscerally around the abdomen,3,5

although current data suggest that age-related vis-
ceral adiposity affects women more than men.6

Mechanisms of weight gain

Energy expenditure
Energy expenditure decreases by around 165
kcal/decade in men, primarily due to changes in
voluntary physical activity and, to a lesser extent, a
reduction in resting metabolic rate (RMR).7 In a
population-based cohort of 33 466 men aged 45–79
years in central Sweden, total daily physical activity
was found to decrease by approximately 4% by age
50 as compared to age 15. Physical activity was
2.6% lower in obese men compared to those with
normal weight. Men with self-rated poor health had
11.3% lower levels of physical activity than those
reporting very good health.8,9 The progressive
decline in RMR is explained by both a loss of fat-
free mass and a decrease in physical activity.10
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Energy intake
Food intake is regulated by a complex system involv-
ing orexigenic (appetite-stimulating) and anorexi-
genic (appetite-inhibiting) hormones that link
hypothalamic satiety centers with gastrointestinal
function and energy stores. After BMI adjustment,
the plasma levels of acylated (but not desacyl) ghre-
lin, which is the active form of ghrelin, were higher in
female subjects than in males.11 Ghrelin production
and release is increased by fasting and low protein
diets, and inhibited by somatostatin, growth hor-
mone, and high fat diets, and has been shown to acti-
vate neuropeptide Y (NPY) and agouti-related
peptide (AgRP) neurons in the hypothalamus.12 NPY
and AgRP, which are capable of orexigenic stimula-
tion themselves while simultaneously antagonizing
anorexigenic melanocortin pathways, increase
appetite, gastric motility, and triglyceride stores in
adipocytes, but reduce energy expenditure, resulting
in net body weight gain.12 Conversely, the actions of
NPY and AgRP are inhibited by the anorexigenic
stimulus of leptin, produced from adipose tissue, espe-
cially after a meal. Leptin levels are lower in men,
compared to women, and this does not appear to
change with age.13 Other gastrointestinal peptides,
such as cholecystokinin (CCK), glucagon-like pep-
tide-1 (GLP-1), pancreatic polypeptide (PP), and
peptide YY (PYY) 3–36, act in synergy with leptin to
reduce gastric emptying, resulting in increased gastric
distension, which has been identified as a satiety sig-
nal to inhibit food intake.12 Ghrelin and leptin are,
thus, complementary, but antagonistic, in their
actions on hypothalamic satiety and gastrointestinal
functions. 

Obesity in humans is characterized by low ghrelin
levels; weight loss leads to an increase in ghrelin
levels, indicating that ghrelin plays an important role
in the long-term maintenance of body weight despite
its low levels.14 The sustained suppression of ghrelin
levels in patients who have lost weight through gastric
bypass surgery further supports this view.15 The lack of
ghrelin suppression after a meal in obese persons may
also result in persistent food intake.16 The higher cir-
culating levels of free (bioactive) leptin in obese per-
sons suggest the presence of leptin resistance, as they
do not result in reduced caloric intake.13 Energy
intake decreases with advancing age, but probably to

a lesser extent than energy expenditure.10 In a cross-
sectional study of 15 266 healthy men aged 55–79
years, total energy and energy from fat, but not from
other nutrients, increased linearly with increasing
BMI, which increased by 0.53 and 0.14 kg/m2 for
every 500 kcal of fat and total energy consumed,
respectively.17

Overall mortality

There is a large body of evidence showing that higher
BMI values are associated with higher mortality in
middle-aged men. In a prospective 14-year survey of
457 785 men,18 the lowest rate of death from all
causes was found at a BMI between 23.5 and 24.9,
and relative risk was not significantly elevated for
BMI values between 22.0 and 26.4. Mortality
increased with increasing BMI thereafter for all cate-
gories of causes of death, even in healthy non-smok-
ing subjects. Particularly in men, a high BMI was
highly predictive of death from cardiovascular dis-
ease, with a relative risk of 2.90.18 Similarly, a 10-year
follow-up showed that, amongst 39 756 men
aged < 65 years, overall and cardiovascular mortality
rose linearly with increasing BMI, the relative risk for
overall mortality being 1.97 for BMI ≥ 30.0.19

Obesity-related mortality appears to be influenced by
differences in ethnicity and gender. Amongst
Caucasian subjects aged 30–64 years, women had
comparatively lower mortality risks than men for
BMI > 28.0.18 The same study found that, amongst
subjects in the highest BMI category, Afro-American
men had a lower mortality risk compared with
Caucasian men. On the other hand, a 7-year study of
more than 10 000 Japanese subjects aged 40–69 years
reported a higher mortality risk in overweight women
compared with men, where a higher mortality risk
was not evident.2 Deaths from cardiovascular disease
and cancers predominated.18,20

Disease-specific risks

Metabolic syndrome, type 2 diabetes
mellitus, and cardiovascular disease
The metabolic syndrome is a cluster of abnormalities –
glucose intolerance, hyperinsulinemia, obesity,
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hypertension, and dyslipidemia – that is associated
with insulin resistance, and an increased risk of
development of type 2 diabetes mellitus (T2DM)
and cardiovascular disease.21 Data from the
NHANES III survey revealed that the prevalence
of the metabolic syndrome (defined using the
National Cholesterol Education Program clinical
criteria21) rises with age, being < 10%, 20%, and
45% in men aged 20–29 years, 40–49 years, and
60–69 years, respectively.22 In parallel, data from
the Framingham Study show that the incidence of
T2DM rises exponentially from the age of 20–30
years onwards.23 The metabolic syndrome itself is
associated with increased cardiovascular mortality,
indicating that atherogenic macrovascular changes
begin before the onset of overt T2DM.24

Male gender and age over 44 years have been
reported to be associated with higher risk of inci-
dent T2DM.25 A prospective study involving 7735
British men aged 40–59 years showed that the risk
of cardiovascular mortality, fatal and non-fatal
myocardial infarctions, and new-onset T2DM rose
progressively from a BMI > 24.0.26 Another Finnish
study of 1209 men aged 42–60 years, who were
healthy at baseline, reported that cardiovascular
mortality, after adjusting for smoking and LDL cho-
lesterol levels, was 2.9–4.2 times greater in men
with the metabolic syndrome compared with those
without.27 A similar study of 1336 middle-aged
Lithuanian subjects showed that cardiovascular dis-
ease risk was 1.8 times higher in men aged 45–64
years with the metabolic syndrome compared to
those without.28

Obesity, particularly central visceral adiposity,
plays an important role in the progression from
metabolic syndrome to the onset of T2DM by pro-
moting insulin resistance and hyperinsulinemia. In
support of this is a study involving 575 middle-aged
Japanese men showing that a high visceral fat area
correlated strongly with impaired glucose tolerance
and the development of metabolic syndrome.29 A
prospective relationship between abdominal adipos-
ity and the risk of T2DM was also found among
1972 male participants in the Department of
Veterans Affairs Normative Aging Study cohort.30

Insulin secretion decreases with age even after
adjusting for differences in adiposity, fat distribution,

and physical activity.31 Hepatic uptake of elevated
free fatty acid release through the breakdown of
triglycerides (TGs) by insulin-resistant adipocytes
leads to increased hepatic production of TGs,
atherogenic small dense low-density lipoprotein
(LDL), and reduced high-density lipoprotein
(HDL) levels. Prolonged lipotoxicity may impair
β-cell function, induce further insulin resistance,
and impair glucose tolerance.32 C-reactive protein
(CRP) levels rise proportionately with increasing
number of components of the metabolic syn-
drome,33 and endothelial inflammatory processes
induced by sustained dyslipidemia ultimately result
in atherosclerosis.34 New-onset atrial fibrillation
and atrial flutter have also been associated with
obesity in middle-aged men.35 Higher levels of
plasma renin activity, angiotension-converting
enzyme, and aldosterone found in centrally obese
subjects are believed to perpetuate hypertension.36

Cancers
A prospective study involving 900 000 subjects
(average age 57 years) found that men with
BMI ≥ 40.0 had a higher age-adjusted mortality risk
of 52% from cancers, whereas there was no evidence
of increased risk among the leanest subjects.20

Interestingly, women in the same BMI category
had an even greater mortality risk of 62%.
Gastrointestinal cancers, particularly involving the
liver, pancreas, stomach, and colon, predominate.
The relative risk of cancer appeared to rise exponen-
tially with increasing BMI. The positive association
between obesity and mortality from cancers is  con-
sistent with animal studies showing that tumor inci-
dence and tumor growth may be reduced through
dietary restriction.37 It has been suggested that
non-alcoholic steatohepatitis leading to cryptogenic
cirrhosis may account for the increased incidence
of hepatocellular carcinoma in obese persons.38

Generally, however, the biologic mechanisms linking
obesity and cancer mortality are still poorly under-
stood; moreover, it is unclear to what extent obesity
affects cancer treatment and outcome.39

Pulmonary function
Obstructive sleep apnea (OSA), with its attendant
risks of the development of hypertension, stroke,

347

Obesity in middle-aged men

Lunenfeld-ch-26.qxd  8/23/2007  3:41 PM  Page 347



and myocardial infarction, is a well-known
complication of obesity. It has been suggested that
abdominal obesity may weaken respiratory muscle
dynamics, causing negative pressure to develop
during inspiration and resulting in upper airway
collapse and the development of OSA over time.40

Reduction in baroreceptor sensitivity (BRS), lead-
ing to elevated sympathetic activity, is thought to
play an important role in the development of hyper-
tension that affects about 40% of OSA sufferers.41

OSA has been shown to correlate positively with
a reduction in the pulsatile secretion of luteinizing
hormone, resulting in some degree of androgen defi-
ciency, in obese middle-aged men.42 Basal levels of
IGF-1 are markedly lower in obese men with OSA,
and there is evidence that OSA results in impair-
ment of growth hormone secretion and sensitivity.43

OSA may contribute to the development of insulin
resistance, independently of BMI, and elevated
plasma leptin levels are thought to be a marker of
OSA, as they are reduced with continuous positive
airway pressure (CPAP) therapy.41

Relative androgen deficiency
Plasma total testosterone levels are significantly
lower in men with visceral obesity compared to
their lean counterparts, independently of age.44,45

The cause and effect relationship between relative
androgen deficiency and obesity is controversial.
Conventionally, the former had been thought to
predispose towards the development of metabolic
syndrome and T2DM,46–48 and the relative androgen
deficiency that results from visceral adiposity may
have an adverse affect on metabolic status per se.49

Obesity, insulin resistance, and glucose homeostasis
have been reported to improve with testosterone
therapy in middle-aged men.50,51 Further supporting
evidence arises from the fact that although sus-
tained weight loss in centrally obese men led to
higher serum testosterone levels, no relationship
was seen between changes in androgen levels and
insulin sensitivity.52 However, a cross-sectional
study of 400 men aged 40–80 years showed that
higher levels of serum testosterone were associated
with better insulin sensitivity and a reduced risk of
the metabolic syndrome, independently of insulin

levels and body composition.53 Testosterone
replacement is effective in reducing fat mass, by
inducing lipolysis, and increasing muscle mass and
strength by increasing muscle protein synthesis and
growth through greater expression of IGF-1.54

Plasma testosterone levels in men are also inversely
associated with circulating leptin concentrations,
even after adjusting for fast mass,55 and testosterone
therapy reduces leptin levels.56

Dementia
Obese men (BMI ≥ 30.0) were reported to have a
30% increased risk of developing dementia in a
27-year longitudinal study involving 10 276 subjects
aged 40–45 years at baseline, although the outcome
was not statistically significant after adjusting for
mid-life and late-life comorbidities.57 Obese women
were twice as likely to have dementia compared to
those of normal weight. As elevated levels of CRP
are associated with increased adiposity58 and
dementia,59 there are postulations that obesity-
related inflammatory processes may be responsible
for neuronal degradation, cerebral atrophy, and
consequent cognitive decline.60

Stroke
A 23-year study of 9151 middle-aged men, who
were free of cardiovascular disease at baseline,
reported that truncal obesity carried a higher rela-
tive risk of up to 1.5 for stroke mortality even after
adjusting for systolic blood pressure, BMI, cigarette
smoking, and socioeconomic status.61 In a Swedish
cohort of 7402 healthy men aged 47–55 years who
were followed up over 28 years, a high BMI was
associated with an increased risk of total, ischemic
and unspecified strokes, but not hemorrhagic
stroke.62

Other comorbidities
Gastroesophageal reflux is commonly associated
with obesity, although it has been reported that
esophageal motility is not different from lean con-
trols.63 Accelerated osteoarthritis of weight-bearing
joints, depression, low self-esteem, and body-image
disturbance are other well-known associations of
obesity.64
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Assessment of obesity

Assessment should include quantifying and catego-
rizing the individual’s obesity status, detection of
any existing obesity-related comorbidities, and
understanding his current behavioral pattern per-
taining to energy balance. 

Anthropometric assessment
While precise methods of assessing body composition
utilizing dual energy X-ray absorptiometry (DEXA)
or bioelectrical impedance analysis (BIA) are avail-
able, measurement of BMI, calculated as weight (in
kilograms) divided by the square of height (in
meters), has conventionally been used as a clinical
screening tool to identify overweight and obese sub-
jects. The BMI provides an estimate of body fat and
has been shown, in longitudinal population studies,
to be positively correlated with increased morbidity
and mortality.64,65 In recognition of the fact that the
prevalence of overweight and obesity are generally
lower in Asian populations, lower BMI cutoffs have
been adopted for the Asia-Pacific region since 2000
by the International Obesity Task Force in collabora-
tion with the World Health Organization Western

Pacific Regional Office (Table 26.1).66 However, the
BMI does not distinguish between lean or fat tissue,
which may lead to erroneous conclusions. As it is the
increased amount of abdominal visceral fat mass that
is particularly linked to higher risk of obesity-related
disease states and mortality, waist circumference
measurement (made at the end of normal expiration
at the level of the iliac crest) is a more appropriate
indicator of abdominal adiposity, especially in older
men.67,68 A high waist circumference (defined
as ≥ 102 cm) in non-smoking men may be a better
predictor of all-cause mortality than high BMI.68

Moreover, population studies have shown that a large
waist circumference is associated with increased car-
diovascular risk independently of BMI.64 In a large
prospective study involving Japanese subjects aged
40–69 years, men had a lower proportion of body fat,
as well as a lower mortality risk, compared to women
for the same value of BMI.2

Risk assessment
In addition to anthropometric data, a detailed med-
ical history to elicit symptoms, or the presence of
established disease, concerning coronary disease,
cerebrovascular disease, T2DM, and OSA should be
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Table 26.1 Classification of weight by BMI

WHO (2000) NHLBI (1998) WPRO (2000)

BMI (kg/m2) Classification Terminology BMI (kg/m2) Classification

<18.5 Underweight Underweight <18.5 Underweight
18.5–24.9 Normal range Normal range 18.5–22.9 Normal range
25.0–29.9 Pre-obese Overweight 23.0–24.9 Overweight at risk
30.0–34.9 Obese I Obese I 25.0–29.9 Obese I
35.0–39.9 Obese II Obese II > 30.0 Obese II
> 40.0 Obese III Obese III

WHO (2000): World Health Organization: Obesity. Preventing and Managing the Global Endemic.
WHO Technical Report Series no 894. Geneva: WHO, 2000.
NHLBI (1998): The Obesity Task Force of the National Heart, Lung and Blood Institute:
Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and
Obesity in Adults – The Evidence Report. Obes Res 1998; 6: 51–209S.
WPRO (2000): Steering Committee. The Asia-Pacific perspective: redefining obesity and its treatment. Melbourne:
International Diabetes Institute, 2000.
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obtained. Metabolic status, paying particular atten-
tion to glucose tolerance, lipid profile, and hyper-
uricemia, should be evaluated. Liver function
should be assessed for the presence of steatohepati-
tis. Disease conditions that may contribute towards
obesity, such as Cushing’s syndrome and hypothy-
roidism, must be excluded. The impact of obesity on
the individual’s social function should also be
addressed. 

Dietary assessment 
An attempt should be made to fully understand the
patient’s food preferences and portions. A 3–7 day
food journal (including weekends) documenting
dietary patterns and behaviors, or a food frequency
questionnaire, is useful and may reveal an underly-
ing psychiatric binge-eating disorder. Age- and
gender specific energy equations – which estimate
energy intake against energy expenditure – are help-
ful in targeting net negative energy balance so as to
initiate gradual weight loss and achieve desired
body weight (Table 26.2).

Assessment of energy expenditure
Physical activity patterns may also be assessed
through an activity journal or questionnaire.

Barriers to exercise, such as osteoarthritis, existing
cardiopulmonary disease, and lack of time, confi-
dence, or social support, should be noted. 

Treatment of obesity

The objectives are to attain weight loss and main-
tain desired weight, and to treat existing obesity-
related disorders. A successful weight-loss program
requires an individualized multidisciplinary approach
involving the patient’s regular physician, endocri-
nologist, dietitian, nutritionist, exercise consultant,
and, in some cases, the general surgeon.

Lifestyle modification
Although, hypertension, dyslipidemia, and glucose
intolerance can be ameliorated independently of
weight loss, the ability to modify behavioral factors
and optimize cardiovascular risk factors is associated
with the maintenance of good health. Beginning a
moderately vigorous sports activity, quitting cigarette
smoking, maintaining normal blood pressure, and
avoiding obesity were separately associated with
lower rates of death from all causes and from coronary
heart disease among middle-aged and older men.69

Promoting energy deficit
Net negative energy balance, with the aim of
achieving some degree of weight loss, is best
attained through a combination of reduced energy
intake in conjunction with increased energy expen-
diture. Realistic targets should be set. An initial
goal of a minimum of 7–10% weight loss is prefer-
able rather than targeting the ideal BMI at once,
which may not be attainable.70 A rate of weight loss
of about 0.5–1.0 kg/week, which translates into a
calorie deficit of 3500–7000 kcal/week, is recom-
mended.71 A 10 kg reduction in weight may result in
a systolic blood pressure reduction of 5–20 mmHg.72

In a 20-year prospective study, weight loss was
associated with a lower risk of incident T2DM in
middle-aged men, although it did not produce any
significant cardiovascular benefit except in those
with BMI ≥ 27.5.73 However, for overweight individ-
uals in good health, there is no evidence to show
that mortality rates are reduced with weight loss.74
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Table 26.2 Age-specific energy balance equations
for men aged 30–60 years (World Health
Organization)

Activity level Activity factor

Light 1.55
Moderate 1.78
Heavy 2.10

Resting energy expenditure (REE)
per day = (11.3 × W) + (16 × H) + 901 kcal
Estimated total energy expenditure
(TEE) = REE × activity factor. 500–1000 kcal per day is
subtracted from the TEE to achieve energy deficit of
3500−7000 kcal per week.
W, weight in kilograms; H, height in meters.
Source: http://www.fao.org/DOCREP/003/AA040E/AA
040E00.HTM.
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Low-energy diets of 1000–1500 kcal/day may
require multivitamin and mineral supplementation,
particularly vitamins B6, B12, and folic acid to
restrict serum homocysteine levels. A folic acid
intake of 800 µg/day has been reported to reduce
coronary disease and stroke by 16% and 24%,
respectively.75 Diets reduced in (particularly
refined) carbohydrate, and low in saturated fat, with
increased protein and high in fiber (10–25 g/day)
may particularly benefit individuals with metabolic
syndrome or T2DM.70 Substitution of monounsatu-
rated fat for carbohydrate reduces postprandial
glycemia and hypertriglyceridemia.76 A meta-
analysis revealed that dietary sodium restriction had
a minimal effect on blood pressure reduction.77

Regular exercise is the best predictor of success-
ful weight maintenance. An increase in physical
activity leads to improved insulin sensitivity and
glucose tolerance, with a corresponding reduction
in all-cause and cardiovascular mortality.74 Aerobic
training is better than resistive training in raising
resting the metabolic rate in middle-aged men.78

Improvements in fitness have been shown to atten-
uate age-related increases in adiposity. People who
exercise regularly appear to accumulate less adipose
tissue in the upper and central body regions as they
get older, potentially reducing the risk for the meta-
bolic disorders associated with upper body obesity.79

Pharmacotherapy 
Pharmacotherapy is primarily aimed at initiating
weight loss, weight loss maintenance, and risk
reduction. The current evidence for long-term effi-
cacy is limited to sibutramine (2 years) and orlistat
(4 years), with 46% and 16% of subjects, respec-
tively, achieving ≥ 10% reduction of initial body
weight.80 The addition of orlistat results in further
weight loss, reduces waist circumference and insulin
resistance, and improves β-cell function and dyslipi-
demia in obese diabetic subjects who are already on
metformin.81 Sibutramine produces similar
improvements in metabolic profile.82 Both sibu-
tramine and orlistat, in conjunction with cognitive
behavioral therapy, have been reported to promote
weight loss in obese subjects with binge eating
disorder.83,84 In the XENDOS study, orlistat has

been reported to reduce the rate of incident T2DM
in middle-aged obese subjects with impaired glucose
tolerance.25 However, 12 months of treatment with
orlistat failed to influence the predicted 10-year car-
diovascular disease risk in middle-aged obese sub-
jects with one or more cardiovascular risk factors.85

Administration of leptin in humans led to some
degree of weight loss in obese individuals.86

Surgery
Bariatric surgery produces sustained, long-term
weight loss. Most of the current literature on the
effects of bariatric surgery involves more women than
men, but there is no evidence supporting any gender
differences in outcome. It is thought that the suppres-
sion of plasma ghrelin levels after Roux-en-Y
gastric bypass (RYGBP) is responsible for the main-
tenance of postsurgical weight loss.87 By contrast,
plasma ghrelin levels are seen to rise 1 year after
restrictive surgery, which may explain the superiority
of bypass surgery in maintaining weight loss com-
pared with restrictive surgery.88 RYGBP surgery has
been reported to reduce insulin resistance (measured
using a homeostasis model) 6 days after surgery, even
before any appreciable weight loss has occurred,
implying a possible role of gastrointestinal humoral
mechanisms in maintaining insulin resistance.89 Fat
mass before biliopancreatic diversion (BPD) surgery
was found to be the strongest predictor of weight loss
2 years after BPD while, conversely, age and the pres-
ence of T2DM were strong negative predictors.90

Middle-aged, morbidly obese individuals who under-
went bariatric surgery had a lower incidence of
T2DM and hypertriglyceridemia at 10 years, as well
as a more favorable metabolic profile, compared with
controls, although no difference was noted in hyper-
tension incidence.91
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CHAPTER 27

Diabetes in the elderly male:
nutritional aspects
John E Morley

We have to lament that our mode of cure is so con-
trary to the inclinations of the sick. Though per-
fectly aware of the efficacy of the [diet] regimen, and
the impropriety of deviations, yet they commonly
trespass, concealing what they feel as a transgression
on themselves. They express a regret that a medicine
could not be discovered however nauseous or dis-
tasteful, which would suppress the necessity of any
restriction of diet.

John Rollo, 1798

Introduction

Over half of all diabetics in the United States are
over 60 years of age. Diabetes occurs more com-
monly in males than in females (Figure 27.1). In
men aged 65 to 74 years, 21% have diabetes with
43% of them being undiagnosed. In the older old
(75 years of age or older), 24% of men have diabetes
with a quarter of them being undiagnosed.
Approximately, two-thirds of older diabetics are
being treated, but only 16% have adequate control.
In nursing homes approximately 30% of patients
have diabetes mellitus. Most older persons with dia-
betes mellitus are now living in the developing
world.

Diabetes accelerates the aging process. At the
cellular level, hyperglycemia decreases the DNA
unwinding rate, increases collagen cross-linking,
decreases Na+K+ATPase activity, and increases cap-
illary basement membrane thickening.1 Clinically,

diabetics are more likely to have cataracts and other
visual disturbances, increased atherosclerosis,
decreased cognition, increased dysphoria, injurious
falls, and a decline in functional status compared to
age-matched controls. 

Pathogenesis of diabetes in older
persons

With aging there is a decrease in both insulin-medi-
ated glucose disposal and non-insulin-mediated glu-
cose utilization.2 In addition, many older persons
have a decrease in glucose-induced insulin release.

30

25

20

15

10

5

0
65–74

Men Women

>75 65–74 >75

Figure 27.1 Diabetes occurs more commonly in
males than in females.
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Obesity is associated with a decline in the produc-
tion of gastrointestinal incretins, viz glucagon-like
peptide-1 and gastric inhibitory peptide, which leads
to reduced insulin levels. In younger type 2 diabet-
ics, fasting hepatic glucose output is increased,
whereas this is much less common in older persons.
In addition, it is now recognized that unlike in
middle aged type 2 diabetics, older diabetics are
often not obese.

With aging, a number of mitochondrial abnor-
malities tend to accumulate. This leads to a reduc-
tion in mitochondrial flux and, therefore, a
reduction in the utilization of intracellular lipid.3

Thus, triglycerides and free fatty acids accumulate
within the cell leading to autophosphorylation of
insulin receptor substrate that leads to reduced acti-
vation of the glucose transporter (GLUT) when
insulin activates its receptor.

Because of these differences in diabetes between
middle-aged and older diabetics, we have suggested
that older diabetics have a type 1½ diabetes, i.e.,
their diabetes is intermediate between types 1 and 2
(Table 27.1).4

The metabolic syndrome

The Dutchman, Nicholaes Tulp, was the first
to describe the hypertriglyceridemia syndrome.
GB Morgagni (1682–1771) described a syndrome of
visceral obesity, hypertension, hyperuricemia,

atheroma, and sleep apnea. In 1977, Haller named
this the metabolic syndrome, and in 1991
Ferrannini called it the insulin resistance syndrome.
The criteria for the metabolic syndrome are shown
in Table 27.2. Like diabetes, the metabolic syn-
drome increases with age, reaching nearly 44% of
the population aged 60 to 69 years. It is also slightly
more common in men than in women.

The metabolic syndrome can be considered the
‘couch potato’ syndrome. It occurs in persons with a
genetic predisposition who overeat and do not exer-
cise and, thus, develop predominantly visceral obe-
sity. Visceral obesity is associated with the increased
production of tumor necrosis factor alpha, inter-
leukin-6, and leptin, and a decline in adiponectin,
leading to insulin resistance and hyperinsulinemia.
The components of the metabolic syndrome include
diabetes mellitus, hypertension, hyperuricemia,
coagulation abnormalities, lipid abnormalities,
myosteatosis (fatty infiltration into muscle), and
non-alcoholic steatohepatitis (Figure 27.2). This
leads to a 2- to 4-fold increase in the risk of devel-
oping myocardial infarction and cerebrovascular
accidents. In a person with hypertension, having
the other components of metabolic syndrome dou-
bles their cardiovascular risk, and increases the risk
of chronic renal disease and microalbuminuria.

The major lipid abnormality of the metabolic
syndrome is hypertriglyceridemia. The increased
levels of triglycerides leads to a reduction in high-
density lipoprotein (HDL) (including HDL-2 parti-
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Table 27.1 Comparison of diabetes mellitus in young, middle-aged and old males

Type 1 Type 1½ Type 2 

Age Young Old Middle-aged

Body habitus Thin Thin with visceral adiposity Obese
Insulin levels Very low Low High
Insulin-mediated glucose disposal Normal Mild decrease Markedly decreased
Non-insulin-mediated glucose disposal Normal Decreased Normal
Fasting hepatic glucose output Increased Normal Increased
Therapeutic agent of choice Insulin Thiazolidinedione Metformin
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Table 27.2 Criteria for the metabolic syndrome

Criteria NCEP ATP III26 1999 WHO27

Insulin resistance — Essential
Fasting glucose (mmol/l) > 6.1 > 6.1
2-hour glucose (mmol/l) — > 7.8
Blood pressure (mm/Mg) > 130/85 > 140/80
Triglycerides (mmol/l) > 1.0 > 0.9
HDL (mmol/l) 

males < 1.0 < 0.9
females < 1.3 < 1

Body mass index — > 30
Waist to hip ratio

males — > 0.9
females — > 0.85

Waist circumference
males > 102 (Asian 90) —
females > 88 (Asian 80) —

Microalbuminuria (mg/g creatinine) — > 30

Metabolic
syndrome

Diabetes mellitus

Hyperinsulinemia
Insulin resistance Hypertension

Hyperuricemia

Coagulation
abnormalities
e.g., ↑ plasminogen
activator inhibitor-1

Lipid abnormalities
e.g., ↑ small dense LDL
↑ triglycerides
↑ HDL

Hepatic steatosis

Myosteatosis

Figure 27.2 Components of the metabolic syndrome.
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cles with the loss of apolipoprotein-A1) and an
increase in small dense low-density lipoprotein
(LDL) particles. Small dense LDL is highly athero-
genic, being retained preferentially by the arterial
wall and being readily oxidized. Cholesterol ester
transfer protein exchanges very-low-density
lipoprotein (VLDL) triglycerides for LDL choles-
terol. The hydrolysis of triglyceride-rich LDL leads
to the formation of small dense LDL particles. The
cardiovascular risk in persons with small dense LDL
particles is 3-fold higher than in those with large
fluffy LDL particles. Triglyceride elevation appears
to be less of a risk factor in men than in women.

There is increasing evidence that the nuclear
receptor family of peroxisome proliferators activated
receptors (PPARs) are important cellular mediators of
the metabolic syndrome (Figure 27.3). PPARα ago-
nists (e.g., gemfibrozil or fenofibrate) decrease triglyc-
erides and small dense LDL and increase HDL, are
anti-inflammatory (decrease CRP, cytokines, and cell
adhesion molecules), increase reverse cholesterol
transport in atherosclerosis, and decrease β-cell lipo-
toxicity in the pancreatic islets. However, in muscle
and heart they have negative effects, increasing insulin
resistance in muscle and producing a cardiomyopathy.
PPARδ agonists (e.g., thiazolidinediones) increase
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(↑,= increase; ↓,= decrease; boxed effects are negative; sd,= small dense)

PPARα

↑ Cardiomyopathy
↑ Insulin resistance

↑ Lipid accumulation
 in adipocytes

PPARδ

↓ Triglycerides
↓ sd LDL
↑ HDL

Anti-inflammatory

↑ Reverse
cholesterol
transport in
arteries

↓ Pancreatic
β-cell
lipotoxicity

↑ Glucose disposal

↑ HDL
↓ Triglycerides
↓ LDL

PPARgAnti-inflammatory

↓ Lipid accumulation in adipocytes
Prevention of obesity

↓ Hepatic glucose output

Figure 27.3 Effects of the PPARs that may be involved in the metabolic syndrome. ↑, = increase; ↓, = decrease;
boxed effects are negative; sd, = small dense.
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glucose disposal and have an anabolic role to increase
cellular incorporation of lipids. A PPARδ resistance
syndrome has been reported that consists of insulin
resistance, hypertension, dyslipidemia, diabetes melli-
tus, hepatic steatosis, and partial lipodystrophy. A
common genetic variant of PPARδ (Pro 12 Ala)
results in type 2 diabetes associated with an increase in
body mass index. PPARδ activation leads to decreased
hepatic glucose output, increased HDL cholesterol,
decreased serum triglycerides, reduced adipose tissue,
increased muscle endurance capacity, and anti-inflam-
matory effects in macrophages.

Centenarians tend to have high levels of large
fluffy LDL. In older males treatment should be tar-
geted at lowering small dense LDL and not total
LDL or cholesterol. Further understanding of PPAR
metabolism should lead to appropriate drugs to
move this area forward.

Reasons for maintenance of
euglycemia in diabetics

Maintenance of diabetic control is important for
many reasons:5

• Prevention of hyperglycemic comas
• Prevention of retinopathy, neuropathy and

nephropathy
• Prevention of glucose toxicity

� accelerated aging
� trace mineral loss in urine
� infection
� dehydration
� incontinence/nocturia
� excess pain
� cognitive decline.

Diabetes and functional status

Multiple studies have shown that diabetes mellitus is
associated with a decline in functional status in older
persons.6,7 Diabetes leads to diabetics reading less, gar-
dening less, using the telephone less, writing letters
less, and going out socially less.8 Diabetics are more
likely to have injurious falls than non-diabetics.6

Diabetes and the stomach

Hyperglycemia is associated with delayed stomach
emptying.9 This is associated with worse gastrointesti-
nal symptoms such as heartburn, nausea, dysphagia,
diarrhea, constipation, fecal incontinence, and post-
prandial fullness. Changes in the rate of stomach
emptying also alter the ability to adequately control
diabetes. Elevated glucose levels 2 hours following a
meal are more closely associated with cardiovascular
disease than are fasting glucose levels.10

Both older persons and persons with diabetes
may have marked falls in blood pressure following a
meal.11 This is due to glucose and is produced by
release of the vasodilatory peptide, calcitonin gene
related peptide.12 This effect is more common in the
morning and is variable. It is associated with falls,
syncope, stroke, myocardial infarction, and death.

Diabetics have increased gut wall permeability.13

This leads to translocation of bacteria into the lym-
phatic and portal systems. These bacteria release
lipopolysaccharides which activate monocytes to
produce tumor necrosis factor alpha and inter-
leukin-6. This excess of cytokines results in sarcope-
nia and immune dysfunction. Our studies have
suggested that the prebiotic oligofructosaccharides
attenuate production of mRNA for both inter-
leukin-6 and tumor necrosis factor.

Diet and diabetes

It is now well recognized that therapeutic diabetic
diets have little effect on glycemic control in older
diabetics.14,15 These should no longer be used at all
in institutional settings. As older persons who lose
weight, particularly men, have poor outcomes,
weight loss needs to be avoided.16

However, as shown in Figure 27.4, avoidance of
extremely high postprandial levels of glucose and
triglycerides and delayed return to baseline levels
can be remarkably toxic to tissues, especially
arteries. Smoothing of the postprandial curves
can be done by enriching the diet either in fiber
or unsaturated fatty acids.17 Administration of
omega-3 fatty acids not only lowers triglyceride
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levels in diabetics, but also decreases lipid peroxida-
tion and increases glutathione peroxidase.18 Fish oils
also increase learning and memory, which is often
impaired in diabetics.

Zinc and diabetes

Diabetics lose zinc in the urine and have poor zinc
absorption.19,20 About 9% of diabetics are zinc defi-
cient. Zinc deficiency leads to immune dysfunction,
e.g., decreased phytohemaglutin. T-cell prolifera-
tion and zinc serum thymic factor increased lipid
peroxidation, decreased antioxidant activity,
decreased wound healing, decreased testosterone,
and decreased insulin growth factor-1.

Vitamin D, diabetes, and frailty

With aging there is a decline in vitamin D levels.21

In men with type 2 diabetes there is a marked
increase in hip fractures.22 Hypovitaminosis D is
common in medical patients with diabetes.23

Vitamin D supplementation with calcium improves
strength and performance in older persons with low
vitamin D levels.24

Other nutritional issues25

• Low magnesium is common in diabetes and may
be related to increased systolic hypertension.

• The role of chromium remains unclear in age-
related hyperglycemia.

• High copper levels may accelerate atherosclerosis.
• Vitamin B12 deficiency is common in diabetics

and leads to increased homocysteine. This is
related to increased atherosclerosis, cognitive
decline, and hip fracture.

• High doses of vitamin C and E can interfere with
the glucose oxidation reaction used to measure
blood glucose levels.

Conclusions

As so aptly pointed out by Aretaeus of Cappadocia,
‘diabetes mellitus is a mysterious disease … where the
flesh and limbs melt into the urine.’ The dietary man-
agement of older persons with diabetes requires their
diets being tailored to the needs of the person with,
in most cases, weight maintenance being the goal.
Hypertriglyceridemia, the main cause of small dense
LDL, requires attention in older persons with diabetes

Textbook of health in aging men

360

Time

Fiber
Unsaturated fatty
acids

Food

Tissue oxidation
Tissue glycation
Postprandial hypotension
Cognitive impairment
Loss of trace elements

↑Small dense LDL
Lipid peroxidation
Hypercoaguability
Endothelial dysfunction

Glucose
Triglycerides

Figure 27.4 Effect of food on glucose and triglycerides and their effects on tissues and function in diabetics. Fiber
and unsaturated fatty acids modulate the glycemic and triglyceride curves and accelerate the return to basal levels.
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or insulin resistance. Unsaturated fatty acids may be
important in this setting. Zinc replacement should be
considered in diabetics with either vascular or pres-
sure ulcers. Postprandial hyperglycemia needs to be
limited wherever possible. Older diabetics need to
receive calcium and vitamin D to prevent hip frac-
ture. The need for magnesium and vitamin B12
should be regularly monitored in older diabetics.
Finally, malnutrition is common in hospitalized and
institutionalized older diabetics. They often will
require increased calories to reach this goal.

References

1. Hartnell JM, Morley JE, Mooradian AD. Reduction
of alkali-induced white blood cell DNA unwinding
rate: a potential biomarker of aging. J Gerontol 1989;
44: B125–30.

2. Meneilly GS, Tessier D. Diabetes in elderly adults. J
Gerontol Med Sci 2001; 56: M5–13.

3. Petersen KF, Befroy D, Dufour S et al. Mitochondrial
dysfunction in the elderly: possible role in insulin
resistance. Science 2003; 300: 1140–2.

4. Morley JE. Diabetes mellitus: a major disease of older
persons. J Gerontol Med Sci 2000; 55: M255–6.

5. Morley JE, Perry HM 3rd. The management of diabetes
mellitus in older individuals. Drugs 1991; 41: 548–65.

6. Rodriquez-Saldana J, Morley JE, Reynoso MT et al.
Diabetes mellitus in a subgroup of older Mexicans:
prevalence, association with cardiovascular risk fac-
tors, functional and cognitive impairment, and mor-
tality. J Am Geriatr Soc 2002; 50: 111–16.

7. Miller Dk, Lui LY, Perry HM 3rd, Kaiser FE, Morley
JE. Reported and measured physical functioning in
older inner-city diabetic African Americans. J
Gerontol Med Sci 1999; 54A: M230–6.

8. Sinclair AJ. Diabetes in the elderly: a perspective
from the United Kingdom. Clin Geriatr Med 1999;
15: 225–37.

9. Rayner CK, Horowitz M. Gastrointestinal motility
and glycemic control in diabetes: the chicken and
the egg revisited? J Clin Invest 2006; 116: 299–302.

10. Leiter LA, Ceriello A, Davidson JA et al.
International Prandial Glucose Regulation Study
Group. Clin Ther 2005; 27(Suppl B): S42–56.

11. Morley JE. Editorial: postprandial hypotension–the
ultimate Big Mac attack. J Gerontol Med Sci 2001;
56A: M741–3.

12. Edwards BJ, Perry HM 3rd, Kaiser FE et al.
Relationship of age and calcitonin gene-related
peptide to postprandial hypotension. Mech Ageing
Development 1996; 87: 61–73.

13. Mooradian AD, Morley JE, Levine AS, Prigge WF,
Gebhard RL. Abnormal intestinal permeability to sug-
ars in diabetes mellitus. Diabetologia 1986; 29: 221–4.

14. Coulston AM, Mandelbaum D, Reaven GM. Dietary
management of nursing home residents with non-
insulin-dependent diabetes mellitus. Am J Clin Nutr
1990; 51: 67–71.

15. Tariq SH, Karcic E, Thomas DR et al. The use of a
no-concentrated-sweets diet in the management of
type 2 diabetes in nursing homes. J Am Dietetic
Assoc 2001; 101: 1463–6.

16. Wilson MM, Morley JE. Invited review: aging and
energy balance. J Appl Physiol 2003; 95: 1728–36.

17. Gerhard GT, Ahman A, Meeuws K et al. Effects of a
low-fat diet compared with those of a high-monoun-
saturated fat diet on body weight, plasma lipids and
lipoproteins, and glycemic control in type 2 diabetes.
Am J Clin Nutr 2004; 80: 668–73.

18. Neff LM. Evidence-based dietary recommendations
for patients with type 2 diabetes mellitus. Nutr Clin
Care 2003; 6: 51–61.

19. Niewoehner CB, Allen JI, Boosalis M, Levine AS,
Morley JE. Role of zinc supplementation in type II
diabetes mellitus. Am J Med 1986; 81: 63–8.

20. Kinlaw WB, Levine AS, Morley JE, Silvis SE,
McClain CJ. Abnormal zinc metabolism in type II
diabetes mellitus. Am J Med 1983; 75: 273–7.

21. Perry HM 3rd, Horowitz M, Morley JE et al.
Longitudinal changes in serum 25-hydroxyvitamin D
in older people. Metabolism 1999; 48: 1028–32.

22. Holmberg AH, Johnell O, Nilsson PM et al. Risk fac-
tors for hip fractures in a middle-aged population: a
study of 33 000 men and women. Osteoporos Int
2005; 16: 2185–94.

23. Chiu KC, Chu A, Go VL, Saad MF. Hypovitaminosis
D is associated with insulin resistance and beta cell
dysfunction. Am J Clin Nutr 2004; 59: 820–5.

24. Bischoff-Ferrari HA, Orav EJ, Dawson-Hughes B.
Effect of cholecalciferol plus calcium on falling in
ambulatory older men and women: a 3-year random-
ized controlled trial. Arch Intern Med 2006; 166:
424–30.

25. Mooradian AD, Morley JE. Micronutrient status in
diabetes mellitus. Am J Clin Nutr 1987; 45: 877–95.

26. National Institute of Health. Third Report of the
Nation Cholesterol Education Program Expert Panel
on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel
III). Bethesda, MD: National Institutes of Health;
NIH Publication 2001: 01–3670.

27. Hanley AJ, Wagenknecht LE, D, Agostino RB,
Zinman B, Haffer SM. Identification of subjects with
insulin resistance and beta-cell dysfunction using
alternative definitions of the metabolic syndrome.
Diabetes. 2003; 52: 2740–47.

361

Diabetes in the elderly male: nutritional aspects

Lunenfeld-ch-27.qxd  8/23/2007  4:18 PM  Page 361



Lunenfeld-ch-27.qxd  8/23/2007  4:18 PM  Page 362



363

CHAPTER 28

Lipids through the ages
Margaret-Mary G Wilson

There are no such things as applied sciences, only
applications of science.
Louis Pasteur 
French biologist & bacteriologist (1822–1895)1

Introduction

Discovery of the low-density lipoprotein (LDL) recep-
tors by Brown and Goldstein in 1976 facilitated
aggressive research into the clinical implications and
therapeutic modulation of lipid disorders.2 Several
decades later, knowledge of basic physiologic concepts
of lipoprotein metabolism remains critical to fully
understanding the management of dyslipidemias. 

Dyslipidemia describes abnormal lipid metabo-
lism resulting in quantitative or qualitative changes
in lipoprotein particles that increase the risk of
coronary heart disease. Physiologically significant
changes include decreased concentration of high-
density lipoprotein (HDL) cholesterol, hyper-
triglyceridemia, elevated concentration of LDL,
and/or increased density of LDL particles. Several
mechanisms have been implicated in the etiology of
dyslipidemias. Genetic theories such as mutations of
dominantly expressed genes encoding receptors,
enzymes, or proteins involved in lipoprotein metab-
olism have been implicated in familial hyperlipi-
demia. However, dyslipidemia is more likely to
result from a polygenic manifestation of environ-
mental influences on genetic make-up.3–5

Clinical implications of dyslipidemias in
older adults are manifest in the pathogenesis of

atherosclerotic vascular disease. Extensive data link
the treatment of dyslipidemias with a reduction in
the incidence of coronary artery disease and cere-
brovascular disease. Dietary and lifestyle changes
are generally considered the first-line therapy for
the management of dyslipidemias. Failure to reach
target goals generally justifies institution of lipid-
lowering agents. Available data from a meta-analy-
sis of randomized trials indicate that statins, the
most commonly used lipid-lowering medications,
reduce the risk of coronary heart disease by 31% and
all-cause mortality by 21% regardless of age and
gender.6 Similar studies support the use of statins in
the secondary prevention of cerebrovascular
events.7

Cholesterol, diet, and atherogenesis

Although the precise role of dietary modulation in
atherogenesis is not fully understood, limitations of
dietary restriction as an effective lipid-lowering
strategy are becoming increasingly evident as alter-
native theories of atherogenesis evolve.
Nonetheless, the effect of diet on vascular reactiv-
ity, lipid metabolism kinetics, and antioxidant
potential continues to prompt aggressive research
into the development of therapeutic modalities tar-
geting atherosclerosis. 

Data from human studies indicate that elevated
atherogenic lipoproteins, regardless of the mecha-
nism of increase, are a major prerequisite for disease.
Evidence also supports a pivotal role for the
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endothelium, as an inflammatory mediator, and
positions oxidatively modified LDL as a major
player in monocyte recruitment and foam cell for-
mation (Figure 28.1).8

Animal models provide convincing evidence that
diet is implicated in the atherogenic response to vas-
cular injury. Following ingestion of a high fat and high
cholesterol diet, apolipoprotein E (apoE)-deficient
mice accumulate lipoprotein particles within the vas-
cular intima. Consequently, monocytes migrate into
the intima and transform into foam cells that rapidly
result in the formation of fatty streaks and fibrous
plaques, markers of advanced atherosclerosis.9 Animal
studies show that consumption of oxidized cholesterol
produces increased aortic wall cholesterol concentra-
tion and accelerated development of atherosclerotic
lesions. When rabbits were fed oxidized fatty acids or
oxidized cholesterol, the fatty streak lesions in the
aorta were increased by 100%. Moreover, dietary oxi-
dized cholesterol significantly increased aortic lesions in
apoE- and LDL receptor-deficient mice.10 Furthermore,
consumption of cholesterol-rich processed foods
modulates absorption kinetics and tissue uptake of
chylomicrons by delaying plasma clearance.11 These

findings explain the increased frequency of coronary
atherosclerosis in immigrant Indian populations with
a relatively high consumption of ghee, a butter prod-
uct rich in cholesterol oxides.12 Similarly, a Western
diet rich in oxidized fats would increase the risk of
arterial atherosclerosis. 

Oxidized LDL particles are implicated in the
inflammatory phase of atherogenesis. Suggested
pathogenetic mechanisms include liberation of
growth factors, such as macrophage colony stimu-
lating factor, inhibition of endothelial nitrous oxide
synthase, and preferential binding of monocytes
over neutrophils.13 Dietary factors may also influ-
ence atherogenesis by modulating the burden of
intracellular oxidative metabolic stress. ApoE-
deficient mice on a lipid-poor diet exhibit compar-
atively low vascular lipid hydroperoxide content
and reduced reactive molecular oxygen genera-
tion.14 Dietary intervention has been shown to
enhance atherosclerotic disease regression and
improve clinical outcome. Data from a systematic
review by Hooper and others show that reduction of
dietary fat intake can result in an overall decrease
in serum cholesterol by 11%. In the same study

364

Circulating LDL-C

Circulating monocytes

Macrophage

Foam cell

Oxidized LDL-C

Vascular endothelial injury

Cell-mediated
oxidation

Foam cell necrosis

Oxidized LDL-C
internalization

Monocyte chemotaxis

Figure 28.1 Vascular endothelium and atherogenic inflammation.

Lunenfeld-ch-28.qxd  8/23/2007  4:19 PM  Page 364



cardiovascular morbidity and mortality was reduced
by 16% and 9%, respectively.15 Similar data from a
meta-analysis of 19 randomized controlled trials
showed a reduction ranging from 8.5% at 3 months
to 5.5% at 12 months following modification of
dietary lipid consumption.16 Benefits of dietary
modulation in lowering serum lipids are also evi-
dent from data derived from studies examining the
efficacy of Step I and II dietary recommendations
from the United States National Cholesterol
Education Program in lowering serum lipid levels.17

Dietary macronutrient interactions may play a
role in atherogenesis by altering the metabolic bal-
ance of oxidation damage and defense. The latter
theory has been proffered as a likely explanation for
the cardioprotective effect of the ‘Mediterranean
diet’, which encourages increased consumption of
mono- and unsaturated fatty acids, particularly
linolenic acid, by increasing the ratio of plant foods
to animal products in the diet.18–22 Several factors
may explain the cardioprotective effect of the
Mediterranean diets, including the relatively high
concentration of flavinoids. Flavinoids are among
the most potent antioxidants.23 In addition,
quercetin, a specific flavinoid present in large quan-
tities in most Mediterranean plant foods, is a potent
inhibitor of free radical damage and platelet aggre-
gation. Guercetin also facilitates regeneration of
oxidized tocopherol.24

The National Cholesterol Education Program
(NCEP) Adult Treatment Panel III (ATP III) recom-
mends lifestyle changes in diet and physical activity
in the management of hyperlipidemia. Nevertheless,

despite several studies indicating the efficacy of
non-pharmacologic measures, dyslipidemia is most
commonly treated with drug therapy.25,26

Lipid-lowering pharmacologic
therapy 

Statins are generally considered the ideal drug
choice for the management of hyperlipidemias.
These agents exert their lipid-lowering effect by
inhibiting the action of the enzyme 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reduc-
tase, thereby blocking hepatic synthesis of
cholesterol. Several primary and secondary preven-
tion trials support a beneficial role for statin therapy
in coronary artery disease (Tables 28.1 and 28.2).
One of the earliest studies to indicate a positive
benefit from statin therapy was the Scandinavian
Simvastatin Survival Study (4S), which showed
survival benefit from lipid-lowering therapy in
hyperlipidemic patients with proven coronary
artery disease (CAD). Simvastatin therapy was also
associated with a significant reduction in the inci-
dence of non-fatal cardiac events and revasculariza-
tion procedures.27

Results from both the Cholesterol and Recurrent
Events (CARE) trial and the Long-term Intervention
with Pravastatin in Ischemic Disease (LIPID) trial
demonstrated positive benefit from pravastatin. In the
CARE trial patients with CAD who did not have
very high lipid levels (LDL < 240) exhibited a signifi-
cant reduction in fatal and non-fatal cardiac events,
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Table 28.1 Statin therapy and hyperlipidemia: primary prevention trials

Trials Significant risk reduction 

West of Scotland Coronary Prevention Non-fatal MI + cardiac deaths: 40%
Study Group (WOSCOPS)46 All-cause mortality: 28% 
Air Force/Texas Coronary Atherosclerosis 1st  acute coronary event + sudden  
Prevention Study (AFCAPS/TexCAPS)48 cardiac death: 37%
Anglo-Scandinavian Cardiac outcomes Non-fatal + fatal MI: 36% 
trial – Lipid Lowering Arm (ASCOT-LLA)49 Non-fatal + fatal stroke: 27% 
Collaborative Atorvastatin Diabetes Acute coronary events: 35% 
study (CARDS)70 Stroke: 47% 
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strokes, and revascularization procedures following
pravastatin therapy.28,29 Data also indicated that
patients with lipid levels well within normal also ben-
efited from statin therapy.30 In the LIPID trial pravas-
tatin therapy was associated with a 24% reduction in
cardiac death and a 22% reduction in all-cause mor-
tality. Thus, both the CARE and LIPID trials lent cre-
dence to the efficacy of statin therapy in patients with
CAD and normal cholesterol levels.29,31

In the Heart Protection Study (HPS), patients at
high risk of a coronary event benefited from simvas-
tatin 40 mg daily, regardless of LDL level, over a 5-
year period. All-cause mortality was reduced by
13% and there was a 25% reduction in cardiac
events, strokes, and revascularization procedures
over a 5-year period.32 The Veterans’ Affairs High-
Density Lipoprotein Cholesterol Intervention Trial
(VA-HIT) examined the effect of raising HDL cho-
lesterol levels in patients with average LDL and
triglyceride levels using gemfibrozil. Although ben-
efit from gemfibrozil therapy was not evident until
after 2 years of treatment, there was a significant
reduction in the incidence of strokes, transient

ischemic attacks, and carotid endarterectomies.33

Further analyses revealed specific benefit in men
with CAD who had diabetes. This cohort exhibited
a 32% reduction in cardiac events and a 41% reduc-
tion in cardiac deaths.34 Gemfibrozil therapy had a
negligible effect on LDL levels in the VA-HIT
study. It has been suggested that the combined use
of statin and gemfibrozil may achieve the optimal
lipid profile, however the increased risk of statin-
induced myopathy with this combination outweighs
any conceivable benefit. 

Benefits of early and aggressive lipid lowering in
patients with acute coronary syndrome were specifi-
cally addressed in the Myocardial Ischemia Reduction
with Aggressive Cholesterol Lowering (MIRACL)
trial. This study showed that initiation of atorvastatin
(80 mg/day) therapy 24–96 hours after an acute coro-
nary syndrome reduced the incidence of cardiac arrest
with resuscitation, non-fatal myocardial infarction,
non-fatal stroke, and recurrent symptomatic myocar-
dial ischemic events requiring emergency hospitaliza-
tion. Atorvastatin therapy in the MIRACL trial did
not reduce the risk of coronary artery bypass surgery or
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Table 28.2 Statin therapy and hyperlipidemia: secondary prevention trials

Trials Significant risk reduction 

Scandinavian Simvastatin Survival Study (4S)27 All-cause mortality: 30% 
Coronary mortality: 42% 
Revascularization: 37% 

Cholesterol and Recurrent Events (CARE) trial28 Fatal or non-fatal MI: 24 %
CABG: 26%
Angioplasty: 23%
Stroke: 31%

Long-term Intervention with Pravastatin in Ischemic Cardiac death: 24% 
disease (LIPID)29 All-cause mortality: 22% 
Heart Protection Study (HPS)32 All-cause mortality: 13%

Cardiac events, strokes,
revascularization: 25% 

Veterans’ Affairs High-Density Lipoprotein Cholesterol CAD, non-fatal MI, stroke: 24% 
Intervention Trial (VA-HIT)33 Coronary event: 22%
Myocardial Ischemia Reduction with Aggressive All-cause mortality, non-fatal MI,
Cholesterol Lowering (MIRACL)36 resuscitated cardiac arrest,

recurrent ischemia requiring
hospitalization: 16%
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revascularization procedures. Notably, in the MIR-
ACL trial there was no lower limit to the LDL level
acceptable for inclusion in the trial and the mean
LDL level for subjects on atorvastatin therapy was
72 mg/dl.35,36 Initiation of statin therapy immediately
after an acute coronary syndrome (ACS) is also sup-
ported by data from two other randomized controlled
trials, the Pravastatin Turkish Trial, and the Lipid-
Coronary Artery Disease (L-CAD) study. Additionally,
Pitt and others in the Aggressive Lipid-Lowering
Therapy Compared with Angioplasty in Stable
Coronary Artery Disease (AVERT) trial concluded
that, in low-risk patients with stable coronary artery
disease, aggressive lipid-lowering therapy may be as
effective as angioplasty and usual care in reducing the
incidence of coronary ischemic events. In contrast to
the aforementioned studies, data from the Fluvastatin
on Risk Diminishing After Acute Myocardial
Infarction (FLORIDA) study failed to show any
clinical benefit.37,38

Head-to-head trials examining the comparative
efficacy of statins, such as the Reversal of
Atherosclerosis with Aggressive Lipid Lowering
(REVERSAL), the Pravastatin or Atorvastatin
Evaluation and Infection Therapy trial (PROVE-
IT), and the Treating to New Targets (TNT) trial,
all demonstrated positive cardiovascular benefit
from high-dose statin therapy in subjects with coro-
nary artery disease.39 In addition, the Reversal of
Atherosclerosis with Aggressive Lipid Lowering
(REVERSAL) trial examined regression of coronary
atherosclerosis, demonstrating a reduction in
plaque volume with atorvastatin therapy.40–43

Notably the TNT trial was the first study specifi-
cally designed to examine goals of therapy. Results
of this study showed that subjects who attained a
therapeutic LDL target of 75 mg/dl had significantly
greater reductions in strokes, non-fatal cardiac
events, and cardiac deaths.44,45

The West of Scotland Coronary Prevention Study
(WOSCOPS) was the first study to examine the
effect of statins as primary prevention. Pravastatin
administered over a 6-month period to middle-aged
men (45–64 years) with hyperlipidemia (mean LDL
levels 192 mg/dl), but without a history of CAD,
resulted in a 40% risk reduction in non-fatal myocar-
dial infarction or cardiac deaths, and a 28% reduction

in all-cause mortality.46 Findings of the Air
Force/Texas Coronary Atherosclerosis Prevention
Study (AFCAPS/TexCAPS) extended the benefits of
statins as primary prevention to patients with even
lower LDL cholesterol levels (mean 150 mg/dl).
Following 5 years of statin therapy, there was a signif-
icant reduction in the incidence of fatal and non-fatal
acute coronary syndromes as well as sudden cardiac
death.47,48 Similar findings were observed in the
Anglo-Scandinavian Cardiac Outcomes Trial – Lipid
Lowering Arm (ASCOT-LLA), where hypertensive
patients with multiple risk factors for CAD, regardless
of lipid levels, demonstrated a significant reduction in
non-fatal and fatal MI and strokes within 12 months
of atorvastain therapy.49,50

Approach to hyperlipidemia in the
aging adult

Based on results of the aforementioned studies, rec-
ommendations of the Expert Panel on Detection,
Evaluation and Treatment of High Blood
Cholesterol in Adults were incorporated into the
revised National Cholesterol and Education
Program guidelines. Proponents of the revisions
favor a lower threshold for the initiation of statin
therapy and a therapeutic goal for serum LDL levels
of < 70 mg/dl in high-risk adult patients.51

Clinical applicability of statin therapy in the geri-
atric patient population is less clear as subjects over
the age of 75 years are poorly represented in the
majority of these studies. Thus the assumption that
hypercholesterolemia has equally sinister implica-
tions in older adults is based mainly on data extrapo-
lated from younger subjects. In the Heart Protection
Study (HPS), a comparable reduction in the inci-
dence of adverse cardiac and vascular events was
achieved in younger subjects and subjects over 65
years.32 However, few patients over the age of 80
years were included in the study, thus the clinical
implications of the findings in the HPS cannot be
extended to octogenarians or beyond. Positive bene-
fits were observed following statin therapy in the
pravastatin in elderly individuals at risk of vascular
disease (PROSPER) trial. Older subjects aged
between 70 and 82 years with pre-existing vascular
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disease or an elevated risk of vascular disease
exhibited a reduction in fatal and non-fatal cardiac
events. However, there were no demonstrable effects
on stroke-related events or all-cause mortality.52

Further analysis of data from the PROSPER study
failed to show any benefit from the use of pravastatin
as primary prevention. Positive data relating to the
clinical efficacy of statin therapy as primary preven-
tion in octogenarians and older adults are lacking. 

Previous data from the Framingham study sug-
gest that the positive correlation between total
serum cholesterol and all-cause mortality levels off
in the seventh decade of life. Thereafter, past the
age of 80 years, a negative correlation emerges.53,54

Data from older subjects in the Established
Population for the Epidemiologic Study of the
Elderly (EPESE) trial and the Cardiovascular
Health Study failed to show a positive association
between hyperlipidemia and adverse cardiac events,
cardiac mortality, or all-cause mortality. Indeed,
paradoxically, patients with lower cholesterol levels
had lower survival rates.55 In the EPESE trial there
was no association between hypercholesterolemia or
low HDL cholesterol and all-cause mortality, car-
diac deaths, or hospitalization for acute coronary
syndrome in subjects older than 70 years.56,57

In contrast, several studies have shown that
hypocholesterolemia in older adults is associated
with increased all-cause mortality in older nursing
home residents and hospitalized older adults.58–61

Similar data have been obtained even in high-func-
tioning community-dwelling elders in whom it has
been shown that low cholesterol levels are associated
with an increased risk of premature death and func-
tional decline.62 Reasons for the association between
low cholesterol levels and increased mortality in
older subjects are unknown. One plausible hypothe-
sis is that hypocholesterolemia may be associated
with a corresponding depletion of antioxidant deriv-
atives such as squalene and ubiquinone (CoQ10).63

Thus, even if lipid-lowering therapy reduces cardio-
vascular events in older adults, any survival benefit
derived from such treatment may be countered by the
deleterious effects of hypocholesterolemia on non-
cardiac endpoints in older patients. Thus in spite of
the fairly common practice of prescribing statin ther-
apy to older adults perceived to be at risk, there is

limited evidence that treatment of hypercholes-
terolemia in octogenarians and nonagenarians will
reduce morbidity or mortality.

Polypharmacy and age-related changes in pharma-
cokinetics and pharmacodynamics place older adults
at increased risk of adverse effects and unwanted drug
interactions. In 2001, cerivastatin was withdrawn by
the Food and Drug Administration (FDA) due to
reported episodes of myositis and fatal rhabdomyolysis
occuring particularly in older patients.64 Subsequently,
in 2004, the FDA issued another public health alert
advising caution in the prescription of rosuvastatin
due to several reports of rhabdomyolysis and nephro-
toxicity associated with use of this agent in older
patients.65,66

Animal studies have shown carcinogenic effects
associated with statin therapy at serum drug con-
centrations achieved in routine clinical practice.67

Studies in human subjects also show a trend toward
an increased risk of cancer in older adults treated
with statins. Some workers have hypothesized that
induction of HMG-CoA reductase and subsequent
mevalonate synthesis in extrahepatic tissues may
promote the growth of mevalonate-dependent can-
cers, such as breast cancer.68 Nevertheless, available
clinical studies provide little evidence to support
objective clinical concerns about an increased
cancer risk associated with statin use in the elderly.
Analysis of data from the WOSCOPS, CARE,
CARD, and LIPID trials did not reveal any differ-
ence in the incidence of fatal and non-fatal cancers
between pravastatin and placebo groups.69,70

Similarly, in the HPS and 4S study the trend toward
an increase in non-melanoma skin cancer in
women treated with simvastatin was not statistically
significant.27

Currently, there are few studies in octogenarians
and beyond that demonstrate convincing clinical
benefit from the use of statins as lipid-lowering
agents. Likewise, although low cholesterol levels are
associated with increased mortality in older adults,
there is little evidence to support a direct causal
link. Thus, health-care providers should factor age
into the decision to initiate statin therapy. In older
adults, expected clinical benefits of treating hyper-
lipidemia such as longevity should be carefully
weighed against complications such as adverse drug
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reactions, polypharmacy, and increased health-care
costs. These complications may notably compro-
mise quality of life, and functional status and
increase the risk of frailty in the affected elder. 
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CHAPTER 29

Insulin resistance syndrome in
older people
Angela Marie Abbatecola and Giuseppe Paolisso

Introduction 

The insulin resistance syndrome (IRS), otherwise
known as the metabolic syndrome (MS) or syndrome
X, is made up a constellation of cardiovascular and
metabolic risk factors, all of which have been shown
to be associated with cardiovascular disease (CVD)1

as well as all-cause death.2,3 Such factors have been
mainly identified as: glucometabolic abnormalities
(type 2 diabetes (DM2)), impaired glucose tolerance,
or impaired fasting glucose), insulin resistance (IR),
visceral obesity, dyslipidemia, hypertension, and
altered blood coagulation. The central building stone
of the IRS is a more generalized metabolic disorder
known as insulin resistance, to which all individual
components are linked. In fact, IR has been consid-
ered the unifying hypothesis for describing the patho-
physiology of the IRS. In the next part of this
chapter, we will focus our discussion on the link
between age-related IR and the individual compo-
nents of the IRS. 

The exact components of the definition of the
IRS vary according to those suggested by the World
Health Organization (WHO),4 the National
Cholesterol Education Program’s Adult Treatment
Panel (NCEP:ATP III),5 the European Group for
the Study of Insulin Resistance (EGIR),6 and the
International Diabetes Federation (IDF).7 Even
though all four panels have agreed that the essential

components of the syndrome are altered glucose
metabolism, increased abdominal fat measures, and
altered blood pressure and lipid profiles, they vary
according to details among those components
(Table 29.1). One important difference that needs
to be highlighted is that the EGIR and the ATP III
definitions of the IRS do not necessarily include
diabetic individuals. The EGIR and ATP III defini-
tion specifically allow a more epidemiologic
approach to defining the syndrome, especially when
large numbers are available. It is widely known that
in non-diabetic persons, a negative correlation
exists between fasting insulin and insulin sensitiv-
ity, thus IR individuals could be defined as the 25%
of the population with the highest IR or the highest
fasting insulin concentrations. Indeed, fasting
hyperinsulinemia is considered a surrogate of IR in
many studies. Considering that there is no simple
way to measure IR in diabetic persons and the gold
standard for such measurement as seen by the
WHO definition of the IRS is the clamp technique,
the definitions provided by the EGIR, as well as
the ATP III, would allow for a more simple
approach on large-scale studies in non-diabetic
individuals. In April 2005 a consensus report for the
IRS was formulated according to the IDF definition.
Interestingly, the criteria provided by IDF take into
consideration both diabetic and non-diabetic indi-
viduals in a more simple approach (see Table 29.1). 
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Epidemiology 

Considering that the world’s older population has
been growing for centuries, such a group of individ-
uals is more likely to be exposed to a higher risk of
developing chronic-degenerative diseases in old age
and in particular the IRS. In fact, the Third
National Health and Nutrition Survey (NHANES
III) investigated the prevalence of the IRS in 8814
men and women 20 years of age and older.8 These
authors found that the prevalence of the IRS
increased from 6.7% among participants aged 20–29
years to 43.5% and 42.0% for those age 60–69 years
and 70 years, and above, respectively. Indeed, a

striking increase in the number of older persons
with the IRS has also taken place worldwide. Such
an increase has also been associated with an
inevitable global epidemic of both obesity and type
2 diabetes.9 The rise in obesity and sedentary
lifestyle in older persons, especially in the United
States and Europe, has also been shown to play a
significant role in the IRS. 

Due to the great variability in the frequency of
the syndrome among different populations, because
of the differing frequencies of the abnormalities as
well as the differing methodologies of measurement,
the EGIR compared the frequency of the IRS taking
into account the WHO (excluding DM2) and
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Table 29.1 Characteristics of the criteria for the MS acccording to WHO, NCEP-ATP III, EGIR, and IDF

WHO

IFG/IGT, DM2, or IR (hyperinsulinemic, euglycemic clamp technique in the lowest 25%) + 2 or more of
the following: 
• BMI > 30 or WHR > 0.9 (men) or > 0.85 (women) 
• Triglycerides ≥ 1.7 mmol/l or HDL < 0.9 (men) or < 1.0 (women) 
• Blood pressure > 140/90 mmHg 
• Microalbuminuria: urinary albumin excretion rate > 20 µg/min 

EGIR 

IR or fasting hyperinsulinemia (highest 25%) in non-diabetic individuals + 2 or more of the following: 
• Waist circumference ≥ 94 cm (men) or ≥ 80 cm (women) 
• Triglycerides ≥ 2.0 mmol/l or HDL < 1.0 
• Blood pressure: ≥ 140/90 mmHg and/or medication 
• Fasting hyperglycemia: FPG ≥ 6.1 mmol/l 

ATP III 

Three or more of the following risk factors: 
• Waist circumference ≥ 102 cm (men) or ≥ 88 cm (women) 
• Triglycerides ≥ 150 mg/dl 
• HDL < 49 mg/dl (men) or < 50 mg/dl (women) 
• Blood pressure: ≥ 130/85 mmHg 
• FPG ≥ 6.1 mmol/l 

IDF 

• Triglycerides ≥ 150 mg/dl or specific treatment for such lipid abnormality 
• HDL < 40 mg/dl (men) or < 50 mg/dl (women) or specific treatment for such lipid abnormality 
• Blood pressure: ≥ 130/85 mmHg 
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EGIR criteria.10 This group compared the frequency
of the IRS in eight European countries over a large
population sample (7276 men and 9363 women).
From their study the IRS was more frequent in men
than in women. According to WHO standards the
frequency of IRS ranged from 8 to 20% in men less
than 40 years of age, from 7 to 36% in men with
aged between 40 and 55 years, and from 17 to 47%
in men over the age of 55 years. The same standards
applied to women showed a frequency of IRS rang-
ing from 3 to 8% in women less than 40 years of age,
from 5 to 22% in women aged 40 to 55 years, and
from 14 to 39% in women over the age of 55 years.
The individual components and their frequency in
men and women are reported in Figure 29.1. 

Insulin resistance in
older persons 

As previously highlighted, the key player in the IRS
is IR and, due to the fact that the aging process is
significantly associated with an increase in IR per
se, older persons with IRS need to be recognized as
a delicate group of individuals with an increased
risk of developing DM2 and CVD. 

The aging process is associated with impaired
glucose handling, mainly due to a decline in insulin
action.11–13 There is strong evidence that increased
resistance to insulin action is one of the main com-
ponents of diminished homeostatic glucose regula-
tion in older persons. Insulin-mediated glucose
uptake, measured by the glucose clamp technique,
was demonstrated to progressively decline with
aging.14 The unifying hypothesis described by
Barbieri et al,15 explaining the relationship between
IR and age, encompasses four main pathways,
namely: 

1. anthropometric changes (increase in fat mass
with a parallel decline in fat free mass);

2. environmental changes (diet habits and reduced
physical activity);

3. neurohormonal variations which may have an
opposite effect of that of insulin at skeletal
muscle and adipose levels;

4. a rise in oxidative stress.

Therefore, any one of the individual components of
the IRS may have a greater clinical significance
when found in older persons. Indeed, the manage-
ment of IRS in older persons will lead clinicians to
adopt precise measures. However, this approach has
not been completely translated into clinical prac-
tice and many geriatricians claim that the adminis-
tration of any available medical treatment is still
conditioned to a previous diagnosis of specific dis-
ease. Therefore, only new clinical trials aimed at
treating IRS components in older persons will need
to focus on significant differences when treating
older, middle-aged, and younger persons with IRS.

Insulin resistance and dyslipidemia 

Increased plasma triglycerides, small dense low-
density lipoprotein (LDL) cholesterol levels, and
reduced high-density lipoprotein (HDL) cholesterol
levels constitute the atherogenic dyslipidemia of
IRS. In particular, IR is associated with: 

1. hypertriglyceridemia and a subsequent increase
in very low density lipoproteins (VLDLs);

2. small and dense LDLs;
3. lower HDL levels. 

Visceral fat seems to have a major role and, indeed,
the quantity of visceral fat tissue (as measured by
computerized tomography (CT)), waist circumfer-
ence, and IR are all significantly linked to one
another.16,17 Visceral fat tissue and IR are known to
be at the basis of increased hepatic production of
triglycerides and VLDL as well as, reduced intravas-
cular breakdown of VLDL and chylomicrons. In
physiologic conditions, insulin inhibits lipolysis and
promotes lipogenesis. By promoting the flow of
intermediates through glycolysis, insulin promotes
the formation of α-glycerol phospfhate and fatty
acids necessary for triglyceride formation. Insulin
then stimulates fatty acid synthase, thus leading to
increased fatty acid synthesis. At the same time, in
the adipose tissue cell, insulin inhibits the break-
down of triglycerides by inhibiting the activity of a
hormone-sensitive lipase, an enzyme necessary for
triglyceride breakdown. This enzyme is also found
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on the luminal surface of the endothelium of capil-
laries in both adipose tissue and skeletal muscle tis-
sue. However, on the endothelium level, insulin
increases the activity of the lipoprotein lipase,

which, in turn, increases the breakdown of triglyc-
erides in VLDLs as well as chylomicrons, thus play-
ing an important role in the uptake of free fatty
acids (FFAs) from the bloodstream to adipose tissue.
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As a result, lipoproteins synthesized in the liver are
taken up by adipose tissue and FFAs are ultimately
stored as triglycerides. During an IR state, insulin
action on adipose tissue is no longer effective in
repressing the activity of such a lipoprotein lipase,
thus a consequent rise in FFA plasma concentra-
tions takes place.18 On the vascular level, the
reduced activity of the lipoprotein lipase results in a
slower catabolism of chylomicrons and VLDLs and
is clinically expressed as hypertriglyceridemia. Such
triglycerides will be secreted by the liver as VLDL in
circulation, thus creating a vicious cycle. Fasting
hypertriglyceridemia has been identified as an inde-
pendent risk factor for ischemic heart disease
(IHD).19 In particular, these authors reported that
triglyceride-rich lipoproteins have different athero-
genic potential. In addition to the direct athero-
genic effect of triglyceride-rich lipoproteins, high
triglyceride levels appear to be a marker of a series
of other potentially atherogenic and prothrombotic
changes (see ahead). 

The second observation seen in the atherogenic
profile during IR is the presence of small, dense, and
highly atherosclerotic LDLs. The exact mechanism
involved in the formation of small and dense LDL is
not completely understood, however the hepatic
lipase (HL), an enzyme found on the endoluminal
surface of hepatic sinusoids, seems to have an
important role on lipoprotein size and density for-
mation. The HL specifically acts by hydrolyzing
phospholipids and triglycerides found in HDLs and
intermediate density lipoproteins (IDLs), but is also
known to hydrolyze phospholipids and triglycerides
in LDLs. In particular, it has been demonstrated
that the more active the HL, the greater the release
of phospholipids and triglycerides, thus resulting in
the formation of smaller and more dense LDLs.20

Considering that IR is associated with a signifi-
cantly greater activity of the HL, this alteration may
explain why a greater concentration of smaller and
denser LDLs are found in such IR individuals.
Furthermore, LDLs in the bloodstream of insulin-
resistant persons have higher concentrations of
triglycerides due to the cholesterol ester transfer
protein (CETP), an enzyme that transfers triglyc-
erides from VLDLs to LDLs,21 thus forming the per-
fect substrate for highly active HL (no longer

insulin inhibited) and the formation of smaller and
more dense LDLs. Small dense LDLs might be more
atherogenic than normal dense LDLs due to the fact
that they:

1. are more toxic to the endothelium 
2. have a greater capability of crossing the endothe-

lial membrane 
3. have an increased susceptibility to oxidation and
4. are more selective to bound to scavenger recep-

tors on monocyte-derived macrophages.22

The third altered lipid profile observed during
IRS is the occurrence of lower HDL concentrations.
As far as HDLs are concerned, they are smaller and
more dense during an IR state and their size is
inversely correlated with their triglyceride content,
a phenomenon due to an increased catabolism of
HDL itself.23 The higher concentration of triglyc-
erides in HDL is due to increased activity of CETP,
an enzyme that also transfers triglycerides from
VLDLs to HDLs.21 Consequently, increased liver
lipase activity (no longer effectively inhibited by
insulin) results in a smaller core volume of HDL and
thus the formation of smaller and more dense HDLs.
During this phase, apoA-I normally present on the
surface of HDL detaches and may be detected by its
significantly higher urinary concentration.24 These
above alterations are particularly active during an IR
state. Therefore, all three altered lipid profiles
(hypertriglyceridemia, smaller and denser LDLs, and
lower HDL concentrations) constitute the so-called
atherogenic lipoprotein profile.25 In fact, drugs
known to improve IR by targeting each altered lipid
profile of these components may reduce the risk of
vascular events (see ahead). 

Insulin resistance and obesity 

A further component of the IRS is obesity and, in
particular, the presence of extensive visceral fat tis-
sue. Many studies have shown that increased vis-
ceral fat is a risk factor for age-related diseases such
as hypertension, DM2, CVD, and reduced cognitive
functioning.26–29 It is well known that aging is asso-
ciated with a decrease in lean body mass (especially
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muscle tissue) and a parallel rise in fat mass.30 There
is a slow, progressive redistribution of fat as
intra-abdominal fat tends to increase and subcuta-
neous fat on the limbs tends to decrease. Data have
repeatedly demonstrated that intra-abdominal fat is
a major clinical parameter associated with IR.
Although the mechanisms for the link between IR
and intra-abdominal fat accumulation have not
been fully elucidated, it has been suggested that a
high lipolytic response of visceral adipose tissue to
catecholamine exposes the liver to high FFA con-
centrations, which are known to play a role in IR
(see above). 

Increased adipose tissue present in overweight
and obese individuals is no longer considered an
inert bystander, but an active endocrine organ capa-
ble of regulating whole-body metabolism and other
vital functions related to inflammation and immune
responses.31–33 These actions are mediated by a num-
ber of molecules that are secreted by adipocytes and
act in an autocrine, paracrine, or endocrine fashion.
Among those identified to date are leptin, adipsin,
resistin, and adiponectin, which are believed to
adapt metabolic fluxes to the amount of stored
energy.31 Therefore, understanding the regulation
and expression of such adipokines in older individ-
uals with different body fat density and distribution
may indicate a new target for preventive measures,
especially when considering cardiovascular func-
tioning. The dysregulation of the adipokine net-
work has been implicated in the etiology of IR and
other components of the IRS, such as glucose intol-
erance, obesity, dyslipidemia, and hypertension.34 In
addition, there is a growing list of adipokines
involved in the control of pro-inflammatory mark-
ers (tumor necrosis factor alfa (TNF-α), interleukin
6 (IL-6), interleukin IL-1β, interleukin IL-8, inter-
leukin IL-10, transforming growth factor-β, nerve
growth factor) and of the acute-phase response
(plasminogen activator inhibitor-1, haptoglobin,
serum amyloid A).35,36 The production of these pro-
teins by adipose tissue is increased in obesity, and
raised circulating levels of several acute-phase pro-
teins as well as inflammatory cytokines have led to
the view that obesity, characterized by a chronic
low-grade inflammatory state, is linked to IR and
the IRS. 

An increase in fat tissue, especially in the
abdominal area, has also been associated with an
increase in plasma levels of diverse pro-inflamma-
tory cytokines. In particular, the increase in pro-
inflammatory cytokines or adipokines including
IL-6, resistin, TNF-α, and C-reactive protein
(CRP) reflect overproduction by the expanded adi-
pose tissue. This production supports evidence that
monocyte-derived macrophages reside in adipose
tissue and are at least in part the source of cytokine
production locally and in the systemic circulation.
The magnitude of such a vicious cycle remains
unknown.

In recent years, much attention has been given
to an anti-inflammatory adipokine, adiponectin,
and it has also been shown to be involved in the
modulation of IR.37 In addition, adiponectin has
demonstrated anti-atherogeneic effects.38 In fact,
in animal models of obesity, adiponectin has
been shown to improve hyperglycemia and hyper-
insulinemia without inducing weight gain or
even inducing weight loss in some studies.34,37,39

Furthermore, adiponectin modulates endothelial
function and has an inhibitory effect on vascular
smooth muscle cell proliferation.40 Adiponectin
also preferentially accumulates in the injured
vascular walls where its ability to suppress
macrophage-to-foam cell transformation need to be
understood.41 Some studies have shown that low
concentrations of adiponectin are linked to
myocardial infarction,42 and to the progression of
subclinical coronary heart disease.43

Previous works have demonstrated that the aging
process itself is also associated with a dysregulation
of the inflammatory response.44–46 Such dysregula-
tion is defined by the presence of high plasma con-
centrations of pro-inflammatory cytokines such as,
TNF-α, IL-6, and acute phase reactive proteins in
older persons.44,47 A growing body of evidence has
also shown that TNF-α, IL-6, and CRP contribute
to age-related IR.45,47 In particular, diverse pro-
inflammatory cytokine concentrations have been
linked to aging, IR, and the IRS. These cytokines
are probably important in controling for the degree
of IR since it has been shown that their serum con-
centrations are significantly higher in obese
humans. 
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Insulin resistance and
arterial hypertension 

Arterial hypertension, another component of IRS,
clusters with many metabolic diseases such as obe-
sity, DM2, atherosclerosis, and dyslipidemic states.
About 50 years ago, the association between IR and
arterial hypertension was already documented.48

Later on, numerous studies investigated the associa-
tion in detail. In fact, one study specifically demon-
strated that a strong association existed between
hypertension, hyperinsulinemia, and reduced glu-
cose tolerance in a large population of patients
(n = 2475).49 Another study evaluated the ability of
hyperinsulinemia (as a surrogate measure of IR) to
predict the development of coronary heart disease
(CHD) and hypertension50 in a healthy population.
These authors found that 25% of the population
with the highest insulin response (postglucose chal-
lenge) had a significantly higher increase in the
incidence of hypertension (2-fold) or CHD (3-
fold). Furthermore, these results were found inde-
pendently of differences in age, gender, or body
mass index (BMI). Indeed, these results indicate the
importance of insulin resistance and/or hyperinsu-
linemia on vascular disease development over a 15-
year time frame. 

The mechanisms responsible for the relationship
between IR and hypertension are multifactorial.51

Firstly, it is important to note that insulin is a
vasodilator when given intravenously to normal
weight subjects,52 and has a vasoconstrictor effect in
IR aged and DM2 patients.53 It is widely known that
insulin is capable of stimulating the production of
nitric oxide, thus resulting in increased blood flow,
especially in skeletal muscle. Due to the fact that a
common pathway exists between the insulin-
dependent release of nitric oxide and the metabolic
actions of insulin, any altered activity of such a
pathway would result in both decreased vasodilata-
tion and reduced glucose skeletal muscle uptake. In
fact, these alterations would explain the presence of
increased peripheral blood flow, especially in skele-
tal muscle tissue, following an inadequate release of
insulin-dependent nitric oxide release. Secondly,
insulin has a direct effect on cardiac muscle tissue54

by increasing cardiac output and rate through the

activity of the sympathetic nervous system (SNS).55

During an IR state, the SNS becomes hyperactive
with subsequent peripheral vasoconstriction,
increased heart rate, and hypertension. Thirdly, it is
widely known that insulin has an antinatriuretic
effect by the activation of the renin–angiotensin–
aldosterone system.56 Studies have also shown a sig-
nificant and inverse relationship between IR and
sodium diet restriction in both normal and high blood
pressure patients.57 Therefore, increased volume after
renal sodium retention would contribute to a state of
arterial volume-dependent hypertension. Lastly,
another possible explanation between IR and hyper-
tension may also be linked to a derangement of
cations. The ATPase Na+/K+ pump is insulin sensi-
tive and thus during IR a significant increase in intra-
cellular sodium (Na+) accompanies a consequent
increase in intracellular calcium (Ca2+). 

Insulin resistance and
hypercoagulability 

During the IRS an alteration in the hemostatic sys-
tem occurs and results in a potentially ‘prothrom-
botic state’ with severe vascular complications.
Three main components of the hemostatic system
are activated during an array of vascular tissue
injury and include blood platelets, endothelial cells,
and plasma coagulation factors. During an IR state,
such reliability becomes less effective showing that
insulin is intrinsically involved in the correct oper-
ation of such a system. Therefore, any alteration in
the insulin-signaling pathway has been shown to
result in amplified platelet activation and increased
coagulation cascade activity accompanied by a par-
allel reduction in fibrinolysis. 

Platelet activation
Insulin receptors are normally present on the surface
of blood platelets and, when insulin binds to such
receptors, the insulin signaling pathway is activated.
Studies have shown that insulin is capable of reduc-
ing platelet response to adenosine diphosphate
(ADP), thrombin, adrenaline, platelet-activating
factor, as well as angiotensin II.58,59 Furthermore, the
activation of the insulin signaling pathway also
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results in lower platelet concentrations of calcium.
Therefore, normal insulin action has an inhibitory/
regulatory action on platelet aggregation. In an IR
state such equilibrium is lost and a persistent
prothrombic condition occurs with an increased risk
for vascular obstruction. 

Increased coagulation cascade activity
Increased levels of fibrinogen have been associated
with IR. Fibrinogen is not only of fundamental impor-
tance in thrombin activity regulation, but also has a
predictive value for future cardiovascular events.60 In
this context, it is important to underline that pro-
inflammatory cytokine production from adipose tissue
is known to markedly influence a hypercoagulable
state by increasing hepatic fibrinogen production, as
well as causing endothelial dysfunction towards a
hypercoagulable condition. During IR there is a
simultaneous increase in tissue factor (TF) and factor
VII of the coagulation cascade, and this significantly
enhances the activation of the coagulation cascade. 

Abnormal fibrinolysis
Reduced fibrinolysis is a well-documented finding of
the IRS and, in particular, IR is known to play a piv-
otal role. Normally, fibrinolysis is tightly controlled by
the equilibrium between tissue plasminogen-activator
(t-PA) and plasminogen activator inhibitor-1 (PAI-
1). Persons with the IRS have increased PAI-1 levels
which will inhibit t-PA, thus resulting in lower plas-
min formation. PAI-1 levels have been shown to sig-
nificantly increase during chronic inflammation and
increased FFA levels. This may be explained by IR
due to the fact that IR is associated with enhanced
lipolysis and higher FFA concentrations (see above).
These FFAs then catalyze the induction of the PAI-1
gene expression and PAI-1 production. Furthermore,
the increased pro-inflammatory state found in such
individuals is tightly related to IR. 

Potential components of the IRS in
the elderly

Oxidative stress 
Recently, researchers have focused on the progressive
changes that occur in the DNA structure and the

potential consequences of such mutations. In
particular, it has been suggested that excess and
unopposed oxidative stress is the main cause of
increasing mitochondrial DNA (mtDNA) mutations
with aging and IRS. Accordingly, oxidative stress is
characterized by an uncontrolled production of free
radicals, derived from oxygen and produced by split-
ting a covalent bond into atoms or molecules with an
unpaired electron, thereby forming highly reactive
oxygen species (ROS). In normal physiologic condi-
tions, the intramitochondrial environment is charac-
terized by a substantial equilibrium between the
production of ROS and the activity of antioxidant
mechanisms, such as glutathione peroxidase (GSH-
Px) and superoxide dismutase (SOD). However,
when the endogenous production of ROS substan-
tially increases with a parallel decrease in antioxidant
agents, tissue damage due to such oxidative stress
occurs. Studies suggest that the degree of unopposed
oxidative stress is also predictive of mortality. In par-
ticular, the production of free radicals in the heart,
kidney, and liver is inversely proportional to the max-
imum lifespan,61 and the rate of mitochrondrial oxy-
gen radical generation is negatively associated with
animal longevity. In animal models, caloric restric-
tion also decreases mitochondrial oxygen radical pro-
duction and oxidative damage to mtDNA,
decreasing the rate of aging, and some epidemiologic
studies have suggested that dietary antioxidants may
have a significant impact on age-related disease
states.62,63 The benefits from supplemental antioxi-
dants remain unproven in clinical trials. 

Oxidative stress also adversely impacts other vul-
nerable targets including lipid and protein compo-
nents of membranes. Free radicals then facilitate
lipid oxidation and a consequent reduction in trans-
membrane transportation. This mechanism of
uncontrolled oxidative stress (already active in
older persons) becomes extremely active during the
IRS and the link between IR and endothelial dys-
function may explain, in part, the increased risk for
cardiovascular disease associated with IRS. 

The mechanisms by which IR leads to endothe-
lial dysfunction are certainly multiple and complex.
All major abnormalities of the IRS, such as hyper-
glycemia, hypertension, dyslipidemia, and altered
coagulation, are also directly linked to endothelial
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dysfunction. However, in regard to the link between
IR and oxidative stress, it is important to underline
recent observations. As previously mentioned,
insulin has a direct vasodilatory effect mediated
through stimulation of nitric oxide production in
endothelial cells.64 During an IR state the ability to
stimulate nitric oxide becomes limited and at the
same time an increase in ROS, such as superoxide,
occurs. Pro-inflammatory cytokines, such as TNF-α
and IL-6, work synergistically with ROS toward cre-
ating endothelial disarray and, thus, an increased
risk for the development of vascular disease.
Therefore, one may speculate that individuals who
exhibit the IRS may have an abnormality in nitric
oxide production by endothelial cells, and at the
same time a constant stimulation of proatherogenic
changes in the vasculature in response to IR. 

Homocysteine 
Homocysteine, a sulfur-containing amino acid
formed during the metabolism of methionine, has
emerged as a novel independent biomarker for the
development of atherosclerotic disease in coronary,
cerebral, and peripheral vascular beds. In fact, there
is an increased risk for cardiovascular disease in those
with elevated fasting plasma total homocysteine lev-
els. One study showed that those individuals with
hyperinsulinemia (considered a marker of IR) had
significantly higher homocysteine levels than those
with normal insulin levels. Plasma levels of insulin
seem to influence homocysteine metabolism, possi-
bly through the effects on glomerular filtration or by
influencing the activity of key enzymes in homocys-
teine metabolism. The authors of this study also
underlined that persons with two or more IRS phe-
notypes had significantly higher homocysteine levels
compared to those with one or no IRS phenotype.65

Interestingly, elevated homocysteine levels increase
the risk for CVD in type 2 diabetes patients to a
greater extent than among non-diabetic subjects.66 In
a large community-based population of non-diabetic
individuals a modest association was found between
IR and elevated homocysteine levels.65 These authors
found that the co-occurence of specific features of
IRS, especially hypertension and central obesity, was
associated with more marked elevations in homocys-
teine levels. 

The involvement of homocysteine as a contribu-
tory factor to vascular damage still remains contro-
versial. However, the presence of high plasma levels
of homocysteine may play an important role and
these are capable of promoting oxidative damage to
the endothelium of vascular cells through an auto-
oxidation, and the formation of homocysteine mixed
disulfides and ROS.67 In particular, oxidation of two
homocysteine molecules results in the formation of
oxidized disulfide, two protons and two electrons,
while promoting the formation of ROS. Activation
of ROS is only one of the many damaging effects of
homocysteine, since it may act alone as well as in
concert with other multiple injurious stimuli to dam-
age endothelial cell function. The combined effect of
hypercoagulability and IR strengthens the processes
of oxidation, glycation, or homocysteinylation of
LDLs necessary for the transformation in atherogenic
particles. There are multiple metabolic toxicities
associated with IRS, and in particular IR, which are
also associated with the production of ROS, thus cre-
ating multiple injurious stimuli and a higher risk for
accelerated atherosclerosis. 

Cognitive functioning 
The aging process is associated with significant
decline in cognitive functioning. Indeed, many
studies have tried to discover the mechanisms
involved with cognitive decline in vulnerable older
persons. Many of the same risk factors associated
with CVD have also been recognized with a higher
risk for developing compromised cognitive func-
tioning. The risk of cognitive impairment, espe-
cially in older persons with IRS, needs to be
recognized by physicians, due to the fact that its
association with lower functional status in older
persons opens new public health concerns. The IRS
and its individual components have also been asso-
ciated with increased risk of developing cognitive
impairment and decline over 4 years in high-
functioning older persons even after adjusting for
comorbidities.68 In particular, such decline was
steeper in those who had high serum levels of
inflammatory markers.

Age-related IR has been shown to be indepen-
dently associated with reduced cognitive function-
ing in older non-diabetic persons.69 To this regard, it
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is now well documented that insulin is a fundamental
neuromodulator, contributing to neurobiologic
processes in particular, energy homeostasis, and cog-
nition. Interestingly, insulin and insulin receptors
are selectively expressed in the brain.70 Initially the
majority of glucose transporters in the brain were
considered insulin-insensitive; however, it has been
recently shown that a significant element of brain
glucose uptake is insulin sensitive and is essential
for correct cognitive functioning.71 Thus, an age-
related reduction in glucose uptake due to altered
insulin signaling can lead to a deficiency in ener-
getic substrate that cannot be compensated by other
metabolic pathways.72,73 Interestingly, a significant
increase in peripheral IR develops as individuals
age, raising the possibility that a reduced efficiency
of the metabolic pathway responsible for energy
production is one of the mechanisms of cognitive
decline in older persons.74,75

Collectively, these findings suggest that insulin
contributes to normal cognitive functioning, and
that insulin abnormalities exacerbate cognitive
impairment, such as those associated with
Alzheimer’s disease. It is noteworthy that endothe-
lial damage and vascular disease combined with IR
are also responsible for an age-related decline in
cognitive function even in the absence of dementia.
Furthermore, any factors capable of lowering or
increasing the risk of endothelial damage and/or
affecting insulin action may have a role in cognitive
function and cerebrovascular disease.

Muscle functioning 
In older persons, poor muscle strength and poor phys-
ical performance often coexist. Midlife handgrip
muscle strength has been recognized as an important
factor that predicts old age functional ability.76

Observational studies have consistently shown that
chronic conditions such as coronary heart disease,
diabetes, and pulmonary obstructive disease are asso-
ciated with lower muscle strength.76,77

It is also widely known that insulin plays a piv-
otal role for muscle contraction by increasing glu-
cose uptake and promoting intracellular glucose
metabolism, thus it is plausible that age-related IR
may be a determinant of reduced muscle function-
ing as seen clinically by lower muscle strength. One

cross-sectional study showed that a significant
association between IR and muscle strength exists
in older non-diabetic persons independently of
multiple confounders.78

In particular, insulin may also be an important
determinant on muscle function since glucose
uptake is necessary for adequate muscle contraction.
Another important role played by insulin is its abil-
ity to repress whole body proteolysis, thus shifting
total body metabolism towards an anabolic state.
Therefore, it is plausible that an age-related IR may
be a determinant of poor muscle strength in older
persons with IRS. Furthermore, a reduction in
insulin peripheral activity may reduce the muscle
tissue anabolic rate leading to a relative catabolic
state and, in turn, contributing to the impairment
in muscle functioning. Indeed, insulin is known to
play a pivotal role in muscle functioning by increas-
ing glucose uptake and promoting intracellular glu-
cose metabolism. 

Therapeutic perspectives: no pills,
one pill, or polypills? 

Metabolic risk factors of the IRS include atherogenic
dyslipidemia, hypertension, IR, prothrombotic state,
and the proinflammatory state. Due to the fact that
IR is the pivotal key player in the IRS, drug inter-
vention should be aimed at improving insulin sensi-
tivity, either directly through the use of drugs known
to improve insulin sensitivity or indirectly through
the use of drugs known to improve metabolic alter-
ations associated with IR (Figure 29.2). 

All of the risk factors linked to IR need to be
treated in order to reduce the severity of IRS. The
American Diabetes Association (ADA)79 and the
National Cholesterol Education Program (NCEP)
have adopted guidelines for the complications
related to IRS.5 The cornerstones of IRS treatment
are the management of weight and making certain
that appropriate physical exercise is performed. In
fact, education and training should be considered
fundamental due to the fact that environmental
influences such as improper nutrition and physical
inactivity are considered root causes of IRS.
Interventions in IRS with physical activity have
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shown that regular and sustained physical activity
will improve all risk factors of the IRS.80,81 In regard
to weight management, there is a general consensus
that persons with IRS have to lower their intake of
saturated fats, reduce consumption of simples sug-
ars, and increase intake of fruits, vegetables, and
whole grains.82 Recommendations for carbohydrate
and unsaturated fat intake remain controversial,83

however it has been seen that low-fat diets promote
weight reduction84 and higher monosaturated fat
intake reduces postprandial glycemia, reduces
plasma triglyceride levels, and raises HDL concen-
trations.83 Even though modifications in diet and
exercise need to be adopted in the first-line
approach for treating IRS, the use of pharmaceuti-
cals is almost always necessary. 

Thiazolidinediones (TZD or glitazones) are a
new class of oral antidiabetic drugs which exert
their insulin-sensitizing action by stimulation of the
nuclear transcription factor peroxisome prolifera-
tor-activated receptor gamma (PPAR-γ). At pre-
sent, pioglitazone and rosiglitazone are available for
clinical use. Different activation levels of PPAR-γ
and of cofactors determine the binding of PPAR-γ
to distinct target genes, which in turn regulates
their transcriptional activity. It is important to

recall that PPARs are members of the superfamily of
nuclear hormone receptors which are transcription
factors transmiting signals that originate from lipid-
soluble factors to the genome. Nuclear receptors
then bind to DNA at specific sites or response ele-
ments, which when linked able the receptor com-
plex, which in turn can activate or repress the
expression of a target gene. Three different PPAR
genes have been identified, α, γ, and δ,85 and are
involved in distinct expression patterns which sug-
gest their important functional differences. TZDs
dramatically upgrade insulin sensitivity through the
PPAR-γ and are then capable of lowering blood glu-
cose levels through more active glucose transporters
and by stimulating the insulin-signaling pathway. 

Studies have also underlined that PPAR-γ ago-
nists are capable of improving altered lipid metabo-
lism associated with IR. PPAR-γ is highly expressed
in adipose tissue, where it triggers adipocyte differ-
entiation and also induces genes critical for adipo-
genesis. Adipose tissue serves as a major site of
oxidized LDL (oxLDL) detoxification, thus remov-
ing it from the blood stream and potentially inhibit-
ing the formation of atherosclerotic lesions.
Increasing clinical evidence also shows that rosigli-
tazone treatment significantly improves factors
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associated with CVD, including endothelial activity,
inflammatory processes, and dyslipidemia.86,87

Moreover, one study comparing the effects of lipid
metabolism of rosiglitazone and pioglitazone during
an IR state demonstrated that both drugs were asso-
ciated with lower FFA levels; however, only the
pioglitazone-treated group was associated with sig-
nificantly lower triglyceride levels.88 Only future
clinical trials in older persons in an IR state will be
able to clarify whether significant protective factors
from the use of TZDs are substantial. 

TZDs are also capable of reducing oxLDLs in
both lean and obese diabetic animals.89 In particu-
lar, TZDs upregulated oxidized LDL receptor 1
(OLR1) in adipocytes by facilitating the exchange
of coactivators for corepressors on the OLR1 gene
in cultured mouse adipocytes. TZDs markedly stim-
ulated the uptake of oxLDL into adipocytes, which
required OLR1. Increased OLR1 expression, result-
ing from TZD treatment, significantly increased
adipocyte cholesterol content and enhanced FA
uptake. While the physiologic role of adipose tissue
in cholesterol and oxLDL metabolism is still
unknown, the induction of OLR1 may be a poten-
tial means through which PPAR-γ ligands may reg-
ulate lipid metabolism and insulin sensitivity in
adipocytes.89 Some caution should be used when
treating older persons with PPAR-γ agonists due to
the fact that these agents may cause water retention
and altered hepatic detoxifying activity, thus mag-
nifying a potential condition of cardiac failure and
an inadequate removal of toxic compounds due to
inappropriate liver metabolism. 

PPAR-α agonists or fibrates are used to treat dys-
lipidemia, particularly in the case of high triglycerides
and low HDL cholesterol. Fibrates (gemfibrozil,
bezafibrate, fenofibrate) are another class of lipid-
lowering drugs known to be generally effective on
lowering elevated plasma triglycerides and choles-
terol. There is a lack of controlled clinical trials
with fibrates compared to statins, especially in older
persons. However, the use of fibrates has been
shown to have protective effects against further vas-
cular events in survivors of myocardial infarction.90

The more pronounced effect of fibrates is a decrease
in plasma triglyceride-rich lipoproteins after linking
to PPAR-α. PPAR-α is especially expressed in

kidney, heart, and muscle tissue (all known to
metabolize large concentrations of fatty acids).
Fibrates are ligands for PPAR-α.91

The main mechanisms of action of fibrates are
thus linked to the activation of key genes involved
in lipid metabolism. The hypotriglyceridemic
action of fibrates involves the combination effect of
HL and apoC-III expression. HL is induced at the
transcriptional level mediated by PPAR, while
apoC-III is repressed. As a consequence, a reduced
secretion of VLDL particles, together with
enhanced catabolism of triglyceride-rich particles,
thus explains such action. Secondly, fibrates are also
known to increase hepatic uptake of FFAs, increase
the removal of LDL particles, and stimulate the pro-
duction of HDL and its major constituents, apoA-I
and apoA-II. 

Hypertriglyceridemia in association with an IR
state is considered the main target for the use of
fibrates in the IRS. In fact, in those persons under-
going therapy with fenofibrate, a 50% decrease in
triglycerides and a simultaneous 10–30% increase in
basal HDL were observed.92 Fenofibrate was also
found to be more effective in reducing plasma con-
centrations of oxidized LDLs and, in CVD high-risk
individuals, the impact of accelerating chilomicron
and VLDL catabolism underlines the ability of
fibrates to act on postprandial lipid metabolism.92

Only large clinical studies will confirm their effec-
tiveness in reducing coronary events and total mor-
tality in older high-risk individuals. 

A very recent new drug named rimonabant, a
selective cannabinoid-1 (CB1) blocker, decreases
food intake and weight and increases adiponectin
and insulin sensitivity. Drug interventions with
rimonabant, such as the RIO-Europe study,
addressed the effects of such therapy on weight loss,
altered glucose metabolism, and dyslipidemia.93

These authors found that at the 1-year follow-up,
patients undergoing treatment with 20 mg of rimon-
abant had significant reductions in body weight and
waist circumference. There was also a significant
improvement in lipid and glucose parameters.
There was a significant increase in HDL levels and
a decrease in triglycerides as well as a significant
reduction in IR as measured by the homeostasis
model assessment index (HOMA). 
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The risk for CV events is significantly increased
during an IR state and, due to the fact that enhanced
lipid metabolism may ameliorate an IR state, lipid-
lowering agents such as statins may have an impor-
tant role. It is widely known that statins or
3-hydroxy-3-methylglutaryl-coenzyme A reductase
inhibitors reduce the risk of CVD by reducing all
apoB-containing lipoproteins and VLDL production.
Statins are effective, both in primary and secondary
prevention of CHD, in middle-aged and older (< 65
years) men and women, in both diabetics and non-
diabetics with CHD.94,95 Statins used in secondary
prevention of CHD significantly reduce the risk of
stroke. They also reduce daily attacks of myocardial
ischemia. Statins have been shown to reduce LDLs
by 20–50% and triglycerides by 10–40%, and to
increase HDLs by 5–12%. In fact, ATP III of the
National Cholesterol Education Program issued evi-
dence-based guidelines for major clinical trials with
statin therapy. According to the ATP III algorithm,
persons are categorized into three risk categories: 

1. established CVD and CVD risk equivalents
2. multiple (two or more risk factors)
3. zero to one risk factor.

CVD risks include non-coronary forms of athero-
sclerotic disease, diabetes, and multiple (two or
more) CVD risk factors with a 10-year risk for CVD
> 20%. Therefore, all persons with CVD or CVD
risk equivalents may be considered high risk. 

Therapy in high-risk CVD patients 
The goal for LDL-lowering therapy is to achieve LDL
levels less than 100 mg/dl in high-risk patients.
Therefore, in persons with LDL levels < 100 mg/dl no
further LDL-lowering therapy is recommended,
while in high-risk patients with LDL levels ≥ 100
mg/dl, diet therapy should be initiated. When base-
line LDL is ≥ 130 mg/dl, an LDL-lowering drug
should be started simultaneously with diet therapy. In
the presence of high triglycerides or low HDL, con-
sideration may be given to using a fibrate. 

Therapy in moderate-risk CVD patients 
Moderate-risk persons have two or more risk factors
and a 10-year risk between 10 and 20%. The

recommendation in this case is to obtain LDL
< 130 mg/dl. When LDL is 100–129 mg/dl at base-
line or on lifestyle therapy, an initiation of an LDL-
lowering drug to achieve LDL < 100 mg/dl is a
therapeutic option. 

When LDL-lowering drug treatment is initiated
in high-risk or moderate-risk patients, it is advised
that the goal of such therapy is to achieve at least a
30 to 40% reduction in LDL levels. 

How do statins improve IR? Studies have
reported that statins also have a beneficial impact
on the chemical properties of lipoproteins by reduc-
ing oxidized LDLs, as well as small and dense
VLDLs, all commonly observed during an IR state.96

In particular, small doses of atorvastatin (10 mg)
have been shown to reduce VLDLs and IDLs as well
as apoB postprandial concentrations in persons with
normal lipid profiles.97 Furthermore, in patients
with altered lipid profiles and altered glucose
metabolism (reduced glucose tolerance or type 2
diabetes), treatment with atorvastatin reduced IR,
as seen by the HOMA index,98 and reduced small,
dense atherogenic LDLs.99 Simvastatin, rosuvas-
tatin, and fluvastatin have also been shown to
reduce oxLDLs, thus generalizing the so-called ‘class
effect’ of statins. It has been hypothesized that a
reduction in hepatic lipase activity during such
therapy may be at the basis of such a phenomenon. 

In regard to arterial hypertension and IR, mild
elevations in blood pressure can often be controlled
by lifestyle changes, including reduced sodium
intake and weight loss. However, if hypertension
persists despite such changes, antihypertensive drug
treatment is usually required. It is widely known
that the benefits demonstrated from reducing arter-
ial hypertension lower the risk for CVD.100 It also
has been suggested that the use of angiotensin-con-
verting enzyme (ACE) inhibitors or angiotensin
receptor blockers are better first-line therapy for
IRS patients.101 The prothrombotic state character-
ized by high concentrations of fibrinogen, PAI-1,
and increased platelet aggregation may be treated
when necessary with low-dose aspirin or other
antiplatelet drugs.102 Indeed, such drugs are univer-
sally recommended in patients with established
CVD. Their effectiveness in older persons with IRS
in the absence of CVD has still not been verified
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through clinical trials. However, their use has been
considered a prophylactic therapeutic option when
the risk for CVD is high.103

Conclusions 

IR is considered the root of the IRS and age-related
IR will further derange metabolic changes normally
occuring in older persons. The percentage of aged
subjects in the populations of industrialized coun-
tries is dramatically increasing, thus predisposing
more persons to development of the IRS. If one
accepts that each single component of IRS is signif-
icantly linked to IR, physicians will need to focus on
correcting IR in order to improve each metabolic
component. 
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CHAPTER 30

Free radicals and vitamins
Seema Joshi

Introduction

Aging is a generalized physiologic process that pro-
gressively decreases the ability of an organism to
adapt to environmental change and increases its
vulnerability to disease and death. Aging results in
a diminution of reserves of most physiologic sys-
tems. It affects cells and the systems made up of
them, as well as tissue components. Aging is a char-
acteristic of all higher organisms. The diversity of
age-related impairments has led many gerontolo-
gists to conclude that no general mechanism is
likely to underlie these changes. Therefore, numer-
ous theories have been advanced to explain the
phenomenon of aging. 

Theories on aging have tried to explain the vari-
ation in lifespan among cohort genetic strains and
species and the loss of homeostasis during the latter
part of life. These theories have also tried to iden-
tify factors responsible for lifespan extension and
have tried to demonstrate how variation of senes-
cent factors can manipulate the rate of aging. The
theories on aging can be divided into two major cat-
egories. The first category attributes the process of
aging to ‘genetically programmed processes.’ In this
category aging is thought to be a consequence of
purposeful events, governed by an internal clock or
pacemaker. In the second category aging is attrib-
uted to the ‘accumulation of damage to critical cel-
lular or tissue constituents.’ This theory envisions
aging as the cumulative result of damage to tissues
occuring over time, resulting in a progressive func-
tional decline.1–4

Free radical theory

The ‘free radical theory’ of aging was first proposed in
the 1950s. Harman suggested that the free radical
theory provided an explanation for the inverse rela-
tionship between the average lifespan of mammalian
species and their basal metabolic rate, clustering of
degenerative diseases toward the terminal part of the
lifespan, beneficial effects of caloric restriction on
lifespan, and an increase in autoimmune manifesta-
tions with age.5 Over the past three decades a great
deal of evidence has been obtained in support of the
free radical theory of aging. According to this theory,
free radical reactions with biomolecules, such as pro-
teins and lipid membranes, are responsible for the
functional deterioration related to aging (Figure
30.1). Lipid peroxidation, protein oxidation, and
oxidation of DNA occuring as a result of free radical
damage have been found to increase with age. Also,
caloric restriction has consistently been shown to
reduce the levels of free radical damage in tissues of
rodents. It has been seen that conditions that reduce
oxidative stress and free radical damage tend to
increase maximal lifespan. Studies with Drosiphala
melanogaster show that flies overexpressing both
superoxide dismutase and catalase have less free rad-
ical damage and longer lifespans.4,6–10

Production of free radicals

Free radicals are low molecular weight molecules
with at least one unpaired electron. However,
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reactive oxygen species (ROS) refers to a number of
chemically reactive molecules derived from oxygen
which include superoxide (O2·

−), hydroxyl radical
(HO·), hydrogen peroxide (H2O2), and hypochlor-
ous acid (HOCl).11–13 Aerobic organisms use oxygen
to generate energy. In its ground state oxygen has
little reactivity. Oxygen accepts electrons from
other radicals one at a time. During mitochondrial
respiration, a coordinated four-electron reduction of
oxygen results in formation of water. However, the
mitochondrial electron transport chain is not per-
fect; one and two electron transfers to oxygen result

in the generation of superoxide and hydrogen per-
oxide, these in turn are catalyzed by transition met-
als like iron and copper to form highly reactive
hydroxyl radicals.14,15

Free radicals are generated during mitochondrial
electron transport, peroxisomal β-oxidation of fatty
acids, cytochrome P450 reactions, and by phago-
cytic cells. Mitochondria are a major source of toxic
oxidants in cells. Mitochondria lack endogenous
antioxidant mechanisms and depend on glu-
tathione to remove hydrogen peroxide. They are
thus potential targets for free radical induced
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injury.14,16,17 Free radicals formed as a result of partial
reduction of oxygen leak from the mitochondria.
They attack various cell components, form the
toxic ROS that migrate to distant sites and damage
biomolecules by modifying proteins, lipids, and
nucleic acids. This in turn is thought to result in the
development or enhancement of age-related mani-
festations.5,18,19 Figure 30.2 illustrates the formation
and metabolism of free radicals.

Mechanism of free radical
induced damage

Free radicals lead to tissue injury by oxidative
modification of proteins, lipids, and DNA.
Oxidative damage of the lipid molecules occurs in
three steps: initiation, propagation, and termina-
tion. Polyunsaturated fatty acids (PUFAs) create
electron-rich hydrogens at CH2 that are vulnerable

to react with the hydroxyl radical (OH·) and other
free radicals. There occurs a radical-mediated extrac-
tion of a hydrogen atom from the methylene carbon.
This step of the reaction with free radicals is called
initiation. Subsequent molecular rearrangement and
interaction with oxygen may result in the formation
of a peroxyl radical that may propagate oxidative
damage, attacking the hydrogens from other PUFAs.
These propagation chain reactions are terminated by
the cleavage of peroxyl radicals. Peroxidized lipids
may disintegrate into cytotoxic and mutagenic com-
pounds. Plasma lipid peroxides may represent the
lipid peroxidation status of tissues. Some studies
report an increase in the levels of plasma lipid perox-
ides with aging. A decrease in PUFA content in the
system may be another method of determining lipid
peroxidation, because PUFAs are the primary sub-
strates of lipid peroxidation.4,20–25

Proteins, unlike lipids, are not as reactive; however,
metal binding sites in proteins are highly susceptible to
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oxidative damage, resulting in irreversible modifica-
tion. Oxidative damage occurs as a result of backbone
or side chain modification of peptides. Backbone mod-
ification results in the formation of peroxyl radicals.
This causes protein cross-linking or peptide-bond
cleavage. However, side-chain modifications result in
the loss of catalytic or structural function of the
affected proteins which may have deleterious effects
on cellular and organ functions. Propagating radicals
as in lipid peroxidation may be involved in protein
oxidation. There are several markers of protein oxida-
tion, these include protein carbonyl derivatives, pro-
tein fragments, advanced glycation end products, and
oxidized amino acid side chains.26–29 

Antioxidant defense system

Cells and tissues possess antioxidant defense mech-
anisms against free radical induced damage. Damage
from oxidative stress occurs when the production of
free radicals exceeds the cell’s capacity to protect
itself. Cellular protective mechanisms that prevent
free radical induced cell damage include:4,14

• scavenging free radicals, 
• binding catalytic metal ions used for the forma-

tion of reactive oxygen species
• upregulating endogenous antioxidant defenses. 

The antioxidant defense system includes antioxi-
dant and oxidant repair enzymes, and antioxidant
molecules (Table 30.1). The antioxidant enzyme
system includes dismutases (SOD), superoxide
reductases (SOR), catalase, and glutathione peroxi-
dases (GPx). SOD catalyzes the dismutation of O2·

−

to H2O2. Catalase and glutathione peroxidases con-
vert H2O2 to H2O. Enzymes such as phospholipase
A2, glycosylases, and proteinases are involved in
the repair of oxidative damage. Phospholipase A2
cleaves lipid peroxides from phospholipids, reducing
the impact of injury to biomembranes. Glycosylases
are responsible for recognition and excision of oxi-
dized bases from DNA. Similarly, proteinases
degrade oxidized proteins.4,14,15,30–33 Antioxidant
molecules include vitamins C and E, lipoic acid,
flavinoids, carotenoids, and ubiquinones. These
molecules may act as ROS scavengers.4,14
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Table 30.1 Antioxidant defense system

Enzymes:

Involved in the metabolism of free radicals

• superoxide dismutase (SOD)
• superoxide reductase (SOR)
• catalase
• glutathione peroxidase (GPx)

Involved in the repair of oxidative damage

• phospholipase A2
• glycosylases
• proteinases

Antioxidant molecules: scavengers of reactive oxygen species

• vitamin C
• vitamin E
• carotenoids
• ubiquinones
• lipoic acid
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Several aging interventional studies support the
free radical theory of aging. Since free radicals and
oxidative stress are considered important factors in
the biology of aging, it is thought that modulation
of oxidative stress may slow the aging process.
Dietary components with antioxidant activity have
received particular attention. It is suggested that
they may have a potential role in modulating oxida-
tive stress associated with aging and chronic condi-
tions. Vitamin C, vitamin E, and beta-carotene are
referred to as antioxidant vitamins. Epidemiologic
evidence suggests that eating a diet rich in sources
of vitamins has a protective effect on development
of disease. However, this strong association of
dietary intake of vitamins and disease in epidemio-
logic studies has not been shown in randomized
clinical trials.34,35

Antioxidant vitamins

The process of aging is associated with increased
pathogenesis. Several investigators have used
exogenous antioxidants to slow the process of aging
caused by oxidative damage from free radical reac-
tions. Various natural and synthetic substances have
been tested for their efficacy in disease prevention
and life extension. Vitamins A, E, and C, also
known as antioxidant vitamins, have been long pro-
posed to prevent disease.36–38

Vitamin A and beta-carotene
Vitamin A refers to preformed retinol and the
carotenoids that are converted to retinol. Vitamin
A is found in animal products, including organ
meats, fish, egg yolks, and fortified milk. Other nat-
ural sources include yellow, orange, and red plant
compounds, such as carrots and green leafy vegeta-
bles. The current RDI for vitamin A is 1500 µg/l
(5000 IU). It has been observed that the dietary
intake of vitamin A decreases with age, however,
hypovitaminosis A is uncommon even in the very
old. Major dietary carotenoids are beta-carotene
and lycophene. Carotenoids cannot be synthesized
by the body and their supplies are dependent upon
dietary intake. They are potent antioxidants and
exert their antioxidant properties by scavenging

free radicals.35,39–41 Vitamin A has a number of
biologic actions. It is essential for the prevention of
xerophthalmia and phototransduction. Cellular dif-
ferentiation and integrity are also dependent upon
vitamin A.42,43

Role of dietary vitamin A
supplementation in disease prevention

Coronary heart disease Clinical trials gen-
erally have failed to demonstrate a beneficial effect
of antioxidant supplements on cardiovascular mor-
bidity and mortality. Vitamin A and beta-carotene
supplements have shown no benefit for primary or
secondary prevention of coronary heart disease
(CHD) in randomized trials and have been associ-
ated with potential harm.44,45 In the Physicians’
Health Study, 2 years of supplementation with beta-
carotene produced neither benefit nor harm in
terms of the incidence of malignant neoplasms, car-
diovascular disease, or death from all causes.46

Another study suggested that the combination of
beta-carotene and vitamin A had no benefit and
that it may have an adverse effect on the incidence
of lung cancer and on the risk of death from lung
cancer, cardiovascular disease, and any cause in
smokers and workers exposed to asbestos.47 In the
Women’s Health Study and Alpha Tocopherol Beta
Carotene (ATBC) cancer prevention study, supple-
mentation with beta-carotene had no effect on car-
diovascular disease.48,49

Cancer The protective effects of dietary vitamin
A against cancer seen in observational studies most
likely represent the effect of beta-carotene. There
exists discordance between data from epidemiologic
studies of dietary vitamin A on possible cancer
chemoprevention and that obtained from random-
ized controlled trials. 

The risk of lung cancer among male smokers or
asbestos workers receiving beta-carotene supple-
ments was shown to be significantly increased in
two large, randomized, placebo-controlled trials.
An increase in the incidence and mortality of
prostate cancer among subjects randomized to
receive beta-carotene supplements was seen in the
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ATBC cancer prevention study. This excess risk
appeared to resolve over time once supplements
were stopped.47,50,51

There have been several observational studies of
vitamin A intake and breast cancer; the results of
these studies have yielded varying results. In a study
by Kushi et al, no association between dietary vita-
min A and breast cancer was observed.52 Another
study suggested that a high intake of total
carotenoids and docosahexaenoic acid may reduce
the risk of breast cancer in women.53 Data from the
Nurses’ Health Study suggest that premenopausal
women, particularly those with a positive family
history, have significant reductions in breast
cancer risk with increasing dietary intake of alpha-
carotene, beta-carotene, lutein/zeaxanthin, and
total vitamin A.54,55

Beta-carotene supplements did not show a reduc-
tion in colorectal adenoma risk in the Polyp
Prevention Study Group.56

Other conditions

Evidence from obtained from observational studies
reveals that high doses of vitamin A may be a risk
factor for osteopenia and fractures.57–59 Studies eval-
uating the effect of beta-carotene supplements on
the risk of cataract formation showed no overall
effect; however, there seemed to be a decreased risk
among current smokers.60

At the present time, supplementation with vita-
min A and beta-carotene is not recommended.
Based upon current clinical data, vitamin A and
beta-carotene lack clinical efficacy with respect to
cancer prevention and may have adverse effects on
the incidence of lung cancer and on the risk of
death from lung cancer and cardiovascular disease.

Vitamin E
Vitamin E or tocopherol possesses potent antioxi-
dant properties. It acts as a free radical scavenger
and prevents lipid peroxidation. Alpha-tocopherol
is the biologically active form of vitamin E. It pre-
vents the oxidation of polyunsaturated fatty acids
(PUFAs), a major structural component of cell
membranes. Vitamin E is found in nuts, vegetable

oils, whole grains, egg yolks, and green leafy vegeta-
bles. The predominant form in the human diet is
gamma tocopherol; however, over-the-counter prepa-
rations of vitamin E contain alpha-tocopherol.35,61

Vitamin E deficiency is seen in conditions result-
ing from fat malabsorption. Deficiency may manifest
as gait disturbance occuring as a result of neuronal
degeneration. Neuronal degeneration leads to spin-
ocerebellar ataxia, decreased deep tendon reflexes or
areflexia, peripheral neuropathy, and posterior col-
umn destruction with impairment of proprioception
and vibratory sense. It can cause a degenerative
myopathy, ocular impairment, and brown bowel syn-
drome, a result of lipofuscin deposition and a reduc-
tion of red blood cell lifespan.42,62,63

Oxidation of low density lipoprotein (LDL)
appears to be important in mediating the athero-
genicity of LDL. Alpha-tocopherol reduces LDL
susceptibility to oxidation.64,65

Role of dietary vitamin E
supplementation in disease prevention

Coronary heart disease Observational stud-
ies have supported the role of vitamin E in the pre-
vention of CHD. Several studies have found a lower
risk of CHD and death from CHD following supple-
mentation with vitamin E.66–68 Randomized con-
trolled trials have not supported these observations
and have found no benefits of vitamin E supple-
ments in both primary and secondary prevention of
CHD. The ATBC study showed no significant effect
on the incidence of myocardial infarction and car-
diac death.44,49,69

In one of a series of reports issued by the ATBC
study the risk of fatal CHD increased in the groups
that received either beta-carotene or the combina-
tion of alpha-tocopherol and beta-carotene; there
was a non-significant trend of increased deaths in
the alpha-tocopherol group.70 In the HOPE trial,
daily supplementation with vitamin E had no effect
on progression of carotid intimal medial thickness.71

The HOPE-TOO trial (ongoing outcomes, a 2.5-
year extension of the trial) showed that vitamin E at
400 IU was associated with an increase in heart
failure.72 In the Women’s Angiographic Vitamin
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and Estrogen (WAVE) study, neither HRT nor
antioxidant vitamin supplements provided cardio-
vascular benefit to postmenopausal women with
coronary disease. Instead, a potential for harm was
suggested with each treatment.73 The GISSI pre-
vention trial, the Cambridge Heart Antioxidant
Study (CHAOS), and the Heart Protection Study
showed no effect on cardiovascular mortality.74–76

Stroke In the ATBC study, daily supplementa-
tion with vitamin E had no overall effect on stroke
risk. However, a subgroup analysis suggested that
vitamin E may increase the risk for subarachnoid
hemorrhage and decrease the risk for ischemic
stroke, particularly in men with hypertension.77 The
Health Professionals Follow-up Study showed no
association between supplemental vitamin E and
stroke risk.78

Cancer Several studies have tried to examine
the role of vitamin E in cancer prevention.
Observational data from the Health Professionals
Follow-up Study showed no association between
vitamin E supplement use and all prostate cancers.
However, it showed a decrease in risk of metastatic
or fatal prostate cancer among smokers who con-
sumed at least 100 IU of supplemental vitamin E
daily.79 The ATBC cancer prevention study
observed a 32% decrease in prostate cancer inci-
dence and a 41% decrease in prostate cancer mor-
tality among men receiving alpha-tocopherol
compared with placebo.46 In a second report from
the ATBC study a significant reduction in lung can-
cer risk was associated with higher serum vitamin E
levels. The reduction in risk was greatest among
men younger than age 60 years and among patients
with fewer years of cumulative smoking exposure.80

Alzheimer’s disease Observational studies
have suggested that increased dietary intake of vit-
amin E may have a protective effect against the
development of Alzheimer’s disease. In a longitudi-
nal cohort study, supplementation with both vita-
mins E and C protected against the development of
vascular dementia and improved cognitive function
late in life.81–83 A randomized trial of selegiline,
vitamin E, both, or placebo among patients with

Alzheimer’s disease showed that both selegiline and
vitamin E were independently associated with sig-
nificant reductions in several outcomes, including
functional decline.84

Immunity There have been several studies
reporting that vitamin E supplementation improves
the immune response. However, randomized, placebo-
controlled studies have found no reduction in the
incidence of respiratory infections in institutional-
ized or non-institutionalized elderly patients receiv-
ing daily vitamin E supplements.85–89

All-cause mortality A meta-analysis of vitamin
E supplementation that did not stratify trials by dose
of vitamin E found no significant effect of supplemen-
tation on all-cause mortality.44 However, a recent
meta-analysis that examined the dose–response rela-
tionship between vitamin E and overall mortality in a
total of 19 randomized clinical trials found that vita-
min E supplementation with a dose ≥ 400 IU/day was
associated with a significantly increased risk of all-
cause mortality.90

Current evidence for vitamin E supplementation
is inconclusive. Data at present suggest that high-
dose vitamin E (≥ 400 IU/day) increases all-cause
mortality. Also, individuals taking anticoagulants
should be particularly advised against high doses of
vitamin E because of the synergistic action of vita-
min E with these drugs.

Vitamin C
Vitamin C, also known as ascorbic acid, is a water-
soluble vitamin. Deficiency of vitamin C can be
seen in the frail elderly and is caused by insufficient
dietary intake. The bioavailability of vitamin C is
inversely related to the amount ingested as well as
its form. Aging does not affect its absorption.
Natural sources of vitamin C include citrus fruits,
raw leafy vegetables, strawberries, melons, toma-
toes, broccoli, and peppers. The vitamin C content
of various foods depends upon the season of the
year, the transport time to the store, the shelf time
before purchase, the form of storage, and the
method of cooking. It is heat labile and boiling can
cause a 50 to 80% loss.35,39,91
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Vitamin C has antioxidant properties and reduces
harmful free radicals; it is a reversible biologic reduc-
tant. It provides reducing equivalents for a number of
biochemical reactions involving iron and copper. It
therefore functions as a cofactor, enzyme comple-
ment, cosubstrate, or a strong antioxidant in a variety
of reactions and metabolic processes.39,92–95

Vitamin C is involved in collagen and norepi-
nephrine synthesis. Vitamin C is essential for the
conversion of iron from the ferric (+3) to the ferrous

(+2). This is important for the conversion of methe-
moglobin to hemoglobin and for the absorption of
iron from the duodenum. Vitamin C has a role in
prostaglandin and prostacyclin metabolism. It may
be capable of attenuating the inflammatory
response or even sepsis syndrome. Deficiency pri-
marily affects the musculoskeletal and hematopoi-
etic systems and results in scurvy. Scurvy can
develop if the intake of vitamin C is less than 10 mg
per day for 3 to 6 months.63,96,97
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Table 30.2 Conclusions for antioxidant supplement use for disease-specific statesa

CHD Heart All-cause 
1 2 failure Stroke Cancer Dementia Cataracts mortality

Vitamin A NBc NB — — � Lung — � Cataract �

cancer formation 
among among 
smokers smokers
� Prostate 
cancer 
risk and
mortality

Vitamin E NB NBd
� risk NBe

� Prostate Inconclusivef — �

cancer
incidence 
and
mortality
� Lung
cancer risk

Vitamin C Inconclusiveg NB — NBh — — � Risk of —
cataract
requiring
extraction

a Based on current scientific evidence.
b Coronary Heart Disease.
c No benefit.
d Benefits seen in individuals with CRF on hemodialysis.
e Subgroup analysis revealed � risk of subarachnoid hemorrhage and
� risk of ischemic stroke in
individuals with hypertension.

f Data from observational studies.
g Observational studies and 1 RCT show a slowing of disease progression.
h Improvement in common carotid artery–intima media thickness; implications are unclear.
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Role of dietary vitamin C
supplementation in disease
prevention

Coronary heart disease There has been con-
flicting evidence from epidemiologic studies for the
role of vitamin C in the primary prevention of CHD.
Several observational studies have shown a lower
mortality rate in individuals consuming vitamin C
supplements. The National Health and Nutrition
Examination survey found that the relation of the
standardized mortality ratio (SMR) for all causes of
death to increasing vitamin C intake is strongly
inverse for males and weakly inverse for females. The
survey reported a 34% lower standardized mortality
rate among individuals consuming 50 mg or more of
vitamin C per day.98 In the EPIC-Norfolk prospective
study a 20 µmol/l rise in plasma ascorbic acid concen-
tration, equivalent to about 50 g per day increase in
fruit and vegetable intake, was associated with about
a 20% reduction in risk of all-cause mortality
(P < 0.0001), independent of age, systolic blood pres-
sure, blood cholesterol, cigarette smoking habit, dia-
betes, and supplement use.99 In a study by Gale et al,
vitamin C concentration, whether measured by
dietary intake or plasma concentration of ascorbic
acid, was strongly related to subsequent risk of death
from stroke but not from CHD.100 A large, random-
ized trial of vitamin C for secondary prevention of
CHD found no benefit of supplementation.76

Stroke A 20-year follow-up study of a cohort of
elderly people found mortality from stroke to be
highest in those with the lowest vitamin C sta-
tus.100 The Health Professionals Follow-up Study
showed no association between supplemental vita-
min C and stroke risk.78 In the Antioxidant
Supplementation in Atherosdorosis Prevention
(ASAP) study, supplementation with a combina-
tion of vitamin E and slow-release vitamin C
slowed down the atherosclerotic progression in
hypercholesterolemic persons. In both sexes com-
bined, the average annual increase in the mean
common carotid artery–intima media thickness was
0.014 mm in the unsupplemented and 0.010 mm in
the supplemented group.101

Cancer Some observational studies show an
inverse relation of ascorbic acid to cancer mortality
in men but not in women.98,99 There currently exists
very little evidence supporting the role of vitamin C
in the prevention of cancer.

Other conditions There have been some
reports of excessive use of vitamin C as a risk factor
for calcium oxalate nephrolithiasis. However, a
prospective epidemiologic study demonstrated that
consumption of high doses of vitamin C lowered
the relative risk of calcium oxalate stones compared to
250 mg or less of vitamin C per day.102 Observational
data suggest that micronutrients with antioxidant
capabilities may retard the development of age-
related cataract. In a prospective study, the risk of
cataract was 45% lower among women who used
vitamin C supplements for 10 or more years (rela-
tive risk 0.55 (0.32 to 0.96)).103 However, in a ran-
domized controlled study the use of a high-dose
formulation of vitamin C, vitamin E, and beta-
carotene in a relatively well-nourished older adult
cohort had no apparent effect on the 7-year risk of
development or progression of age-related lens
opacities or visual acuity loss.104

Conclusions

Epidemiologic and population studies suggest bene-
ficial effects of antioxidant vitamins such as vitamin
E, vitamin C, and beta-carotene on cardiovascular
disease (CVD) and malignancies. However, a pre-
ponderance of clinical trials has failed to demon-
strate a beneficial effect of antioxidant supplements
on CVD morbidity and mortality. Table 30.2 sum-
marizes the conclusions for vitamin supplements
based on the current scientific evidence available.
A recent meta-analysis of studies of vitamin E sup-
plementation for prevention of heart disease found
no benefit and even an increase in all-cause mortal-
ity at dosages above 400 IU per day. Also, beta-
carotene supplement use has not shown clinical
efficacy and has been associated with an increased
risk of lung and prostate cancer. Based on currently
available data, the use of antioxidant vitamin
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supplements for the prevention and treatment of
CVD and malignancies is not justified. 
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CHAPTER 31

Resistance exercise
Charles P Lambert

Introduction

Sarcopenia is the age-related decline in skeletal
muscle mass. Sarcopenia leads to decreased muscle
strength, which in turn can lead to functional dis-
ability. Using the classification of moderate sarcope-
nia, which is a muscle mass that is between 1 and 2
standard deviations lower than the mean for young
men (age 18–39 years) Janssen et al1 reported that
45% of older men (> 60 years) fell into this cate-
gory. Seven per cent of older men were classified as
severely sarcopenic, which is 2 or more standard
deviations below the mean for young men. Older
men who were classified as moderately sarcopenic
had problems stooping, crouching, or kneeling and
had a decreased ability to perform the tandem stand
test. Those men classified as severely sarcopenic, in
addition to having the problems of those individu-
als who were moderately sarcopenic, also had a
reduced ability to stand up from a chair. 

The effect of sarcopenia on health-care costs is
due to its relationship to physical disability. Janssen
et al2 calculated that the direct health-care cost due
to sarcopenia in the US in 2000 was $18.5 billion ($
7.7 billion for women and $10.8 billion for men).
This totaled approximately 1.5% of the total health-
care costs in the US. These investigators also calcu-
lated that a reduction of sarcopenia by 10% would
have saved $1.1 billion in the year 2000.2

One intervention that has been shown to reduce
muscle mass and strength losses is resistance training,
also called strength training. Androgen (testosterone

or anabolic steroid) administration is another means
to increase muscle mass and strength in older individ-
uals. However, in contrast to resistance exercise train-
ing there is no neurologic effect of androgen
replacement. Increased motor-unit recruitment and
increased motor-unit firing rates, as well as other
adaptations within the nervous system, are responsi-
ble for the majority of the increases in strength early
(during the first several weeks) in a resistance exercise
training program. 

Resistance exercise results in an
increase in muscle size 

Resistance training in the elderly results in muscle
hypertrophy. In an early study, Fiatarone et al3

reported that resistance training for 8 weeks (3
days/week, 3 sets/workout, 8 repetitions/set, and 80%
of 1 repetition maximum (RM)) resulted in a 10.9%
increase in quadriceps muscle size. The mean age of
the individuals in that study was 90.2 years. In
another early study, Frontera et al4 reported that 12
weeks of resistance training similar to that performed
by Fiatarone et al3 resulted in a 9.3% increase in
quadriceps muscle size. The individuals in that study
were between the ages of 60 and 72. Hakkinen et al5

reported an 8.5% increase in the cross-sectional area
of the quadriceps femoris as a result of a 10-week pro-
gressive resistance training program in older men
(mean age 60.8 years). Thus, from these studies one
can expect about a 10% increase in muscle size with

Lunenfeld-ch-31.qxd  8/23/2007  4:24 PM  Page 405



a typical 12-week progressive resistance training
program. Since the loss in muscle mass in an elderly
individual would appear to be greater than 10%, as
the rate of loss is typically around 0.5–1.0% per year
after the age of about 40,6 longer resistance training
studies appear to be warranted to determine whether
the muscle mass loss of elderly individuals could be
completely reversed.

Resistance exercise improves
physical function

Seyennes et al7 reported that 10 weeks of resistance
training at 80% of 1 RM, 3 times/week in individu-
als with a mean age of 81.5 years resulted in a 55%
increase in strength, 27.6% improvement in chair
rising time, a 19.2% improvement in stair climbing
power, and a 27.5% improvement in the 6-minute
walk distance. Vincent et al8 reported that 6 months
of training similar to that of Seyennes et al7 resulted
in a 27.6% increase in leg press strength, a 14.6%
improvement in leg extension strength, and a 5.8%
improvement in stair climbing time. Sullivan et al9

examined the effects of progressive resistance exer-
cise (10 weeks, 80% of 1 RM, 3 times/week, 3 sets of
8) on strength and function in very frail elderly
individuals. They found a 74% increase in leg press
strength while the maximum safe gait speed
increased in 53% of the individuals and the sit to
stand maneuver times improved in 79% of the cases.
Fiatarone et al10 reported that 10 weeks of typical
progressive resistance exercise in individuals with a
mean age of 87.1 years increased strength by 113%.
Additionally, gait velocity was improved by 11.8%
and stair climbing power was improved by 28.4%.

Thus, based on these studies and others, progres-
sive resistance exercise is effective in improving
strength and measures of physical function in the
elderly. Of note is that the increase in muscle mass or
hypertrophy is typically less then the increase in mea-
sures of physical function. In addition to the increase
in muscle mass observed as a result of progressive
resistance training or androgen administration,
progressive resistance training provides the added
benefit of an improvement in neural components of
strength, which are composed of improved motor

unit recruitment and motor unit firing rates as well as
a reduction in antagonist muscle co-activation. 

Neural adaptations responsible for
improvements in muscle strength

Increased motor-unit recruitment and faster motor-
unit firing rates are adaptations that are typically
called the neural component of improvements in
muscle strength. Motor-unit recruitment and
motor-unit firing rates are collectively referred to as
muscle activation. It appears that the ability to acti-
vate an agonist muscle is maximal for most muscle
groups in the elderly when using isometric contrac-
tions and a supramaximal electrical stimulus to
assess muscle activation (for review see reference
11). However, linear equations relating muscle acti-
vation to maximal voluntary contractions have
been used in the past. Stackhouse et al12 have
reported that the utilization of curvilinear equations
may be more appropriate and have reported that the
muscle activation deficits in older people relative to
young may be about 11% rather than 2–4%. Thus,
the use of curvilinear equations suggests that there
may be room for improvement in muscle activation
in older people as a result of resistance training.
This room for improvement appears to be very small
in light of the large improvements in muscle
strength and small increases in muscle hypertrophy
in the elderly as a result of resistance training. 

There are a few possible explanations, in addi-
tion to agonist muscle activation, for the increase in
strength:

1. There has been shown to be a about a 12.5%
reduction in muscle co-activation of antagonist
muscle groups in ~70-year-old men with 6
months’ resistance exercise training plus explo-
sive exercise. Thus, a reduction in muscle co-
activation may play a role. 

2. Almost all of the studies of muscle activation
have been performed with isometric exercise.
There may be greater deficits in muscle activa-
tion in the elderly with dynamic exercise than
isometric exercise (isometric exercise is the way
muscle activation is usually assessed).
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3. It has been suggested13 that there may be train-
ing-induced inhibition of Golgi tendon organs.
The Golgi tendon organs act to stop the con-
traction in the direction of intended movement
if the load becomes too heavy. Thus a load that
used to be perceived as too heavy by the Golgi
tendon organs before training may no longer be
perceived that way after training and this results
in the ability to move heavier loads.

Figure 31.1 depicts a theoretic model for the time
course of the increases in strength, muscle mass, and
neurologic adaptations for an individual involved in
resistance training. An estimate for the intersection
of the lines depicting neural and muscle mass gains
is ~16–24 weeks. 

Comparison of resistance exercise
to testosterone replacement

Skeletal muscle protein synthesis in
the elderly
Testosterone replacement in older men has been
shown to increase muscle protein synthesis,
strength, and muscle hypertrophy. However, there

are side-effects associated with testosterone replace-
ment, such as a large increase in the hematocrit
which may reach dangerous levels, as well as the
potential for stimulation of prostate cancer.
Resistance exercise training has no known side-
effects and most studies show that it is as efficacious
or more efficacious for increasing muscle strength
than testosterone administration (compare Tables
31.2 and 31.3, later). 

Table 31.1 compares the mixed muscle protein
synthesis response to a typical dose of testosterone
administration and to one acute resistance exercise
bout in the elderly. As can be seen from these studies,
the mixed muscle protein synthetic response to an
acute resistance training session is at least as much
and may be greater than the response to testosterone
replacement. Few studies have compared testostos-
terone replacement to resistance training in the same
study. Recently, Sullivan et al18 performed a study in
very frail individuals with a 2 × 2 design, with the
independent variables being exercise intensity (20%
of 1 RM vs 80% of 1 RM) and testosterone adminis-
tration (!00 mg of testosterone/week vs placebo).
They found a significant resistance exercise effect on
muscle strength but no significant effect of testos-
terone on muscle strength. In contrast, they found
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Figure 31.1 Time course of resistance training induced adaptations (adapted from Sale88).
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that testosterone significantly improved mid-thigh
cross-sectional muscle area but resistance exercise did
not. In contrast, Casaburi et al19 reported similar
increases in strength between resistance exercise vs
testosterone replacement groups, but similar to the
study of Sullivan et al,18 they found that testosterone
replacement alone increased lean body mass but resis-
tance training alone did not. Casaburi et al19 studied
COPD patients with low testosterone levels
(≤ 320 ng/dl). 

Comparison of resistance exercise
induced muscle protein synthesis to that
of aerobic exercise
Sheffield-Moore et al20 conducted a study evaluating
the effects of an endurance exercise bout in older and
younger men. The exercise duration was 45 minutes
and the exercise intensity was ~40% of VO2 peak
(moderate walking on a treadmill). They found the
increase in muscle protein synthesis was 0.0363%/hour
in the young men and 0.0830%/hour in the older men.
This is similar to the increase as a result of resistance
exercise: 0.030%/hour for the younger men and
appears to be greater than that for resistance training
in older men (0.044%/hour). Both the resistance exer-
cise study and the aerobic exercise study were per-
formed in the postabsorptive state. Thus, it appears
that postexercise mixed muscle protein synthesis in
the postabsorptive state does not explain the much
greater increase in muscle mass accumulation that
occurs for individuals who engage in resistance exer-
cise training when compared to that for individuals
engaged in aerobic exercise training. 

Skeletal muscle strength gains:
comparison of testosterone
replacement and resistance exercise
training 
We have examined 13 studies of testosterone
administration to the elderly in which the duration
of administration ranged from 4 weeks to 3
years.15,19,21–31 In addition, the administration
method was intramuscular injection for 8 out of the
13 studies with the other administration methods
being sublinqual,29 a transdermal gel application,28,30

and a scrotal patch.26 It was reported in two of the
studies that there was no significant increase in
strength.26,27 The greatest increase in strength was
~110% (grip strength24) with the range of the other
studies being a 7.5% decrease to a 63% increase24 in
strength. In addition, in the study with the greatest
increase (~110%) there was a ~4% improvement in
a timed physical performance test, whereas there
was a 5.6% decrease in the timed physical perfor-
mance test for the placebo group over 3 years. The
mean increase in strength for the cited testosterone
studies (Table 31.2) was 22.7%. 

From 16 resistance training studies with most
having a duration of 12 weeks and all of them
having a frequency of 3 × /week, the mean strength
improvement was 57.4% with a range of
15.6–134.0% (Table 31.2). Based on these studies it
would appear that the strength improvements
induced by resistance exercise training in older
adults are of much greater magnitude (possibly 2-
fold greater) than the improvements induced by
testosterone administration to older adults. This is
important as it is strength, which is a combination
of the amount of muscle mass available and neuro-
logic factors, that dictates function as opposed to
only muscle mass alone. Resistance training induces
both neurologic and muscle mass accumulation
whereas testosterone administration only results in
gains in muscle mass. Further, it is strength (and/or
power) that translates into improvements in the
ability to perform functional activities not muscle
mass per se. Of note also is that these greater
changes in strength with resistance training occur
after only 12 weeks, while the changes elicited by
testosterone administration may take much longer
(Tables 31.2 and 31.3). 
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Table 31.1 Mixed skeletal muscle protein
synthetic response to resistance training and
testosterone administration in the elderly

Acute resistance Testosterone
training replacement
studies studies

Hasten et al:14 Urban et al:15

182% increase 80% increase
Sheffield-Moore el al:16 Brodsky et al:17

58% increase. 42% increase
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Table 31.2 Increases in strength with testosterone administration 

Age Dose of Mode of Duration of % Increase
Study (years) testosterone administration administration in strength

Snyder et al26 > 65 6 mg/day Scrotal patch 36 months −7.5
Young et al31 30.2 200 mg/week IM injection 6 months 9.1

Wang et al29 19–60 (all 5 mg 3 × daily Sublingual 6 months 6.3
hypogonadal,
total 
testosterone
< 250 ng/dl

Wang et al30 19–68 (all had 50 and 100 mg Transdermal 3 months ~8
a total testosterone/ testosterone 
testosterone day gel
of ≤ 300 ng/dl
or less)

Sih et al25 66 (bioavailable 200 mg/2 weeks IM injection 12 months 63
testosterone
< 60 ng/dl)

Bhasin et al21 19–47 100 mg/week IM injection 3 months Bench 
(hypogonadal) press + 22% 

Squat + 44%

Page et al24 71 (hypogonadal; 200 mg/2 weeks IM injection 36 months ~110 grip 
total strength
testosterone
less than
350 ng/dl)

Urban et al15 67 (total 100 mg/week IM injection 4 months ~25
testosterone
≤ 480 ng/dl)

Morley et al23 77.6 200 mg/2 week IM injection 3 months ~13
(bioavailable
testosterone
< 70 ng/dl)

Tenover27 66.7 (low 100 mg/week IM injection 3 months No change in 
total grip 
testosterone strength
≤ 400 ng/dl)

Wang et al28 19–68 5, 7.5, or 10 g Transdermal 36 months Bench 
(hypogonadal: AndroGel gel press: ~11.5 
≤ 300 ng/dl) Leg press:

~18.8

(Continued)
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Power vs strength in relation to
physical function

The relationship between strength and performance
on tests of physical function such as stair climbing,
the ability to rise from a chair, and gait speed has
been firmly established in the literature. Recently,
investigators have been addressing the effect of
power on performance of tests of physical function
when compared to the effects of strength on these
tests. Power is a combination of strength (aka force)
and how fast that strength is applied, or in other
words, the ability to apply strength quickly. Bean
et al45 examined the effects of leg power vs leg
strength on measures of physical function and found
that leg power explained more of the variation in
physical function than did leg strength. Thus, it may
be important to apply resistance training models that
enhance muscle power over muscle strength. How
exactly to do this awaits scientific inquiry. 

High-force low-repetition training
programs to induce improvements
in muscle strength and power 

Over the last two decades having older individuals
resistance train at 80% of 1 RM for 3 sets of 8 repeti-
tions has been the predominant way that resistance
training programs have been administered. However,
because of the exercise training principle known as

the SAID priciple – Specific Adaptations to Imposed
Demands – it would follow that if a person wanted to
improve the 1 RM he/she would have to train with a
weight that is closer to the 1 RM than a weight he or
she could perform 8 repetitions with. Figure 31.2
depicts a summary of the SAID principle. 

Powerlifters and weightlifters have known this for
years but to our knowledge very low repetition training
with very high loads to increase strength has not been
examined thoroughly in scientific studies and has not
been applied to the elderly. Evidence suggesting that
this kind of training leads to greater increases in
strength than moderate load intermediate repetition
training comes from a manuscript by Campos et al46

(Table 31.4), in which resistance exercise in young
individuals was performed at the 3–5 RM, the 9–11
RM, or the 20–28 RM for 8 weeks. The absolute and
relative strength gains in the leg press and squat exer-
cises were significantly greater for the group exercising
at the 3–5 RM than for the other groups. 

Resistance exercise and
health-related variables

Resistance exercise and insulin
sensitivity in individuals with
impaired glucose tolerance and
non-insulin-dependent diabetes mellitus 
Data from the National Health and Nutrition
Examination Survey suggest that approximately 8%
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Table 31.2 (Continued)

Age Dose of Mode of Duration of % Increase
Study (years) Testosterone Administration Administration in Strength

Kenny et al22 76 (low 5 mg/day Transdermal 12 months 38
bioavailable patch
testosterone)

Casaburi et al19 ~67 (chronic 100 mg/week IM injection 2.5 months ~17
obstructive
pulmonary
disease 
patients; low
testosterone:
< 320 ng/dl)
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of the population of the United States have non-
insulin-dependent diabetes mellitus.47 There are
many complications that result from this disease,
not the least of which is coronary artery disease.
Weight loss and aerobic exercise training have been
commonly used to treat this disease and its precur-
sor, impaired glucose tolerance. Resistance exercise,
however, has received comparatively less attention,
likely due to its low energy expenditure when com-
pared with aerobic exercise of equal duration. 

Early research by Yki-Jarvinen and Koivisto48

suggested that, all things being equal, the greater
the amount of muscle mass one has, the greater
the glucose disposal rate. Thus, because one of the
major adaptations of resistance exercise is an
increase in muscle mass, it would follow that resis-
tance exercise would be efficacious in improving
insulin sensitivity. Miller et al49 reported that
glucose disposal expressed relative to fat-free mass
during a hyperinsulinemic–euglycemic clamp was
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Table 31.3 Increases in strength with resistance training  

Mean Duration Training % % Increase
Study Gender age (years) (weeks) of 1 RM in strength

Brown et al32 Men 60–70 12 70–90 48
Trappe et al33 Women 74 12 80 56
Trappe et al34 Men 74 12 80 50
Campbell et al35 8 men; 56–80 12 80 55.2

4 women
Harridge et al36 8 men; 85–97 12 80 134

3 women
Yarasheski et al37 8 women; 76–92 12 65–100 24.7

4 men
Griewe et al38 4 men; 82 12 85–90 of 23.5

4 women initial 1 RM
Frontera et al4 12 men 60–72 12 80 107.4
Casaburi et al19 12 men ~67; chronic 10 80 ~17

obstructive
pulmonary
disease
patients; low
testosterone:
< 320 ng/dl

Hakkinen et al39 10 men 61 10 8–10 RM, 3–5 RM, 15.6
15 RM 

Moritani and 5 men 69.6 8 66% 1 RM 22.3
deVries40

Balagopal et al41 ? 71 12 80% 1 RM 37.4
Hagerman et al42 63.7 16 85–90% 1 RM 68.7
Jubrias et al43 69.2 24 60–70% 1 RM 64

for 4 weeks,
70–85%
1 RM for
remainder

Flynn et al44 Women 67–84 10 80% 1 RM 82
Fiatarone et al10 37 women; 87.1 10 80 113

63 men
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improved by 24% in men aged 50–65 years who had
normal glucose tolerance. In addition, fasting
plasma insulin levels and levels during an oral glu-
cose tolerance test were lower after training. Thus
an increase in muscle mass, or in this case fat-free
mass, does not explain the improvement in glucose
disposal as a result of a resistance training regimen.

Ryan et al50 examined the effects of 24 weeks of
progressive resistance training on insulin sensitivity
in 18 men and women between the ages of 65 and
74 of whom had impaired glucose tolerance.
Glucose utilization expressed relative to the con-
centration of insulin (M/I) tended to be improved
(increased 10%, P = 0.06) as a result of the resis-
tance exercise intervention. 

Recently, Ibanez et al51 reported that a high-
intensity progressive resistance training regimen
performed twice weekly for 16 weeks in older men
(mean age 66.6 years) with type 2 diabetes resulted
in a 46.3% improvement in insulin sensitivity as
assessed using Bergman’s minimal model procedure.

At least two studies have examined the effects of
high-intensity resistance training on glycemic con-
trol in older individuals with type 2 diabetes.
Castaneda et al52 examined a 16-week high-inten-
sity resistance training program in latino men and
women and found a 12.6% drop in glycosylated
hemoglobin concentrations and that 22 out of the

31 individuals in the resistance training group had a
reduction of their intake of diabetes-related drugs.
These positive changes were accomplished without
a reduction in body weight. Ishii et al53 examined
the effects of resistance training (4–6 weeks, 5 × /
week) on insulin sensitivity in non-insulin-depen-
dent diabetics utilizing the hyperinsulinemic–eug-
lycemic clamp technique. They performed this
technique 2 days after the last bout of exercise to
eliminate the effects of the last exercise bout. Much
of the resistance exercise performed in that investi-
gation was performed at 40–50% of 1 RM with less
than one minute of recovery between sets. Thus,
the exercise performed in that investigation was at
a lower intensity and with reduced recovery periods
compared to traditionally performed progressive
resistance training. Interestingly, in that investiga-
tion they found a 48% improvement in the glucose
disposal rate when this rate was normalized to lean
body mass. Thus, resistance training in this investi-
gation improved insulin sensitivity via a mechanism
other than an increase in lean body mass. 

Comparison of resistance and aerobic
exercise training on insulin sensitivity 
In a very well controlled study in which body
weight was maintained stable, Hughes et al54

reported an 11% increase in glucose disposal in
response to a euglycemic–hyperinsulinemic clamp
as a result of 12 weeks of aerobic exercise training in
older individuals with impaired glucose tolerance.
Exercise was performed for 55 minutes/day and 4
days/week. This increase in glucose disposal appears
to be similar to or less than in studies of resistance
training. Thus, based on limited data it appears that
resistance training and aerobic training result in
similar improvements in glucose disposal. Clearly,
more studies directly comparing these exercise
modes are warranted. 

Effects of resistance exercise training
on blood lipids
An important area of consideration is whether resis-
tance exercise favorably affects blood lipids in men.
It appears that resistance exercise as typically per-
formed to increase muscle strength and hypertrophy
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Figure 31.2 Theoretic model of Specific Adaptations
to Imposed Demands (SAID principle). AT, aerobic
training; RT, resistance training.
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does not beneficially alter resting blood lipid con-
centrations in well controlled studies.55,56

The postprandial triglyceride concentration
(lipemia) is more predictive of coronary artery dis-
ease risk than fasting triglyceride concentrations.57

Additionally, in predicting the absence or prescence
of coronary artery disease in 61 male subjects with
severe CAD and 40 control subjects, Patsch et al57

reported that a single time point measurement of
triglycerides 6 or 8 after a meal was accurate 68% of
the time. 

Petitt et al58 reported that in 21–40-year-old men
and women a resistance exercise bout of 10 exer-
cises (3 × 10 repetitions at the 10 RM for each exer-
cise), reduced the area under the triglyceride curve
after a fat tolerance meal 16 hours after exercise by
16% compared to a control group, and by 18% com-
pared to an aerobic exercise group. The resistance
exercise also reduced baseline triglycerides by ~20%

16 hours after the resistance exercise bout compared
to the two other groups. Thus, resistance exercise
appears to lower this important risk factor related to
coronary artery disease in young men and women.
Future research should be aimed at determining
whether there is a similar effect in older men and
women. 

Comparison of aerobic exercise training
and resistance exercise training on
blood lipids
Aerobic exercise training has been shown to reduce
total cholesterol, total triglyceride, low-density
lipoprotein (LDL) cholesterol, and the total choles-
terol to high-density lipoprotein (HDL) ratio while
increasing the HDL cholesterol.59 Additionally,
Kraus et al60 reported that aerobic exercise has a
beneficial effect on blood lipids in overweight men
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Table 31.4 Study design and results from Campos et al46

Statistical 
outcome  
with regard 

Statistical to muscular 
Rest period outcome endurance

Number of between Number with regard to (to fatigue at
Group repetitions/set sets of sets strength (1 RM) 60% of 1 RM)

Low 3–5 at 3–5 RM 3 minutes 4 Significantly 
repetition greater (p < 0.05)

improvement
than all other
groups with
regard to
LP and S
but not LE

Intermediate 9–11 at 2 minutes 3 Significantly 
repetition 9–11 RM greater 

than control
High 20–28 at 1 minutes 2 Significantly Significantly 
repetition 20–28 RM greater greater

than control improvement
than all groups
for LP, S, and LE

LP, leg press; S, squat; LE, leg extension.
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and women and they found that those who exer-
cised the most (20 miles of jogging per week)
incurred the greatest benefit. Thus, based on these
data and those of Kokkinos et al,55,56 it appears that
aerobic exercise training is superior to resistance
exercise training with regard to positive blood lipid
alterations. However, based on the study described
in the previous section, Petitt et al,58 the postpran-
dial triglyceride concentration is improved to a
greater extent by resistance training than aerobic
exercise training.

Resistance exercise and inflammatory
cytokines
Aging is associated with in increase in inflammatory
cytokines which may lead to chronic maladies such
as the loss of skeletal muscle mass (sarcopenia), ath-
erosclerosis, and cognitive impairment.61 Further,
an elevation in inflammatory cytokines is observed
in many other chronic disease states. The loss of
muscle mass induced by elevated inflammatory
cytokines such as TNFα and IL-6 in the elderly may
lead to physical disability.62 TNFα has been shown
to cause skeletal muscle protein degradation
directly.63 Recently, there has been interest in the
effects of exercise on inflammatory cytokine con-
centrations in blood and in skeletal muscle. Gielen
et al64 reported that 6 months of aerobic exercise
(cycling) reduced vastus lateralis TNFα by 37%,
IL-6 by 42%, and IL-1β by 48%. In a very thorough
investigation, Greiwe et al38 reported that TNFα
was markedly elevated in the skeletal muscle of
elderly frail individuals and that 3 months of resis-
tance exercise training 3 times per week decreased
skeletal muscle TNFα protein expression by 34%,
while TNFα mRNA was decreased by 46% in the
frail elderly individuals. Further, Bruunsgaard et al65

reported that the concentration of soluble TNF
receptor-1 in plasma, a very good indicator of chronic
plasma TNFα concentrations, prior to resistance
exercise training, was inversely related to the
improvement in strength in nursing home residents.
This information taken together suggests that resis-
tance exercise training as well as aerobic exercise
training can reduce inflammatory cytokine produc-
tion in muscle, which would presumably reduce
muscle protein degradation, and that a pretraining

elevation in inflammatory markers may attenuate
the attainment of strength gains in nursing home
residents.

Lipopolysaccharide (LPS) acts to stimulate
cytokine production from monocytes. Exercise
training acts to reduce LPS-stimulated cytokine
production from monocytes. Toll-like receptors
(TLRs) are present on the monocyte surface and act
to bind LPS and initiate the cascade of events that
lead to inflammatory cytokine production. 

In a series of studies from Dr Michael Flynn’s lab-
oratory the role of exercise training status on TLR
expression has been examined. He and his co-inves-
tigators hypothesized that the reduced inflammatory
cytokine production in the trained state could be
due to downregulation of (TLRs) on the monocyte.
In a cross-sectional study, these investigators found
a significant 190% reduction in TLR-4 in resis-
tance-trained older woman (aged 65–85) compared
to women who did not resistance train.66 In a subse-
quent study, these individuals found that, like their
previous study, TLR-4 was downregulated in trained
vs untrained women. However, they found no effect
of acute resistance exercise on cell surface TLR-4
expression. Recently these investigators found that
older women who were previously untrained and
then were exercise trained had a reduction in TLR-
4 in response to 12 weeks of resistance and aerobic
exercise training.67 Taken together, it appears that
resistance training acts to downregulate the expres-
sion of TLR-4, which partly dictates inflammatory
cytokine production from the monocyte.

Resistance exercise, muscle mass, and
resting energy expenditure 
It is clear that aging results in a reduction in muscle
mass which is typically ~0.5–1.0% per year after the
age of ~40.11 It is also clear from a seminal study by
Tzankoff and Norris68 that the decline in muscle
mass is mirrored by a decline in the resting meta-
bolic rate. These investigators reported that muscle
mass, as measured by 24-hour creatinine excretion,
declined with increasing age after 45 years and that
the relationship between oxygen consumption and
muscle mass was very strong (r = 0.644). Bosy-
Westphal et al69 reported a pearson correlation coef-
ficient of 0.75 between fat-free mass measured by
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dual X-ray absorptiometry and resting metabolic
rate over a wide range of body compositions. Thus,
although fat-free mass contains bone, skin, blood,
and organs, in addition to muscle, it may be an
excellent surrogate to estimate muscle in relation to
resting energy expenditure. 

One obvious result of the loss of muscle mass and
reduced resting energy expenditure with aging is a
positive energy balance and deposition of fat. This
would not be a beneficial adaptation. It is clear that
acute exercise such as a resistance exercise bout can
increase resting energy expenditure afterwards. In
addition, theoretically the addition of muscle mass
as a result of resistance exercise training should
result in an increase in resting energy expenditure.
In a well-designed study to address this question,
Campbell et al35 reported that 12 weeks of resis-
tance training in men and women aged 56–80
resulted in a 1.4 kg increase in fat-free mass
and a 6.8% increase in energy expenditure equiva-
lent to an extra 4.6 kcal/hour, 110.4 kcal/day,
772.8 kcal/week, 40 186 kcal/yr, which, given 3500
kcal is 1 pound of fat, is equivalent to the expendi-
ture of 11.5 lb of fat/year, which is not a trivial
amount. Thus, it appears that a practically signifi-
cant increase in resting energy expenditure can be
achieved by older individuals undertaking a resis-
tance exercise training protocol. Additionally, dur-
ing the period of resistance exercise training there
was a 2.2% drop in the body fat level. Thus, resis-
tance exercise, predominantly through the addition
of muscle mass, appears to be an excellent way to
expend energy (calories).

Comparison of resistance exercise
induced increase in resting metabolic
rate to that of aerobic exercise
The results of most studies indicate no effect of
aerobic exercise training on resting metabolic
rate(RMA).70–74 However, Sullo et al75 reported that
there is an increase in RMR with an increase in aer-
obic power in master athletes. Because aerobic exer-
cise does not increase fat-free mass there appears to
be no reason to believe that aerobic exercise would
increase resting metabolic rate. Thus, it would appear
that resistance training is a more appropriate form of
training to increase resting energy expenditure.

Resistance exercise and bone density
The prevalence of osteoporosis in elderly men is
~3–6% based on data from the National Health and
Nutrition Examination Survey (NHANES III).76

Because of the high loads placed on bone, resistance
training has been evaluated as a method for increas-
ing bone density. Yarasheski et al77 reported that 16
weeks of progressive resistance training (2 ×/week;
75–90% 1 RM; 5–10 repetitions/set) in 64–75-year-
old men which involved all major muscle groups on
Nautilus exercise machines resulted in a statistically
significant increase in bone density at Ward’s triangle
(proximal femur). However, they did not find differ-
ences in whole body, lumbar spine, femoral neck, or
greater trochanter bone densities. Compared to other
investigations utilizing resistance training, the inves-
tigation of Yarasheski et al77 would be considered to be
using high-intensity resistance training. 

Maddalozzo and Snow78 had middle-aged men
(mean age 54.6 years) perform 24 weeks (3×/week)
of high-intensity (periodized: weeks 1–6: 70% 1
RM; weeks 7–10: 80% of 1 RM, weeks 10–12:
90 + % of 1 RM; they performed this routine twice
during the 24-week program) or moderate intensity
(40–60% of 1 RM) resistance exercise. The moder-
ate-intensity program was performed on machines
while in the seated position while the high-
intensity group used a functional standing free-
weight program which incorporated physiologically
taxing exercises such as free-weight deadlifts and
squats. The high-intensity, but not the low-inten-
sity, resistance exercise increased lumbar spine bone
mineral density while the greater trochanter bone
density was significantly increased as a result of
both moderate- and high-intensity resistance train-
ing. No significant beneficial effect was observed at
the femoral neck, total hip, or whole body. 

Vincent and Braith79 trained older (mean age
67.7 years) individuals 3 ×/week for 24 weeks using
machines. Subjects in the low-intensity group
trained at 50% of 1 RM while subjects in the high-
intensity group trained at 80% of 1 RM. A signifi-
cant improvement in the femoral neck was
observed for the high-intensity group but no differ-
ences were observed for total body, anteroposterior
spine, lateral spine, or Ward’s triangle for low- or
high-intensity groups. 
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Although these investigations report differential
results it can be concluded that high-intensity resis-
tance training (at least ~80% of 1 RM) would appear
to be more beneficial at improving bone mineral den-
sity when compared to moderate-intensity resistance
exercise. Future studies should incorporate very high-
intensity resistance training (~90% of 1 RM) to
determine the effects on bone mineral density as well
as the effects on muscle strength. 

Comparison of resistance exercise
induced increase in bone density
to that of aerobic exercise
At this time it is unclear whether bone mineral density
in men is more positively affected by resistance exer-
cise training or aerobic exercise training. However,
non-weight-bearing aerobic activities such as swim-
ming likely will not have a beneficial effect on bone
density. There is a need for more research on this topic. 

Resistance exercise and spontaneous
physical activity
Fiatarone et al10 examined the effects of resistance
exercise with and without nutritional supplementa-
tion (360 kcal liquid; 60% carbohydrate, 23% fat, and
17% protein) on strength, physical function, and
spontaneous physical activity in men and women
with a mean age of 87.1 years. These investigators
found a 113% improvement in strength and signifi-
cant improvements in gait velocity and stair climbing
power. Furthermore, these individuals showed a sig-
nificant ~35% increase in spontaneous physical activ-
ity when exercise and exercise + supplement groups
were combined compared to the supplement alone
group + the control group. Thus, at least in this
population of very old men and women, resistance
training, likely through an increase in strength, can
increase the amount of activity performed throughout
the day. This is a very important additional benefit of
resistance exercise training. 

Resistance exercise and resting
blood pressure and comparison
with aerobic exercise
High blood pressure is a significant risk for developing
cardiovascular disease. Because some individuals
engage in resistance exercise as their sole source of

structured physical activity, it would be important to
know what effect if any resistance exercise has on
blood pressure. In a recent meta-analysis Cornelissen
and Fagard80 examined the effect of dynamic resistance
exercise on blood pressure. From 12 studies that did
not differentiate between studies performed in hyper-
tensives or normotensives and which were of varying
durations (6–26 weeks), these investigators found that
there was a − 3.2 mmHg change in systolic and a −
3.5 mmHg change in diastolic blood pressure following
dynamic resistance exercise training. In a 2002 meta-
analysis, Whelton et al81 reported that systolic blood
pressure was reduced by 3.84 mmHg and diastolic
blood pressure by 2.58 mmHg as a result of aerobic
exercise training. Thus, individuals should not abstain
from resistance training because they assume there is
no impact of resistance training on health-related
variables such as blood pressure. Although the meta-
analysis of Cornelissen and Fagard80 involved only a
small number of studies, the magnitude of the decrease
in blood pressure for resistance training was similar
to the magnitude of the reduction seen in aerobic
training studies.81 Thus, resistance and aerobic exercise
training appear to be of similar value in reducing rest-
ing blood pressure.

Utility of resistance exercise during
diet-induced weight loss
Resistance exercise training during weight loss
induced by energy restriction typically results in main-
tenance of lean body mass,82,83 while aerobic exercise
training during diet-induced weight loss does not.83

This is important as lean body mass is very metaboli-
cally active and thus combusts a large amount of
energy. In contrast, aerobic exercise is better for induc-
ing a caloric deficit for weight loss than resistance
exercise training since aerobic exercise training burns
more energy than resistance exercise of equal duration.
As would appear to maximize fat loss and maintain
lean body mass, a combination of aerobic and resis-
tance exercise training should be undertaken during
diet-induced weight loss. 

Role of resistance exercise in the
treatment of osteoarthritis
Osteoarthritis is a joint disorder in which inflamma-
tion is the cause.84 This inflammation leads to the
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breakdown and loss of cartilage within the joint.
Osteoarthritis affects ~20.7 million adults in the
United States and is the most common type of
arthritis.85 Penninx et al86 reported that the cumula-
tive incidence of disability in activities of daily liv-
ing in individuals with knee osteoarthritis was
52.5% in the control group, 37.8% in a resistance
exercise group, and 36.4% during 18 months of
resistance training, aerobic training, or a control
intervention. Thus, both resistance training and
aerobic training appear to be effective in reducing
the number of people who become disabled as a
result of knee osteoarthritis. 

In a similar 18-month study, Ettinger et al87

reported moderate improvements in pain, disability,
and physical performance measures as a result of
either resistance exercise or aerobic exercise when
compared to a health education group. Thus, based
on these data it appears that either resistance or aer-
obic exercise should be utilized to reduce the prob-
ability of an impairment in activities of daily living
and/or to improve pain and physical performance
measures in individuals with knee osteoarthritis. 

Summary

The reduction in muscle mass with increasing age
termed sarcopenia is very costly. Resistance exer-
cise training appears to be far superior to androgen
administration with regard to improving strength
in older individuals. This is important as strength
and not muscle mass is the primary determinant of
physical function. With regard to improving mus-
cular strength with resistance training, intensity is

the major factor. The exercise intensity should be
at least and probably more than 80% of the 1 RM
to maximally improve muscle strength. Resistance
training appears to be equally effective as aerobic
exercise training with regard to improving insulin
sensitivity and resting blood pressure, and increas-
ing bone density (Table 31.5). Resistance training
is superior to aerobic training with regard to
improving muscle mass, muscle strength, and rest-
ing metabolic rate. Aerobic training appears to be
more advantageous for improving most blood lipid
measurements except for postprandial lipemia, for
which resistance training appears to be more
beneficial. Resistance training appears to be supe-
rior for maintaining muscle mass when compared
to aerobic exercise during diet-induced weight
loss, although aerobic exercise training appears to
be more beneficial for creating an energy deficit
than resistance exercise. For the aging male, resis-
tance exercise training is an essential activity for
improving many health-related variables. Resistance
training should be undertaken by all men and the
addition of aerobic exercise training will likely
lead to additional improvements in many health-
related variables. 
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CHAPTER 32

Constipation and diarrhea
Syed H Tariq

Introduction

Both constipation and diarrhea are commonly seen
in the elderly population. The epidemiology, causes,
evaluation and treatment of constipation and diar-
rhea are described in detail. 

Constipation 

Constipation is a frequent concern in older adults
and accounts for an increase in the use of the
health-care system and a substantial proportion of
health-care dollars spent on over-the-counter med-
ications.1–3 Almost half of all patients more than 65
years of age report constipation or the regular use of
laxatives.4 Chronic constipation can lead to fecal
impaction, incontinence, and delirium, which
necessitate hospitalization and severe curtailment
of normal activities of daily living.5–8

Definition 
Constipation is defined by patients as difficulty with
defecation and complaints of hard stools or straining.

Physicians, on the other hand, describe constipation
as less than three bowel movements per week.
Constipation may be primary, if there is no obvious
reason, or, secondary, resulting from altered bowel
function because of metabolic abnormalities, medica-
tions, mechanical factors causing obstruction, or
insufficient diet. Chronic constipation indicates that
the symptoms have been present for more than 3
months. If chronic constipation is not responsive to
the usual treatments, it requires further investigation
for evidence of slow transit constipation, also known
as pelvic outlet dysfunction. Although constipation
can be part of irritable bowel syndrome (IBS), a new
onset of IBS occurs less frequently in elders than in
younger patients. The Rome criterioa defines consti-
pation as outlined in Table 32.1, a consensus defini-
tion used by experts for the primary purpose of use in
clinical trials. 

Epidemiology 
The prevalence of self-reported constipation, physi-
cian visits, and laxative use increases with aging,
while the prevalence of stool frequency does not

Table 31.1 Rome criteria for functional constipation

Two or more of the following should be present for at least 12 weeks out of the preceding 12 months: 

• Straining in more than 25% of defecations
• Lumpy or hard stools in more than 25% of defecations
• Sensation of incomplete evacuation in more than 25% of defecations
• Less than three defecations per week
• Manual evacuation or assistance to facilitate defecation 25% of the time
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change with age.4,9 Harari et al4 reported a 10-fold
increase in self-reported constipation in men from
0.6 to 6.3% from age 40 to 80 years, and an approx-
imately 3-fold increase in women from 4 to 11%.
They reported laxative use in about 30% of both
elderly men and women without any significant
decrease in bowel frequency. There is some evi-
dence suggesting that lack of fiber, inactivity, and
lack of fluid may contribute to constipation in oth-
erwise healthy older people.10,11 Women reported
fewer bowel movements than did men and non-
whites, and people of lower socioeconomic class
also reported fewer bowel movements.12

In frail elders, up to 45% reported constipation as
a health issue. The prevalence of constipation is
higher in nursing home residents, a finding not well
explained by the increase use of laxatives,13 but it
could be explained by a higher use of medications
and other comorbidities. 

The elderly perceive constipation as the pres-
ence of hard stools and straining, which correlates
with self-reported constipation in this population.14

Population-based studies reported constipation at
40% in community-dwelling older adults over the
age of 64 years. The common risk factor for devel-
oping constipation in this population was the use of
medication; i.e. non-steroidal anti-inflammatory
drugs.15

In one study 20 to 30% of community-dwelling
older adults used laxatives on at least a weekly basis.
In nursing homes, it was reported that 59% of the
residents used laxative at least on an intermittent
basis.16

Economic impact and quality of life
Older adults treat constipation with over-the-
counter products; thus, the economic impact of lax-
ative use is likely considerably higher. At present
there are no studies in the US addressing the eco-
nomic aspect of laxative use. One study in the UK
estimated the annual cost to the National Health
Service for prescription laxatives at £43 million.17

The presence of chronic constipation impacts
functioning in daily life and older adults affected by it
rate their health lower than people without any gas-
trointestinal symptoms.18 Health-related quality of life
is reduced in patients with chronic constipation.19

The presence of constipation has been hypothesized
to increase urinary tract symptoms, with treatment of
constipation resulting in reduced urinary frequency,
urgency, and dysuria.20 Constipation is also associated
with fecal incontinence, fecal impaction, and sterco-
ral ulceration.21,22 Effective strategies are needed for
reducing the burden of illness and cost associated with
constipation. 

Causes of constipation 
There are a number of causes of constipation in
older adults as outlined in Table 32.2. The most
common ones are medications and co-existent med-
ical conditions. The reduced intake of dietary fiber
is associated with constipation. In some studies, a
high-fiber diet has been shown to be associated with
lower laxative use;23 however, other studies show no
beneficial effect from fiber.2 Dehydration and low
calorie intake have been considered important risk
factors for constipation in older adults; however it is
not authenticated in studies.1,5,24 Although immo-
bility and reduced fluid and fiber intake are often
implicated in the development of constipation,
there is little evidence to support these myths.
Reduced liquid intake does not appear to cause con-
stipation,25 likewise increased physical activity does
not reverse constipation.26 Reduced calorie intake27

and increased psychologic distress25 correlate well
with constipation in the elderly, although the
mechanism of the latter remains unknown. 

Evaluation of constipation 

History
The evaluation of constipation begins with a good
understanding of the patient’s perspective on their
altered bowel function and the onset of constipa-
tion. In acute or subacute onset it is important to
exclude structural lesions such as neoplasia or
volvulus. The presence of weight loss along with
rectal bleeding and/or iron deficiency anemia also
requires examination of the colon to exclude can-
cer. Rectal pain, especially with defecation, suggests
an anal disorder. The need for manual disimpaction,
fecal urgency, and fecal or urinary incontinence are
all important predictors of neurologic damage.
Clear documentation of laxative use, its frequency,
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efficacy, and duration of use, provides crucial histor-
ical data. Review of all medications currently used
is important to determine whether any of them are
contributing to constipation. 

Physical examination
A careful general physical examination is required to
explore evidence for a possible systemic disorder,
excluding fecal impaction and assessing of anorectal
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Table 32.2 Causes of constipation

A. Medications 

a. Antidepressants (SSRIs and TCAs)
b. Antipsychotics 
c. Antihistamines 
d. Anti-Parkinson's drugs
e. Antacids (especially aluminum or calcium)
f. Calcium supplements and calcium channel blockers 
g. Diuretics 
h. Iron 
i. Non-steroidal anti-inflammatory drugs
j. Opiates 
k. Sucralfate

B. Metabolic 

a. Amyloidosis 
b. Chronic kidney disease 
c. Diabetes 
d. Electrolyte imbalance (� calcium and magnesium)
e. Hyperparathyroidism 
f. Hypothyroidism 
g. Scleroderma 

C. Mechanical 

a. Anal stenosis 
b. Colonic neoplasia 
c. Strictures (intrinsic or extrinsic) 

D. Neuropsychiatric 

a. Autonomic neuropathy 
b. Cerebrovascular accident 
c. Dementia 
d. Depression 
e. Parkinson's disease 
f. Multiple sclerosis 

E. Other 

a. Decreased intake of calories, fiber, fluid
b. Fever
c. Immobility
d. Poor access to toilet 
e. weakness
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function. Examination of the abdomen for masses and
evidence of altered muscle tone and stool-filled bowel
loops is an integral part of general examination.
Inspection and digital rectal examination of the anal
sphincter at rest, with squeezing, and with straining,
are important in determining sphincter integrity, per-
ineal descent, rectal masses, and prolapse. 

Diagnostic tests
In the evaluation of constipation the following lab-
oratory tests are often recommended: complete
blood count, serum chemistry including elec-
trolytes, kidney function, magnesium, calcium, and
sensitive thyroid-stimulating hormone. Fecal occult
blood testing and screening sigmoidoscopy/
colonoscopy for neoplasm of the colon are indicated
if not performed previously. Patients who are not
responsive to medications or who have severe con-
stipation need referral to a specialist (a gastroen-
terologist with expertise in manometry). Additional

tests include colon transit measurement, colonic
manometry, anorectal manometry, balloon expul-
sion testing, and defecography. Of patients undergo-
ing extensive exhaustive investigations, the cause of
constipation is determined in only about 50%.28

Treatment 
Educating the patient and correcting any miscon-
ceptions regarding constipation is the initial step in
the management of constipation. Discontinuation
of laxatives, especially stimulants, is absolutely nec-
essary if clinical constipation is not present. Fiber is
generally a safe, inexpensive, first-line approach,
which improves stool consistency and accelerates
colon transit time.29 An increase in fluid intake
might be helpful in dehydrated patients, but may
rarely improve symptoms of constipation in the
chronically constipated.11 Similarly, an increase in
physical activity is also recommended without any
clear evidence.11,12 Agents used in the treatment of
constipation are listed in Table 32.3. 
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Table 32.3 Agents used in the treatment of constipation

Agent Usual dosage 

Fiber 
oat bran 1–6 tablespoons in divided dosages mixed with food
psyllium 1–2 tablespoons po 1–4 times/day
methylcellulose 1 heaped tablespoon (2 g) po 1–3 times/day

Osmotic laxatives 
lactulose 15–60 ml po in divided doses 
sorbitol 70% solution 15–150 ml po in divided doses 
magnesium citrate 120–300 ml po in divided doses daily 
magnesium hydroxide 15–60 ml po at bedtime
polyethylene glycol 17 g po daily 

Stimulant laxatives 
senna 8.6–17.2 gm po daily 
castor oil 15–60 ml po times one 
bisacodyl 10–30 ml po daily 

Enemas
tap water 500–1000 ml up to twice weekly 
sodium biphosphate 1 or 2 enemas weekly 
oil retention 4.5 oz as needed up to 1 to 2 times weekly 
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Studies with psyllium generally show an
improvement in stool form and frequency.29,30 There
is no role for stool softeners in the treatment of
chronic constipation and they are not superior to
psyllium.31–33 Osmotic laxatives include polyethyl-
ene glycol (PEG), lactulose, sorbitol, magnesium
salts, and saline salts. Saline and magnesium salts
should not be used in renal, liver, and heart failure
patients. There are no studies in older adults
directly assessing PEG, but in younger adults, when
compared to lactulose, it showed efficacy, safety,
and fewer side-effects over a 6-month period.34

Lactulose improved stool frequency, reduced the
need for enemas, and reduced fecal impaction over
a 12-week period.35 A randomized controlled trial of
lactulose and sorbitol in older adults found no dif-
ference in laxative effect and no strong preference
of one laxative over the other by the study sub-
jects.36 Abdominal symptoms were similar between
the two groups except for greater complaints of nau-
sea in the lactulose group. The cost of sorbitol is
generally lower and makes it a preferred agent for
many patients. 

Stimulant laxatives, when used in recommended
doses, are unlikely to harm the colon. However,
stimulant laxatives do result in electrolyte imbal-
ance or abdominal pain in some patients.37 An
observational study using senna-containing concen-
trate as part of a program that included stool soft-
ener and increased fiber resulted in improved bowel
evacuation and prevention of fecal impaction in
nursing home residents.38

The role of enema in the treatment of constipation
is limited to acute situations. Any enema must be used
with caution owing to the risk of colonic perforation.39

Soap enemas should not be used. Small-volume tap
water enemas may be helpful in emptying the rectum;
large-volume enemas can also be used, but can result
in hyponatremia. Enemas containing phosphate are
described to cause hyperphosphatemia, especially in
renal insufficiency patients. 

Prokinetic agents stimulate propulsion along
with the gastrointestinal tract. Tegaserod, a 5HT4
agonist, improves the symptoms of constipation in
adults.40 There is no reported data for individuals
over the age of 65 years. The use of neostigmine,
an acetylecholinesterase inhibitor, is reserved for

hospitalized patients with acute colonic pseudo-
obstruction.41

Refractory constipation may be treated with
agents such as misoprostol and colchicine.
Misoprostol is a prostaglandin agonist which stimu-
lates intestinal secretion and transit time, but causes
abdominal pain and cramping.42 Colchicine can as
used as it causes acute diarrhea, but it frequently
causes abdominal pain which limits its use.
Biofeedback can also be used in the treatment of
dyssynergic defecation and slow transit time.43

Patients with refractory constipation and slow tran-
sit time may benefit from subtotal colectomy and
ileorectostomy,44 but this is rarely required as most
patients respond to laxatives.45 Surgical therapy is
most successful in patients without upper gut motil-
ity disorders or significant psychologic symptoms.46

Diarrhea 

The average stool output for men is 100 g per day.
Objectively, diarrhea is defined as a stool weight
greater than 200 g in 24 hours. Clinically, diarrhea is
a change in stools, usually defined as three or more
loose or watery stools or more bloody stools in 24
hours.47 Some of the associated symptoms include
urgency, cramping, bloating, and incontinence. 

Epidemiology
The true incidence of diarrhea in the elderly is not
known, although diarrheal diseases are the second
most common cause of death in the world.48,49

Acute diarrhea causes considerable global morbidity
and is a common presenting symptom in general
practice in the US.50 Infection is the most common
cause of acute diarrhea, and is related to environ-
mental conditions such as contaminated food and
water supplies, inadequate sewage disposal, closed
living and working conditions, and globalization of
food products.51

The elderly are predisposed to infectious diar-
rhea, because of hypochlorhydria and achlorhydria,
luminal stasis, or decreased mucosal immune func-
tion. Nursing home outbreaks of Escherichia coli
(E.coli) O157:H7 infections have been documented
with three times the morbidity and mortality
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compared to younger persons. The high mortality
rates (16 to 35%) occur largely because the elderly
are less capable of replenishing their losses and tol-
erating the intravascular hypovolemia associated
with dehydration.52

Classification 
Diarrhea is classified on the basis of duration and its
causes are summarized in TTable 32.4:

• acute – less than 2 weeks’ duration 
• chronic – more than 4 weeks’ duration.

Acute diarrhea
Acute diarrhea is usually self-limiting and is acute
in nature. The major causes are infection, recent
drug change, and food intolerance. Sudden onset of
bloody diarrhea could be caused by acute divertic-
ulitis, inflammatory bowel disease, or ischemia,
which could be the result of acute thrombosis or
colitis.53–55

Bacterial causes of acute diarrhea can be a result of
preformed enterotoxin production (Staphylococcus

aureus, Bacillus cereus, or Clostridium perfringens),
enterotoxin production (enterotoxigenic E. coli, Vib-
rio cholerae), cytotoxin production (enterohemor-
rhagic E. coli O157:H5, E. coli, Clostridium difficle, or
Vibrio parhemolytics), or invasion of the mucosa
(shigella, salmonella, Campylobacter jejuni, enteroin-
vasive E. coli, Yersinia enterocolitica, Chlamydia neisse-
ria, gonorrheae and listeria monocytogenes).

Viral diarrhea may be inflammatory (cyto-
megalovirus) or non-inflammatory (norovirus and
rotavirus). Norwalk virus is present throughout the
year, while rotavirus is seen in the cooler months.
The route of transmission is fecal–oral and it has
caused epidemics in nursing homes. 

Similarly, protozoal infections are also inflamma-
tory (Entamoeba histolytica) or non-inflammatory
(Giardia lambia, cryptosporidium, and cyclospora). 

Chronic diarrhea 
Chronic diarrhea can be divided into seven differ-
ent categories.56,57

Osmotic diarrhea is characterized by a decrease in
stool volume with fasting and an increased stool
osmotic gap. Osmotic diarrhea is caused by lactase
deficiency, laxative abuse, and malabsorption syn-
dromes. 

Deficiency of lactase, which is a disaccharidase, is
common and should be considered in all patients
with chronic diarrhea, especially after an episode of
viral gastroenteritis, medical illness, or gastrointesti-
nal surgery. Sorbitol is commonly used as a sweetener
in gums, candies, and some medications and may
cause diarrhea in some patients, especially in diabet-
ics or in those who are trying to lose weight. 

Factitious diarrhea is usually caused by the inges-
tion of magnesium- or phosphate-containing com-
pounds (laxatives, antacids), though this is less
likely to be seen in the elderly population. The fat
substitute olestra is also believed to cause diarrhea
and cramps in occasional patients.

Secretory diarrhea is caused by agents that trigger
intestinal epithelial cells to secrete water and elec-
trolytes into the intestinal lumen. Secretory diar-
rhea is usually of large volume (greater than 1
liter/day), and there is no change with fasting and a
normal osmotic gap. Secretory diarrhea may be
mediated by hormones (VIPoma, carcinoid tumors,
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Table 32.4 Causes of diarrhea in the elderly 

Acute 
Drugs
Diet
Infections

bacterial 
viral

Protozoal 
Ischemia 

Chronic 
Osmotic diarrhea 
Secretory diarrhea 
Malabsorption syndrome
Motility disorder 
Inflammatory condition 
Chronic infection 

bacterial  
parasitic 
protozoal 
viral 
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and medullary carcinoma of the thyroid), villous
adenoma, bile salt malabsorption (ileal resection,
Crohn’s ileitis, and postcholecystectomy), medica-
tions, and laxative abuse.

A malabsorption syndrome is characterized by
weight loss and fecal fat greater than 10 g/24 hours.
The common causes are bacterial overgrowth
(motility disorders, e.g. diabetes, vagotomy, sclero-
derma, fistulas, small intestinal diverticula), small
bowel mucosal disorders (celiac sprue, tropical
sprue, Whipple’s disease, eosinophilic gastroenteri-
tis, small bowel resection, short bowel syndrome,
Crohn’s disease), pancreatic disease (chronic pan-
creatitis), lymphatic obstruction (lymphoma, carci-
noid), infections (tuberculosis, mycobacterium
avium intracellulare (MAI), Kaposi’s sarcoma, sar-
coidosis, and retroperitoneal fibrosis.

Motility disorder is seen in systemic diseases (scle-
roderma, diabetes mellitus, hypertension), irritable
bowel disease, and postsurgical cases (vagotomy,
partial gastrectomy, and blind loop with bacterial
overgrowth).

Inflammatory conditions are characterized by
fever, hematochezia, and abdominal pain. The
inflammatory conditions responsible for chronic
diarrhea are ulcerative colitis, Crohn’s disease,
microscopic colitis, radiation enteritis, and malig-
nancies of the gut. 

The causes of chronic infection may be parasitic
(Giardia lambia, Entamoeba histolytica), AIDS-related,
viral (cytomegalovirus), bacterial (Clostridium difficile,
Mycobacterium avium complex), or protozoal
(Microsporida, Cryptosporidium, Isospora belli). 

Factitious diarrhea is seen in 15% of patients
caused by surreptitious laxative abuse or dilution of
stool.

Diagnosis 
Evaluation is indicated for patients with moderate
or severe illness when clinical symptoms suggest
bacterial infection, or when there is bloody diar-
rhea, acute diarrhea lasting larger than 8 hours, or
larger-volume diarrhea ( ≥ 6 stools/24 hours).

In the initial evaluation it is important to
determine whether the patient’s problem is a result
of fecal impaction, fecal incontinence, and/or
actual diarrhea. Knowing the characteristics of the

diarrhea would help in the differential diagnosis.
History and physical examination provide clues to
the etiology and determine the severity of the diar-
rhea: fever, signs of dehydration (orthostatic
hypotension), delirium, and the presence of
abdominal pain. Peritoneal signs may be present
in infection with C. difficile or enterohemorrhagic
E. coli.

Symptoms of food poisoning usually develop
within 6 to 12 hours of ingestion of the toxin, and it
takes about 12 to 48 hours after ingestion of
Salmonella or Campylobacter. Blood in the stool is
usually suggestive of inflammation or ulceration,
infections (Shigella, E. histolytica, or enteroinvasive E.
coli), and recent use of antibiotics could be associated
with C. difficile. The presence of vascular disease,
abdominal bruit, and/or painless bleeding suggests
colonic ischemia. The initial work-up includes com-
plete blood count, electrolytes, and renal and hepatic
functions. Stools should be tested for blood, fecal leu-
cocytes, qualitative fat, and, in patients with sus-
pected C. difficile, electrolytes to calculate the
osmotic gap to differentiate osmotic (a gap of > 125)
from secretory diarrhea (a gap of < 50). 

Stool cultures are indicated in patients with
severe diarrhea and fever, bloody stools, fecal leuko-
cytes, or prolonged illness ( > 14 days). Stool sam-
ples should be obtained for testing of ova and
parasites in patients who travel extensively or live
in an endemic area (three fresh samples are required
for a 90% sensitivity). Qualitative 72-hour fecal fat
collection is important when the cause of diarrhea
remains obscure, fecal fat > 9.5 g/100 g of stool is
suggestive of biliary steatorrhea or pancreatic insuf-
ficiency. 

Flexible sigmoidoscopy may be indicated in some
cases to evaluate for pseudomembranes or ischemia.
Specialized testing may be indicated in certain
cases, for example, if one suspects hormone-secret-
ing tumors, serum gastrin or vasoactive intestinal
peptides, calcitonin and urine collection for 5
hydroxyindoleacetic acid, metanephrine, or hista-
mine may be helpful. In lactase deficiency, the stool
pH is usually 4 to 6 with an associated increase in
short-chain fatty acids. Then a lactose-hydrogen
breath test is indicated. In cases of surreptitious lax-
ative abuse, a problem more common in elderly
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women, measurement of magnesium, sulfate, and
phosphate in stool water is important. 

A plain film of the abdomen may show pancreatic
calcification, and a small-bowel follow-through
examination may show ileal disease (Crohn’s disease)
or thickening of the mucosa in cases of lymphoma.
Colonoscopy provides direct visualization of the
colonic mucosa and is the procedure of choice for
diagnosing inflammatory bowel disease, colorectal
tumors, and radiation proctitis. Biopsy samples
obtained from the colonic mucosa can be examined
for the possibility of microscopic colitis. Upper gas-
trointestinal endoscopy may be needed to perform a
biopsy (in case of celiac disease or Whipple’s disease)
or an aspirate of the small bowel (bacterial over-
growth). Serum tests of antigliadin immunoglobulin
(IgA and IgG) antibodies and antiendomysial IgA
antibodies are helpful in the diagnosis and treatment
of patients with celiac sprue.

Treatment 
The first priority for the management of diarrhea is
to replace fluids and electrolytes. Patient who can
tolerate oral fluids should receive oral rehydration
solutions. In the elderly, the classic signs of dehydra-
tion that are seen in young adults are unreliable,
such as skin turgor or dry mucosa. Rather, orthosta-
tic hypotension and laboratory parameters such as
hypernatremia, hyperosmolarity, increased ratio of
BUN/Cr > 20, and prerenal azotemia are more reli-
able. Elderly persons with fluid loss require close
monitoring and possible hospitalization. Food poi-
soning is usually self-limited, usually of brief symp-
tomatic duration, and is treated using fluid support. 

Empiric antibiotic treatment is indicated for
patients with fever, evidence of toxicity, bloody stools,
or traveler’s diarrhea, and the usual drugs used in the
treatment include ciprofloxacin 500 mg bid × 5 days,
norfloxacin 400 mg bid × 5 days, and trimethoprim/
sulfamethoxazole ds × 5 days. Although treatment
can begin immediately, it is helpful to obtain a stool
sample for bacterial culture first.

If toxin-producing or invasive bacteria are not sus-
pected, then antidiarrheal drugs can be used. Empiric
treatment can minimize diarrheal symptoms when
the diagnostic evaluation is in progress. Soluble fiber
adds form to the stool. Synthetic opioids such as

loperamide and diphenoxylate are excellent first-line
drugs. Loperamide is generally preferred, because the
usual formulation of diphenoxylate incorporates
atropine, which can cause significant adverse effects
in elderly persons. When the diarrhea cannot be con-
trolled with these drugs, stronger opioids are recom-
mended. A somatostatin analog is a second-line drug
for the treatment of chronic idiopathic diarrhea
because of its need for injection and increased adverse
effects. When bile acid diarrhea is suspected,
cholestyramine may be tried.

Treatment of microscopic colitis consists of
removing the offending agent when it is identified
and the use of antidiarrheal drugs. Clinical improve-
ment is reported with 5-aminosalicylate drugs.
Corticosteroids are generally avoided. 

Amitiza is the first selective chloride channel acti-
vator approved for therapeutic use and has been shown
to offer effective relief of chronic idiopathic constipa-
tion in adults. Two double-blind, placebo-controlled
studies showed that approximately 60% of patients
who used amitiza experienced a spontaneous bowel
movement within the first 24 hours.58,59 Additionally,
amitiza was shown to decrease abdominal bloating,
abdominal discomfort, and constipation severity when
administered over a 6–12-month treatment period.
Amitiza works by increasing fluid secretion and motil-
ity in the intestine, and thereby increasing the passage
of the stool and alleviating symptoms associated with
chronic idiopathic constipation.

Summary

Constipation and diarrhea are commonly seen in
the older adult. It is important to recognize and
treat these conditions to avoid complications.
Untreated constipation can result in abdominal
pain, fecal impaction and even perforation. 

References 

1. Harari D, Gurwitz JH, Minaker JL. Constipation in
the elderly. J Am Geriatr Soc 1993; 41: 1130–40.

2. Lederle FA. Epidemiology of constipation in elderly
patients. Drugs utilization and cost-containment
strategies. Drugs Ageing 1995; 6: 465–9.

Textbook of health in aging men

428

Lunenfeld-ch-32.qxd  8/23/2007  4:25 PM  Page 428



3. Romero Y, Evans JM, Fleming, KC et al. Symposium
on geriatric – part VII: Constipation and fecal incon-
tinence in the elderly population. Mayo Clin Proc
1996; 71: 81–92.

4. Harari D, Gurwitz JH, Avorn J et al. Bowel habit in
relation to age and gender: findings from the
National Health Interview survey and clinical impli-
cations. Arch Intern Med 1996; 156: 315–20.

5. Prather CM, Ortiz-Camacho CP: Evaluation and
treatment of constipation and fecal impaction in
adults. Mayo Clin Proc 1998; 73: 881–7.

6. Read NW, Abouzeky L, Read MD et al. Anorectal
function in elderly patients with fecal impaction.
Gastroenterology 1985; 89: 959–66.

7. Read NW, Celik AF, Katsinelos P: Constipation and
incontinence in the elderly. J Clin Gastroenterol
1995; 20: 61–70.

8. Tariq SH, Morley ME, Prather CM. Health issues in
the elderly: fecal incontinence: importance, clinical
evaluation and treatment. Am J Med 2003; 115(3):
217–27.

9. Everhart JE, Go VL, Johannes RS et al. A longitudi-
nal survey of self-reported bowel habits in the United
States. Dig Dis Sci 1989; 34: 1153–62.

10. Annells M, Koch T. Constipation and the preached
trio: diet, fluid intake, exercise. Int J Nurs Studies
2003; 40: 843–52.

11. Muller-Lissner SA, Kamm MA, Scarpignato C, Wald
A. Myths and Misconceptions about Chronic
Constipation. Am J Gastroenterol 2005; 100: 232–42.

12. Higgins PD, Johanson JF. Epidemiology of constipa-
tion in North America: a systematic review. Am J
Gastroenterol 2004; 99: 750–9.

13. Van Dijk KN, de Vries CS, van den Berg PB et al.
Constipation as an adverse effect of drug use in nurs-
ing home patients: an overestimated risk. Br J Clin
Pharmacol 1998; 46: 255–61.

14. Harari D, Gurwitz JH, Avorn J, Bohn R, Minaker KL.
How do older persons define constipation?
Implications for therapeutic management. J Gen
Intern Med 1997; 12: 63–6.

15. Talley NJ, Fleming KC, Evans JM et al. Constipation
in an elderly community: a study of prevalence and
potential risk factors. Am J Gastroenterol 1996; 91:
19–25.

16. Lamy PP, Krug BH. Review of laxative utilization in
a skilled nursing facility. J Am Geriatr Soc 1978; 26:
544–9.

17. Petticrew M, Watt I, Sheldon T. Systematic review of
the effectiveness of laxatives in the elderly. Health
Technology Assessment (Winchester, England)
1997; 1: i-iv, 1–52.

18. O’Keefe EA, Talley NJ, Zinsmeister AR, Jacobsen SJ.
Bowel disorders impair functional status and quality of
life in the elderly: a population-based study. J Gerontol
Series A Biol Sci Med Sci 1995; 50: M184–9.

19. Glia A, Lindbergh G. Quality of life in patients with
different types of functional constipation. Scand J
Gastroenterol 1997; 32: 1083–9.

20. Charach G, Greenstien A, Rabinovich P. Alleviating
constipation in the elderly improves lower urinary
tract symptoms. Gerontology 2001; 47: 72–6.

21. Lynch AC, Dobbs BR, Keating J, Frizelle FA. The
prevalence of fecal incontinence and constipation in
a general New Zealand population: a postal survey.
NZ Med J 2001; 114: 474–7.

22. Maull Ki, Kinning WK, Kay S. Stercoral Ulceration.
Am Surgeon 1982; 48: 20–4.

23 Hull C, Greco RS, Brooks DL: Alleviation of consti-
pation in the elderly by dietary fiber supplementa-
tion. J Am Geriatr Soc 1980; 28: 400–14.

24. Wrenn K: Fecal impaction. N Engl J Med 1989; 321:
658–62.

25. Whitehead WE, Drinkwater D, Cheskin LJ, Heller
BR, Schuster MM. Constipation in the elderly living
at home. Definition, prevalence, and relationship to
lifestyle and health status. J Am Geriatr Soc 1989;
37: 423–9.

26. Meshkinpour H, Selod S, Movahedi H et al. Effects
of regular exercise in management of chronic idio-
pathic constipation. Dig Dis Sci 1998; 43: 2379–83.

27. Towers AL, Burgio KL, Locher JL. Constipation in the
elderly: influence of dietary, psychological, and physio-
logical factors. J Am Geriatr Soc 1994; 78: 701–6.

28. Halverson AL, Orkin BA: Which physiologic tests
are useful in patients with constipation? Dis Colon
Rectum 1998; 41: 735–9.

29. Badiali D, Corazziari E, Habib FI et al. Effect of wheat
bran in treatment of chronic nonorganic constipa-
tion. A double-blind controlled trial. Dig Dis Sci
1995; 40: 349–56.

30. Cheskin LJ, Kamal N, Crowell MD, Schuster MM,
Whitehead WE. Mechanisms of constipation in
older persons and effects of fiber compared with
placebo. J Am Geriatr Soc 1995; 43(6): 666–9.

31. Castle SC, Cantrell M, Israel DS, Samuelson MJ.
Constipation prevention: empiric use of stool soften-
ers questions. Geriatrics 1991; 46: 84–6.

32. McRorie JW, Daggy BP, Morel JG et al. Psyllium is
superior to docusate sodium for treatment of chronic
constipation. Aliment Pharmacol Therapeut 1998;
12: 491–7.

33. Ashraf W, Park F, Lof J, Quigley EM. Effects of psyl-
lium therapy on stool characteristics, colon transit
and anorectal function in chronic idiopathic consti-
pation. Randomized controlled trial. Aliment
Pharmacol Therapeut 1995; 9: 639–47.

34. Corazziari E, Badiali D, Bazzocchi G et al. Long term
efficacy, safety, and tolerability of low daily doses of
isosmotic polyethylene glycol electrolyte balanced
solution (PMF-100) in the treatment of functional
chronic constipation. Gut 2000; 46: 522–6.

429

Constipation and diarrhea

Lunenfeld-ch-32.qxd  8/23/2007  4:25 PM  Page 429



35. Sanders JF, Lactulose syrup assessed in a double-blind
study of elderly constipated patients. J Am Geriatr
Soc 1978; 26: 236–9.

36. Lederle FA, Busch DL, Mattox KM, West MJ, Aske
DM. Cost-effective treatment of constipation in the
elderly: a randomized double-blind comparison of
sorbitol and lactulose. Am J Med 1990; 89: 597–601.

37. Xing JH, Soffer EE. Adverse effects of laxatives. Dis
Colon Rectum 2001; 44: 1201–9.

38. Maddi VI. Regulation of bowel function by a laxa-
tive/stool softener preparation in aged nursing home
patients. J Am Geriatr Soc 1979; 27: 464–8.

39. Paran H, Butnaru G, Neufeld D, Magen A, Freund U.
Enema-induced perforation of the rectum in chroni-
cally constipated patients. Dis Colon Rectum 1999;
42: 1609–12.

40. Johanson JF, Wald A, Tougas G et al. Effect of
tegaserod in chronic constipation: a randomized,
double-blind, controlled trial. Clin Gastroenterol
Hepatol 2004; 2: 796–805.

41. Ponec RJ, Saunders MD, Kimmey MB, Neostigmine
for the treatment of acute colonic pseudo-obstruc-
tion. N Engl J Med 1999; 341: 137–41.

42. Roarty TP, Weber F, Soykan I, McCallum RW.
Misoprostol in the treatment of chronic refractory
constipation: results of a long-term open label trial.
Aliment Pharmacol Therapeut 1997; 11: 1059–66.

43. Enck P. Biofeedback training in disordered defeca-
tion. A critical review. Digest Dis Sci 1993; 38:
1953–60.

44. Nyam DC, Pemberton JH, Ilstrup DM, Rath DM.
Long-term results of surgery for chronic constipation.
Dis Colon Rectum 1997; 40: 273–9.

45. Rex DK, Lappas JC, Goulet RC, Madura JA. Selection
of constipated patients as subtotal colectomy candi-
dates. J Clin Gastroenterol 1992; 15: 212–17.

46. Redmond JM, Smith GW, Barofsky I et al.
Physiological tests to predict long-term outcome of
total abdominal colectomy for intractable constipa-
tion. Am J Gastroenterol 1995; 90: 748–53.

47. DuPont HL. Guidelines on acute infectious diarrhea
in adults. The Practice Parameters Committee of the

American College of Gastroenterology. Am J
Gastroenterol 1997; 92: 1962–75.

48. Bern C, Martines J, de Zoysa I, Glass RI. The magni-
tude of the global problem of diarrhoeal disease: a
ten-year update. Bull WHO 1992; 70: 705–14.

49. Yip R, Sharp TW. Acute malnutrition and high
childhood mortality related to diarrhea: lessons from
the 1991 Kurdish refugee crisis. JAMA 1993; 270:
587–90.

50. Cohen ML. The epidemiology of diarrheal disease in
the United States. Infect Dis Clin North Am 1988;
2: 557–70.

51. Torrens PR. Historical evolution and overview of
health services in the United States. In: Williams SJ,
ed. Introduction to Health Science, 6th edn. Albany,
NY: Delmar, 2002.

52. Carter AO, Borczyk AA, Carlson JA et al. A severe
outbreak of Escherichia coli O157:H7-associated
hemorrhagic colitis in a nursing home. N Engl J Med
1987; 317(24): 1496–500.

53. Guerrant RL, Van Gilder T, Steiner T et al. Practice
guidelines for the management of infectious diarrhea.
Clin Infect Dis 2001; 32: 331.

54. Musher DM et al. Contagious acute gastrointestinal
infections. N Engl J Med 2004; 350: 2417.

55. Camilleri M: Chronic diarrhea: a review on pathophys-
iology and management for the clinical gastroenterolo-
gist. Clin Gastroenterol Hepatol 2004; 2: 198.

56. Schiller L: Chronic diarrhea. Gastroenterology 2004;
127: 287.

57. Thomas PD, Forbes A, Green J et al. Guidelines for
the investigation of chronic diarrhea, 2nd edn. Gut
2003; 52(Suppl 5): v1.

58. Ueno R, Joswicks TR, Wahle A et al. Efficacy and
safety of Rubiprostone for the treatment of chronic
constipation in elderly patients. Am J Gastroenterol
2005; 100: S324, S328, S329.

59. Ueno R, Panas R, Wahle A et al. The long-term
safety and efficacy of lubiprostone for the treatment
of chronic idiopathic constipation in elderly and
non-elderly patients. Gastroenterology 2006;
130(A–189): S1262.

Textbook of health in aging men

430

Lunenfeld-ch-32.qxd  8/23/2007  4:25 PM  Page 430



431

CHAPTER 33

Macrovascular complications in the
elderly diabetic
Nikiforos Ballian, Mahmoud Malas, and Dariush Elahi

Introduction

In the past two decades, diabetes mellitus has
earned its place amongst the most significant public
health threats worldwide. Obesity and increased life
expectancy have been blamed for the growing
prevalence of this disease, which is expected to fur-
ther increase by 23% between 2000 and 2010 in
North America.1 The prevalence of diabetes melli-
tus is age-dependent, with more than 20% of
Americans aged 60–74 years suffering from this dis-
ease and another 20% having impaired glucose tol-
erance, defined by blood glucose levels between 140
and 200 mg/dl 2 hours after an oral glucose load.2

Diabetes is not only exceedingly common in the
elderly, it is also poorly controlled and undertreated.
This could be responsible for the increased compli-
cation rate in this group.3

Whether directly related to aging itself or not,
glucose intolerance and diabetes significantly con-
tribute to morbidity and mortality in the elderly
male population. Diabetes has a number of effects
on the macrovasculature, the most significant being
its atherogenic potential. Mortality and morbidity
caused by coronary artery disease (CAD) and cere-
brovascular disease are the most frequent clinical
manifestations of atherosclerotic disease in diabet-
ics and patients with impaired glucose tolerance;
nonetheless, lower-extremity peripheral arterial dis-
ease (PAD) also leads to substantial morbidity and
disability, particularly among the elderly.4,5 Despite

these facts, and significant evidence that elderly
diabetics benefit from aggressive atherosclerosis risk
factor modification more than non-diabetic
patients, it is ironic that this cohort of patients
receives suboptimal treatment.6–8

Pathophysiology

The role of diabetes mellitus in atherogenesis is still
not well understood.9 Evidence for a causal rela-
tionship between diabetes and atherosclerosis has
come mostly from epidemiologic studies. A direct
pathophysiologic link between chronic hyper-
glycemia, the major metabolic disturbance in dia-
betes, and atherosclerosis has been more difficult to
establish. This is partly because diabetes results in or
co-exists with multiple metabolic abnormalities,
including dyslipidemia, insulin deficiency, insulin
resistance, altered leptin levels, and obesity, each
with their own possible atherogenic effects.10 A
number of animal models of type 1 and type 2 dia-
betes mellitus have improved our understanding of
diabetic atherogenesis, although no animal model
perfectly mimics human disease.9

The American Heart Association has defined
five mechanisms whereby diabetes mellitus con-
tributes to the pathogenesis of atherosclerosis:
metabolic factors, increased oxidation/glucoxida-
tion, endothelial dysfunction, vascular inflamma-
tion, and induction of a procoagulant state.
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Atherogenic metabolic alterations in diabetes mel-
litus include hyperglycemia, dyslipidemia, insulin
resistance, and hyperinsulinemia. Second, increased
oxidation/glucoxidation results in the formation of
advanced glycation end-products (AGEs) and oxi-
dation of lipids and lipoproteins that lead to foam
cell accumulation in the vascular wall. Third,
endothelial dysfunction, a result of hyperglycemia,
dyslipidemia, hyperinsulinemia, and pre-existing
atherosclerosis, contributes to the initiation of
atherogenesis. Fourth, vascular inflammation as a
result of obesity leads to cytokine release, smooth
muscle cell proliferation and migration, and platelet
activation. Finally, diabetes induces a prothrom-
botic state as a result of imbalance between proco-
agulant and anticoagulant factors.11 The most
important pathophysiologic changes leading to dia-
betic atherosclerosis are outlined below.

Hyperglycemia
Hyperglycemia is a significant cause of endothelial
dysfunction, one of the first steps in the pathogene-
sis of atherosclerosis. There is evidence that hyper-
glycemia is directly toxic to the endothelium by
reducing the lifespan and increasing the apoptotic
rate of endothelial cells.12 It also has indirect
endothelial toxicity through increased intracellular
polyol generation, formation of AGEs, protein
kinase C (PKC) activation, and generation of reac-
tive oxygen species.13 Most research on the effects of
hyperglycemia on cardiovascular risk has focused on
the role of hyperglycemia in initiating and promot-
ing atherosclerosis. Interestingly, some investigators
found a significant increase in cardiovascular events
in newly-diagnosed diabetics, in whom diabetes-
induced atherosclerosis has not progressed signifi-
cantly, leading to the recent hypothesis that
hyperglycemia might increase cardiovascular risk
via atherosclerosis-independent pathways.14

Central to the pathogenesis of atherosclerosis in
diabetes mellitus is the formation of AGEs. These are
intracellular and extracellular protein or lipid mole-
cules that become non-enzymatically glycated as a
result of chronic hyperglycemia and cause atheroscle-
rosis by a combination of numerous extracellular and

intracellular effects.15,16 Their rate of formation
depends on the severity and duration of hyper-
glycemia, making their role more significant in
patients with longstanding diabetes, such as the
elderly.15

Multiple vascular effects of AGEs have been
described. AGE formation in the vascular extracel-
lular matrix (ECM) results in vascular stiffness by
cross-linking of ECM proteins such as collagen,
elastin, vitronectin, and laminin.17,18 AGEs inhibit
the generation and efficacy of nitric oxide (NO),
resulting in decreased vasodilation in response to
NO, increased endothelial cell proliferation, and
formation of reactive oxygen intermediates.19–23

Intracellular AGEs increase macrophage expression
of the scavenger LDL receptor, responsible for accu-
mulation of cholesterol in macrophages, i.e., foam
cell formation.24 Subendothelial AGEs have been
shown to stimulate migration of blood monocytes
though the endothelium, an important step in ath-
erosclerotic plaque formation.25 Finally, AGEs have
procoagulant properties as a result of altered throm-
bomodulin activity and tissue factor levels.17,26

Epidemiologic studies have not defined the rela-
tionship between hyperglycemia and risk of cardio-
vascular events and mortality.8 In people without
diabetes or impaired glucose tolerance (IGT) there
is some evidence that blood glucose levels are asso-
ciated with macrovascular risk and abnormal glu-
cose metabolism has been shown to correlate with
severity of coronary atherosclerosis.27–29 Although
improved glycemic control has shown a trend
towards reducing macrovascular disease, studies do
not consistently support a link between serum glu-
cose levels and risk of macrovascular disease in type
2 diabetes.30 In one study, AGEs, high-density
lipoprotein (HDL) levels, blood pressure, and other
risk factors correlated with CAD risk, which, how-
ever, did not vary with progressively worsening
glycemia in subjects with normal glucose tolerance,
impaired fasting glucose, and diabetes mellitus.31

Other investigators showed that prevalence of CAD
did not differ in diabetic and non-diabetic subjects
over 50 years old and that improved glycemic con-
trol did not reduce the macrovascular complications
of diabetes.32,33 Hence, it seems that in patients with
impaired glucose tolerance and diabetes mellitus,
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risk factors such as dyslipidemia and hypertension
have a greater impact on the incidence of
macrovascular complications than glucose levels. 

Dyslipidemia
Of all metabolic abnormalities in diabetes mellitus,
dyslipidemia is considered the most significant pro-
moter of atherosclerosis.34 The dyslipidemic profile of
diabetes includes elevated serum triglyceride, very
low-density lpoprotein (VLDL), and LDL concentra-
tions and reduced levels of HDL.34 Increased hepatic
lipase levels and relative insulin deficiency are
thought to be responsible for elevated small dense
LDL particles, that are particularly atherogenic.35,36

On the other hand, other investigators have shown
reduced levels of hepatic lipase in diabetes, and have
shown that these may be responsible for prolonged
postprandial lipemia, which has been named ‘lipid
intolerance’ and is also atherogenic.36,37 Finally, low
HDL levels have been attributed to hypertriglyc-
eridemia and poor glycemic control.34,38

Evidence from animal models for an underlying
pathogenetic link between diabetic dyslipidemia
and atherosclerosis is more difficult to obtain. A
lack of animal models that closely resemble human
disease has probably contributed to this problem.36

Recently, a new animal model of diabetes has
improved understanding of the relative contribu-
tions of hyperglycemia and dyslipidemia in diabetic
atherosclerosis, suggesting that hyperglycemia initi-
ates atherogenesis, while diabetic dyslipidemia is
responsible for lesion progression.39

In addition to biochemical evidence, epidemio-
logic studies have provided further support for a link
between diabetic dyslipidemia and atherosclerosis.
Risk of fatal and non-fatal CAD is directly propor-
tional to serum LDL concentration and inversely
proportional to HDL concentration, even in the
‘normal’ range.40 Elevated total cholesterol, hyper-
triglyceridemia, and low HDL cholesterol are
associated with increased stroke risk in diabetic
patients.41 In contrast to improved glycemic con-
trol, therapy directed against dyslipidemia has been
conclusively shown to decrease CAD events in dia-
betic patients with and without established CAD
and to cause regression of established atherosclero-
sis.42–45 Of note, dyslipidemia shows a weaker

association with cerebrovascular events than with
CAD events. In the United Kingdom Prospective
Diabetes Study (UKPDS) study, dyslipidemia was
not a significant predictor of diabetic stroke.46,47 A
recent study showed that elderly diabetics had the
highest prevalence of dyslipidemia and were less
likely to receive treatment compared to an age-
matched population with normal glucose tolerance
and impaired fasting glucose. In addition, treatment
of dyslipidemia in diabetics was less likely to
achieve target LDL levels than in subjects without
diabetes mellitus.8

Thrombophilia
Diabetes has been recognized as a prothrombotic
state, resulting from a combination of abnormal
endothelial and platelet function and deregulation of
the coagulation and fibrinolytic cascades.
Hypercoagulability is an independent risk factor for
macrovascular events in diabetics and is also likely to
contribute to the pathogenesis of atherosclerosis.48

Numerous platelet abnormalities in patients
with insulin resistance and diabetes have been
described, including decreased anti-aggregating
response to insulin and prostacyclin, resistance to
the effects of nitrates, reduced nitric oxide synthase
activity, and increased thromboxane synthesis and
thromboxane receptor activity.49–54 The net effect of
these abnormalities is increased platelet activity
that is likely to accelerate progression of existing
atheromatous lesions.55 Importantly, there is evi-
dence that platelet abnormalities precede the devel-
opment of vascular disease and, therefore, are
unlikely to be caused by it.55

Alterations in coagulation factor levels also
contribute to a thrombotic tendency in patients
with diabetes. Fibrinogen is consistently elevated
in diabetes and promotes atherogenesis.48,56,57

Levels of clotting factors VII, VIII, XI, and XII are
also elevated, while protein C, an endogenous
anticoagulant, is decreased in diabetic patients.48

Finally, changes in components of the fibrinolytic
pathway have been observed in diabetes, such as
increased plasminogen activator inhibitor type 1
levels, although the magnitude of this increase
was less significant in diabetics with acute
stroke.48,58
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Endothelial dysfunction
A constellation of metabolic abnormalities in dia-
betes mellitus result in endothelial dysfunction, the
first step of atherogenesis.59 Hyperglycemia and
insulin resistance result in multiple abnormalities of
NO generation, degradation, and action.59

Decreased endothelial NO levels result in release
of mediators that attract leukocytes and promote
subintimal migration of monocytes and smooth
muscle cells, which internalize cholesterol, becom-
ing foam cells.60,61 Lack of NO is also responsible for
decreased endothelium-derived vasodilation.62

Increased free fatty acid levels in diabetes also
cause endothelial dysfunction, directly through
reducing endothelial-mediated vasodilation, and
indirectly, by increasing serum levels of atherogenic
lipoproteins.59 In addition to endothelial dysfunc-
tion resulting from abnormalities in production of
and response to NO, diabetes increases levels of
endothelium-derived vasoconstrictors including
endothelin-1, vasoconstrictor prostanoids, and
angiotensin II.63–65

Diabetic macrovascular disease

Coronary artery disease
In elderly men, diabetes mellitus significantly
increases risk of death from CAD and reduces the
chances of survival after myocardial infarction
(MI).66,67 One recent study in subjects over the age
of 65 included non-diabetics and two cohorts of dia-
betics treated with oral hypoglycemic agents or
insulin.66 It showed that CAD mortality in diabetics
treated with oral agents and insulin was 2 and 2.5
times higher than in non-diabetics, respectively 66. 

In the US, the prevalence of CAD in diabetic
patients over the age of 50 years is 7.5% and increases
to 19.2% in the presence of the metabolic syndrome,
defined as the simultaneous presence of obesity,
hyperlipidemia, diabetes, and hypertension.32 This is
clearly a key factor in the etiology of CAD in the dia-
betic population as only 13% of diabetics in this age
group do not suffer from it.32 The risk of MI, the most
common cause of death in diabetic patients, is equiv-
alent to that of non-diabetic subjects with a previous
MI.9,68 The combination of diabetes and previous MI

would double the risk of major cardiovascular disease,
estimated at twice the risk of diabetics without a his-
tory of MI.69

Importantly, diabetics have a worse prognosis
after unstable angina pectoris or non-Q-wave MI,
while diabetes increases the risk of in-hospital MI,
complications of MI, and mortality.70 Long-term
mortality after coronary events is also worse in
patients with diabetes, most likely due to increased
rates of heart failure and subsequent MI.71

Thrombogenic abnormalities in diabetic patients,
such as impaired fibrinolysis and increased
platelet aggregation, have been blamed for worse
outcomes.68

However, major epidemiologic studies of patients
with diabetes have failed to document decreased
mortality from CAD with improved glycemic con-
trol.33,72 A possible interpretation would be that
other metabolic disturbances in diabetes, and not
hyperglycemia per se, are responsible for coronary
atherogenesis and increased cardiovascular mortal-
ity. Although there is evidence that diabetes is a
stronger risk factor for CAD in women than in men,
some authors have shown that any difference is lost
when other CAD risk factors are adjusted for.73–75

Stroke
Diabetes mellitus is estimated to cause a significant
proportion of strokes, estimated at 21% by the
Atherosclerosis Risk in Communities Study
(ARIS). Diabetes increases stroke risk 2- to 5-fold
and contributes to 16% of stroke mortality in
men.76,77 Stroke significantly contributes to the
morbidity and mortality in the elderly diabetic male
population. Age was an independent risk factor of
diabetic stroke in the UKPDS study.78 Stroke in
people aged over 65 is second in incidence among
all complications of diabetes after CAD.79 It is
uncertain whether diabetic stroke mortality is
greater in men or in women.58,80

However, in a recent study of over 23 000
insulin-treated diabetics in the UK, males between
the ages of 60 and 84 years were the only cohort in
which cerebrovascular mortality rates showed no
significant difference to those of the general popu-
lation.81 Another study in subjects over the age of
65 years also showed that stroke mortality was not
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significantly increased in diabetics and found a
lower stroke incidence rate in this cohort than that
reported in prior decades.81

Certain types of stroke seem to be more preva-
lent in the diabetic population. Specifically, dia-
betes increases the risk for ischemic but not
hemorrhagic stroke.58 Lacunar infarcts and small
vessel atherosclerosis are characteristic in diabetic
patients. The risk of transient ischemic attacks
(TIAs) is also increased in some but not all stud-
ies.82–85 In addition, infratentorial infarcts are more
prevalent in the diabetic population, indicating
more frequent atherosclerotic involvement of the
vertebrobasilar circulation than in non-diabetics.86

As with CAD, diabetes is associated with worse
outcome after stroke, including disability,
prolonged hospital stay, recurrence, dementia, and
mortality.58,76,87,88

The etiology behind these observations is multi-
factorial. Risk factors for atherosclerosis such as
hypertension and dyslipidemia are more common
in diabetics than in the general population.89

Hypertriglyceridemia and low HDL levels are com-
mon in the diabetic population and increase the
risk of stroke.90 Importantly, diabetic stroke inci-
dence remains elevated even after correcting for
these factors, indicating that diabetes is an inde-
pendent risk factor for stroke.58,91 In the UKPDS,
risk factors for diabetic stroke included duration of
diabetes, age, sex, smoking, systolic blood pressure,
total cholesterol to HDL cholesterol ratio, and
atrial fibrillation.92 Hence, Mankovsky and Ziegler
divided the risk factors for diabetic stroke into non-
specific risk factors, such as hypertension and dys-
lipidemia, and specific, such as hyperglycemia and
insulin resistance, that could act independently or
by multiplying the effects of non-specific factors.58

Among patients with established diabetes, compli-
cations such as retinopathy, macroalbuminuria, and
autonomic neuropathy are also independent risk
factors for stroke.58,93,94

The role of hyperglycemia in stroke risk remains
unclear. Impaired glucose tolerance has been shown
to be a risk factor for stroke in men and in patients
with subclinical cardiovascular disease, while other
investigators did not find such an association.95–97

Poor glycemic control assessed by elevated HbA1c

levels directly affects risk of stroke and stroke
mortality, especially in older diabetics.80,98,99

Peripheral arterial disease
Diabetes mellitus causes the same 2- to 4-fold
increased risk for PAD as for CAD, and accounts for
significant morbidity in the elderly diabetic male
population.68 PAD results in significant disability
and functional impairment in the diabetic popula-
tion and is a marker for CAD and cerebrovascular
disease.100 Peripheral neuropathy caused by diabetes
results in a significant increase in the risk of trauma
to the feet in the diabetic population. This is simply
the result of not being able to feel the object caus-
ing the trauma to the foot. Because of the poor
blood supply and the anatomic changes to the dia-
betic foot, heeling of the ulcers caused by trauma is
markedly reduced. Infection plays a significant role
in these cases. The diabetic traumatized foot has a
very high incidence of infection. Because of the
absence of feeling, patients present late with fulmi-
nate infection that is more likely to result in mas-
sive debridement and/or amputation (Figure 33.1).

The prevalence of diabetic PAD increases with
age and there is evidence that, amongst diabetics,
the cohort on whom PAD has the highest impact is
that of elderly males.100 According to a recent study,
diabetic men have higher rates of peripheral revas-
cularization surgery compared to diabetic women
and non-diabetic men, that also tends to occur at an
older age than in the latter two patient groups.101 In
addition, there is evidence that use of health
resources as a result of diabetic PAD in males is
increasing.102 US veterans with diabetes, although
comprising only 16% of the veteran service popula-
tion, undergo one-third of peripheral revasculariza-
tion procedures and two-thirds of amputations.102

This patient population, comprised almost exclu-
sively of men, had rates of limb ulceration, periph-
eral revascularization, and amputation that
increased with age.102

There are important differences in the epidemi-
ology and pathophysiology of PAD in diabetic
patients compared to non-diabetic subjects. PAD
incidence and severity correlate with the duration
of diabetes. Diabetic patients are more likely to
have absent pedal pulses and symptomatic PAD
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than non-diabetic subjects.68,103 On the other hand,
some authors have suggested that reduced pain per-
ception due to peripheral neuropathy could lead to
higher rates of asymptomatic PAD and delayed
patient presentation compared to non-diabetics.101,102

This results in peripheral revascularization surgery
at an older age with much more extensive disease
than in non-diabetics, possibly contributing to
lower limb salvage rates in this population.101

Diabetes also changes the distribution and mor-
phology of atherosclerotic lesions. Diabetics have
increased rates of more distal tibial vessel involve-
ment and more plaque calcification compared to
non-diabetics. This leads to more complicated distal
revascularization procedures. Distal bypasses histor-
ically have a much lower patency rate and signifi-
cant reduction in limb salvage rates.101–103 The

primary patency rate of above-knee bypass with a
vein ranges from 60 to 70% at 5 years with a limb
salvage rate of 80–90%. Distal bypass to tibial ves-
sels with a vein has a primary patency of 40–50% at
5 years, with a limb salvage rate of 50–60%.
Variables associated with higher limb loss rates
include severity of neuropathy, foot ulceration, age,
and HbA1c. Postoperative complications, including
infection and amputation, are also higher in the dia-
betic population.101

Perhaps as a result of these factors, diabetes
significantly increases the risk of lower extremity
amputation, especially in elderly patients.104 In a
recent study from Taiwan that included over
500 000 diabetics, approximately 40% of them
being older than 64 years, men had a higher
incidence of lower extremity amputations and
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Figure 33.1 (a) A 63-year-old diabetic patient with prior second toe amputation returned with infected the third
toe that requires amputation. (b) Patient returns with further infection in the amputated site. (c) Transmetatarsal
amputation with revascularization. (d) Split thickness skin grafting was successful in converting the wound.
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peripheral revascularization procedures in all age
groups.101 In addition, the incidence of these
end-points in men increased with age up to the
75–84-year-old subgroup. In men, peripheral revas-
cularization incidence peaked in the 65–74-year-old
cohort and was higher in elderly males than
females, except in the > 84-year-old subjects. 

Screening and prevention

The aim of screening for diabetes is to identify
asymptomatic individuals who are at high risk of
the disease and should receive diagnostic testing.
Ideally, this would lead to early diagnosis, treat-
ment, and prevention of diabetic complications.
The American Diabetes Association recommends
3-yearly measurement of fasting plasma glucose for
diabetes screening in persons over the age of 45
years, reflecting the higher prevalence of this dis-
ease with increasing age.105 Since there is no proven
benefit of improved glycemic control in reducing
the macrovascular complications of diabetes, the
goal of early diagnosis is aggressive treatment of
other risk factors for atherosclerosis such as hyperc-
holesterolemia and hypertension.

The American Heart Association (AHA) con-
siders diabetics to be at the same level of risk for
CAD as people with established CAD, with obvious
implications for risk factor modification.5 In 2004,
the AHA reviewed recommendations for screening
asymptomatic diabetic patients for CAD and con-
cluded that, in the absence of relevant clinical trial
data, no indication for stress testing or measurement
of biochemical markers of CAD can be made.5 Lack
of data in diabetic patients seems to plague other
modalities suggested for use in screening for CAD
such as ankle-brachial pressure index (ABI) mea-
surements and B-mode ultrasound measurement of
carotid intima-media thickness (IMT). 

Despite lacking an established role in the esti-
mation of CAD mortality, ABI measurements may
aid in detection of subclinical PAD in high-risk
populations such as the elderly and patients with
diabetes.106 In its consensus statement on diabetic
PAD, the American Diabetes Association recom-
mended the use of ABI as a screening test for PAD

in all diabetic patients over the age of 50 years.107

The ABI is simple and easy to perform, but can be
falsely elevated in patients with calcified vessels,
such as elderly diabetics.107 Toe pressure should be
measured during ABI because it would give a more
accurate idea of the severity of PAD in diabetic
patients. A normal toe-brachial index (TBI) is 0.75.

There is evidence that implementing amputa-
tion prevention programs in diabetic patients,
including screening for PAD, is both cost-effective
and can decrease amputation rates.108,109

Patient education is crucial. The physician
should alert his diabetic patients with absent pedal
pulses or abnormal TBI to the higher incidence of
ulceration and tissue loss. Careful podiatry care is
highly recommended. Specially fitted diabetic shoes
are always a simple but great tool to reduce the inci-
dence of complications. A diabetic patient should
never walk bare footed. Since many of these
patients are not aware of having an ulcer on the sole
of their foot, wearing white socks would alert the
patient if any drainage is present. Patients should be
educated to promptly see their physician if a new
ulcer or drainage is present. Poor glucose control in
a patient who had prior good control should alert
the patient and physician to possible foot infection
in the presence of an ulcer. Early vascular consulta-
tion in symptomatic patients with claudication, rest
pain, and/or tissue loss is very helpful. The extent of
foot infection is always underestimated in diabetic
patients (Figure 33.2). An opinion from a vascular
surgeon about their care would be valuable in this
patient population.

Conclusions

The macrovascular complications of diabetes are a
major source of morbidity and mortality in elderly
patients. Despite the absence of an established ben-
efit of improved hyperglycemia on macrovascular
risk reduction, there is strong evidence for a role of
hyperglycemia in the pathogenesis of diabetic ather-
osclerosis. On the other hand, modification of other
risk factors associated with hyperglycemia, such as
hypertension and hyperlipidemia, has been shown to
significantly reduce the incidence of MI, stroke, and
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PAD in diabetic patients, especially including the
elderly. Importantly, only a small minority of elderly
diabetics are receiving adequate treatment and pre-
vention. Physicians have a significant role in
improving the macrovascular outcome and reducing
the complications in this patient population.8
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Figure 33.2 (a) A 48-year-old insulin-dependent diabetic presented with infected foot, sepsis, hypotension, and
glucose of 460 mg/dl. (b) Purulent discharge at the planter fascia (arrow). (c) Suction tip inserted in the abscess
cavity, demonstrating the extension of the infection (this was underestimated pre-operatuvely). (d) This patient’s foot
required four additional debridements and finally a chopart’s amputation, preserving his heel.
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CHAPTER 34

Upper gastrointestinal complaints
Christopher K Rayner and Michael Horowitz

Introduction

The motor, secretory, and absorptive functions of
the upper gastrointestinal tract remain remarkably
intact with healthy aging, although aging is asso-
ciated with an increase in comorbidities that
affect the gut, including the use of medications
with adverse gastrointestinal effects, and neoplas-
tic disorders. In contrast to the relative preserva-
tion of motor and secretory function, visceral
perception diminishes even with healthy aging,
possibly as a result of neuronal loss in the myen-
teric plexus.

This chapter summarizes the changes in upper
gastrointestinal physiology that occur with
healthy aging, followed by discussion of specific
upper gut disorders that are of relevance to the
aging male. The focus is on the esophagus, stom-
ach, and small intestine, since the oropharynx,
hepatobiliary system, pancreas, and large bowel
are discussed elsewhere. Most studies of gut func-
tion in the healthy elderly have included both
males and females, and do not differentiate
between the genders. Most of the upper gastroin-
testinal disorders discussed affect both men and
women, although men are disproportionately
prone to the complications of gastroesophageal
reflux disease (GERD), including Barrett’s esoph-
agus and esophageal adenocarcinoma.

Physiologic changes in the
aging upper gastrointestinal
tract (Table 34.1)

Control of upper gut function
Patterns of contractions involving the circular and
longitudinal layers of smooth muscle that extend
throughout the gut are coordinated by plexuses of
nerves within the gut wall known as the enteric ner-
vous system, which contains an equivalent number
of neurons (about 100 million) to the spinal cord.1

Basic reflex contractile activity, such as that
induced by distension, is controlled by the enteric
nervous system, but these intrinsic patterns of
motility can be modulated by extrinsic neural and
humoral signals, including central input conveyed
by sympathetic and parasympathetic nerves. Gut
sensation is also conveyed to higher centers by both
the vagus and spinal afferent nerves, while descend-
ing pathways to the spinal cord have the capacity to
modulate the transmission of these signals.

Rodent models of aging have demonstrated a
substantial reduction in the number of neurons in
the enteric nervous system, with about 40% loss in
the small intestine and 60% in the colon;2 compa-
rable neuronal loss is evident in both the esophagus
and colon of aging humans. There is comparatively
little information as to which neurons are most sus-
ceptible, but if the central nervous system is any
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guide, it may be anticipated that the loss is selec-
tive, rather than global. Indeed, rodents demon-
strate preferential loss of sensory neurons, which
could result in impairment of stimulus-evoked
motor responses. Cholinergic neurons, which serve
a range of functions, appear most vulnerable,
whereas nitrergic neurons, which mediate
inhibitory motor responses, seem to be relatively
preserved.3 Furthermore, the number of vagal fibers
innervating the upper gastrointestinal tract does not
appear to decline in aging rats. Understanding of
the changes in neural control of gut function with
age is limited by the relative lack of studies relating
to the upper gut, and the paucity of human data.

The fact that gastrointestinal motility is rela-
tively well preserved in the healthy elderly despite
apparent substantial neuronal loss suggests that the
large number of neurons in the enteric nervous sys-
tem provides a considerable functional reserve.

Nevertheless, while the rate of upper gut transit
appears similar in the healthy elderly and the young,
colonic transit is slower in the elderly, where the
loss of enteric neurons is greatest.4 Furthermore,
selective loss of intrinsic sensory neurons in the
esophagus could explain why the contractile
response to distension (so-called ‘secondary peristal-
sis’) is elicited less readily in the healthy elderly
than the young.5

In contrast to the relative preservation of gut
motility with aging, gastrointestinal sensation
appears to be significantly impaired. In the healthy
elderly, the perception of balloon distension in the
esophagus,6 stomach,7 and rectum8 is diminished
when compared to young adults. Perception of
chemical stimuli applied to the esophageal mucosa,
such as acid, also decreases with age,9 suggesting a
generalized impairment of gut sensation. As indi-
cated, selective loss of sensory neurons from the
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Table 34.1 Changes in upper gastrointestinal physiology with healthy aging

Motor function Sensory function Secretory function

Esophagus • More simultaneous • Increased threshold • Reduced flow
contractions for perception of saliva, contributing

• Increased distal of distension to impaired
but decreased acid clearance
proximal amplitude

• Decreased compliance
• Secondary peristalsis

more difficult to elicit
• Impaired acid

clearance

Stomach • Modest delay in • Reduced perception • Intact acid 
emptying of proximal gastric secretion

• Delayed proximal distension • Reduced pepsin and
gastric meal bicarbonate secretion
accommodation

• Postprandial antral
distension

Small intestine • Slower propagation of • Increased satiation in • Increased CCK release
phase III of the MMC response to glucose in response to

• Increase in propagated, nutrients
clustered contractions

• Rate of transit
unchanged
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enteric nervous system could be responsible, but
altered central processing may also contribute,
given that the amplitude of brain evoked potentials
recorded from scalp electrodes during repeated
esophageal distension in older subjects is lower than
in the young.10

Esophageal function 
There are several patterns of esophageal motor
activity. ‘Primary peristalsis’ refers to the coordi-
nated sequence of contraction associated with swal-
lowing, which is propagated aborally, and associated
with lower esophageal sphincter (LES) relaxation
to allow the swallowed bolus to pass through to the
stomach. ‘Secondary peristalsis’, triggered by disten-
sion or reflux of gastric contents, serves to clear the
esophagus of acid and bile. ‘Tertiary contractions’
comprise spontaneous, uncoordinated esophageal
motor activity. Both tonic contraction of the LES
and its position within the diaphragmatic hiatus
provide a barrier to the reflux of gastric contents,
although gastric distension, particularly after a
meal, triggers transient sphincter relaxations that
allow reflux to occur, and these relaxations, rather
than low basal LES pressure, represent the most
prevalent mechanism of acid reflux in most patients
with GERD. Neutralization of acid by saliva, and
clearance of refluxate by primary and secondary
peristalsis, are important defence mechanisms
against gastroesophageal reflux.

The effects of aging have been studied more
extensively in the esophagus than any other gas-
trointestinal region, because it is easily accessible
for in vivo studies, and swallowing disorders are rel-
atively prevalent in the elderly. The term ‘presbye-
sophagus’ was derived from an early report of
radiologic and manometric observations in a group
of nonagenarians.11 Only 2 of 15 subjects had ‘nor-
mal’ esophageal motility, and the barium swallow
was characterized by a high prevalence of tertiary
contractions, delayed clearance, and esophageal
dilatation. Manometric findings included multi-
peaked, non-peristaltic pressure waves. However,
the subjects in this study had a high prevalence of
dementia and other chronic illnesses, and were,
accordingly, not representative of the healthy
elderly. However, other reports have documented

that esophageal motility is frequently disordered in
the very old,12 whereas subjects less than 80 years of
age exhibit little difference in primary peristalsis
when compared to the young, albeit with a greater
prevalence of simultaneous contractions. The effect
of aging on the amplitude of esophageal pressure
waves appears to vary by site, with an increase in
distal esophageal amplitudes, but decreased ampli-
tude in the proximal esophagus, although the mag-
nitude of these changes is modest.13 Secondary
peristalsis is elicited less consistently by esophageal
distension in the healthy elderly compared to the
young,5 both altered biomechanics (increased
esophageal stiffness) and impaired sensation
(increased threshold for perception of distension)
could contribute to this phenomenon.14

In the healthy elderly, both the length of the
high-pressure zone that constitutes the upper
esophageal sphincter (UES) and its resting pressure
are less than in the young, but relaxation of this
sphincter is delayed,15 resulting in a prolonged
oropharyngeal phase of swallowing, and higher
intrabolus pressures in the hypopharynx. In healthy
aging, these changes are unlikely to be clinically sig-
nificant, but should be taken into account when
determining an appropriate ‘normal range’ for swal-
lowing studies in older patients. Reflex UES
responses to esophageal stimuli (increased pressure
with esophageal balloon distension, and decreased
pressure with air distension) remain intact with
healthy aging, but reflex UES contraction in
response to laryngeal stimulation is impaired,16 and
may predispose to aspiration. 

Both the length of the LES and its resting pres-
sure remain intact in the healthy elderly, although
the prevalence of hiatus hernia increases with age
(around 60% in those over 60 years),17 and could
contribute to GERD. Other predisposing factors
include reduced flow of saliva and impaired clear-
ance of acid, which are likely to be important, as the
duration of reflux episodes appears to be more pro-
longed in the elderly than the young, even though
their frequency is similar.18 The frequency of tran-
sient LES relaxations has not been specifically stud-
ied in the elderly, nor have differences in mucosal
repair mechanisms. Despite the impairment of acid
clearance, reports relating to total acid exposure are
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inconsistent, possibly because of variations in the
proportion of elderly with atropic gastritis and acid
hyposecretion between studies. Even weakly acidic
reflux may be important in mucosal injury (e.g.
Barrett’s mucosa) due to the presence of bile, but this
has not been studied specifically in relation to age.19

Gastric function
While gastric emptying is only modestly delayed
with healthy aging, the perception of gastric disten-
sion and the release of gut peptides in response to
small intestinal nutrient exposure differ markedly
from the young; both could contribute to the
‘anorexia of aging’, which entails a reduction in
nutrient intake out of proportion to declining
needs, and represents a major cause of morbidity in
the elderly.20 Furthermore, both the rate of gastric
emptying and the small intestinal response to
ingested nutrient affect the postprandial fall in
blood pressure; therefore postprandial hypotension,
which is an important cause of syncope and falls in
the elderly,21 can be regarded in the broadest sense
as a gastrointestinal disorder.

The rate of gastric emptying is determined by the
coordinated motor activity of proximal and distal
gastric regions, under feedback control from neural
and humoral signals generated by the interaction of
nutrients with the small intestine, which results in
the delivery of nutrients from the stomach at a rel-
atively constant rate.22 The proximal stomach
relaxes to accommodate ingested food and fluids,
and generates tonic pressure to assist the emptying
of liquids, while the distal stomach grinds and mixes
ingesta, and pumps chyme across the pylorus in a
pulsatile manner; both phasic and tonic pyloric con-
tractions can act as a brake to gastric outflow. The
degree of small intestinal feedback can be modu-
lated by previous patterns of nutrient intake, so that
gastric emptying is retarded in starvation, and accel-
erated after dietary glucose supplementation. 

Gastric emptying can be measured by scintigra-
phy, which remains the ‘gold standard’, and the use
of two isotopes allows the behavior of both solids
and liquids to be studied concurrently. Furthermore,
by defining ‘regions of interest’ within the stomach,
retention in the proximal and distal stomach can
also be evaluated. Ultrasound and stable isotope

breath tests are alternative methods of measuring
gastric emptying, while manometry allows the fre-
quency, amplitude, and organization of pressures in
the antrum, pylorus, and duodenum to be recorded,
predominantly in the research setting. The tonic
response of the proximal stomach to a meal can be
evaluated for research purposes by means of the
electronic barostat, which measures the volume of
air required to maintain a fixed pressure in an intra-
gastric bag as an index of proximal gastric tone. 

In healthy aging, there is a modest slowing of
gastric emptying of both solids and nutrient liquids,
but in most cases the rate of emptying remains
within the normal range for young adults23–25

(Figure 34.1). This relative slowing of gastric emp-
tying may have implications for appetite regulation,
potentially contributing to the ‘anorexia of aging’
by prolonging both gastric distension and the expo-
sure of the small intestine to the satiating effects of
nutrients. Furthermore, slower gastric emptying
could delay the absorption of orally administered
medications, as has been reported for paracetamol,
although absorption of benzodiazepines, tetracy-
cline, or L-dopa does not appear to be significantly
affected with healthy aging. Several systemic disor-
ders associated with aging, such as diabetes, are fre-
quently complicated by delayed gastric emptying,
while a number of drugs also have potential to slow
gastric emptying acutely (Table 34.2).

There are few data regarding altered gastric
mechanics associated with aging. Neither fasting
nor postprandial antral motor function appeared to
be affected by age in patients who were being inves-
tigated for unexplained gastrointestinal symptoms.26

Compliance of the proximal stomach appears simi-
lar in healthy elderly and young men in the fasting
state, but elderly men demonstrate a marked reduc-
tion in the perception of gastric distension,7 in line
with observations in the esophagus and stomach.
Furthermore, the relaxation of the proximal stom-
ach in response to a meal is delayed in healthy older
men when compared to the young; failure to accom-
modate ingested food in the proximal stomach
might contribute to early satiation. Conversely, the
healthy elderly have greater antral distension after a
nutrient drink than the young, which is likely to
result in increased satiation.27
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The elderly also potentially differ from the young
in their responses to the presence of nutrients in the
small intestine. Infusion of identical nutrient loads
in each group results in greater cholecystokinin
(CCK) release in the healthy elderly, even allowing
for the relative elevation of fasting CCK concentra-
tions seen in this group,20 while intraduodenal glu-
cose is more satiating in the elderly than the young.
Such enhancement of small intestinal feedback
could contribute to diminution of both the rate of
gastric emptying and appetite. 

Early reports suggested that acid secretion declines
with age, but this is probably confined largely to
those with Helicobacter pylori infection, which results
in gastric atrophy.28 Most healthy elderly maintain
both basal29 and stimulated30 acid secretion, although
output of pepsin,30 bicarbonate, and non-parietal
fluid secretion31 may decline. It follows that the
elderly remain at risk for GERD and peptic ulcer dis-
ease on the basis of their secretory status.

H. pylori infection represents a major risk factor
for peptic ulcer, and the prevalence of infection

increases with age in developed societies, affecting
about 50% of 60-year-olds compared to 10% of
young adults in the US.32 This gradient reflects a
decline in transmission of the organism in child-
hood due to improvements in sanitation, and is not
seen in developing nations, where the prevalence is
higher in both groups. H. pylori infection is charac-
terized by an initial antral gastritis, with subsequent
spread to the gastric body, followed ultimately by
atropy of the body and intestinal metaplasia of the
antrum, which are associated with an increased risk
of gastric cancer. Certain strains of Helicobacter
(CagA positive) appear to be more potent at induc-
ing atropic change.33 Helicobacter eradication ther-
apy appears to be at least as effective in the elderly
as in younger adults.33

While factors potentially aggressive to the gas-
troduodenal mucosa persist in older individuals,
there is some evidence for a decline in protective
factors. In particular, gastroduodenal prostaglandin
concentrations decrease with healthy aging,34 along
with a decline in mucus cells and in mucosal glu-
tathione, all of which are elements of gastric
mucosal defense. Furthermore, there is limited evi-
dence for a decline in mucosal blood flow with
age.33

Postprandial hypotension
Older individuals, particularly those with type 2
diabetes, are prone to a marked decrease in blood
pressure after meals, which contributes to syncope
and falls, and is, therefore, of major clinical con-
cern.21 Carbohydrate may be the most potent
macronutrient for inducing hypotension, though fat
is also implicated,35 and recent studies indicate that
the fall in blood pressure is related to the rate at
which glucose enters the small intestine.36

Regulation of splanchnic blood flow and the release
of gastrointestinal peptide hormones are likely to be
important determinants of the hypotensive
response, since it can be attenuated by administra-
tion of the somatostatin analog octreotide.37

Slowing gastric emptying or small intestinal carbo-
hydrate absorption by dietary and pharmacologic
approaches, such as with the α-glucosidase
inhibitor, acarbose,38 appears to be a promising
strategy to treat this disorder. 
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Figure 34.1 Relationship between gastric emptying of
a solid meal (50% emptying time) and age in 35 healthy
subjects; r = 0.42, P < 0.01. Gastric emptying becomes
slower with increasing age, albeit with considerable over-
lap between older and younger subjects. Adapted from
Horowitz et al 1984.24
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Small intestinal function
The motor function of the small intestine does not
appear to be altered substantially with healthy aging.
During fasting, the small bowel undergoes distinc-
tive periods of activity in cycles lasting about 90
minutes, known as the migrating motor complex
(MMC). Each cycle consists of phase I (motor qui-
escence), phase II (irregular contractions of increas-
ing frequency), and phase III (5–10 minutes of
regular contractions that propagate distally and
‘sweep’ the lumen of debris). Following a meal, this
cyclic activity is interrupted by irregular contrac-
tions that facilitate digestion and absorption of lumi-
nal contents. The cycle length of the MMC is not
altered in the healthy elderly when compared with
the young, although the velocity of propagation of
phase III is slightly slower. The main difference in
the elderly is an increase in propagated, clustered
contractions during both the fasting and postpran-
dial states;39 similar patterns are seen in the irritable
bowel syndrome, but their functional significance is
unclear, since small intestinal transit in the healthy
elderly seems to be comparable to the young.4

Small intestinal absorptive function also gener-
ally remains intact with healthy aging, with the
exception of calcium absorption, which may decline
due to impaired production of, and intestinal
response to, 1,25 hydroxycholecalciferol. Atropic
gastritis and the resultant achlorhydria, which are
features of longstanding Helicobacter infection
rather than healthy aging per se, can impair absorp-
tion of folate and vitamin B12.

40 Small bowel bacte-
rial overgrowth is uncommon in healthy older
individuals,41 but may be associated with a number
of comorbid conditions that affect small intestinal
motility (such as diabetes) or acid secretion (atropic
gastritis), or with local factors, such as jejunal diver-
ticula, that allow stasis of luminal contents.
Bacterial overgrowth represents a potential cause of
malnutrition, including B12 deficiency, and diar-
rhea,17 and is diagnosed by quantitative culture of
duodenal aspirates, or by measurement of breath
hydrogen after oral glucose or xylose. Breath tests
are, however, reported to have low specificity in the
elderly. Treatment consists of a 1–4-week course of
an antibiotic such as metronidazole, tetracycline, or
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Table 34.2 Medications with potential to affect gastrointestinal motor function

Decreased motility or decreased rate of gut transit
• Anticholinergics
• Calcium channel antagonists
• Clonidine (an α2-agonist)
• L-Dopa
• Nitrates
• Opiates
• Phosphodiesterase type 5 inhibitors (e.g. sildenafil)
• Sumatriptan (a 5HT-1P agonist)*

• Tricyclic antidepressants

Increased motility or increased rate of gut transit
• Beta-blockers
• Cisapride, tegaserod, and other 5HT4 agonists
• Domperidone
• Erythromycin (a motilin analog)†

• Metoclopramide
• Selective serotonin reuptake inhibitors

*Relaxes the gastric fundus and delays gastric emptying, but increases esophageal motility.
†Stimulates gastric emptying but slows small intestinal transit.
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a quinolone, and may need to be repeated on a
cyclic basis if symptoms are recurrent.

Esophageal disorders in the
aging male

Esophageal motor disorders
Disordered esophageal motor function typically
presents with dysphagia or chest pain. There is a
high prevalence of dysphagia amongst elderly resi-
dents of nursing homes (50–60%), and those on
general medical wards (10–30%), when patients
are questioned specifically.42 Consequences include
aspiration, inadequate nutrient intake, and the
potential for impaction of capsules or tablets in the
esophagus.

Dysphagia can be classified as ‘oropharyngeal’ or
‘esophageal’, depending on whether there is diffi-
culty initiating a swallow or impaired transport of
swallowed material, and these can usually be distin-
guished on history and examination. Potential
causes of esophageal dysphagia are listed in Table
34.3. Increasing difficulty in swallowing solids sug-
gests a structural lesion, while difficulty with both
liquids and solids is more characteristic of a motility
disorder.43 A prior history of reflux symptoms sug-
gests peptic stricture. Endoscopy is usually indi-
cated, and allows visualization and biopsy of
structural lesions, together with the ability to dilate
strictures if indicated. Endoscopy can be performed

safely in elderly patients.44 Contrast videofluo-
roscopy provides complementary information about
structural lesions, and allows some assessment of
function. Manometry is of greatest use when a diag-
nosis of achalasia is being considered.

Disorders of esophageal motility, such as achala-
sia, diffuse spasm, and nutcracker esophagus, occur
over a wide age range. In the case of achalasia,
there is a second, smaller peak in incidence in the
elderly, following the main peak in early- to mid-
adulthood,13 while many patients with esophageal
spasm and with non-specific motility disorders are
in the older age group.

Achalasia
Achalasia is characterized by incomplete or absent
relaxation of the LES with swallowing, usually com-
bined with an absence of peristalsis in the
esophageal body, though in some patients there are
high amplitude esophageal pressure waves (so-
called ‘vigorous’ achalasia). The etiology is
unknown, but the myenteric plexus shows initial
inflammation, followed by ganglion loss and neural
fibrosis.45 Presenting symptoms include dysphagia
for both liquids and solids, weight loss, regurgita-
tion, and aspiration;46 chest pain is reported less
often in older patients than in the young.47

The barium swallow classically shows a dilated
esophageal body, especially in the elderly, with ‘bird’s
beak’ or ‘rat’s tail’ tapering at the LES, and delayed
emptying of the column of barium. In addition to
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Table 34.3 Esophageal causes of dysphagia

Structural lesions
• Malignancy
• Peptic stricture
• Schatzki ring
• Vascular compression (aortic arch)
• Reflux esophagitis
• ‘Pill’ esophagitis

Motor disorders
• Achalasia
• Diffuse spasm or ‘nutcracker’ esophagus
• Non-specific motility disorders
• Systemic disease (e.g. Parkinson’s disease, diabetes mellitus)
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impaired LES relaxation on swallowing, manometry
typically demonstrates simultaneous, low-amplitude
pressure waves in the esophageal body, or a total
absence of pressure waves. Endoscopy, and some-
times computed tomography (CT) or endoluminal
ultrasound, should be performed to exclude ‘pseudo-
achalasia’, which presents with similar features, but
is caused by carcinoma of the distal esophagus or car-
dia, and is suggested by a short history with promi-
nent weight loss.

Achalasia is treated by disrupting the muscle of
the LES, either by pneumatic dilatation at
endoscopy or by surgical myotomy, which is often
performed laparoscopically. A symptomatic response
of over 80% is reported for each approach,48

although the only randomized trial to date favors
surgery (95% versus 51% reporting nearly complete
symptom relief49). Risks include esophageal perfora-
tion in about 3% undergoing pneumatic dilatation,
and reflux symptoms in about 10%, while repeat
dilatations are often required. An antireflux proce-
dure can be performed with surgical myotomy to
ameliorate the risk of GERD.

The frail elderly, who are unsuitable for surgery
and are less likely to tolerate the potential compli-
cations of pneumatic dilatation, can be treated by
endoscopic injection of botulinum toxin into the
LES. This is reported to achieve adequate symptom
relief in only 60%,48 and has a limited duration of
benefit (about 6 months), so that repeat injections
are often required. The cost is slightly greater than
for pneumatic dilatation, but less than that of
surgery.

Diffuse esophageal spasm and 
‘nutcracker esophagus’
Diffuse esophageal spasm is characterized by simulta-
neous esophageal pressure waves associated with
some but not all swallows,50 and the barium swallow
may have a ‘corkscrew’ appearance. ‘Nutcracker
esophagus’ describes a pattern of high-amplitude
esophageal pressure waves, where peristalsis is main-
tained. Both disorders may be diagnosed in the set-
ting of chest pain or dysphagia; however, these motor
patterns may not be causal, and the outcome of treat-
ment with drugs that relax smooth muscle is fre-
quently disappointing. Drugs that modulate visceral

sensation, such as tricyclic antidepressants, may be
more efficacious, though the elderly are prone to
adverse effects, including postural hypotension.

Non-specific esophageal motility 
disorders
In many elderly patients referred for investigation of
‘esophageal’ symptoms, there are manometric fea-
tures which are outside the normal range, but do not
meet the criteria for the diagnosis of a specific motor
disorder, such as achalasia or diffuse spasm. These
non-specific abnormalities are evident in more than
a third of presentations with dysphagia in patients
over 65 years of age, but their relationship to symp-
toms is uncertain, and there is no specific therapy.

‘Pill esophagitis’
Impaction of medications in the esophagus, with
resultant mucosal injury and ulceration, represents
an important cause of dysphagia and odynophagia
in older individuals. Risk factors include polyphar-
macy, less saliva, delayed esophageal transit, and
immobility. Capsules, which have a slower
esophageal transit than tablets, present the greater
risk, and the most frequently implicated medica-
tions include potassium chloride, tetracyclines,
aspirin, and non-steroidal drugs, quinidine, theo-
phylline, ferrous sulfate, and alendronate.51

Typically, small superficial ulcers are seen at
endoscopy, while complications include stricture,
perforation, and bleeding. Withdrawal of the
responsible drug is often sufficient therapy, but
sucralfate has been used for severe or persistent dis-
ease. Older patients should be advised to drink a full
glass of water after taking oral medications.

Gastro-esophageal reflux disease
The prevalence of GERD in older individuals is
similar (about 20%) to younger adults, but compli-
cations, including erosive esophagitis, are more
common,52 while males are more likely to have ero-
sive disease than females.53 Delayed acid clearance,
or a longer duration of disease, might contribute to
complications in older patients.17 Conversely, the
elderly tend to report milder symptoms, and are
more likely to present with ‘atypical’ features
including dysphagia, vomiting, respiratory difficulty,
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weight loss, or anemia, rather than ‘typical’ symp-
toms like heartburn. The clinician should be alert
to ‘alarm symptoms’, such as dysphagia, weight loss,
or bleeding, which mandate prompt endoscopic
investigation to exclude malignancy. ‘Extra-
esophageal’ manifestations of GERD, including
chronic cough and asthma, may be difficult to relate
to acid reflux with certainty, and a useful diagnostic
test is a therapeutic trial of intense acid suppression
with a double dose of a proton pump inhibitor
(PPI), for up to 8 weeks, depending on symptom fre-
quency.54

Healing of esophagitis appears similar in older
patients compared to the young, and PPIs appear to
maintain their efficacy in this age group, with no
need for dosage adjustment to compensate for age-
related changes in renal or hepatic function. Given
the tendency for elderly GERD patients to have
mucosal damage out of proportion to symptoms, the
‘step down’ approach to PPI dosing, which is guided
by symptoms, may be less appropriate than in the
young, particularly in the setting of complicated
GERD. Long-term acid suppression raises the preva-
lence of atropic gastritis in individuals infected with
Helicobacter, theoretically increasing the risk of gas-
tric cancer; therefore, testing for H. pylori and erad-
icating it if present is generally recommended, but
this is unlikely to be of significance in the very old.
Although maintenance therapy for GERD with
long-term PPI administration is likely to be more
cost-effective than antireflux surgery in elderly
patients, on the basis of the number of years of med-
ical therapy likely to be needed, it should be noted
that healthy older individuals have comparable out-
comes to the young following laparoscopic fundo-
plication.17

Barrett’s mucosa and adenocarcinoma
of the esophagus
The incidence of adenocarcinoma of the esophagus
is increasing, from less than 5% of esophageal can-
cers in the 1970s to 50% or more in many devel-
oped countries. The increase has been greatest
amongst white males, in whom the incidence has
been rising by up to 10% annually; moreover, the
prevalence increases above 65 years of age.55,56

Other risk factors include GERD and obesity.

Nevertheless, the absolute incidence of esophageal
adenocarcinoma remains relatively low (between 1
and 5 per 100 000 in white males).57

The majority of esophageal adenocarcinoma
arises from Barrett’s mucosa, a condition involving
replacement of the normal squamous lining of the
distal esophagus by intestinal type columnar
mucosa, in association with longstanding reflux dis-
ease (Figure 34.2). Barrett’s mucosa is found in
10–15% of patients undergoing endoscopy for
GERD, but also in 5–10% having endoscopy for
other reasons, and autopsy series indicate that the
majority of cases are undiagnosed.58 Males have
about a 2-fold increased risk of Barrett’s mucosa
when compared to females, but their proportional
risk of developing adenocarcinoma is 5 times that of
women.53 People reporting reflux symptoms at least
once per week have an 8-fold risk of Barrett’s esoph-
agus, and the risk appears to increase with the sever-
ity and duration of symptoms,57 although it is not
uncommon for Barrett’s mucosa to be diagnosed
with minimal reflux symptoms, particularly in the
elderly.

Barrett’s esophagus can be considered a prema-
lignant condition, progressing though low- and
high-grade dysplasia to adenocarcinoma. The risk of
transition to carcinoma is approximately 0.5% per
year, which is about 30–60 times the risk in the gen-
eral population.57 Regular endoscopic surveillance
with biopsies, typically every 2 years, is widely advo-
cated to detect dysplasia or early carcinoma, but
remains controversial.59 Although surveillance is
supported by indirect evidence showing that
esophageal adenocarcinoma is diagnosed at an ear-
lier stage in surveyed patients, there are no prospec-
tive controlled trials, and cost–benefit data are
limited.58 Surveillance of patients with Barrett’s
mucosa suffers from sampling error and variations in
histologic grading, which limit its sensitivity. New
developments offering promise include improve-
ments in endoscopic detection (high-resolution
endoscopy, dye staining, and narrow band imaging),
alternative sampling techniques (including brush-
ing rather than biopsy), and the use of molecular
markers for dysplasia.60 Screening of all GERD
patients for Barrett’s mucosa cannot currently be
supported on cost–benefit grounds,58 since the risk
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of adenocarcinoma is relatively low even in those
with GERD, and the costs of screening would be
high. For example, calculations from Swedish data
indicate that 60 obese men aged 50–79 years
would need to be followed for 10 years to detect
one adenocarcinoma, although the figure may be
less in the US, where the incidence of adenocar-
cinoma is greater.57 More information is therefore
required to select those at high risk. Furthermore,
it is unclear to what degree either PPI therapy or
antireflux surgery impacts on the development
and progression of Barrett’s mucosa in patients
with GERD.

A further dilemma is the management of
patients found to have high-grade dysplasia.
Perhaps a quarter will progress to adenocarcinoma
over 2 years,58 but treatment with esophagectomy
may have a mortality rate of 5% even in estab-
lished centers. A number of approaches have been
developed to resect or ablate the dysplastic mucosa
endoscopically, rather than proceed to surgery, but
concerns have been raised regarding remnant foci
of columnar cells buried in the mucosa, and such
therapies require further evaluation in formal clin-
ical trials.

Squamous cell carcinoma of the 
esophagus
In contrast to esophageal adenocarcinoma, the inci-
dence of this tumor in aging men is relatively stable
in the US, though slightly greater than for women,
and the peak incidence occurs in the sixth and sev-
enth decades.61 Dysphagia is the most common pre-
senting symptom, and endoscopy is the most
appropriate investigation, although barium swallow
is also recommended if a tracheo-esophageal fistula
is suspected on the basis of history (e.g. coughing
soon after swallowing fluids). 

The disease is staged by CT, with an additional
role for endoscopic ultrasound. Surgical resection
can be considered for early-stage lesions without
nodal metastases, while endoscopic mucosal resec-
tion may be an option in patients with early lesions
who are poor surgical candidates, including the
elderly with comorbidities. Chemoradiotherapy is
used for locally invasive disease, while endoscopi-
cally placed expanding metal stents have a role in
the palliation of dysphagia.

Stomach and duodenal disorders

Peptic ulcer disease
As discussed above, aggressive factors promoting
peptic ulceration persist in the elderly, while
mucosal defence is diminished. In addition, up to
40% of those over 65 are prescribed non-steroidal
anti-inflammatory drugs (NSAIDs),62 and age has
been shown to be an independent risk factor for
peptic ulceration in those taking NSAIDs.63

Regular, long-term use of NSAIDs is not necessar-
ily required to induce peptic ulceration, which can
occur after even a relatively brief course of ther-
apy.33 Selective COX-2 inhibitors are associated
with a lower risk of peptic ulceration than the
non-selective NSAIDs, but this advantage has not
been demonstrated specifically in the elderly, and
any selective advantage is lost when these drugs
are used in conjunction with aspirin. The interac-
tion of NSAIDs and Helicobacter in peptic ulcer
disease, and bleeding peptic ulcers in particular,
has been a controversial issue in recent years.
Aspirin is often implicated in peptic ulceration, and
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Figure 34.2 Endoscopic view of Barrett’s esophagus,
showing the irregular junction between the normal squa-
mous mucosa (pale) and the columnar lined esophagus
(darker).
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there is a dose-dependent increase in risk from
300 mg to 1200 mg daily, but even low-dose or
enteric-coated preparations entail a 3-fold risk of a
bleeding peptic ulcer.33 Anticoagulants are also a
risk factor for upper gastrointestinal bleeding, and
this risk appears higher in the elderly than in
younger adults.33

Peptic ulcer disease in older individuals often
presents atypically – abdominal pain is absent in
half of those over 60 years,64 while two-thirds of
those over 80 years present with ulcer bleeding in
the absence of any abdominal discomfort.65 Ulcer
complications, specifically bleeding and perfora-
tion, are also more common in the elderly than the
young,66 and mortality from bleeding is between 4-
and 10-fold higher.67 Endoscopy is the investigation
of choice for suspected ulcer disease (Figure 34.3);
barium meal has a false negative rate of almost
10%,68 and does not allow for biopsy or therapeutic
procedures.

Upper gastrointestinal bleeding
Patients aged over 60 years make up a disproportion-
ate number of those presenting with hematemesis
and/or melena.69 About 50% of such presentations
are due to peptic ulcer disease, with other frequent

diagnoses being esophagitis and gastritis (Table
34.4). By contrast, Mallory-Weiss tears and
variceal bleeding are more prevalent in the young,
and tend to be associated with alcohol abuse.70

Other causes of upper gastrointestinal bleeding in
the elderly include vascular lesions (angiodysplasia,
Dieulafoy lesions, and gastric antral vascular ecta-
sia),70 while aorto-enteric fistula should be sus-
pected in elderly men with a previous aortic graft;
a ‘herald bleed’ often precedes massive bleeding,
and the diagnosis is made by endoscopy and CT
imaging.71

Mortality from upper gastrointestinal bleeding
has remained stable at about 10% despite advances
in therapy,72 reflecting an aging population with
increasing comorbidities. Eighty-five percent of
deaths occur in patients aged over 65 years,73 while
mortality is only about 1% in those under 60 years
of age.74 Indeed, age (but not gender) is one compo-
nent of a widely used scoring system for evaluating
risk in upper gastrointestinal bleeding.75 Such scores
are effective in expediting discharge from hospital
in patients at low risk of complications or rebleed-
ing,76 but not surprisingly, patients receiving a
favorable score tend to be younger.77 In the medical
therapy of upper gastrointestinal hemorrhage, cau-
tion is needed to avoid fluid overload and over-
transfusion, especially in variceal bleeding, where
fluid loading is prone to increase portal pressure.
Conversely, however, hypovolemia puts elderly
patients at risk of myocardial ischemia or infarction.
Endoscopic therapy for bleeding upper gastrointesti-
nal lesions is just as efficacious in the elderly as in
the young,78 while the elderly are reported to have
higher mortality following both emergency (25% vs
7.5%) and elective (13.6% vs 2%) surgery for gas-
trointestinal bleeding,79 although recent data for
surgical mortality are not available.

Gastric cancer
Gastric adenocarcinoma is the second most com-
mon cancer worldwide, and the incidence increases
with age; in men, the incidence peaks at just over
60 years of age.61 Despite a declining incidence in
the developed world over the last 50 years, there has
been minimal improvement in survival. Risk factors
for gastric cancer include Helicobacter infection,
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Figure 34.3 Endoscopic image of a peptic ulcer fol-
lowing a recent bleed. Fresh clot is present in the base of
this deep ulcer.
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with attendant gastric atrophy and intestinal meta-
plasia,80,81 diets high in smoked or salted foods, low
fruit and vegetable intake, aflatoxin-contaminated
food, and low socio-economic status.82,83 Other risk
factors include familial adenomatous polyposis, per-
nicious anemia, and a history of gastrectomy.82,83 For
example, there is a 2-fold risk of gastric cancer, as
well as a 3-fold risk of esophageal squamous cell car-
cinoma, in those with pernicious anemia,84

although the absolute risk would not appear to jus-
tify surveillance programs in this population. 

Gastric cancer usually presents with weight loss
and epigastric pain; anorexia, early satiety, nausea,
and vomiting are other common symptoms. ‘Alarm
features’ of weight loss, early satiety, and bleeding or
iron deficiency anemia mandate endoscopic exami-
nation; barium meal is a less sensitive investigation.
Physical signs, such as a mass or succussion splash,
are usually indicative of advanced disease.61 Staging
involves abdominal CT imaging, and endoscopic
ultrasound can be useful if local staging is required.
Survival after gastrectomy actually improves with
increasing age, since older patients tend to have less
aggressive disease than the young, up to the point
where medical comorbidities contribute to higher

operative mortality. Amongst those undergoing
resection with curative intent, tumor recurrence
affects 80% within 5 years. Palliative resection is
often beneficial in the setting of gastric outlet
obstruction, but expandable metal stents provide an
alternative in this setting. Some tumors respond to
chemo- or radiotherapy, but without an established
survival benefit.

Small intestinal disorders

Celiac disease
Although traditionally thought of as a disease pre-
senting in childhood, celiac disease is increasingly
being diagnosed throughout life; undetected celiac
disease was found in about 1% of a UK population
aged 45–76 years, on the basis of endomyseal anti-
body testing.85 Adults present with fewer gastroin-
testinal symptoms than in the classical descriptions,
but complications seem to occur more frequently in
the elderly, including T-cell lymphoma and adeno-
carcinoma of the small intestine, and esophageal
carcinoma.86 However, the risk of malignancy is
ameliorated with strict adherence to a gluten-free

Textbook of health in aging men

454

Table 34.4 Causes of upper gastrointestinal bleeding in the elderly

Non-variceal bleeding
• Gastric or duodenal ulcer*

• Reflux esophagitis
• Gastritis
• Neoplasia (esophagus, stomach)
• Vascular lesions

• angiodysplasia
• Dieulafoy lesions
• gastric antral vascular ectasia (‘watermelon stomach’)

• Mallory–Weiss tears
• Aorto-enteric fistula

Variceal bleeding†

• Esophageal varices
• Gastric varices

*Peptic ulcer disease accounts for about 50% of upper gastrointestinal bleeding in the elderly.
†Variceal bleeding is less common in the elderly than in the young to middle-aged group.
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diet. Osteoporosis and iron deficiency anemia are
clues to the diagnosis (60% of elderly celiac patients
are anemic).87 Men may be more severely affected
by osteoporosis than women.88

Biochemical abnormalities include hypo-albu-
minemia, -calcemia, and -magnesemia, while
abnormal liver function tests are observed in 20%
and resolve on a gluten-free diet, but may require
investigation to exclude other causes.87 It is appro-
priate to screen thyroid function, since there is a
strong association with autoimmune thyroid dis-
ease. Pancreatic calcification and exocrine pancre-
atic insufficiency are not uncommon features, and
there is also an association with lymphocytic and
collagenous colitis; these entities sometimes
account for diarrhea that is ‘refractory’ to a gluten-
free diet. Serologic screening of first-degree relatives
for endomyseal or transglutaminase antibodies is
recommended, since 10% will be affected.

Small intestinal ischemia 
While less common than colonic ischemia, which is
not discussed here, acute small intestinal ischemia
has a high mortality (~60–90%) and affects the
elderly predominantly. The causes of acute ischemia
include embolus (~50%), thrombosis, or non-occlu-
sive ‘low-flow’ states affecting the superior mesen-
teric artery; thrombosis of the superior mesenteric
vein; or focal segmental ischaemia.89 The diagnosis
is suggested by abdominal pain that is out of pro-
portion to the abdominal signs; indeed, the pres-
ence of definite abdominal tenderness, rebound, or
guarding, or radiologic signs of ileus, ‘thumb-print-
ing’, or intramural air, imply irretrievable intestinal
infarction. Leukocytosis and metabolic acidosis are
common features, and CT imaging with intra-
venous contrast is helpful, particularly for demon-
strating superior mesenteric vein thrombosis.
Immediate management should focus on correction
of identifiable causes of low perfusion, such as hypo-
volemia, hypotension, and arrhythmia, but vaso-
pressors and digoxin are associated with splanchnic
vasoconstriction, and are therefore best avoided.
Angiography detects emboli and arterial thrombo-
sis, and provides a route for administration of the
vasodilator or papaverine, or for thrombolysis in
the setting of partial occlusion or emboli distal to

ileocolonic artery origin. Surgical embolectomy is
sometimes indicated.90

Superior mesenteric vein thrombosis occurs in
the setting of hypercoagulable states, local stasis
(e.g. cirrhosis or tumor), intra-abdominal inflam-
mation and sepsis, trauma or abdominal surgery, or
low-flow states; however, one-third are ‘idiopathic’.
Anticoagulation is indicated in the absence of any
signs of peritonitis.90

Chronic mesenteric ischemia is an uncommon
condition, characterized by abdominal pain within
10 or 15 minutes of eating (‘intestinal angina’). The
pain is typically colicky, experienced in the upper
abdomen and sometimes in the back, and may
persist for an hour or two. Weight loss is often a
prominent feature, sometimes with steatorrhea.
Angiography demonstrates occlusion or stenosis of
at least two major vessels, and therapeutic options
include surgical revascularization, or angioplasty
with or without stent insertion. 

Systemic disorders associated with
disturbance of upper 
gastrointestinal function

While healthy aging is associated with minimal
impairment of upper gastrointestinal function,
comorbidities with the potential to affect gut func-
tion tend to increase with advancing age, and
examples of these include Parkinson’s disease and
diabetes mellitus. Furthermore, numerous medica-
tions can affect gastrointestinal motility; some of
these are listed in Table 34.2. 

Parkinson’s disease
Parkinson’s disease, which has a slight male prepon-
derance in several US and European studies, is often
complicated by gastrointestinal dysfunction.91

Involvement of the dorsal motor nucleus of the
vagus (affecting parasympathetic innervation), and
the enteric nervous system (Lewy bodies and loss of
dopaminergic neurons), has been documented.

Dysphagia is common, particularly involving the
oropharyngeal phase of swallowing, and esophageal
transit may also be impaired. Variable effects of
L-dopa or anticholinergic therapy have been noted,
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and swallowing disorders may either improve or
deteriorate with these treatments. Gastric emptying
may be delayed, either due to Parkinsonism itself, or
as a result of L-dopa administration, resulting in a
high prevalence of nausea and bloating, together
with impaired nutrition and absorption of oral med-
ications. Gastric retention of L-dopa may result in
metabolism of the drug to an inactive form, while
the rate of gastric emptying may vary with fluctua-
tions in neurologic function, and in this way further
contribute to the ‘on-off ’ motor phenomenon that
affects a proportion of patients. Metoclopramide is
contraindicated in Parkinsonism, but other proki-
netic agents such as domperidone (a dopamine
antagonist which does not cross the blood–brain
barrier to any significant degree) can be used.
Patients may have more widespread impairment of
gut motility, involving the small intestine, colon,
and anorectum, and, in particular, oro-cecal tran-
sit time is prolonged compared with age-matched
controls.

Diabetes mellitus
The prevalence of type 2 diabetes is increasing dra-
matically worldwide, and this disorder occurs fre-
quently in older people. Diabetes is associated with
disordered motor function involving all segments of
the gastrointestinal tract, and gastrointestinal symp-
toms are common,92 although there is no informa-
tion specific to the elderly. Disordered gut function
in diabetes has traditionally been attributed to irre-
versible autonomic neuropathy, but it is now clear
that acute changes in the blood glucose concentra-
tion have a major, reversible impact on gut motility
and sensation.93

Abnormalities of esophageal function in diabetes
include a reduction in the amplitude of pressure
waves, abnormal waves forms, and failure of peri-
stalsis, with delayed esophageal transit.94 LES pres-
sure may be reduced, and the prevalence of GERD
appears to be increased.95

Up to 50% of outpatients with longstanding type
1 or type 2 diabetes have delayed gastric emptying
for solids or nutrient liquids,94,96,97 associated with
diminished antral motility and impaired propaga-
tion of pressure waves from antrum to duodenum, as
well as diminished fundic tone. These abnormalities

are more marked during acute hyperglycemia, when
compared to euglycemia, and potentially contribute
to upper abdominal symptoms, impaired nutrition
and absorption of oral medications, and disordered
glycemic control. Although a delay in gastric emp-
tying may slow the entry of carbohydrates to the
small intestine and actually improve the postpran-
dial blood glucose profile, it is likely to result in a
mismatch between glucose absorption and the
onset of insulin action in the high, and increasing,
proportion of patients requiring exogenous insulin.
When associated with symptoms, diabetic gastro-
paresis is usually treated with a prokinetic drug,
such as metoclopramide, domperidone, or ery-
thromycin. Cisapride has been withdrawn in most
markets following a number of deaths attributed to
cardiac arrhythmias. It is appropriate to screen
patients with ‘brittle’ diabetes for abnormalities of
gastric emptying.

Small intestinal motility is often disordered in
diabetes mellitus, with a reduction in the MMC cycle
length during fasting, and bursts of non-propagated
pressure waves after a meal. Transit through the small
intestine varies widely, and both diarrhea and consti-
pation appear more common than in healthy indi-
viduals. Small bowel bacterial overgrowth, celiac
disease, and pancreatic exocrine insufficiency should
be excluded in the setting of diarrhea, but if no
specific cause is identified, loperamide may be of ben-
efit, as may the α-adrenergic agonist, clonidine.

Functional upper gastrointestinal
disorders

Functional gastrointestinal disorders are character-
ized by recurrent or persistent symptoms referable to
the gut, in the absence of organic pathology. This
group of disorders includes functional dyspepsia
(upper abdominal pain, bloating, or nausea) and
non-cardiac chest pain. Irritable bowel syndrome,
which involves predominantly lower abdominal dis-
comfort and disturbance of bowel habit, will not be
discussed here. Many patients with predominant
symptoms of one category of functional disorder
have additional symptoms that overlap with other
categories.
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Functional dyspepsia
In contrast to the irritable bowel syndrome, which
appears to remain almost as prevalent in the elderly
as it is in the general population, there is little infor-
mation regarding the prevalence of functional dys-
pepsia in older individuals; about 15% of adults in
Western societies report chronic or recurrent upper
abdominal symptoms. Unlike the irritable bowel
syndrome, where there is an established bias in favor
of women of about 2:1, limited data indicate that
there may be a slight male predominance for func-
tional dyspepsia in the community. Nevertheless,
amongst those referred for specialist investigation of
upper abdominal symptoms, males are more likely
than females to have an organic cause identified.
Furthermore, both healthy men and those with
functional dyspepsia tolerate a greater volume of
ingested fluid (the ‘water drink’ test) than women in
each of these categories. Men with functional dys-
pepsia are also less likely than women to have
delayed gastric emptying, suggesting that, in general,
men are less prone to derangements of upper gas-
trointestinal motor and sensory function.98

Community-based surveys have found a decrease
in dyspeptic symptoms with age, but an increased
tendency to consult medical practitioners.99 It is
important to exclude organic diseases such as can-
cer when gut symptoms arise in older patients, par-
ticularly as the prevalence of organic disease is
greater than in the young,100 and the threshold for
endoscopic examination should be low.
Comorbidities such as Parkinson’s disease, medica-
tions, thyroid disease, diabetes, depression, and
small bowel bacterial overgrowth must also be con-
sidered. NSAIDs should be stopped.

Chronic gastrointestinal symptoms impair qual-
ity of life, but since many older individuals do not
consult their doctors, the impact of these symptoms
may go unrecognized. While the elderly appear to
be no more prone than the young to depression
associated with chronic pain disorders, practitioners
should be alert to the possibility that ‘gastrointesti-
nal’ symptoms, such as anorexia, can be a feature of
depression.100

Therapies for functional gut disorders must be
evaluated in the setting of controlled trials, since
there is a very high placebo response rate (between

20 and 70%). However, no clinical trials in patients
with functional disorders have focused specifically
on the elderly.101 Current therapies aim to address
various possible mechanisms that have been pro-
posed to account for symptoms, including acid sen-
sitivity, delayed gastric emptying, and Helicobacter
infection.102 Acid suppression is more likely to be
helpful when there is a component of reflux symp-
toms,103 while Helicobacter eradication is not con-
clusively effective in the absence of peptic ulcer
disease.104 Antidepressants may be useful when the
predominant symptom is pain, and the dose in func-
tional gut disorders is typically lower than standard
doses used to treat depression. While selective sero-
tonin re-uptake inhibitors may be better tolerated
in the elderly than tricyclics, there are few specific
data regarding their efficacy in dyspepsia.

Non-cardiac chest pain
Chest pain is a common symptom, and often pre-
sents a diagnostic difficulty, especially in older
patients who are at higher risk of ischemic heart dis-
ease than the young. Chest pain is often attributed
to the esophagus once cardiac causes have been
excluded, but musculoskeletal, pulmonary, pericar-
dial, gastric, and biliary disorders should also be
considered, and panic disorder is another potential
cause.105

A narrow majority (50–60%) of patients with
non-cardiac chest pain (NCCP) have excessive
esophageal acid exposure on pH studies; only a pro-
portion of these will have esophagitis, which limits
the diagnostic value of endoscopy. Rather, a trial of
double-dose proton pump inhibitor (PPI) for 2 to 8
weeks, with the duration dependent on symptom
frequency, is a useful and cost-effective test to deter-
mine whether GERD is a likely diagnosis.106 In
patients who respond to the PPI, the dose can be
titrated subsequently to the minimum effective
dose, while non-responders may be investigated
with esophageal manometry and ambulatory pH
measurements. 

Manometry studies in NCCP patients sometimes
reveal diffuse esophageal spasm, ‘nutcracker esopha-
gus’, or other motility disorders, but a causal relation-
ship between symptoms and abnormal motility is
often difficult to establish. Furthermore, medical
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therapy designed to relax esophageal smooth muscle,
such as nitrates, calcium channel antagonists, or
sildenafil, has limited efficacy,107 and is based on the
assumption that excessive esophageal contraction is
the cause of the pain. As with functional dyspepsia,
antidepressants may be useful as pain-modifying
agents, and are superior to placebo in non-GERD-
related NCCP,54 although caution should be exercised
in the elderly regarding side-effects.

Acknowledgement

The authors wish to thank Associate Professor Peter
Devitt, Department of Surgery, University of
Adelaide, for providing the images for Figures 34.2
and 33.3.

References

1. Goyal RK, Hirano I. Mechanisms of disease: the
enteric nervous system. N Engl J Med 1996; 334:
1106–15.

2. Wade PR. Aging and neural control of the GI tract.
I. Age-related changes in the enteric nervous sys-
tem. Am J Physiol 2002; 283: G489–95.

3. Wade PR, Cowen T. Neurodegeneration: a key fac-
tor in the ageing gut. Neurogastroenterol Motil
2004; 16(Suppl 1): 19–23.

4. Madsen JL, Graff J. Effects of ageing on gastrointesti-
nal motor function. Age Ageing 2004; 33: 154–9.

5. Ren J, Shaker R, Kusano M et al. Effect of aging on
the secondary esophageal peristalsis: presbyesopha-
gus revisited. Am J Physiol 1995; 268: G772–9.

6. Lasch H, Castell DO, Castell JA. Evidence for
diminished visceral pain with aging: studies using
graded intraesophageal balloon distension. Am J
Physiol 1997; 272: G1–3.

7. Rayner CK, MacIntosh CG, Chapman IM et al.
Effects of age on proximal gastric motor and sensory
function. Scand J Gastroenterol 2000; 35: 1041–7.

8. Lagier E, Delvaux M, Vellas B et al. Influence of age
on rectal tone and sensitivity to distension in healthy
subjects. Neurogastroenterol Motil 1999; 11: 101–7.

9. Fass R, Pulliam G, Johnson C et al. Symptom sever-
ity and oesophageal chemosensitivity to acid in
older and young patients with gastro-oesophageal
reflux. Age Ageing 2000; 29: 125–30.

10. Weusten BL, Lam HG, Akkermans LM et al.
Influence of age on cerebral potentials evoked by
oesophageal balloon distension in humans. Eur J
Clin Invest 1994; 24: 627–31.

11. Soergel KH, Zboralske FF, Amberg JR.
Presbyesophagus: esophageal motility in nonagenar-
ians. J Clin Invest 1964; 43: 1472–9.

12. Hollis JB, Castell DO. Esophageal function in
elderly man. A new look at ‘presbyesophagus’. Ann
Intern Med 1974; 80: 371–4.

13. Orr WC, Chen CL. Aging and neural control of the
GI tract: IV. Clinical and physiological aspects of
gastrointestinal motility and aging. Am J Physiol
2002; 283: G1226–31.

14. Rao SS, Mudipalli RS, Mujica VR et al. Effects of
gender and age on esophageal biomechanical prop-
erties and sensation. Am J Gastroenterol 2003; 98:
1688–95.

15. Shaw DW, Cook IJ, Gabb M et al. Influence of nor-
mal aging on oral-pharyngeal and upper esophageal
sphincter function during swallowing. Am J Physiol
1995; 268: G389–96.

16. Kawamura O, Easterling C, Aslam M et al. Laryngo-
upper esophageal sphincter contractile reflex in
humans deteriorates with age. Gastroenterology
2004; 127: 57–64.

17. Firth M, Prather CM. Gastrointestinal motility
problems in the elderly patient. Gastroenterology
2002; 122: 1688–700.

18. Smout AJ, Breedijk M, van der Zouw C et al.
Physiological gastroesophageal reflux and
esophageal motor activity studied with a new system
for 24-hour recording and automated analysis. Dig
Dis Sci 1989; 34: 372–8.

19. Tack J, Vantrappen G. The aging oesophagus. Gut
1997; 41: 422–4.

20. Chapman IM, MacIntosh CG, Morley JE et al. The
anorexia of ageing. Biogerontology 2002; 3: 67–71.

21. Jansen RW, Connelly CM, Kelley-Gagnon MM et
al. Postprandial hypotension in elderly patients
with unexplained syncope. Arch Intern Med 1995;
155: 945–52.

22. Horowitz M, Dent J. Disordered gastric emptying:
mechanical basis, assessment and treatment.
Baillieres Clin Gastroenterol 1991; 5: 371–407.

23. Moore JG, Tweedy C, Christian PE et al. Effect of
age on gastric emptying of liquid – solid meals in
man. Dig Dis Sci 1983; 28: 340–4.

24. Horowitz M, Maddern GJ, Chatterton BE et al.
Changes in gastric emptying rates with age. Clin Sci
1984; 67: 213–18.

25. Clarkston WK, Pantano MM, Morley JE et al.
Evidence for the anorexia of aging: gastrointestinal
transit and hunger in healthy elderly vs. young
adults. Am J Physiol 1997; 272: R243–8.

26. Fich A, Camilleri M, Phillips SF. Effect of age on
human gastric and small bowel motility. J Clin
Gastroenterol 1989; 11: 416–20.

27. Sturm K, Parker B, Wishart J et al. Energy intake
and appetite are related to antral area in healthy

Textbook of health in aging men

458

Lunenfeld-ch-34.qxd  8/23/2007  4:41 PM  Page 458



young and older subjects. Am J Clin Nutr 2004; 80:
656–67.

28. Katelaris PH, Seow F, Lin BP et al. Effect of age,
Helicobacter pylori infection, and gastritis with
atrophy on serum gastrin and gastric acid secretion
in healthy men. Gut 1993; 34: 1032–7.

29. Hurwitz A, Brady DA, Schaal SE et al. Gastric acid-
ity in older adults. JAMA 1997; 278: 659–62.

30. Feldman M, Cryer B, McArthur KE et al. Effects of
aging and gastritis on gastric acid and pepsin secretion
in humans: a prospective study. Gastroenterology
1996; 110: 1043–52.

31. Feldman M, Cryer B. Effects of age on gastric alka-
line and nonparietal fluid secretion in humans.
Gerontology 1998; 44: 222–7.

32. Graham DY, Malaty HM, Evans DG et al.
Epidemiology of Helicobacter pylori in an asympto-
matic population in the United States. Effect of age,
race, and socioeconomic status. Gastroenterology
1991; 100: 1495–501.

33. Pilotto A. Aging and the gastrointestinal tract. Ital
J Gastroenterol Hepatol 1999; 31: 137–53.

34. Cryer B, Lee E, Feldman M. Factors influencing gas-
troduodenal mucosal prostaglandin concentrations:
roles of smoking and aging. Ann Intern Med 1992;
116: 636–40.

35. Visvanathan R, Horowitz M, Chapman I. The
hypotensive response to oral fat is comparable but
slower compared with carbohydrate in healthy
elderly subjects. Br J Nutr 2006; 95: 340–5.

36. O’Donovan D, Feinle C, Tonkin A et al.
Postprandial hypotension in response to duodenal
glucose delivery in healthy older subjects. J Physiol
2002; 540: 673–9.

37. Jansen RW, Peeters TL, Lenders JW et al.
Somatostatin analog octreotide (SMS 201–995)
prevents the decrease in blood pressure after oral
glucose loading in the elderly. J Clin Endocrinol
Metab 1989; 68: 752–6.

38. Gentilcore D, Bryant B, Wishart JM et al. Acarbose
attenuates the hypotensive response to sucrose and
slows gastric emptying in the elderly. Am J Med
2005; 118: 1289.

39. Husebye E, Engedal K. The patterns of motility are
maintained in the human small intestine through-
out the process of aging. Scand J Gastroenterol
1992; 27: 397–404.

40. Holt PR. Diarrhea and malabsorption in the elderly.
Gastroenterol Clin North Am 2001; 30: 427–44.

41. Mitsui T, Kagami H, Kinomoto H et al. Small bowel
bacterial overgrowth and rice malabsorption in
healthy and physically disabled older adults. J Hum
Nutr Diet 2003; 16: 119–22.

42. Shaker R, Staff D. Esophageal disorders in the
elderly. Gastroenterol Clin North Am 2001; 30:
335–61.

43. Lock G. Physiology and pathology of the oesopha-
gus in the elderly patient. Best Pract Res Clin
Gastroenterol 2001; 15: 919–41.

44. Cooper BT, Neumann CS. Upper gastrointestinal
endoscopy in patients aged 80 years or more. Age
Ageing 1986; 15: 343–9.

45. Goldblum JR, Rice TW, Richter JE. Histopathologic
features in esophagomyotomy specimens from
patients with achalasia. Gastroenterology 1996; 111:
648–54.

46. Ghosh S, Heading RC, Palmer KR. Achalasia of the
oesophagus in elderly patients responds poorly to
conservative therapy. Age Ageing 1994; 23: 280–2.

47. Eckardt VF, Stauf B, Bernhard G. Chest pain in
achalasia: patient characteristics and clinical
course. Gastroenterology 1999; 116: 1300–4.

48. Vela MF, Richter JE, Wachsberger D et al.
Complexities of managing achalasia at a tertiary
referral center: use of pneumatic dilatation, Heller
myotomy, and botulinum toxin injection. Am J
Gastroenterol 2004; 99: 1029–36.

49. Spiess AE, Kahrilas PJ. Treating achalasia: from
whalebone to laparoscope. JAMA 1998; 280:
638–42.

50. Dalton CB, Castell DO, Hewson EG et al. Diffuse
esophageal spasm. A rare motility disorder not char-
acterized by high-amplitude contractions. Dig Dis
Sci 1991; 36: 1025–8.

51. Levine MS. Drug-induced disorders of the esopha-
gus. Abdom Imaging 1999; 24: 3–8.

52. Mold JW, Reed LE, Davis AB et al. Prevalence of gas-
troesophageal reflux in elderly patients in a primary
care setting. Am J Gastroenterol 1991; 86: 965–70.

53. Cook MB, Wild CP, Forman D. A systematic review
and meta-analysis of the sex ratio for Barrett’s
esophagus, erosive reflux disease, and nonerosive
reflux disease. Am J Epidemiol 2005; 162: 1050–61.

54. Wong WM, Fass R. Extraesophageal and atypical
manifestations of GERD. J Gastroenterol Hepatol
2004; 19(Suppl 3): S33–43.

55. Cameron AJ, Lomboy CT. Barrett’s esophagus: age,
prevalence, and extent of columnar epithelium.
Gastroenterology 1992; 103: 1241–5.

56. Collen MJ, Abdulian JD, Chen YK. Gastroesophageal
reflux disease in the elderly: more severe disease that
requires aggressive therapy. Am J Gastroenterol 1995;
90: 1053–7.

57. Lagergren J. Adenocarcinoma of oesophagus: what
exactly is the size of the problem and who is at risk?
Gut 2005; 54(Suppl 1): i1–5.

58. Sharma P, Sidorenko EI. Are screening and surveil-
lance for Barrett’s oesophagus really worthwhile?
Gut 2005; 54 (Suppl 1): i27–32.

59. Mashimo H, Wagh MS, Goyal RK. Surveillance
and screening for Barrett esophagus and adenocar-
cinoma. J Clin Gastroenterol 2005; 39: S33–41.

459

Upper gastrointestinal complaints

Lunenfeld-ch-34.qxd  8/23/2007  4:41 PM  Page 459



60. Bergman JJ, Tytgat GN. New developments in the
endoscopic surveillance of Barrett’s oesophagus.
Gut 2005; 54(Suppl 1): i38–42.

61. Sial SH, Catalano MF. Gastrointestinal tract cancer
in the elderly. Gastroenterol Clin North Am 2001;
30: 565–90.

62. Griffin MR. Epidemiology of nonsteroidal anti-
inflammatory drug-associated gastrointestinal
injury. Am J Med 1998; 104: 23–9S; discussion
41–2S.

63. Silverstein FE, Graham DY, Senior JR et al.
Misoprostol reduces serious gastrointestinal compli-
cations in patients with rheumatoid arthritis receiv-
ing nonsteroidal anti-inflammatory drugs. A
randomized, double-blind, placebo-controlled trial.
Ann Intern Med 1995; 123: 241–9.

64. Permutt RP, Cello JP. Duodenal ulcer disease in the
hospitalized elderly patient. Dig Dis Sci 1982; 27:
1–6.

65. Wilcox CM, Clark WS. Features associated with
painless peptic ulcer bleeding. Am J Gastroenterol
1997; 92: 1289–92.

66. Linder JD, Wilcox CM. Acid peptic disease in the
elderly. Gastroenterol Clin North Am 2001; 30:
363–76.

67. Gilinsky NH. Peptic ulcer disease in the elderly.
Scand J Gastroenterol Suppl 1988; 146: 191–200.

68. Cotton PB, Shorvon PJ. Analysis of endoscopy and
radiography in the diagnosis, follow-up and treat-
ment of peptic ulcer disease. Clin Gastroenterol
1984; 13: 383–403.

69. Cooper BT, Weston CF, Neumann CS. Acute upper
gastrointestinal haemorrhage in patients aged 80
years or more. Q J Med 1988; 68: 765–74.

70. Farrell JJ, Friedman LS. Gastrointestinal bleeding in
the elderly. Gastroenterol Clin North Am 2001; 30:
377–407, viii.

71. Low RN, Wall SD, Jeffrey RB Jr et al. Aortoenteric
fistula and perigraft infection: evaluation with CT.
Radiology 1990; 175: 157–62.

72. Friedman LS, Martin P. The problem of gastroin-
testinal bleeding. Gastroenterol Clin North Am
1993; 22: 717–21.

73. Vellacott KD, Dronfield MW, Atkinson M et al.
Comparison of surgical and medical management of
bleeding peptic ulcers. BMJ (Clin Res Ed) 1982;
284: 548–50.

74. Rockall TA, Logan RF, Devlin HB et al. Incidence
of and mortality from acute upper gastrointestinal
haemorrhage in the United Kingdom. Steering
Committee and members of the National Audit of
Acute Upper Gastrointestinal Haemorrhage. BMJ
1995; 311: 222–6.

75. Rockall TA, Logan RF, Devlin HB et al. Risk assess-
ment after acute upper gastrointestinal haemor-
rhage. Gut 1996; 38: 316–21.

76. Rockall TA, Logan RF, Devlin HB et al. Selection of
patients for early discharge or outpatient care after
acute upper gastrointestinal haemorrhage. National
Audit of Acute Upper Gastrointestinal Haemorrhage.
Lancet 1996; 347: 1138–40.

77. Longstreth GF, Feitelberg SP. Outpatient care of
selected patients with acute non-variceal upper gas-
trointestinal haemorrhage. Lancet 1995; 345:
108–11.

78. Choudari CP, Elton RA, Palmer KR. Age-related
mortality in patients treated endoscopically for
bleeding peptic ulcer. Gastrointest Endosc 1995; 41:
557–60.

79. Schiller KF, Truelove SC, Williams DG.
Haematemesis and melaena, with special reference
to factors influencing the outcome. BMJ 1970; 2:
7–14.

80. Parsonnet J, Friedman GD, Vandersteen DP et al.
Helicobacter pylori infection and the risk of gastric
carcinoma. N Engl J Med 1991; 325: 1127–31.

81. An international association between Helicobacter
pylori infection and gastric cancer. The EURO-
GAST Study Group. Lancet 1993; 341: 1359–62.

82. Fuchs CS, Mayer RJ. Gastric carcinoma. N Engl J
Med 1995; 333: 32–41.

83. Neugut AI, Hayek M, Howe G. Epidemiology of
gastric cancer. Semin Oncol 1996; 23: 281–91.

84. Ye W, Nyren O. Risk of cancers of the oesophagus
and stomach by histology or subsite in patients hos-
pitalised for pernicious anaemia. Gut 2003; 52:
938–41.

85. West J, Logan RF, Hill PG et al. Seroprevalence,
correlates, and characteristics of undetected coeliac
disease in England. Gut 2003; 52: 960–5.

86. Holmes GK, Stokes PL, Sorahan TM et al. Coeliac
disease, gluten-free diet, and malignancy. Gut 1976;
17: 612–19.

87. Freeman H, Lemoyne M, Pare P. Coeliac disease.
Best Pract Res Clin Gastroenterol 2002; 16: 37–49.

88. Meyer D, Stavropolous S, Diamond B et al.
Osteoporosis in a North American adult population
with celiac disease. Am J Gastroenterol 2001; 96:
112–19.

89. Brandt LJ, Boley SJ. AGA technical review on
intestinal ischemia. American Gastrointestinal
Association. Gastroenterology 2000; 118: 954–68.

90. Greenwald DA, Brandt LJ, Reinus JF. Ischemic
bowel disease in the elderly. Gastroenterol Clin
North Am 2001; 30: 445–73.

91. Pfeiffer RF. Gastrointestinal dysfunction in
Parkinson’s disease. Lancet Neurol 2003; 2: 107–16.

92. Horowitz M, O’Donovan D, Jones KL et al. Gastric
emptying in diabetes: clinical significance and
treatment. Diabet Med 2002; 19: 177–94.

93. Rayner CK, Samsom M, Jones KL et al.
Relationships of upper gastrointestinal motor and

Textbook of health in aging men

460

Lunenfeld-ch-34.qxd  8/23/2007  4:41 PM  Page 460



sensory function with glycemic control. Diabetes
Care 2001; 24: 371–81.

94. Horowitz M, Harding PE, Maddox AF et al. Gastric
and oesophageal emptying in patients with
type 2 (non-insulin-dependent) diabetes mellitus.
Diabetologia 1989; 32: 151–9.

95. Lluch I, Ascaso JF, Mora F et al. Gastroesophageal
reflux in diabetes mellitus. Am J Gastroenterol
1999; 94: 919–24.

96. Horowitz M, Maddox AF, Wishart JM et al.
Relationships between oesophageal transit and solid
and liquid gastric emptying in diabetes mellitus. Eur
J Nucl Med 1991; 18: 229–34.

97. Jones KL, Horowitz M, Wishart JM et al.
Relationships between gastric emptying, intragastric
meal distribution and blood glucose concentrations
in diabetes mellitus. J Nucl Med 1995; 36: 2220–8.

98. Chang L. Review article: epidemiology and quality
of life in functional gastrointestinal disorders.
Aliment Pharmacol Ther 2004; 20(Suppl 7): 31–9.

99. Jones R, Lydeard S. Prevalence of symptoms of dys-
pepsia in the community. BMJ 1989; 298: 30–2.

100. Bharucha AE, Camilleri M. Functional abdominal
pain in the elderly. Gastroenterol Clin North Am
2001; 30: 517–29.

101. Bennett G, Talley NJ. Irritable bowel syndrome in
the elderly. Best Pract Res Clin Gastroenterol 2002;
16: 63–76.

102. Cremonini F, Delgado-Aros S, Talley NJ.
Functional dyspepsia: drugs for new (and old) ther-
apeutic targets. Best Pract Res Clin Gastroenterol
2004; 18: 717–33.

103. Talley NJ. What the physician needs to know for
correct management of gastro-oesophageal reflux
disease and dyspepsia. Aliment Pharmacol Ther
2004; 20(Suppl 2): 23–30.

104. Talley NJ. Review article: dyspepsia: how to manage
and how to treat? Aliment Pharmacol Ther 2002;
16(Suppl 4): 95–104.

105. Eslick GD, Fass R. Noncardiac chest pain: evalua-
tion and treatment. Gastroenterol Clin North Am
2003; 32: 531–52.

106. Fass R, Fennerty MB, Ofman JJ et al. The clinical
and economic value of a short course of omeprazole
in patients with noncardiac chest pain.
Gastroenterology 1998; 115: 42–9.

107. Richter JE. Oesophageal motility disorders. Lancet
2001; 358: 823–8.

461

Upper gastrointestinal complaints

Lunenfeld-ch-34.qxd  8/23/2007  4:41 PM  Page 461



Lunenfeld-ch-34.qxd  8/23/2007  4:41 PM  Page 462



SECTION VIII

Cardiovascular and
Respiratory System

Lunenfeld-ch-35.qxd  8/23/2007  4:44 PM  Page 463



Lunenfeld-ch-35.qxd  8/23/2007  4:44 PM  Page 464



465

CHAPTER 35

Atherosclerotic risk assessment of
androgen therapy in aging men
David Crook

Introduction

Testosterone has traditionally been regarded as a
hormone that is harmful to the heart, in the same
way that estrogen is perceived as a hormone that is
good for the heart.1 The development of androgen
therapies for men has often struggled against the
perception that any benefit in terms of improved
sexual function or protection from osteoporosis, for
example, will be at a cost of myocardial infarction
and strokes, in addition to concern over prostatic
disease. In fact this has never been a unanimous
concern: a vocal minority, increasingly evident on
the internet,2 extols the virtue of androgens as treat-
ments for these very same diseases. 

Risk–benefit analysis of androgen supplementa-
tion in the aging male is essential but cannot proceed
until this fundamental uncertainty is resolved. Even
minor effects of androgens on coronary heart disease
(CHD) risk may have major implications when
expressed in large populations of aging men. In the
context of clinically-hypogonadal men an increased
risk of CHD might well be considered acceptable, but
if androgens are to be used as a more general supple-
mentation therapy in aging men then such an
increased risk may prove to be a major obstacle.
Conversely, if the claims that androgen therapies can
protect some men from CHD are true, then this ben-
efit could be used to ‘fast-track’ the wider acceptance
of androgen therapies in aging men.

Atherosclerosis: a critical issue in
world health

Arterial diseases have come to be regarded as an
inevitable consequence of a ‘Western’ lifestyle –
addiction to tobacco, abhorrence of physical activ-
ity, and possession of a hunger that can only be
sated by processed foods rich in salt and animal fats.
Arterial diseases are now the major cause of morbid-
ity and mortality in the USA and much of Europe,
with ‘hot spots’ being seen in Scotland, Northern
Ireland, and parts of Scandinavia. 

There is an old adage that arterial disease is the
leading cause of death in all countries who have
achieved such a level of economic progress that
they can afford to perform epidemiologic studies. In
an unwanted deviation to this pattern, the fallout
from the dismantling of the former Soviet Union in
the 1980s saw the beginning of an epidemic of arte-
rial disease in Eastern bloc countries. On a more
global scale, arterial diseases are likely to become
major causes of morbidity and mortality3 (Figure
35.1). As life expectancy in underdeveloped coun-
tries is extended by public health policies, their peo-
ple survive long enough to enter the age groups in
which arterial disease will be prevalent, a trend now
exacerbated by the drive to promote tobacco prod-
ucts to these countries.

The underlying pathology of atherosclerosis is
believed to represent a preventable process.
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Understanding of the pathogenesis of arterial dis-
ease is a surprisingly recent development, originat-
ing with the post-World War II investment in
medical research in the USA.4 The discovery of risk
factors such as hypertension, cigarette smoking, and
dyslipidemia held out the dual possibility of preven-
tion and treatment. More recently, molecular biol-
ogy has led to major advances in our understanding
of that most complex organ, the vascular endothe-
lium. This research supports the proposal by the late
Russell Ross5 that atherosclerosis involves an inap-
propriate and overenthusiastic inflammatory
response by the body to endothelial damage caused
by free radicals or other noxious agents. These inter-
laced phenomena are slowly being unravelled and
the list of factors thought to be involved (positively
or negatively) in the arterial disease now runs to
many hundreds. Steroid hormones are very much a
part of this complex scheme.

Steroid hormones and arterial
disease

Both estrogens and androgens have been linked to
the pathogenesis of arterial disease, originating with
the observation that clinically-evident CHD is rare
in young women compared to young men.1 The

evidence that this gender difference is due to a pro-
tective action of estrogen is strong, although final
proof – protection of postmenopausal women from
CHD in placebo-controlled trials of hormone
replacement therapy (HRT) – is still lacking.

The widespread use of estrogens in oral contra-
ception and HRT has meant that the anti-athero-
genic potential of estrogen has been studied in
depth, while interest in the cardiovascular effects of
androgens remains something of a niche area of
research. Review articles on androgens and CHD
were hard to find until the last decade, but when
they did appear they were unusually consistent in
their conclusion that treatment of relatively healthy
men with modest doses of ‘natural’ androgens is as
likely to reduce CHD risk as it is to increase it.6–9

Androgens and arterial disease

The current predictions of the effects of androgen
therapies on CHD in men are based on measure-
ment of ‘surrogates’ such as blood chemistries, ani-
mal models of atherosclerosis, and non-invasive
evaluations of vascular function. There are no for-
mal randomized controlled trials in which the inci-
dence of myocardial infarction or stroke in men
treated with androgens has been compared to that
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Figure 35.1 Arterial diseases are predicted to become the major global cause of mortality and morbidity by 2020.
Data from reference 3.
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in men given placebo. Such studies are planned but
it is unlikely that their results will be available
within this current decade.

The prevalence of androgen supplementation in
the male population, though increasing in many
countries, is unlikely to reach the levels whereby
observational epidemiology can be used. This con-
trasts with the situation in women, in which epi-
demiologists were able to track the occurrence of
diseases such as CHD in large communities of aging
women, many of whom were HRT users. It is possi-
ble to envisage a time in which androgen replace-
ment therapy in men has become so commonplace
in certain countries that such groups of users are
easily identifiable, but then a new problem is likely
to emerge: the use of different therapies and routes
of administration. An interim approach is to break
the current published literature into a set of themes
relating to androgens and CHD in men.

‘Maleness’ as a risk factor for CHD
Attempts to discuss androgen therapy in men often
flounder at an early stage due to the ingrained pop-
ular belief that ‘maleness’ causes CHD. This is
partly due to the heavy promotion of cardiovascular
risk assessment strategies that score ‘maleness’ as a
risk factor of similar weight to diabetes or hyperten-
sion. What is rarely acknowledged is that the scor-
ing of male gender as a positive factor is essentially
an administrative convenience. The term ‘female-
ness’ could just as well be used but there is a con-
vention that such protective factors should be kept
out of the equation. Overall it has proved simpler to
score male gender as a positive risk factor than to
introduce the negative risk factor of female gender.

If the plasma androgen levels associated with
being male are responsible for the gender difference
in CHD, then castration in men should reduce their
CHD risk. The evidence for this is inconclusive.9

Arterial disease in men abusing
androgenic anabolic steroids 
Another widely-held view is that androgen thera-
pies in aging men will increase CHD risk because
androgenic anabolic steroids (AASs) induce the
disease. The evidence for this involves a dozen or so
case-reports that describe premature CHD, often of

atypical pathology, in young male athletes abusing
AASs.10 However, the toxicity problem highlighted
in these case-reports has yet to be validated in for-
mal epidemiologic studies, leading Rockhold11 to
contend that the frequency of such reports is actu-
ally lower than would be expected, given the wide-
spread abuse of AASs and the awareness within the
medical community of a potential problem.

Parsinnen and colleagues12 investigated the
health of 62 male elite powerlifters who had com-
peted in the Finnish championships in 1977–1982.
AAS abuse was commonplace at that time because
doping controls had yet to be introduced in Finland.
By 1993 eight of these men had died, giving a rela-
tive risk of death of 4.6 compared to 1094 popula-
tion controls (95% confidence interval (CI)
2.0–10.5). Three of these eight deaths were sui-
cides. The authors consider the prevalence of car-
diovascular deaths in the two groups to be similar.
Even if it is shown that CHD risk is increased in
AAS users, could such findings be extrapolated to
healthy men taking low doses of androgens under
medical supervision? In most studies the AAS
abusers were using combinations of oral and
injectable steroids, often involving multiple drugs
and supplemented with many other agents of
unknown arterial safety, such as amphetamines and
cocaine. A further complication is the role of stren-
uous physical exercise in ‘triggering’ plaque rupture
in individuals who may otherwise have peacefully
co-existed with their atherosclerotic plaques.
Strenuous exertion, as distinct from regular moder-
ate exercise, is strongly linked to acute myocardial
infarction events.13

The validity of the control subjects used in these
studies is also under question. In one study,
researchers at the University of Sydney performed a
panel of cardiovascular tests in 20 elite body-builders
whose self-reporting of AAS abuse was confirmed by
urine screening.14 These men had impaired vascular
reactivity and increased carotid intima-media thick-
ness (CIMT) compared with non-bodybuilding
sedentary controls, but, critically, such differences
were lost when body-builders who denied AAS
abuse were used as controls (Figure 35.2). The claim
that this latter group was ‘clean’ must be taken seri-
ously as they belonged to an athletic society in
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which continued membership relied on repeated
negative urine drug screens. However this does not
exclude the possibility that these men were previ-
ously exposed to AAS and so had some residual arte-
rial damage.

Thus, studies of CHD in AAS abusers pivot on
the choice of control group. This uncertainty could
be resolved in the setting of a randomized con-
trolled trial, but such a study is unlikely to be com-
missioned. These studies should alert us to the
possibility of an adverse effect of androgen therapy
in aging men, but do not in themselves prove that
such intervention would be dangerous. Their
strength may lie in identifying potential athero-
genic mechanisms, such as hypertension, plasma
lipoprotein levels, platelet aggregation, myocyte
toxicity, or coronary spasm, that can then be inves-
tigated in a more clinically-relevant population. 

Arterial disease in experimental animals
treated with androgens
Laboratory animals such as mice, rats, rabbits and
monkeys have been used as a shortcut to understand-
ing drug effects on atherosclerosis. With few excep-
tions these species do not develop atherosclerosis and

must be fed highly artificial diets rich in saturated fats
and crystalline cholesterol in order to induce a gross
and atherogenic dyslipidemia. These models are
gradually being replaced by genetically-engineered
animals such as the apoE knockout mouse. 

Many such studies find that androgens protect
rabbits from diet-induced atherosclerosis in rabbits
(see Chapter 36), with a possible link to induction
of androgen receptors in arterial tissue.15 In con-
trast, two reports in the cynomolgus monkey have
contributed to the fears that androgen administra-
tion will induce atherosclerosis.16,17 Both studies
should be regarded with caution as the adverse
effects were seen in female animals. There is
increasing evidence that androgens may not have
the same cardiovascular effects in women as in men.
Cynomolgus monkeys have been extensively used
for the safety evaluation of HRT and oral contra-
ceptive steroids, but their relevance to human vas-
cular disease is increasingly under question.

Androgens and cardiovascular risk
factors

Androgens, like estrogens, affect many aspects of car-
diovascular risk (see review by von Eckardstein18).
The interpretation of these changes is becoming
increasingly difficult. Androgens often reduce plasma
levels of high density lipoproteins (HDLs) and this
change has historically been used to categorize such
steroids as ‘harmful’ to vascular health. But these
changes are often seen in parallel with reductions in
plasma levels of triglycerides and lipoprotein (a), a
pattern that would be considered to reduce CHD
risk.18,19 The effects of androgens on plasma levels of
low density lipoproteins (LDLs), the classic meta-
bolic risk factor in men, are difficult to interpret.
Some AAS regimens grossly elevate plasma LDL lev-
els, suggestive of an increase in CHD risk,18 but these
levels are often unchanged when considering the
doses of androgens being considered for male contra-
ception or androgen replacement18 and in one study
in AAS users LDL levels were reduced.19

The increased hemoglobin levels seen with some
androgens could be considered to increase CHD risk
but in the context of older men may be beneficial.
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Studies in AAS abusers suggest an increase in
platelet aggregation,20 especially in older men, and
activation of hemostasis as monitored by plasma
levels of F1+2 and D-dimer.21

There is still no agreement as to which risk fac-
tor is the most important in terms of cardiovascular
disease and thus there is no way that the complex
metabolic data now being generated can be synthe-
sized to produce an estimate of the net effect of a
specific androgen therapy on CHD risk. The posi-
tion is further complicated by emerging evidence
from studies in women that steroid-induced changes
in plasma levels of CHD risk factors may not reflect
changes in underlying pathologic processes.22,23

A striking finding from many clinical studies of
androgens is the change in body mass, in particular
the reduction in fat mass. The status of obesity itself
as a CHD risk factor is still controversial: in many
studies the relationship disappears once corrections
are made for lack of exercise, diet, and diabetes.
Obesity, in particular central or ‘android’ obesity, is
linked to insulin resistance and many other CHD
risk factors. Without doubt (1) plasma testosterone
levels correlate negatively with abdominal fat con-
tent, and (2) aging in men is associated with a shift
towards central adiposity, but this is likely to reflect
a complex interplay between sex hormones, insulin,
leptin, growth hormone, changes in physical activ-
ity, and so on. Where hypogonadal men have been
studied an androgen-induced reduction in android
fat mass is quite convincing but the evidence that
moderate doses of androgens will have this effect in
healthier men is dubious.24 This issue needs resolu-
tion in placebo-controlled clinical trials. In the
USA and many Western countries the existence of
a ‘six-pack’ culture makes it likely that any claims
that androgens will reduce abdominal fat (and per-
haps increase muscle mass) will attract considerable
popular interest.

Cardiologic studies of arterial health in
androgen users
If androgens are indeed atherogenic (due to changes
in plasma lipoproteins or other factors) then men
with coronary artery disease would be expected to
have higher plasma androgen levels compared to
those free of the disease. The epidemiologic evidence

fails to support such a contention,7 but it is the unex-
pected inverse relationship with angiographically-
assessed coronary artery disease that has intrigued
many cardiologists. The association of low plasma
testosterone levels with coronary atherosclerosis first
described by Phillips et al25 has been confirmed by
other researchers26 and has also been shown to exist
with plasma DHEA levels.27 Of particular interest is
the subsequent observation by Phillips of a positive
relationship between plasma testosterone and angio-
graphically assessed coronary disease in women,28

reinforcing the theme of a gender difference in the
way androgens influence arterial disease.

Testosterone appears to be a vasorelaxant,
though one that operates through different and
more complex mechanisms than are seen with
estradiol.29 This is an attractive attribute of the
steroid, but other aspects of the vascular influence
of androgens remain a concern, such as the demon-
stration of increased monocyte adherence to
endothelial cells in culture, at least in part due to
overexpression of vascular adhesion molecules.30

The true test of the hypothesis that androgens
reduce the severity or incidence of arterial diseases
will come from placebo-controlled studies using
clinical endpoints. The evidence so far – reviewed
in Chapter 33 – is encouraging, although it is
largely based on the study of men with pre-existing
arterial disease.

One issue yet to be addressed is that of androgen
resistance in aging men: when testosterone was used
to vasodilate rat coronary arteries, it appeared that
vessels from older rats were less sensitive to testos-
terone than were those from young animals.31

Conclusions

Over recent years the exciting evidence that andro-
gens might reduce CHD risk has been balanced by
some concerns: we simply do not know what any
specific androgen supplementation therapy will do
in a specific population of men. The experience so
far should lead to a wider acknowledgement of the
potential of androgens to protect at least some men
from arterial disease. The animal data are confusing:
androgens appear to be beneficial in some species
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but harmful in others. The risk factor data are espe-
cially difficult to interpret and are overshadowed by
the possibility that steroid-induced changes in
blood chemistries do not reflect underlying changes
in pathologic processes. The present enthusiasm on
the part of cardiologists for the beneficial effects of
androgen therapy relates to men with established
CHD; information on clinical endpoints in men
without symptomatic arterial disease is still lacking.
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CHAPTER 36

Male aging: changes in metabolic;
inflammatory; and endothelial indices
of cardiovascular risk
Ian F Godsland

The development of cardiovascular disease can be
understood in terms of exposure to risk factors.
These damage the vasculature and, if exposure is
chronic, may overwhelm natural repair mechanisms
and set in motion processes that ultimately lead to
the catastrophic consequences of arterial occlusion,
including stroke and heart attack. Risk factor expo-
sure may be external, as with cultural, lifestyle, and
environmental influences, or internal, according to
the body’s physiologic or biochemical characteris-
tics. Sex hormone levels can profoundly influence
the latter. External and internal risk factor relation-
ships can interact and, in men, these interactions
and interrelationships are exemplified by the
changes in risk factor status that accompany aging. 

Cardiovascular risk factors

Cigarette smoking, hypertension, and hypercholes-
terolemia are the classic risk factors for cardiovascu-
lar disease. Exposure to tobacco imposes the greatest
coronary heart disease burden worldwide,1 whereas
elevated blood pressure is an especially strong indi-
cator of risk of cerebrovascular disease. Each of
these risk factors damages the arterial endothelium,
but how this damage progresses depends on local
conditions and intensity of exposure. For example,
cholesterol can be deposited in the subendothelial

space to form atherosclerotic plaque, which can
ultimately rupture to expose thrombotic tissue sur-
faces and oxidized lipid. When this occurs in the
coronary arteries, the consequence is angina or
myocardial infarction. When the blood supply to
the brain is affected, transient ischemic attack or
ischemic stroke results. A considerable range of
variables may be involved, each of which is in some
way linked with the development of the disease,
either as a possible cause or as a marker of progress-
ing damage (Figure 36.1). Many of these variables
may be measured in serum, in contrast to variables
that relate directly to endothelial or arterial struc-
ture or function. This chapter will primarily con-
cern such serum-based measures, and how they
change as men age.

Measures of cardiovascular risk

Cholesterol metabolism
The role of cholesterol in the development of coro-
nary heart disease (CHD) exemplifies the involve-
ment of metabolic disturbance in atherogenesis.
Atherosclerotic plaques contain cholesterol, serum
cholesterol concentrations are high in those with
CHD, and high serum cholesterol concentrations
predict the development of clinical CHD. There are
specific inherited defects in cholesterol metabolism
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associated with a predisposition to CHD and mech-
anisms have been elucidated whereby cholesterol
can enter and be deposited in the subendothelial
space. Conclusively, specific pharmacologic inter-
ventions have been found which substantially lower
both cholesterol concentrations and risk of CHD.

Variation in serum cholesterol concentrations is
the net expression of a complex underlying metabolic
system, different elements of which can indepen-
dently affect the development of atherosclerosis.
Being insoluble in water, cholesterol must be carried
within lipoprotein particles made water soluble by a
hydrophilic coating of phospholipid and protein.
Three systems of lipoprotein metabolism may be dis-
tinguished (Figure 36.2). The endogenous pathway
involves the assembly in the liver of triglyceride-rich
very-low-density lipoprotein (VLDL) particles. Once
released into the circulation, VLDL particles become
a substrate for endothelial lipoprotein lipase, which
hydrolyzes the core triglycerides and releases
non-esterified fatty acids (NEFAs) for oxidation,
incorporation into adipose tissue fat depots, or rein-
corporation into VLDL triglyceride in the liver.
Progressive delipidation of VLDL particles leads to
their increasing cholesterol enrichment and the gen-
eration of low-density lipoprotein (LDL). LDL is the
principal medium through which cholesterol is made
available throughout the body, entering tissues via
the LDL receptor. Via cholesterol ester transfer

protein (CETP), triglyceride from intermediates in
the delipidation of VLDL may be exchanged for cho-
lesterol esters in cholesterol-rich HDL or LDL parti-
cles. Triglyceride enrichment of LDL makes it a
preferred substrate for lipolysis, resulting in produc-
tion of a smaller, denser, cholesterol-rich LDL parti-
cle. Cholesterol enrichment of intermediates in the
delipidation pathway leads to production of choles-
terol-rich VLDL remnants.

The exogenous pathway of lipoprotein metabo-
lism performs a similar function, but with freshly
absorbed triglycerides and fatty acids from the intes-
tine. Instead of VLDL, the particles produced are
the larger triglyceride-rich chylomicrons. Like
VLDL, the chylomicrons are acted on by lipopro-
tein lipase. Intermediates in the delipidation of chy-
lomicrons can provide triglyceride for exchange
with cholesterol esters from other lipoprotein parti-
cles. The cholesterol-rich chylomicron remnants
that are the end product of the exogenous pathway
of lipoprotein metabolism are finally removed from
the circulation via the hepatic chylomicron rem-
nant receptor.

The third lipoprotein system is reverse choles-
terol transport that mediates removal of excess cho-
lesterol from the body via high-density lipoprotein
(HDL). Nascent HDL particles are secreted by the
liver and intestine and progressively mature with
the acquisition of intracellular free cholesterol via
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Figure 36.1 Risk factors and cardiovascular disease.
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the ATP-binding cassette transporter A1 protein.
Free cholesterol in HDL becomes esterified and
HDL particles undergo further maturation with the
acquisition of apolipoproteins and phospholipid
made available during delipidation of VLDL and
chylomicrons. HDL thus becomes progressively
larger and cholesterol ester enriched and choles-
terol esters may be exchanged via CETP for triglyc-
erides from intermediates in VLDL delipidation,
ultimately to be removed in LDL by the liver.
Triglyceride in the large, cholesterol-rich HDL may
be hydrolyzed by hepatic lipase and a smaller, denser
HDL particle emerges ready to receive further loads
of cholesterol ester.

Disturbances in any one of the elements in
the cholesterol transport system may result in ele-
vated cholesterol concentrations and accumulation
of cholesterol in the artery wall. A key factor in this
appears to be oxidation of LDL that has passed
through the endothelium. Oxidized lipid in the
subendothelium acts as an endothelial toxin and

initiates recruitment of monocytes into the suben-
dothelium, as well as their differentiation into
macrophages. Moreover, oxidative modification of
the principal apolipoprotein of LDL, apoB, renders
the LDL particle less likely to be taken up by the
LDL receptor and more likely to be taken up by
macrophages. Given sufficient internalization of
oxidized lipoprotein, macrophages develop into
lipid-laden foam cells which undergo necrosis and
release their lipid into the subendothelial space to
form the lipid core of the developing atherosclerotic
plaque.

The LDL particle, in excess and, possibly, in the
absence of sufficient antioxidant activity, therefore
provides the vehicle for cholesterol accumulation in
the atherosclerotic plaque. VLDL and chylomicron
remnants may also provide a similar vehicle. Since
the greatest proportion of cholesterol in the circula-
tion is carried on LDL, measurement of total serum
cholesterol provides an index of potentially athero-
genic LDL levels, with some contribution from
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cholesterol carried in VLDL and chylomicron
remnants. However, a proportion of total choles-
terol represents cholesterol in the HDL fraction
and, as might be expected from the role of HDL in
reverse cholesterol transport, high levels of HDL
cholesterol are associated with decreased risk of
CHD. In other words, HDL is a negative predictor.
The various proteins of HDL also confer other
anti-atherogenic effects. ApoAI, the principal
apolipoprotein of HDL, can act as a prostacyclin
stabilizer, prostacylin having antithrombotic, anti-
inflammatory, and vasodilatory actions. HDL also
carries antioxidant enzymes, such as paraoxonase.
Ideally, therefore, cardiovascular risk assessment as
it relates to cholesterol metabolism should include
measurement of total and HDL cholesterol.

Insulin resistance and diabetes
Several key control points in lipoprotein metabo-
lism are powerfully affected by insulin. The most
sensitive of these is lipolysis of fat stores in adipose
tissue, which is acutely suppressed by insulin.
Adipose tissue lipolysis provides NEFAs for synthe-
sis of triglycerides by the liver, and NEFA supply to
the liver largely determines the rate of synthesis of
VLDL. Suppression of lipolysis therefore suppresses
VLDL synthesis. Insulin can also suppress VLDL
release from the liver and stimulates lipoprotein
lipase activity. Insulin, therefore, blocks VLDL
secretion and promotes its elimination. 

Insulin action is deficient in states of insulin
resistance, in which there is a subnormal tissue
response to insulin, and in impaired glucose toler-
ance and diabetes, in which there is impaired
insulin secretion. Insulin resistance, impaired glu-
cose tolerance, and diabetes are each associated
with increased NEFA supply to the liver, increased
output of VLDL, and decreased elimination of
VLDL and chylomicrons. An important conse-
quence of the resulting increase in triglyceride-
enriched lipoproteins is increased exchange of
triglycerides and cholesterol esters via CETP. This
results in increased proportions of small dense LDL
particles, which are less readily taken up by the LDL
receptor, penetrate the subendothelium more read-
ily, and are more susceptible to oxidation. Further
consequences include fewer HDL particles available

for reverse cholesterol transport and greater choles-
terol enrichment and atherogenicity of VLDL and
chylomicron remnant particles. 

Beyond these changes in lipid metabolism, defi-
cient insulin action results in further disturbances.
These depend on whether insulin deficiency or
insulin resistance is primary, the former being char-
acterized by hyperglycemia and the latter by hyper-
insulinemia. Fasting hyperglycemia, impaired glucose
tolerance, and diabetes have each been linked with
the development of cardiovascular disease, possibly
through increased release of oxidative free radicals,
mitochondrial DNA damage, or protein glycation.
The formation of advanced glycation end products
is now a well-characterized feature of diabetes and
glycation can extend to LDL. Glycation of LDL ren-
ders it less able to be taken up by the LDL receptor
and more likely to be accumulated in oxidized form
in the subendothelium.

Insulin resistance and its accompanying hyperin-
sulinemia have been linked with increased blood
pressure, increased catecholamine levels, increased
concentrations of the antifibrinolytic factor plas-
minogen activator inhibitor-1 (PAI-1), increased
fibrinogen, increased uric acid concentrations,
impaired endothelial function, and increased mark-
ers of subclinical inflammation, each of which may
independently promote the atherosclerotic process.
It has been suggested that there is an ‘insulin resis-
tance syndrome’ that encompasses these manifold
changes and which may be as critical a factor in car-
diovascular risk as hypercholesterolemia.

One uncertainty regarding the syndrome of dis-
turbances centered on insulin resistance is whether
it can exist independently of increased body fat
accumulation, particularly in the visceral or central
region of the body. Central body fat is highly lipoly-
tic and is consequently a particularly rich source of
NEFAs. It is also a source of inflammatory cytokines,
one of which, tumor necrosis factor alpha, can
induce insulin resistance and promote triglyceride
release. It is also a negative regulator of the adipose
tissue-derived cytokine adiponectin, which acts to
reduce insulin resistance. The possibility that vis-
ceral fat deposition rather than insulin resistance is
the primary disturbance has led to the ‘metabolic
syndrome’ concept, which – in contrast to the
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insulin resistance syndrome – includes among
its features disturbances which may cause, as well as
be caused by, insulin resistance. This concept pro-
vides a convenient way of refering to co-associated
risk factor disturbances and several international
health organizations have proposed working defin-
itions. Whether use of such definitions improves
existing algorithms for cardiovascular risk assess-
ment remains controversial, however. The contri-
butions of insulin resistance and visceral fat to a
range of intercorrelated metabolic disturbances
linked with cardiovascular disease are illustrated in
Figure 36.3.

Markers of inflammation and
vascular damage
An important feature of atherosclerosis is inflam-
mation, which is one aspect of the normal healing
response to injury, but may become chronic, causing
further damage beyond the original lesion that ini-
tiated the inflammatory process. Leukocyte count,

globulin concentrations, and erythrocyte sedimen-
tation rate are among the traditional indices of
inflammation that have been joined more recently
by the so-called ‘acute phase markers’ such as C-
reactive protein (CRP), fibrinogen, serum amyloid
A, and lipoprotein-associated phospholipase A2.
These measures are markedly elevated in clinical
conditions associated with inflammation. However,
relatively minor, subclinical elevations may be pre-
sent in the early stages of atherosclerosis and there
is now substantial evidence from prospective studies
confirming that elevations in these measures can
indeed predict subsequent cardiovascular disease. 

Inflammatory cytokines can influence the syn-
thesis of lipoprotein (a) which is present in high
concentrations at sites of vascular inflammation.
The role of lipoprotein (a) in this respect is uncer-
tain, although one possibility is that it is providing
cholesterol for membrane synthesis at sites of vas-
cular damage. Lipoprotein (a) bears a structural
resemblance to LDL, but also resembles tissue
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Figure 36.3 Interrelated disturbances of the metabolic syndrome. First-level effects that are a direct consequence
of insulin resistance or visceral fat are bulleted. Second-level effects resulting from these first-level effects are arrowed.
Third-level effects resulting from the second-level effects are shown in smaller type.
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plasminogen activator (tPA) and may act as a
competitive inhibitor of tPA action, thus inhibiting
fibrinolysis. This could be the principal influence
underlying the association between high lipoprotein
(a) levels and CHD, seen both in prospective stud-
ies in humans and in transgenic animals in which
the apolipoprotein (a) gene has been inserted. 

As described above, insulin resistance and obe-
sity are accompanied by subclinical inflammation,
which may relate to early atherosclerosis. A surro-
gate index of more advanced stages of endothelial
damage is provided by microalbuminuria, measured
as the albumin/creatinine ratio (upper limit in men
2.5 mmol/mg) in an early morning urine sample.
Hypertension and diabetes are its most common
clinical correlates although, interestingly, there is
an association between microalbuminuria, insulin
resistance, and cardiovascular disease in non-
diabetic individuals. Also associated with microal-
buminuria in diabetes are elevated homocysteine
levels. Homocysteine predicts cardiovascular dis-
ease in patients with diabetes, although in normo-
glycemic individuals, homocysteine may be raised
in cardiovascular disease but is not a predictor,
which suggests that it may be a marker of existing
vascular disease rather than an active agent.

Changes in risk factor status with
age in men

Puberty and adolescence
Puberty in boys is accompanied by a rise in testos-
terone levels and a fall in HDL cholesterol concen-
trations, possibly as a result of induction of the
sex-hormone-sensitive enzyme of lipoprotein
metabolism, hepatic lipase.2 It is at puberty that
HDL levels fall in males, thus establishing one of
the principal risk factor differences that may under-
lie the higher age-standardized CHD rates in men
compared with women. Puberty is also accompanied
by a transient increase in insulin resistance on
account of the increase in growth hormone levels
taking place at the time.3 However, the increase in
both androgen and growth hormone levels com-
bines to induce a substantial increase in lean body
mass. Since muscle is one of the principle sites of

action of insulin, this net increase in insulin-sensi-
tive metabolic tissue as boys pass from puberty to
adulthood restores whole-body insulin sensitivity to
levels which are probably somewhat higher than
those seen in women.

Adulthood
Although the rise in testosterone in boys at puberty
is associated with a decrease in HDL levels, in men
there is a positive correlation between testosterone
and HDL. This may reflect the predominance of a
further effect of testosterone on HDL metabolism,
beyond induction of hepatic lipase, namely stimula-
tion of hepatic synthesis of apoAI.4

HDL does not appear to change appreciably in
adult males in passing from youth to middle age, but
most other risk indices deteriorate. To what extent
this is due to lifestyle and environmental influences
or to factors intrinsic to the aging process is unclear,
but both are likely to be operating. Excessive calo-
rie intake and an increasingly sedentary lifestyle
in men can combine to promote the deposition of
visceral fat, a process which becomes increasingly
noticeable as middle age approaches. As described
above, visceral fat has manifold adverse metabolic
effects which could contribute to the tendency for
cardiovascular disease to manifest in mid life in
men. The chronic insulin resistance associated with
central fat deposition may be a precursor of maturity
onset, or type 2 diabetes, thus further compounding
the impairment of insulin action associated with
insulin resistance. 

Diet in men may be suboptimal, not only in rela-
tion to total caloric intake but to the quality of food
as well. Prospective epidemiologic studies of cardio-
vascular disease have included increasingly accurate
evaluation of dietary composition, particularly in
terms of vitamin and fruit and vegetable intake, and
there is increasing evidence that these can reduce
cardiovascular risk.5–7 Total cholesterol levels, too,
increase steadily with age. Again lifestyle influences
may contribute, but there is also progressive impair-
ment of cholesterol elimination.8 Protein turnover
decreases with increasing age, and proteins involved
in lipoprotein metabolism, such as apoB and the
LDL receptor, are therefore more likely to undergo
glycation or oxidative modification.
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Late life
Risk factor status worsens with increasing age,
although different rates of change may be detected
for some factors in men and women. For example, the
age-related increase in procoagulatory factor VII may
be significantly less in men.9 Beyond maturity, the
rate of adverse change in risk factor profiles appears
to diminish. Much of the information relating to risk
factor changes later in life comes from cross-sectional
studies. It could, therefore, be argued that those sus-
ceptible to adverse risk factor changes have already
died, leaving a population with somewhat healthier
intrinsic risk factor characteristics. Nevertheless,
although risk factor changes may diminish, the clini-
cal consequences of earlier disturbances do not. By
this time, irrevocable damage may already have been
done in terms of the onset of diabetes and vascular
disease and there may be additional factors, in par-
ticular declining testosterone concentrations, which
exacerbate the effects of such damage.

Age and declining testosterone
concentrations in men

In men, testosterone levels start to decline after
20 years of age,10 and this leads to an appreciable
deficit in testosterone beyond about 50 years.10–13

This could be part of an intrinsic physiologic
process,14–16 but there may be some communities in
which these changes are not apparent,17 which sug-
gests an important contribution from psychosocial
and lifestyle factors.18

Causes of the age-related decline in
testosterone levels
Associations between low testosterone levels and
cigarette smoking, alcohol intake, and obesity indi-
cate the potential importance of lifestyle factors.
Both longitudinal19 and cross sectional studies20–22

have found evidence for lower testosterone levels, or
a more rapid decline in testosterone levels with age
in cigarette smokers, although not all cross-sectional
studies support these findings.10,23–27 Nevertheless,
reductions in testosterone levels would be expected
on the basis of animal experimental data showing a
dose-dependent reduction in testosterone levels

in response to cigarette smoking28,29 or to the
components of cigarette smoke.30

Evidence regarding the effects of alcohol intake
on testosterone levels is also inconsistent. Chronic
alcoholism31 and acute intake32 have been linked
with reduced gonadal function. However, with
regard to moderate alcohol intake, no association
has been observed with testosterone levels.19,26,33,34

There is consistent evidence relating obesity to
low total testosterone levels. This association is
apparent over a broad range of degrees of over-
weight,35,36 and a causative association is suggested
by the decreases in testosterone levels that accom-
pany weight loss.24 Moreover, there is evidence from
both cross-sectional and prospective studies that
the association may be particularly strong with
abdominal obesity.37–40 When free testosterone lev-
els are considered, however, the evidence is less
strong since an obesity-related increase in sex hor-
mone-binding globulin (SHBG) may confound the
relationship and be responsible for the associations
seen with total testosterone.41

Type A personality classification could also con-
tribute to the age-related decline in testosterone
levels,42,43 as might be expected since the increased
cortisol levels in type A individuals could suppress
testosterone levels in men.19

Risk factor changes associated with low
testosterone levels
In adult men, low testosterone levels have been
linked with low HDL cholesterol, both cross-
sectionally44 and longitudinally.19 An association
between low testosterone and high blood pressure
has also been reported,40,45,46 although not consis-
tently.19,47,48 Other associations with a low testos-
terone level have included elevated plasma
insulin concentrations,49,50 suggesting an association
between low testosterone concentrations and insulin
resistance, and this is supported by the observation
that low testosterone levels can predict the develop-
ment of type 2 diabetes.51 Studies in which insulin
sensitivity has been measured show either a strong
positive relationship between insulin sensitivity and
testosterone levels,52,53 or no relationship.54 One
recent positive study found that the relationship
between low insulin sensitivity and low testosterone
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levels could be explained statistically by the degree
of adiposity.53 Potentially adverse changes in factors
of the hemostatic system have also been linked with
low testosterone levels. These include elevated fib-
rinogen and factor VII antigen47,55 and PAI-1.56 One
exception, however, may be adiponectin. Low
rather than high levels of this negative risk factor
for diabetes and cardiovascular disease are seen in
association with high free testosterone.57 Testos-
terone and adiponectin appear to have mechanistic
interactions independent of their associations
with insulin sensitivity, as suggested by the in
vitro observation that testosterone can specifically
inhibit adiponectin secretion from isolated
adipocytes.58

The strongest risk factor correlates of a low
testosterone level therefore appear to be central
obesity, low HDL cholesterol, and increased insulin
concentrations. The resemblance of these changes
to the classic metabolic syndrome is striking, and it
is noteworthy that low testosterone concentrations
are linked with elevated leptin levels,59–61 another
potential feature of the metabolic syndrome.62

These associations could be augmented by the
decreasing muscle mass associated with increasing
age and decreasing testosterone levels, which
diminishes available metabolizing tissue.

Associations between hypogonadism and fea-
tures of the metabolic syndrome are being increas-
ingly reported,63,64 and appear to be independent of
body composition and SHBG. Moreover, there is
evidence that low testosterone levels precede the
development of features of the metabolic syndrome
and can independently predict their emergence.65

Risk factor correlates of a low testosterone level are
listed in Table 36.1.

Not all studies of risk factor associations with
testosterone included measurement of free, bioavail-
able testosterone. As with associations between obe-
sity and testosterone, SHBG could confound these
relationships. Insulin resistance is associated with
low SHBG concentrations in humans,66 and in
experimental studies SHBG secretion is reduced by
insulin and increased by testosterone.67 Although
not entirely consistent, associations with free testos-
terone or associations independent of SHBG have
been reported for HDL cholesterol,44 blood

pressure,46 and insulin.49 Moreover, low free testos-
terone levels are an independent predictor of the
development of type 2 diabetes.51

Statistical analysis designed to identify indepen-
dent associations between risk factors is problematic
when applied to the co-associations of the meta-
bolic syndrome. For example, it has recently been
observed that the inverse association between
testosterone and insulin resistance is independent of
SHBG and can be explained statistically by varia-
tion in body fat.68 The mechanistic interrelation-
ships between the various features of the metabolic
syndrome and its correlates are such that no definite
conclusions can be drawn regarding causation. The
interdependencies of risk factor variation could
account for the observation that, although testos-
terone levels correlate negatively with severity of
coronary disease measured angiographically,69–71 low
testosterone levels do not independently predict
CHD.45,72–74 This would be expected if low testos-
terone was either an initiating or exacerbating
factor in interrelated changes, each of which inde-
pendently promoted the development of CHD; sta-
tistically it will be these changes that emerge as
significant in multivariate analysis rather than
testosterone itself.

Effects of reversing the
age-related decline in testosterone
concentrations

In the continuum of risk factor disturbances, pre-
scribed interventions only exist for the most extreme
manifestations: hypertension, hyperlipidemia, and
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Table 36.1 Risk factor correlates of a low
testosterone level in adult men

• Central obesity
• Low HDL cholesterol concentrations
• Increased insulin concentrations
• Decreased insulin sensitivity
• Type 2 diabetes
• Increased leptin concentrations
• Increased fibrinogen and factor VII

concentrations
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diabetes. A range of pharmacologic strategies,
which generally act by inhibiting a key step in the
processes involved, are available for dealing with
these, e.g. the angiotensin converting enzyme
inhibitors in the case of hypertension or the HMG
CoA reductase inhibitors in the case of hypercho-
lesterolemia. Treatment strategies for diabetes gen-
erally involve stimulation either of insulin
sensitivity or of insulin secretion, but this may be
combined with therapies for any accompanying
hypertension or dyslipidemia.

Although, in deteriorating beyond diagnostic
limits, risk factor disturbances become disease enti-
ties around which systems of clinical practice
develop, the relationship between risk factor distur-
bances and the development of cardiovascular dis-
ease is, if not always linear, then at least continuous.
In other words, there is no such thing as a com-
pletely safe risk factor level. Many of the conse-
quences of subclinical disturbances in risk factor
levels in men have hitherto been regarded simply as
the inevitable accompaniments of aging, as has the
progressive rise in rates of cardiovascular disease
and diabetes with age. But if risk factor impact
could be minimized throughout the male lifespan,
such apparent inevitabilities might be effectively
prevented.

For men, there are several specific areas in which
risk factor modification may be expected to have
particular benefits. In addition to the independent
effects of cigarette smoking, the complex of smok-
ing, poor living conditions, and respiratory infec-
tion has the potential for increasing cardiovascular
risk.75 A further complex may be found in decreas-
ing physical activity, increased central body fat, and
the decreasing testosterone levels seen in the aging
male. In contrast to the analogous changes in estro-
gens in postmenopausal women, endogenous testos-
terone levels are highly variable and there is
considerable overlap in the range between older
and younger men.11 Therefore, it remains to be
established whether, in aging men, the combination
of low testosterone level and central obesity, or
even low testosterone in itself, could constitute a
distinct clinical entity.

However, the complexes of changes that could
particularly affect the aging male do offer points of

intervention at all levels. Decreased cigarette smok-
ing and increased physical activity are clearly the
most straightforward of these, and the latter could,
in itself, diminish fat deposition and increase testos-
terone levels. Physical activity can also increase
growth hormone levels. Given the strong associa-
tion observed between increased adiposity and
reduced testosterone levels, reducing fat stores
might be expected to increase testosterone levels.
Given that the age-related fall in testosterone levels
may be an intrinsic physiologic change, analogous
to the menopause in women, replacement adminis-
tration of testosterone might be of value. 

Effects of testosterone replacement
on body composition
Testosterone replacement in healthy, middle-aged
men would be expected to increase muscle mass and
reduce central fat. In a recent meta-analysis of ran-
domized, controlled trials of the effects of testos-
terone in such men, Isidori and colleagues identified
14 studies in which effects on total fat mass had
been measured.76 A significant reduction was appar-
ent overall, with an equivalent effect in study groups
with an average plasma testosterone concentration
within and below the reference range. Fifteen stud-
ies evaluated effects on fat-free mass and a signifi-
cant increase was apparent overall in response to
testosterone. This meta-analysis did not evaluate
effects on central body fat, but the weight of evi-
dence from individual studies suggests that the
reduction in total fat mass seen with testosterone or
androgen administration is concentrated in central
fat.77,78 Testosterone administration has also been
shown to be effective in reducing central body fat in
middle-aged men with type 2 diabetes.79

Effects of testosterone replacement on
lipid metabolism
The classic effects of androgens on lipid and
lipoprotein levels include a reduction in HDL cho-
lesterol concentrations and no change or an
increase in LDL cholesterol.80 In their meta-analysis
of randomized clinical trials of testosterone in
apparently healthy middle-aged men, Isidori and
colleagues identified 16, 11, and 13 studies in which
total cholesterol, LDL cholesterol, and HDL

481

Male aging

Lunenfeld-ch-36.qxd  8/23/2007  4:44 PM  Page 481



cholesterol, respectively, had been measured.
Testosterone significantly reduced total cholesterol
concentrations, particularly in men with low initial
testosterone levels. No change in LDL cholesterol
was detectable and there was a reduction in HDL
cholesterol, specifically in those with high initial
testosterone concentrations. There is some evi-
dence that the reduction in HDL cholesterol relates
more to the cholesterol-poor, HDL3 subfraction
rather than the cholesterol-rich, HDL2 subfrac-
tion.81 The latter has been linked more strongly
with CHD, but the clinical consequences of testos-
terone-induced changes in HDL cholesterol levels
and its subfraction distribution will need to be stud-
ied in depth before any conclusions can be drawn
regarding the importance of these changes.

Effects of testosterone replacement
on insulin resistance and the
metabolic syndrome
If testosterone replacement reduces central body fat,
an accompanying improvement in insulin sensitiv-
ity would be expected and this is apparent in the few
studies in which insulin sensitivity has been mea-
sured.77,78,82 An improvement in insulin sensitivity
in response to testosterone has also been reported in
hypogonadal men with type 2 diabetes.79 It should
be noted, however, that improvements in insulin
sensitivity could be a direct consequence of testos-
terone administration rather than a secondary effect
of loss of central fat, since strong relationships have
been identified between short-term changes in
testosterone levels and insulin sensitivity.83

Beneficial effects of testosterone administration in
healthy men have also been demonstrated with
regard to variables that are adversely affected by
insulin resistance, including fibrinogen and PAI-1.84

Moreover, raised leptin levels in hypogonadal men
have been shown to fall in response to testos-
terone.85

Potentially beneficial effects of testosterone
replacement in healthy, older men, therefore,
include reductions in central adiposity, increased
fat-free mass, and increased insulin sensitivity, with
associated improvements in a range of correlates of

insulin sensitivity. Potentially adverse effects
include decreased HDL cholesterol concentrations
and, very likely, a reduction in adiponectin concen-
trations. These effects are summarized in Table 36.2.
The improvements in central body fat, insulin sen-
sitivity, and some correlates of insulin sensitivity,
have led some to promote the possibility that testos-
terone therapy might be effective in alleviating the
metabolic syndrome and preventing its conse-
quences.86 However, in a review, Alexandersen and
Christiansen concluded that there was still insuffi-
cient trial evidence for there to be any degree of cer-
tainty regarding the effects of testosterone
replacement on risk factors related to lipid and car-
bohydrate metabolism, inflammation, and coagula-
tion and fibrinolysis.87

Not all the risk factor changes induced by testos-
terone administration to older men are potentially
beneficial and this is an area where considerable
research will be needed to establish when, or even
if, such intervention is appropriate. Studies evalu-
ating the relative merits of interventions at the
lifestyle or hormonal level will be needed to estab-
lish the most effective approach to diminishing the
impact of the age-related metabolic syndrome of
low testosterone and increased visceral fat in men
and will need a sufficient duration of follow-up to
establish whether there is, ultimately, any reduc-
tion in the emergence of clinical cardiovascular
disease.
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Table 36.2 Risk factor changes that
accompany testosterone administration
in healthy, older men

• Decreased central obesity
• Increased fat-free mass
• Decreased total cholesterol

concentrations
• Decreased HDL cholesterol

concentrations
• Increased insulin sensitivity
• Decreased leptin concentrations
• Increased fibrinogen and factor VII

concentrations
• Decreased adiponectin concentrations
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Conclusions

There are several key areas in which our knowledge
is now sufficiently advanced to justify and provide
effective interventions in the aging male. Use of
pharmacologic agents, in addition to diet, to alleviate
the risk factor disturbances in hypercholesterolemia
and diabetes is now well established. Dietary strate-
gies long believed to be of benefit, particularly
increased fruit and vegetable consumption, are
receiving increasing support from epidemiologic
studies. The causes and consequences of obesity are
increasingly well understood and emphasize the
adverse cardiovascular consequences of excessive
calorie intake. Further areas in which intervention
may be of value are being identified, particularly
insulin resistance and the various manifestations of
the metabolic syndrome, chronic low-grade inflam-
mation, and the correlated changes that accompany
aging and declining testicular function. Testosterone
administration to older men carries the potential for
achieving a broad range of risk factor improvements,
but considerable work will be needed to establish the
context in which such an intervention is optimally
effective; the age of the individual, their general
health, their prevailing testosterone level, and the
mode of testosterone administration could all be
important in decision-making. Further characteriza-
tion of the risk factor changes induced by testos-
terone will be needed, particularly with regard to
areas in which changes appear to conflict, for exam-
ple, reductions in both total and HDL cholesterol
and in insulin resistance and adiponectin.
Ultimately, any recommendations will need to be
based on long-term clinical outcomes.
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CHAPTER 37

Androgens: studies in animal models
of atherosclerosis
Peter Alexandersen

Introduction

Animals are extensively used as in vivo models of
human atherosclerosis since it was first demon-
strated by Anitschkow more than eight decades ago
that atheroma lesions can be induced in rabbits by
a cholesterol-rich diet.1 At present, many species
besides rabbits are used in atherosclerosis research,
such as rodents, dogs, and monkeys. Data from the
non-primate cynomolgus monkey model are some-
times extrapolated to the human situation (because
the monkey has a 28-day menstrual cycle, under-
goes menopause, has changes in plasma lipoprotein
concentrations at menopause, and has responses to
estrogen/progestogen replacement therapy (HRT)
similar to those observed in postmenopausal
women, etc.) but in fact in terms of hard endpoints
there are no data to indicate that these changes
reflect what takes place in humans. Accumulating
evidence suggests, however, that the monkey and
the rabbit produce very similar and consistent
results, at least regarding the effect of HRT on ath-
erosclerosis. The rabbit model, however, has certain
drawbacks, particularly with respect to the lipid and
lipoprotein profile during cholesterol feeding and
HRT, which differ from the human situation.
Another drawback is the degree of heterogeneity in
plaque size (or accumulation of cholesterol) among
rabbits as a result of a fat-rich diet, increasing the
number of animals needed in a study to obtain sta-
tistical differences between treatment groups.

Nevertheless, this relatively inexpensive rabbit
model (compared to the monkey model) is fre-
quently used as atherogenesis can reliably be
induced dietarily within weeks (which in the mon-
key typically requires several months), and because
the rabbit is easy to handle and house.

The influence of androgen replacement therapy
on cardiovascular risk factors and atherogenesis in
an animal model was not studied until in the late
1960s. However, despite considerable evidence from
human and animal studies, the effect – beneficial or
detrimental – of androgen replacement on cardio-
vascular risk and development of atherosclerosis
(particularly coronary heart disease and stroke) in
men currently remains a subject of intense debate. In
view of the high morbidity and mortality due to car-
diovascular disease in both genders in industrialized
countries, the androgen issue seems more important
than ever. Published human data are not ubiquitous,
but experimental animal studies have several advan-
tages. First, the effect on a specific end points (i.e.,
atherosclerosis) can be evaluated which is otherwise
difficult to study. Second, it is possible to eliminate
(or at least significantly reduce) bias from differences
in food intake, hormone doses, and external con-
founding factors. Third, direct mechanisms of hor-
mone action in terms of cardiovascular risk factors or
atherogenesis may be investigated, for instance by
vascular rings or by cell/tissue cultures. Animal stud-
ies may thus provide some indications to the
effect(s) of androgens that might be anticipated in
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humans, and ultimately as to whether androgens are
beneficial or detrimental in men at risk of cardiovas-
cular disease.

Experimental studies of exogenous
androgens in fat-fed animals

Table 37.1 summarizes the 16 experimental studies
of cholesterol-fed (or fat-fed) male (and/or female)
animals treated with exogenous androgens in order
to study their effect on atherogenesis (published by
January 2007). Most studies have focused on natural
androgens, such as testosterone (T) from the testis
or the weaker dehydroepiandrosterone (DHEA)
from the adrenal gland. Other studies have investi-
gated the effect of synthetic androgens (stanozolol
and nandrolone). The effects of exogenous andro-
gens on the vascular system have been determined
in a number of ways:

• by direct determination of the accumulation of
cholesterol/cholesteryl esters

• determination intimal plaque size or thickening
(atheroma) developed in the vascular wall

• indirect measurement of the amount of certain
compounds generated (e.g. collagen) believed to
be related to the atherogenic process.

In a well-conducted study, Gordon and colleagues
studied the effect of oral DHEA treatment on
atherogenesis in 34 cholesterol-fed male rabbits.6 In
order to enhance aortic atherogenesis, endothelial
balloon injury was performed in two of the groups.
After 12 weeks of therapy resulting in supraphysio-
logic plasma DHEA concentrations, aortic plaque
size was found to be inhibited by approximately
50% compared with cholesterol-fed control animals
(P = 0.006), which was consistent with what was
observed in other regions. The reduction in plaque
size was furthermore found to correlate inversely
with the plasma DHEA concentrations.6 However,
the inhibitory DHEA effect on atherogenesis
appeared to be lipid and lipoprotein independent. 

DHEA was also used as oral androgen treatment
in another study of cardiac transplantation,10 which
also used cholesterol-fed male rabbits. However, the

rabbits received donor-heart implants which had
been anastomosed to the abdominal aorta. In this
way, an animal model of accelerated atherosclerosis
was obtained. Trans-sectional cuts of coronary arter-
ies from native and transplanted animals showed a
marked and significant reduction in atherogenic
plaque formation compared with control animals
(62 and 45%, respectively; P < 0.05), and overall
(transplanted and non-transplanted) the number of
stenosed vessels was reduced by 50% compared with
controls (P < 0.05). No significant changes in the
lipid profile occurred, suggesting that a non-lipid
mechanism was involved. However, there were no
mechanistic data reported to account for the effect
of DHEA observed, and a substantial number of
animals died during surgery.10

In another study, testosterone enanthate (TE)
was given twice weekly for 17 weeks to castrated
cholesterol-clamped male rabbits in an experimen-
tal placebo-controlled study.11 The authors did not
report any statistically significant difference in aor-
tic accumulation of cholesterol between the TE-
treated and the placebo-treated animals at necropsy.
Therefore, they concluded that T does not promote
atherogenesis in castrated, cholesterol-fed male
rabbits. However, methodologic problems in terms
of absorption and/or metabolism of T may have
influenced the results of that study, since half of the
animals showed only modest increases in serum
total cholesterol concentrations compared with the
remaining half, despite individual feeding.11

In a later, very interesting study,14 castrated cho-
lesterol-fed male and female rabbits were treated
with either T (given intramuscularly as enathate),
estradiol, or a combination of both for 12 weeks. An
untreated group served as controls. Morphometric
analysis of the intimal thickening of the proximal
aorta showed a significant (P < 0.05) reduction in
plaque size in male rabbits treated with T (and in
female rabbits treated with estogen(E)). In groups
treated with a combination of the two sex hor-
mones, plaque size was significantly smaller than in
control animals (P < 0.05), and the effects were
independent of plasma lipids and lipoproteins.14

Interestingly however, plaque size was significantly
increased in female animals treated with T com-
pared with males (P < 0.05) (Figure 37.1), which is
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in line with two studies of female cynomolgus mon-
keys treated with T.12,13 Similarly, plaque size was
increased 2-fold in male animals treated with E
compared with females (although this was not sta-
tistically significant). These data suggest that some
sex hormones (i.e., T and E) may possess gender-
specific effects in terms of atherogenesis.

An atheroprotective effect of both DHEA and T
(both oral and parenteral) was found in a larger study
of castrated, cholesterol-fed male rabbits.15 However,
in that study the effect of androgens could for a large
part be contributed to modifications in lipoprotein
concentrations, except for treatment with intramus-
cular T (that resulted in supraphysiologic T concen-
trations), thus indicating a non-lipid-mediated
anti-atherogenic effect for this treatment. Castration
per se also resulted in a significant (P < 0.01) reduc-
tion in the aortic accumulation of cholesterol.15

New studies using transgenic animals have helped
to further investigate the impact of exogenous

androgens on atherogenesis. Particularly interesting
in this context has been the study by Nathan et al,17

who took it a step further as they investigated the
role of aromatization of T to E to account for the
observed protective effects of T replacement. Using
an LDL-receptor knockout (LDLR−/−) mouse model,
57 male animals were stratified into two groups, cas-
tration or sham operation. Castrated mice were
treated with either T, T + anastrozole (AN) (a
potent and selective aromatase inhibitor), E, or
placebo, whereas sham animals were treated with
AN or placebo. During the 8 weeks of treatment all
animals were fed a fat-rich ‘Western’ diet to induce
atherosclerosis. The authors reported that sham ani-
mals had similar aortic atherosclerotic lesions com-
pared to castrated and T-treated animals and to
castrated E-treated animals, indicating a significant
T-induced reduction in atherogenesis in these ani-
mals. Furthermore, sham AN-treated animals were
found to have twice the amount of atherosclerosis
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Figure 37.1 Mean extent of neointimal thickening from three serial cross-sections of the aortic arch in male (solid
bars) and female (open bars) cholesterol-fed rabbits (0.5%). Group 1: control group, no hormone treatment; group
2: estradiol valerate (1 mg); group 3: testosterone enanthate (25 mg); group 4: estradiol valerate (1 mg) and testos-
terone enanthate (25 mg), each per kg body weight/week during the 12-week study period. In females, plaque devel-
opment was inhibited by estrogen or estrogen + testosterone compared with controls (P < 0.05). In males, plaque
development was inhibited by testosterone or estrogen + testosterone compared with controls (P < 0.05). *Between
hormone-treated groups and control group for each gender. † Between corresponding male and female rabbits with
regard to their respective control groups. Adapted from reference 14.
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compared to the sham mice (testicular intact)
(P < 0.05), but not statistically significantly different
from either castrated placebo-treated mice or from
castrated T + AN-treated animals. Because adminis-
tration of E to castrated fat-fed mice thus also atten-
uated atherosclerosis to the same extent as T, and
because AN when given together with T completely
inhibited the anti-atherogenic effect of T alone, the
results collectively pointed towards an anti-athero-
genic effect of T due to its conversion to E.17

Androgenic mechanism of action

Evidence of a protective effect of exogenous andro-
gens on early atherogenesis in male animals is
rapidly accumulating (Table 37.1), suggesting that
both DHEA and T may inhibit the deposition of
cholesterol in the arterial wall in males of most
species. In females, in contrast, T, but not DHEA,
seems to favor atherogenesis rather than delaying it.
Table 37.2 lists experimental studies using male
and/or female animals to investigate mechanisms
responsible for the androgenic effects observed on
atherogenesis. Taken together, a little more than
half of these studies (23 of 43 studies published)
dealing with more mechanistic aspects of andro-
genic effects on the vasculature suggest that natural
androgens in general (and T and DHEA in particu-
lar) have a favorable influence on the vasculature
leading to a decreased risk of coronary heart disease.
This thus supports the in vivo studies of fat-fed ani-
mals (Table 37.1), of which some have investigated
mechanisms themselves.17

However, in many of the ‘mechanistic’ studies no
discrimination was made as to the sex of cells used
in the cell/tissue cultures or of the vascular rings
studied. Often a mixture of males and females was
used (Table 37.2), which may be crucial in terms of
the genomic effects of androgens. For DHEA, the
mechanistic studies consistently indicate a favorable
effect of this androgen on cardiovascular risk factors
(Table 37.2). Another important issue relates to the
androgen exposure of the tissue(s) studied. Acute
effects may be mediated via non-enomic effects (e.g.
calcium channels33) and thus do not reflect effects
caused by long-term (or chronic) androgen therapy.

Thus, as acute androgen treatment/exposure is often
used in cell/tissue cultures, the mechanism(s)
involved may not reflect the clinical outcome in
male patients receiving long-term androgen
replacement. 

An important study by Hayashi and colleagues16

tested the hypothesis that the beneficial effect of
DHEA on atherogenesis is mediated through the
conversion to estradiol via aromatase (Figure 37.2).
Despite the fact that the study used female animals,
they reported evidence that some of the anti-
atherogenic effect of DHEA was mediated via its
conversion to estradiol, and that in part an
endothelium-dependent increase in the synthesis of
nitric oxide (NO) occurred.16 If these results are
confirmed by others, it is tempting to speculate that
indeed all aromatizable andogens may use this
pathway and that local estrogen synthesis at the
vascular level may in part be responsible for an
atheroprotective effect of androgens. This mecha-
nism of action, if also of biologic importance for T
in men, may counteract the seemingly deleterious
effects of T (Table 37.2), but this still remains to be
investigated. Non-aromatizable androgens (e.g.,
dihydrotestosterone and synthetic compounds) may
therefore work through alternative mechanisms of
action. The lack of intact sympathetic and parasym-
pathetic nerve fibers to the vascular smooth muscle
cells in ring preparations should also be kept in
mind when evaluating these data. For instance, it
has been shown for estradiol that it affects the mus-
carinic receptors of vascular smooth muscle cells,
and androgens themselves or by conversion into E
may have similar influences.

The route of androgen administration in terms
of vascular effects is also an issue that needs much
more study. Only one study has looked into this.15

In that study of fat-fed male rabbits, T was given
either orally or intramuscularly, and despite the
fact that  an anti-atherogenic effect was observed
for both modalities, the serum concentrations
obtained and thus the exposure of vascular tissue to
T differed between groups, which may be impor-
tant regarding the accumulation of cholesterol.15

Although transdermal T patches are becoming
available in still more countries, to date no studies
comparing the various routes of administration
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have been performed to assess cardiovascular risk
factors or atherogenesis. 

Finally, the influence of androgens on the hemo-
static system has only been investigated by a few
groups in an animal model or in animal cell/tissue
culture (Table 37.2). With human cell/tissue cul-
tures easily available, most data on this subject
come from these and clinical studies.

Summary and conclusions

Experimental animal studies have been and still are
used to investigate the effect of androgen exposure
on atherogenesis and suggest which effect could be
expected in men treated with androgens. Moreover,
they are useful to investigate the mechanism(s)
involved in the androgenic effects observed (mech-
anistic studies using various cell cultures, vascular

rings, or studying in vivo vascular reactivity or other
measurable variable in the animal). Unfortunately,
despite the fact that several in vivo studies have
been performed to date, these animal studies vary
considerably in experimental design and differ with
respect to species, which may account for the incon-
sistency of the data available (Table 37.1). It seems
that T replacement therapy is associated with an
increase in plaque formation in female macaques,12,13

which is in accordance with studies of T in female
rabbits.5,14 Most early studies of T were done in
female animals (Table 37.1). The lack of studies of
androgen replacement in male cynomolgus monkeys
is striking! 

In general, caution should be made when it
comes to extrapolating the results from animals
studies to the human situation. Enzymatic processes
may show subtle differences across species and this
contributes to differences in terms of clinical
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response to treatment. Also, some species (e.g. the
rabbit) seem to be particularly sensitive to sex hor-
mone replacement therapy resulting in an outcome
which may not reflect the clinical situation.
Nevertheless, despite these limitations, animal
models may be useful in screening drugs for poten-
tial beneficial effects in humans, and may also be of
value in elucidating mechanisms of action of sex
hormones on the vasculature. 

To assess the efficacy and safety of long-term
treatment with exogenous androgens in men at risk
of coronary heart disease, prospective, randomized,
placebo-controlled and double-blind studies are
needed. Because such data will probably not be
available for some time yet, further animal research
(particularly secondary prevention studies and more
mechanistic studies) is clearly of the utmost rele-
vance, regarding both ‘old’, well-known androgens
and also new ‘designer’ androgens, which perhaps
some day may be of benefit to the health of men at
risk of coronary heart disease.
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CHAPTER 38

Androgens and blood pressure
in men
Guy Lloyd

Introduction

Hypertension amongst men is a major public health
issue, with a rate nearly double that of pre-
menopausal women (Figure 38.1). Hypertension
confers a significantly higher chance of cardiovas-
cular disease, with the risk of myocardial infarction
being doubled and that of stroke increased 4-fold.
Modern treatment strategies have led to a decline
in hypertensive mortality over the last 20 years, but
despite this hypertension was responsible for over
17 000 deaths in the USA for the year 1997 alone.
Different ethnic groups, in particular those of Afro-
Caribbean origin, are particularly at risk and in
some populations 30% of hypertensive males die as
a result of their blood pressure.1

Traditional therapy for hypertension controlled
the risk of stroke but was less successfull at reducing
coronary disease. This was particularly evident in
the early randomized controlled trials. In the
Medical Research Council trial men and women
with systolic blood pressure up to 209 mmHg were
randomized to either diuretics or β-blockade, or
placebo. Stroke was reduced by 25% but coronary
events by only 19%, confined to the patients
treated with diuretics.2 Subsequent studies using
newer drugs such as calcium channel antagonists in
high-risk populations have confirmed a cardiac ben-
efit.3,4 More recently, large scale randomized trials
have confirmed the usefulness of thiazide diuretics5

and angiotensin receptor antagonists6 in reducing

both heart disease and stroke, and when combina-
tion treatment is required a non-atenolol-based reg-
imen is preferred.7

Other than the first-line use of β-blockers
(which for hypertensives without other β-blocker
indications can no longer be recommended) the
choice of antihypertensive agent may be less impor-
tant than the absolute risk of disease at baseline and
the efficacy of the intervention (in terms of blood
pressure reduction). Guidelines now focus on
achieving an optimal blood pressure of below
140/85 with more aggressive targeting of diabetic
subjects who are at special risk.8

Whilst much research energy has been directed at
assessing the impact of estrogen and other female sex
hormones on cardiovascular disease, adrenal and tes-
ticular androgens continue to have an enigmatic
relationship with cardiovascular diseases. The attrac-
tion of female sex hormones as cardioprotective
agents is intuitive, based on the low incidence of dis-
ease in premenopausal women compared to age-
matched males, together with a (less convincing)
increase in disease following the menopause. The
corollary of this relationship – that androgens are
harmful, perhaps due to adverse effects on plasma
lipids – has also achieved widespread acceptance.
However, in men plasma androgen levels do not
show a rapid and steep decline as seen in women at
menopause. There is no analogous acute ‘deficiency
syndrome’ although some time-trends are now
acknowledged. Men show an age-dependent decrease
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in sex hormones, particularly testosterone. This
decline predates the decline in women, starting as
early as 21 years, and continues in a near linear man-
ner into old age (Figure 38.2).9 The rate of fall of free
testosterone concentrations is a round 1.2% per year
and is heavily influenced by other factors, most par-
ticularly body weight.10

Cross-sectional studies show lower (not higher)
plasma androgen levels in patients with coronary
artery disease,11 indicating that androgens, far from
being deleterious, may share a role similar to that
hypothesized for estrogen, in maintaining vascular
integrity in men. Thus, the age-dependent decline
in plasma testosterone levels may be an important
cofactor in the development of cardiovascular dis-
eases such as hypertension and atherosclerosis. This
chapter covers the relationship between androgens
and blood pressure in both experimental and in vivo
settings, and discusses whether androgens may mod-
ulate cardiovascular risk in hypertensive men.

Relationship between androgens
and hypertension

Animal models
Much of our understanding of the influence of
androgens on blood pressure is derived from the

salt-sensitive, spontaneous hypertensive (Sprague-
Dawley) rat model of hypertension. In this model
testosterone clearly has a pivotal role in mediating
blood pressure. Males develop significantly higher
arterial blood pressure than females, but when cas-
trated this difference is lost in both sexes (Figure
38.3). Furthermore, subcutaneous testosterone
implants resulting in physiologic male plasma con-
centrations in females raise their blood pressure to
that of non-castrated males. Adding back testos-
terone to castrated animals results in blood pressure
equivalent to that of intact animals, while treatment
of non-castrated animals with estrogen results in
lower pressures.12 The renin/angiotensin system
appears to be a major determinant of this hormone-
dependent gender dimorphism: enalapril treatment
equally reduces blood pressure across male, female,
castrated, and testosterone-replaced animals.13 In
the same model intact males and ovariectomized
females treated with testosterone have a significantly
lower incremental renal sodium excretion in
response to increases in blood pressure compared to
castrated males or intact females.14 This androgenic
influence on blood pressure is receptor-mediated, as
it can be inhibited by the androgen receptor antago-
nist flutamide.15 However, finasteride, an inhibitor
of 5α-reductase, does not antagonize this hyperten-
sive response. This suggests that a direct testosterone/
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receptor effect is responsible, rather than a conver-
sion to the active metabolite dihydrotestosterone as
with many ‘testosterone effects’ such as benign pro-
static hypertrophy and male pattern baldness. 

Animal models have also helped explain how
testosterone might regulate cardiac hypertrophy in
response to hypertension. Morano and colleagues16

report that in spontaneously hypertensive rats the
reduction in blood pressure seen in response to
castration was linked to an increased expression of the
β-myosin heavy chain gene, while testosterone
replacement (3 mg/day of dihydrotestosterone) favors
the expression of α-heavy chain gene. This switch in
gene regulation would be expected to lead to cardiac
hypertrophy. This phenomenon has been observed in
an alternative model based on the denervated rat
model (Wistar strain). Subcutaneous testosterone
propinate treatment (0.5 pg/kg) after castration
resulted in increased blood pressure in the rats and a
significantly increased left ventricular weight at
necropsy, when compared to intact animals.17

Available evidence from limited animal models
therefore suggests that testosterone should have a
negative influence on blood pressure and the left
ventricular reaction to hypertension. Epidemiologic
evidence from male populations and studies in
human subjects suggest an alternative hypothesis.

Blood vessel behavior
Endothelial dysfunction is seen in most hyperten-
sives and may represent an early stage in the patho-
physiology of their condition. Estrogen
administration improves the function of the
endothelium in both women18 and men,19 but the
effect of androgens is unclear. When testosterone at
doses ranging from sub- to grossly supraphysiologic is
introduced into the coronary arteries of men during
angiography, it causes a dose-dependent increase in
vessel diameter and coronary blood flow, similar to
that seen with estradiol administration.20 This sug-
gests that testosterone improves endothelial func-
tion. Conversely, in female-to-male transsexuals,
testosterone treatment reduced flow-mediated fore-
arm blood flow, an endothelium-dependent
process.21 Surgically or chemically castrated prostate
cancer patients have an enhanced brachial artery
reactivity, suggesting enhanced nitric oxide release.22

In the classic aortic ring system testosterone
relaxes preconstricted rabbit arterial rings.23 In a
landmark study the relaxation was significantly
greater in the coronary artery rings than in the aor-
tic rings, perhaps explaining the negative findings
in the forearm investigations outlined above. What
is fascinating about these experiments is that the
testosterone-dependent vasodilatation did not seem
to be acting through any of the well-recognized
pathways for sex steroid action. The dilatation was
not dependent on an intact endothelium nor was it
influenced by nitric oxide synthase inhibitors; the
dose-dependent contraction in response to calcium
was unchanged, suggesting that calcium antagonism
was not responsible; and testosterone receptor
blockade did not affect the response, suggesting a
direct effect on the arterial wall.

Effects of DHEAS and adrenal
androgens on blood pressure
The effect of the endogenous adrenal androgens
androstenedione and dihydroepiandrostenedione
sulfate (DHEAS) on blood pressure is unclear and
the literature is divided. Schunkert and colleagues24

examined a group of 646 men and in this population
DHEAS concentrations in middle-aged men were
significantly higher in the hypertensive individuals.
This was also associated with, but independent
of, higher levels of aldosterone. A recent large
American cohort, however, demonstrated an oppo-
site finding with a clear association between
DHEAS and increasing arterial stiffness and its var-
ious surrogate parameters, although this was not an
independent association and was at least in part
cocorrelated with age.25 Furthermore, in patients
with established hypertension, low levels of
DHEAS are associated with a reduction in diurnal
blood pressure variation, generally considered to be
an indication of adverse outcome.26

Testosterone
In the Rancho–Bernardo study with 1132 men a
negative association was seen between plasma
testosterone levels and blood pressure27 (Figure
38.4). The relationship with lower plasma testos-
terone was true across all the quintiles of blood pres-
sure and was independent of other factors including
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obesity. No relationship was seen with estrogens or
adrenal androgens. In a small study of hypertensive
men, hypertension was associated with reduced lev-
els of both total and free testosterone.28 In contrast,
the women in this study showed a positive correla-
tion with testosterone, suggesting that the effects of
testosterone on blood pressure may be gender-
dependent. In a small group of men evaluated for
the association between blood pressure and erectile
dysfunction, testosterone levels were lower in the
hypertensive men, although conventional measures
of erectile dysfunction were similar in both groups.29

Further studies of varying designs have also sup-
ported the association, such as the Telecom Study,
where blood pressure was significantly higher in the
low testosterone group as were other markers of
insulin sensitivity.30 In the Tromso Study there was
a weak association between total testerone and both
systolic and diastolic blood pressure, but this rela-
tionship was significantly weakened after allowing
for BMI and alchol drinking habits.31 In this study
the development of left ventricular hypertrophy was
also associated with low testerone levels, a finding
which runs contrary to some of the data presented
below. 

There is, however, little agreement in the litera-
ture. Data from the Multiple Risk Factor
Intervention Trial substudy32 suggest that the reduc-
tion in testosterone levels with time may not be
directly related to the development of hypertension.
In 66 participants in the study mean total testos-
terone declined by a mean 41 ng/dl. When analyzed
using multivariate analysis the change in testos-
terone levels was associated with a rise in triglyc-
eride and a fall in high-density lipoprotein (HDL)
cholesterol, but not with changes in either systolic
or diastolic blood pressure.28 In a large Danish study
testosterone and sex hormone-binding globulin
concentrations were strongly associated with a
range of metabolic parameters, but not blood pres-
sure.33 In a further small study of 30 men and 30
women, plasma testosterone did not correlate with
blood pressure in men although, once more, a posi-
tive relationship was seen in women.34 Amongst
black subjects in South Africa, testosterone concen-
trations were higher in the hypertensives than in
the normotensives.35 Testosterone may also have
important effects in women; in a cross-sectional
study of women attending an endocrine clinic for
menstrual irregularity, an elevated testosterone
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level (> 30 ng/dl) predicted central obesity and to
some extent hypertension. The odds ratios for sys-
tolic and diastolic blood pressure were 2.4 (1.0–6.2)
and 2.7 (0.8–8.8), respectively. The combination of
hyperandrogenemia and obesity was a powerful pre-
dictor of the presence of hypertension.36

It is difficult to explain the variety of findings
from the observational literature. The relationship
between testosterone and obesity, which in itself is
strongly related to blood pressure, may be a con-
founding variable and may also explain why differ-
ent populations behave differently. The androgen
association may, in these circumstances, have a
causal association or simply be an innocent
bystander. It is well recognized that hypertension
represents the final common pathway of a number
of mechanisms and therefore subjects in whom
blood pressure is closely related to fluctuations in
the renin/angiotensin system may be more sensitive
to androgens, and thus may respond differently to
populations where the renin/angiotensin system is
relatively less important.

Exogenous androgens and
blood pressure

Testosterone and derivatives
Studies designed to investigate the influence of
androgen administration on blood pressure in
healthy men are rare. Whitworth and coworkers37

carried out a small trial in which a synthetic
androgen (testosterone undecanoate, 120 mg/day)
was administered to 14 normotensive males. No
increase in blood pressure or plasma volume was
noted with this large dose over 5 days. However,
the study was small and might not have had the
statistical power to detect any changes. Similarly, a
randomized crossover study of 20 men treated with
intravenous testosterone in either physiologic
(twice normal) or supraphysiologic doses (six times
normal) found no obvious effects on blood pres-
sure.38 Administration of ‘physiologic’ doses of
testosterone by various regimens including depot
and transdermal to obese men has resulted in no
change in blood pressure but improved insulin
sensitivity.39

Many small studies have evaluated the use of
various androgen replacement regimens in partial
androgen deficiency; none of the studies is ade-
quately powered to give a full answer, but although
most have reported no change some have reported a
reduction in blood pressure.40

Anabolic androgenic steroids
In contrast to the findings with testosterone, the
high doses of anabolic androgenic steroids used in
sport do seem to increase blood pressure. In an early
randomized control trial of 13 athletes given
methandrostenolone, a small but significant
increase in blood pressure was observed, although
clinical hypertension developed in only one indi-
vidual.41 In an observational Dutch study, self-
administration of anabolic steroids was associated
with elevated blood pressure, an effect sustained at
an average of 5 months of follow-up.42 In a random-
ized trial of 21 weight-lifters, testosterone enanthate
resulted in a reversible 10 mmHg increase in systolic
blood pressure.43 Conversely, Palatini and col-
leagues44 demonstrated no overall effect of steroid
abuse on blood pressures measured in the clinic set-
ting. However, a reduction in nocturnal dipping was
observed, and this loss of day/night variability on
24-hour blood pressure monitoring is an early
hypertensive change. Nandrolone also appears to
induce a rise in diastolic blood pressure that reverts
to normal within 6 weeks,45 and the effects of other
steroids appear to be relatively short-lived after
stopping therapy.46

Biologically effective doses of anabolic steroids
appear to have an opposite and reversible effect on
vascular function, when compared to physiologic
androgens. Endothelial-independent (response to
glycerol trinitrate) dysfunction is observed in users
whereas endothelial function remains intact.47

One important covariate that must be consid-
ered is changes in body habitus associated with ana-
bolic steroid use, particularly an increase in the
circumference of the arm, which may influence
blood pressure measurement. Riebe and colleagues48

found that systolic and diastolic pressures both at
rest and after various forms of exercise were raised
compared with non-users and sedentary controls
(Figure 38.5). However, after the inclusion of biceps
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size in the statistical model, these differences were
no longer significant.

Left ventricular hypertrophy (LVH) is a common
finding in patients with hypertension and predicts
an adverse prognosis. Among athletes in training,
left ventricular hypertrophy is also a common find-
ing and relates to increased myocardial work. In
vitro work in hypertensive rats has demonstrated
that treatment with anabolic steroids results in a
decrease in myocardial compliance.49 This absence
of an influence on experimental LVH has, however,
been observed with other steroids such as nan-
drolone.50 Indirect evidence for an additive effect of
steroids on LVH comes from the retrospective arm
of a study by Dickerman and colleagues,51 where
LVH on echocardiography was found in 43% of
body-builders compared with 100% of those who
used anabolic steroids in addition to exercise. In a
further study by di Bello and coworkers,52 there was
a trend towards highest left ventricular mass among
steroid users, although that was not statistically sig-
nificant. However, other observational studies have
failed to replicate these findings.53–55 Most studies
appear to agree that diastolic relaxation of the left
ventricle is not affected by the presence of LVH,

whether or not steroids are used. Recently, the use
of more sensitive tissue Doppler echocardiographic
techniques has revealed possible early evidence of
stiffening of the left ventricle with a reduction in
the velocity of early diastolic relaxation.56

Anabolic steroids seem to induce hypertension
and may increase LVH; their use should therefore be
discouraged. Users should be monitored closely for
the development of hypertension, and if it develops
all steroid use should cease. Clearly anabolic deriv-
atives of testosterone should never be used for the
purposes of physiologic replacement.

Conclusions

Lessons learnt from the study of the relationship
between female sex hormones and cardiac pathology
should warn against the overinterpretation of
hypotheses and the relationship between androgens
and hypertension remains far from clear. Evidence
from existing animal models suggests that testos-
terone administration has the potential to induce
hypertension and increase the hypertrophic response
of the left ventricle to hypertension. Conversely, in
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vivo testosterone appears to act as a coronary and
possibly peripheral vasodilator, acting through
endothelium-dependent and -independent mecha-
nisms. Certainly testosterone levels appear to be
lower in patients with both hypertension and coro-
nary artery disease and it remains an attractive
hypothesis that sex steroids in both sexes are impor-
tant in maintaining vascular integrity. However, the
large number of covariates, including smoking, lipid
changes, and weight in particular, makes the epi-
demiologic evidence difficult to evaluate.
Administration of physiologic dose testosterone to
hypogonadal men or those more loosely classified as
being andropausal does not seem to be associated
with any hypertensive effect and can be considered
‘safe’, although in hypertensive subjects suitable
monitoring should continue. The abuse of anabolic
steroids in sport may induce small, reversible rises in
blood pressure and close observation of these individ-
uals is prudent. If hypertension develops, then sub-
jects should be strongly advised to stop using these
drugs, especially because of the potential role of these
steroids in mediating the development of LVH. For
men with hypertension the cornerstone of therapy
remains the evidence-based strategies of aggressive
blood pressure reduction and risk-factor modulation.
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CHAPTER 39

Androgens and arterial disease
Carolyn M Webb and Peter Collins

Introduction

Historically androgens have been considered a risk
factor for coronary artery disease in men, since post-
menopausal women have a lower incidence of coro-
nary heart disease and myocardial infarction than
men of a similar age. However, there has been no
direct evidence linking physiologic concentrations
of androgens to an increased incidence of coronary
heart disease and myocardial infarction, and recent
evidence suggests that the reverse may be true. In a
study examining the effect of risk factors (including
estradiol and testosterone) on predicting myocar-
dial infarction in males who had not had a previous
myocardial infarction, Phillips and coworkers1

raised the possibility that hypotestosteronemia in
men may be a risk factor for coronary atherosclero-
sis. Serum total and free testosterone levels were
negatively correlated with degree of risk of coronary
artery disease and with risk factors for myocardial
infarction. These findings have been confirmed by
other studies.2,3 Decreased total and free testos-
terone levels have been shown to be associated with
ischemic stroke in men,4 further implicating testos-
terone in the pathophysiology of vascular diseases.
Declining levels of the androgen dehydroepiandros-
terone sulfate (DHEAS) have been associated with
an increased risk of vascular disease.5 Confusion
arises from data concerning the use of high doses of
androgens (anabolic steroids) to increase muscle
mass and athletic performance, where there is a
well-documented increase in incidence of cardio-
vascular events.6

Androgens and the coronary and
peripheral circulations

Testosterone is known to affect the coronary circu-
lation in animals7,8 and humans.9 In men with coro-
nary artery disease, physiologic concentrations of
testosterone infused directly into the coronary
arteries induced coronary dilatation and enhance-
ment of coronary blood flow (Figure 39.1).9 There
was no effect on vasomotor or flow responses to
acetylcholine before versus after testosterone
administration, indicating a possible endothelium-
independent mechanism.

The direct effects of testosterone on coronary
arteries, increasing blood flow, may explain the
observed effects of testosterone administration on
signs of exercise-induced myocardial ischemia.
Reports from the 1940s suggested that testosterone
therapy in men has a beneficial effect on angina
pectoris.10–13 This was confirmed and extended in
the 1970s in a double-blind study carried out in 50
men who had ST segment depression after exer-
cise.14 It was shown that, after 4–8 weeks’ treatment
with testosterone or placebo, there was a significant
decrease in the exercise-induced extent of ST seg-
ment depression by testosterone when compared to
placebo. The mechanism by which testosterone
decreased postexercise ST segment depression was
not established. This study may have been con-
founded by the fact that the presence of significant
coronary artery disease was not confirmed. Recent
studies have demonstrated an acute and longer-term
beneficial effect of testosterone on myocardial
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ischemia in men with established coronary artery
disease.15–17 In the studies performed by both
Rosano and Webb and their colleagues, acute intra-
venous testosterone or placebo was given in a cross-
over design to men withdrawn from cardioactive
medication, and the study of Webb and colleagues16

included men with baseline testosterone levels
below or at the lower end of the normal range. Both
studies showed an enhancement in exercise time to
myocardial ischemia 30 minutes after testosterone

infusion; however, the study of Rosano and
co-workers15 also showed a benefit on total exercise
time and rate–pressure product (an indicator of
myocardial work). Transdermal testosterone
patches, given for 12 weeks in addition to current
anti-anginal medication, has been shown to signifi-
cantly increase time to 1 mm ST segment depres-
sion on the electrocardiogram in men with coronary
artery disease.17 Interestingly, the magnitude of the
response was greater in men with lower baseline
testosterone levels.

Acute testosterone-induced increases in flow-
mediated brachial artery diameter changes have
been demonstrated in men with coronary artery dis-
ease, suggesting that in this vascular bed testos-
terone may have a beneficial effect on
endothelium-dependent responses (Figure 39.2).18

This differs from a study which suggested an
improvement in vasoreactivity in men undergoing
treatment for prostatic cancer, who were orchidec-
tomized or given anti-androgen therapy, compared
to controls.19 In this publication the endothelium-
dependent dilatation response of the control group
was only 2–3%, an unusually low value, and inter-
estingly this response was not significantly associ-
ated with cholesterol levels. This is different from
similar reports by these investigators.20,21 Also, hor-
mone withdrawal may not necessarily be expected
to have inverse effects to hormone supplementa-
tion, especially in a different population of men
such as those with coronary heart disease. As is
shown with the varying effects of steroid hormones
on lipid levels, extrapolation of hormonal effects
outside study parameters cannot be assumed.22

Androgens and atherosclerosis

Large doses of testosterone can increase coronary
artery atheroma progression in female animals but
preserve endothelial function in coronary arteries in
these animals.23 A study in rabbits demonstrated a
sex-specific atheroprotective effect of testosterone
in male animals, independent of changes in lipid
profile.24 Intimal thickening in the proximal aortic
arch was significantly inhibited by testosterone in
these male animals.
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Figure 39.1 Testosterone-induced increases in coro-
nary artery diameter (a) and blood flow(b).*P < 0.05
and **P < 0.01 compared with baseline. Reproduced
with permission from Lippincott, Williams & Wilkins.
effects of testosterone an coronary vasomotor regulation
in men with coronary heart disease. Circulation 1999;
100(16): 1690–6.9
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There is no evidence that physiologic levels of
testosterone increase the risk of myocardial infarc-
tion, in contrast to data from men taking high
doses of anabolic steroids who are known to be at
increased risk for myocardial infarction and
stroke.6 High doses of androgens have been associ-
ated with advanced atheroma progression,23 and
detrimental effects on plasma lipid profile25 and
hemostatic factors.26,27

Androgens and vasoreactivity:
lessons from studies in women

There is evidence from studies in women that
testosterone may have favorable effects on arterial
endothelial function. Preliminary evidence indi-
cates an increase in flow-mediated dilatation of the
brachial artery induced by testosterone implants in

postmenopausal women already receiving hormone
replacement therapy (12 women were taking a
cyclical progestin in addition to a non-standardized
estrogen).28 In female-to-male transsexuals, high-
dose androgen treatment is associated with
impaired vascular reactivity in the brachial artery.29

Compared to untreated age- and cigarette smoking-
matched controls (9 of 12 subjects in each group were
smokers), transsexuals had the same endothelium-
dependent responses, but significantly impaired
response to the endothelium-independent vasodi-
lator glyceryl trinitrate. These studies highlight the
importance of dose of androgen treatments in
determining a beneficial or detrimental vasomotor
effect.

Androgens and atherosclerosis

The influence of androgens on atherogenesis in
women is unclear and relatively unexplored.
Endogenous androgens, DHEAS in particular, have
been shown to correlate with a lower risk of carotid
artery atherosclerosis in women,30,31 but not coro-
nary atherosclerosis.32 There is evidence to suggest
that premenopausal women with coronary artery
disease, a relatively rare disease in women before
the menopause, may have decreased DHEAS lev-
els,33 indicating that DHEAS may in some way be
atheroprotective. 

Sex differences in foam cell formation, known to
play a key role in atherogenesis, have recently been
identified. Lipid loading of macrophages isolated
from women was not affected by the androgen dihy-
drotestosterone, whereas macrophages from men
showed a dose-dependent and androgen receptor-
mediated increase in macrophage cholesteryl ester
content.34

Conclusions

Contrary to previous assumptions, physiologic lev-
els of androgens appear to be associated with arter-
ial health in men. Findings of recent studies
indicate the need for further investigation of the
cardiovascular effects of androgens in men.
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Figure 39.2 Flow-mediated reactivity in individual
patients 60 minutes after an intravenous infusion of
2.3 mg of testosterone. Bold line indicates mean
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2000; 85: 269–72.

Lunenfeld-ch-39.qxd  8/23/2007  4:46 PM  Page 513



References

1. Phillips GB, Pinkernell BH, Jing TY. The association
of hypotestosteronemia with coronary artery disease
in men. Arterioscler Thromb 1994; 14: 701–6.

2. Chute CG, Baron JA, Plymate SR et al. Sex hor-
mones and coronary artery disease. Am J Med 1987;
83: 853–9.

3. English KM, Mandour O, Steeds RP et al. Men with
coronary artery disease have lower levels of andro-
gens than men with normal coronary angiograms. Eur
Heart J 2000; 21: 890–4.

4. Jeppesen LL, Jorgensen HS, Nakayama H et al.
Decreased serum testosterone in men with acute
ischemic stroke. Arterioscler Thromb Vasc Biol
1996; 16: 749–54.

5. Barrett-Connor E. Sex differences in coronary artery
disease. Why are women so superior? The 1995 Ancel
Keys Lecture. Circulation 1997; 95: 252–64.

6. Bagatell CJ, Bremner WJ. Androgens in men – uses
and abuses. N Engl J Med 1996; 334: 707–14.

7. Yue P, Chatterjee K, Beale C et al. Testosterone
relaxes rabbit coronary arteries and aorta. Circulation
1995; 91: 1154–60.

8. Chou TM, Sudhir K, Amidon TM et al. Testosterone-
induced coronary conductance and resistance vessel
relaxation in vivo: potential mechanisms of action.
J Am Coll Cardiol 1995; 14A (abstr).

9. Webb CM, McNeill JG, Hayward CS et al. Effects of
testosterone on coronary vasomotor regulation in
men with coronary artery disease. Circulation 1999;
100: 1690–6.

10. Hamm L. Testosterone propionate in the treatment
of angina pectoris. J Clin Endocrinol 1942; 2: 325–8.

11. Sigler LH, Tulgan J. Treatment of angina pectoris by
testosterone propionate. NY State J Med 1943; 43:
1424–8.

12. Walker TC. The use of testosterone propionate and
estrogenic substance in the treatment of essential
hypertension, angina pectoris and peripheral vascular
disease. J Clin Endocrinol 1942; 2: 560–8.

13. Lesser MA. Testosterone propionate therapy in one
hundred cases of angina pectoris. J Clin Endocrinol
1946; 6: 549–57.

14. Jaffe MD. Effect of testosterone cypionate on postex-
ercise ST segment depression. Br Heart J 1977; 39:
1217–22.

15. Rosano GMC, Leonardo F, Pagnotta P et al. Acute
anti-ischemic effect of testosterone in men with coro-
nary artery disease. Circulation 1999; 99: 1666–70.

16. Webb CM, Adamson DL, de Ziegler D, Collins P.
Effect of acute testosterone on myocardial ischemia
in men with coronary artery disease. Am J Cardiol
1999; 83: 437–9.

17. English KM, Steeds RP, Jones TH et al. Low-dose
transdermal testosterone therapy improves angina

threshold in men with chronic stable angina: a ran-
domized, double-blind, placebo-controlled study.
Circulation 2000; 102: 1906–11.

18. Ong PJL, Patrizi G, Chong WCF et al. Testosterone
enhances flow-mediated brachial artery reactivity in
men with coronary artery disease. Am J Cardiol 2000;
85: 14–17.

19. Herman SM, Robinson JT, McCredie RJ et al.
Androgen deprivation is associated with enhanced
endothelium-dependent dilatation in adult men.
Arterioscler Thromb Vasc Biol 1997; 17: 2004–9.

20. Celermajer DS, Sorensen KE, Gooch VM et al. Non-
invasive detection of endothelial dysfunction in chil-
dren and adults at risk of atherosclerosis. Lancet
1992; 340: 1111–16.

21. Celermajer DS, Cullen S, Deanfield JE. Impairment
of endothelium-dependent pulmonary artery relax-
ation in children with congenital heart disease and
abnormal pulmonary hemodynamics. Circulation
1993; 87: 440–6.

22. Hulley S, Grady D, Bush T et al. Randomized trial of
estrogen plus progestin for secondary prevention of
coronary heart disease in postmenopausal women.
JAMA 1998; 280: 605–12.

23. Adams MR, Williams JK, Kaplan JR. Effects of andro-
gens on coronary artery atherosclerosis and atheroscle-
rosis-related impairment of vascular responsiveness.
Arterioscler Thromb Vasc Biol 1995; 15: 562–70.

24. Bruck B, Brehme U, Gugel N et al. Gender-specific
differences in the effects of testosterone and estrogen
on the development of atherosclerosis in rabbits.
Arterioscler Thromb Vasc Biol 1997; 17: 2192–9.

25. Thompson PD, Cullinane EM, Sady SP et al.
Contrasting effects of testosterone and stanozolol on
serum lipoprotein levels. JAMA 1989; 261: 1165–8.

26. Ajayi AA, Mathur R, Halushka PV. Testosterone
increases human platelet thromboxane A2 receptor
density and aggregation responses. Circulation 1995;
91: 2742–7.

27. Heller RF, Meade TW, Haines AP et al. Inter-
relationships between factor VII, serum testosterone
and plasma lipoproteins. Thromb Res 1982; 28: 423–5.

28. Worboys S, Kotsopoulos D, Teede H et al. Evidence
that parenteral testosterone therapy may improve
endothelium-dependent and independent vasodila-
tion in postmenopausal women already receiving
estrogen. J Clin Endocrinol Metab 2001; 86: 158–61.

29. McCredie RJ, McCrohon JA, Turner L et al. Vascular
reactivity is impaired in genetic females taking high-
dose androgens. J Am Coll Cardiol 1998; 32: 1331–5.

30. Bernini GP, Sgro M, Moretti A et al. Endogenous
androgens and carotid intimal–medial thickness in
women. J Clin Endocrinol Metab 1999; 84: 2008–12.

31. Bernini GP, Moretti A, Sgro M et al. Influence of
endogenous androgens on carotid wall in post-
menopausal women. Menopause 2001; 8: 43–50.

Textbook of health in aging men

514

Lunenfeld-ch-39.qxd  8/23/2007  4:46 PM  Page 514



32. Herrington DM, Gordon GB, Achuff SC et al.
Plasma dehydroepiandrosterone and dehy-
droepiandrosterone sulfate in patients undergoing
diagnostic coronary angiography. J Am Coll Cardiol
1990; 16: 862–70.

33. Slowinska-Srzednicka J, Malczewska B, Srzednicki M
et al. Hyperinsulinaemia and decreased plasma levels
of dehydroepiandrosterone sulfate in premenopausal

women with coronary heart disease. J Intern Med
1995; 237: 465–72.

34. McCrohon JA, Death AK, Nakhla S et al. Androgen
receptor expression is greater in macrophages from
male than from female donors. A sex difference with
implications for atherogenesis. Circulation 2000;
101: 224–6.

515

Androgens and arterial disease

Lunenfeld-ch-39.qxd  8/23/2007  4:46 PM  Page 515



Lunenfeld-ch-39.qxd  8/23/2007  4:46 PM  Page 516



517

CHAPTER 40

Androgenic influences on ventilation
and ventilatory responses to
oxygen and carbon dioxide
during wakefulness and sleep
Christopher P Cardozo

Effects of androgens on
ventilatory control

Gender-dependent differences in ventilation and
ventilatory control have been observed in several
reports.1–3 As compared to women, men at rest were
found to have greater ventilation, lower ventilation
per milliliter of CO2 produced, higher tidal vol-
umes, and lower respiratory rates. Respiratory
responses of men had greater sensitivity to both
hypoxia and hypercapnea.1 The greater ventilation
in men was associated with a higher metabolic rate.3

There is evidence that the sex steroids testos-
terone, estrogen, and progesterone contribute to
these differences. Administration of testosterone to
hypogonadal men raised both resting ventilation
and metabolic rate in hypogonadal men. Because
end-tidal partial pressure of carbon dioxide (pCO2)
did not change with testosterone treatment, these
investigators proposed that the increased metabolic
rate stimulated the increase in ventilation. An
increase in metabolic rate has been observed in one
other study in which testosterone was administered
to hypogonadal men,4 and ventilation correlates
well with metabolic rate. In contrast, Matsumoto
and coworkers found no change in metabolic rate

after administration of testosterone to hypogonadal
men for 6 weeks.5 Studies in cats have demonstrated
that when neutered male cats were treated with
testosterone, resting ventilation and CO2 produc-
tion increased whereas end-tidal pCO2 was
unchanged,5 in agreement with the results of White
and colleagues.1 The reason for these conflicting
results is unclear.

The reported effects of testosterone on hypoxic
(HVR) and hypercapnic ventilatory responses
(HCVR) are conflicting. White and colleagues
reported an augmented HVR and HCVR after
testosterone replacement in hypogonadal men.6

Similarly, testosterone treatment of neutered male
cats raised HVR.7 By contrast, testosterone did not
alter HCVR in animals, and Matsumoto and co-
workers found in humans that HVR was decreased
by testosterone whereas HCVR was unchanged.5

On balance therefore, the literature suggests that
testosterone increases sensitivity to hypoxic respira-
tory stimuli with unclear effects on hypercapneic
stimuli.

An interesting aspect of the studies of the effects
of testosterone replacement in cats6 and humans6

was that there was a poor correlation between
testosterone levels, which varied widely, and
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changes in respiratory control. On the one hand,
one might have expected greater effects with higher
concentrations. Support for the major alternative,
that there is a plateau for respiratory effects of
testosterone, comes from the observation that
administration of testosterone to a subject later
found to be eugonadal had no appreciable change in
respiratory control.6

While not specifically tested, one likely explana-
tion for the effect of testosterone on resting meta-
bolic rate is the increase in skeletal muscle mass that
is stimulated by this hormone.8–11 Mechanisms
whereby testosterone might alter chemoreceptor
sensitivity or processing of chemoreceptor signals by
the central nervous system are less clear. It remains
possible that testosterone affects either or both of
these components of respiratory control. Testosterone
is well recognized for its role in stimulating gender-
specific changes of the central nervous system, such
as influencing the death of certain neurons or pro-
moting or inhibiting the formation of synapses.12,13

The androgen receptor (AR) is a member of the
steroid hormone receptor family of nuclear recep-
tors. The classical view is that AR resides in the
cytoplasm bound to a complex formed around heat
shock protein 90, and is liberated once bound by
testosterone. Free AR–testosterone complexes
migrate to the nucleus where they bind specific
DNA sequences and alter gene expression.14 While
variations on this theme exist, the end result is
testosterone-induced alterations in gene expression
mediated by interactions of the AR with chromatin.

Influence of testosterone
on breathing during sleep

A strong link exists between male gender and sleep
hypopneas, apneas, and desaturations.15,16 Evidence
of a link between testosterone levels and sleep-
disordered breathing came initially from case-
reports. In a study of obese males, all but one (who
was hypogonadal) had sleep apnea.17 Others
observed the development of sleep apnea in one
man and one woman who were administered testos-
terone; sleep apnea resolved upon discontinuation
of this hormone.18,19

Several small prospective studies also support a
link between sleep apnea and testosterone.
Administration of testosterone to 11 hypogonadal
males significantly increased the numbers of apneas
and hypopneas, resulting in a more than 2-fold
increase in disordered breathing events.20

Testosterone did not alter respiratory rhythm, sleep
distribution, or airflow. A more recent prospective,
randomized, placebo-controlled crossover study
found that for one night of sleep, testosterone
reduced total time asleep by 1 hour, increased dis-
ruptions to sleep by 7 events an hour, and increased
the duration of hypoxemia by 5 minutes.21 These
changes in sleep quality did not correlate with upper
airway dimensions, driving ability, or scores on
Epworth or Stanford sleepiness scales. 

Although these findings link testosterone levels
to alterations in breathing during sleep, they are
not sufficient to determine whether testosterone, or
more importantly, testosterone replacement in
hypogonadal men, increases the risk of developing
sleep apnea. Some insight into this question comes
from a meta-analysis of 19 studies in which testos-
terone was administered to men with low testos-
terone levels in randomized trials. The analysis
examined data from 651 testosterone-treated and
433 placebo-treated men.22 Testosterone replace-
ment did not significantly alter the risk of sleep
apnea. Nevertheless, the Endocrine Society clinical
guide to practice advises against beginning testos-
terone in patients with untreated obstructive sleep
apnea,23 and prudence suggests that patients should
be asked about symptoms of sleep-disordered
breathing prior to and after starting testosterone. 

Insights into possible mechanisms underlying
these effects of testosterone come from studies that
administration of testosterone to premenopausal
women raised their hypocapnic apnea threshold,24

suggesting effects on chemoreceptors, central pro-
cessing of chemoreceptor signals, or both. Studies of
the effects of increased respiratory loading concluded
that differences in predisposition to sleep apnea
between men and women related to greater col-
lapsability of airways in men, and that central control
of breathing in response to increased respiratory loads
was unaffected by gender.25 In this study, the two sub-
jects with greater numbers of dysrhythmic episodes
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while administered testosterone tended to have a
higher supraglottic resistance and lower mean pha-
ryngeal airway size. Consistent with this speculation,
in a case-report, administration of testosterone to a
woman known to snore resulted in the development
of sleep apnea associated with the development of
elevated supraglottic resistance, all of which normal-
ized with withdrawal of testosterone.19

Neither the site nor mechanisms by which testos-
terone promotes sleep apnea are known. As noted
above, testosterone has multiple effects on the cen-
tral nervous system. It remains possible that this hor-
mone could alter central control of respiration or
upper airway caliber or collapsibility. Testosterone
has direct effects on muscle, resulting in increased
muscle size and strength, and increased expression of
insulin-like growth factor-1, a potent stimulus for
muscle hypertrophy. Whether testosterone changes
muscle mechanical properties to facilitate collapse of
the upper airway remains unknown.

Conclusions

Androgen administration increases resting ventila-
tion, metabolic rate, and hypoxic and chemorecep-
tor responsiveness in the awake state. In contrast,
androgens may cause or act to accentuate apnea and
hypopnea during sleep. Neither the site of action
nor the mechanism by which these effects are
mediated is understood.
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CHAPTER 41

The role of androgens in respiratory
function
Ann M Spungen

Introduction

This chapter will review the muscles of breathing,
the effect of endogenous and exogenous testosterone
or anabolic steroid agents on peripheral skeletal
muscle, and the animal and limited human literature
on the effect of anabolic steroid administration on
respiratory function. Only ‘androgens’, such as
testosterone or any of its synthetic anabolic steroid
derivatives, will be discussed in this section. Other
anabolic agents, such as ß2 agonists or growth hor-
mone, which also promote anabolism but are not
androgens, will be excluded from discussion. 

Muscles of breathing

The muscles of breathing comprise three main
groups: the diaphragm, intercostal/accessory mus-
cles, and the abdominal wall group. These muscles
are unique from the other skeletal muscles in three
aspects: (1) they are both involuntary and volun-
tary; (2) they overcome resistive and elastic loads
rather than inertial loads; and (3) they must con-
tract regularly without prolonged rest throughout
life.1 The respiratory muscles work as either prime
movers or stabilizers of the chest wall to promote
inspiration and exhalation. The inspiratory muscles
of breathing function in a coordinated effort to
enlarge the thoracic cavity, creating a negative
intrapleural pressure and inflating the lung. The

diaphragm is the primary muscle responsible for
inspiration during quiet breathing (tidal breathing).
Exhalation during quiet breathing is largely passive.
The inspiratory action of the diaphragm is depen-
dent on its configuration and the presence of
abdominal resistance. In patients with pulmonary
compromise, the diaphragm may flatten, weakening
its ability to inspire. The diaphragm is innervated at
cervical level 3, 4, and 5 (Figure 41.1). The acces-
sory muscles include the scalenes, sternocleidomas-
toids, and trapezius; these muscles contribute
minimally to inhalation during tidal breathing.
DeTroyer et al.2 speculated that the scalenes may
play an active role by stabilizing the rib cage during
quiet breathing. In cases of cervical paralysis, such
as that seen in those with tetraplegia, the pectoralis
major has been shown to participate in exspiration.3

The intercostal muscles are primarily responsible for
forced efforts of inhalation (external intercostals)
and exhalation (internal intercostals); these mus-
cles are innervated at thoracic level 1 to 12 (Figure
41.1) and are recruited to assist with deep inspira-
tions and forceful exhalations. The abdominal wall
group consists of the recti, external and internal
obliques, and the transverse abdominis. These mus-
cles are innervated at thoracic level 1 to lumbar
level 2 and they primarily contract to participate in
exhalation at higher levels of ventilation, such as
during exercise or stress and during explosive exha-
lation (cough). The abdominal wall group is rela-
tively inactive during quiet breathing.

Lunenfeld-ch-41.qxd  8/23/2007  5:14 PM  Page 521



Morgan and colleagues1 describe three major eti-
ologies responsible for respiratory failure and muscle
fatigue manifesting themselves in three ways: (1)
lack of central neurologic drive; (2) mechanical dis-
orders of the chest wall; and (3) failure of the mus-
cles to generate the required force, that is fatigue.
Anabolic therapies are postulated to have the most
significant impact on the third mechanism, muscle
fatigue, by their effect to strengthen respiratory
muscles. Following is a discussion of the mecha-
nisms of anabolic therapies and their effect on res-
piratory muscles.

Effects of testosterone on skeletal
muscle

Testosterone administration increases muscle protein
synthesis in normal men.4 Hypogonadism in non-
elderly men is associated with reductions in lean
body and muscle mass, with testosterone replacement
therapy increasing lean body tissue and muscle
strength.5–9 Mauras and colleagues8 addressed the spe-
cific effects of androgens on body composition and
protein metabolism in six healthy men (23.2 ± 0.5
(SE) years of age). Gonadal suppression was achieved
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with a long-acting gonadotropin releasing factor ana-
log (Lupron, TAP Pharmaceuticals, IL, USA) to pro-
duce prepubertal levels of serum testosterone. After
10 weeks of suppressive therapy, all subjects demon-
strated a decrease in fat-free mass and an increase in
fat mass; muscle strength of the legs was decreased.8

Thus, in men with hypogonadism or in young men
who were chemically ablated for endogenous andro-
gens, muscle mass and strength were clearly deficient.

Normal aging is associated with a decline in
serum testosterone levels.10,11 It has been controver-
sial as to whether the fall in serum testosterone
levels with advancing age is due to aging, chronic
illness, or medication use. Gray and colleagues10

conducted a crosssectional survey of a population of
men aged 39 to 70 years who were either com-
pletely healthy (n = 415) or who had a medical con-
dition or were on prescription medications (n =
1294). The less healthy men had 10 to 15% lower
levels of androgens than those who were healthy.
However, regardless of health status, the rates of
decline of total testosterone, free testosterone or
major androgens and metabolites were a similar.10

As part of the Baltimore Longitudinal Study,
Harman and coworkers11 performed serum testos-
terone measurements in a population of men (n =
890) over 20 years. The incidence of hypogo-
nadism, based upon total testosterone, concentra-
tion, increased from 20% of men over the age of 60
to 30% over 70 and 50% over 80. Because of the
potential of testosterone replacement to prevent or
partially reduce the age-related changes in body
composition, muscle strength, functional impair-
ment, and quality of life, such hormonal therapy
may be indicated in those men with the lowest
serum testosterone concentrations.

Several reports have studied testosterone
replacement in elderly men.12–15 Urban and col-
leagues12 investigated the effects of physiologic
testosterone administration for 4 weeks in six
healthy older men (67 ± 2 (SE) years of age). Leg
muscle strength increased, as did fractional syn-
thetic rate of muscle protein by a stable-isotope
infusion technique. Other reports have generally
noted an increase in lean body tissue and muscle
strength, and decreased fat mass in response to
testosterone replacement therapy.13–15 Muscle loss

attributed to secondary causes of androgen defi-
ciency, such as that occuring in hypogonadal men
with acquired immunodeficiency syndrome (AIDS)
and a wasting myopathy, have been shown to corre-
late with testosterone levels and respond to andro-
gen therapy.9,16,17

Individuals with spinal cord injury occupy the
lowest end of the activity spectrum and have been
considered to be a model of immobilization and pre-
mature aging.18,19 The level of pulmonary impair-
ment is closely related to the level of spinal cord
lesion. Chronic spinal cord injury is associated with
a continuous loss in lean body tissue mass.19

Tsitouras and colleagues20 noted that persons with
spinal cord injury had significantly lower levels of
serum total and free testosterone compared with
able-bodied subjects. In larger groups of subjects,
Bauman and coworkers21 found that those with
spinal cord injury also had lower serum total testos-
terone levels, which declined at 9% per decade
compared with 5% per decade in the able-bodied
controls. 

Supraphysiologic administration of testosterone
has been demonstrated to have a pronounced effect
on muscle mass. Bhasin and colleagues22 adminis-
tered 600 mg of testosterone enanthate or placebo
weekly for 10 weeks. Even in the absence of
strength training, supraphysiologic testosterone
doses produced increased muscle mass of the arms
and legs, associated with increased strength; this
effect was further augmented with strength train-
ing.22 Anabolic steroid therapy in the higher dose
ranges would be expected to have a similar effect on
muscle mass to that seen with supraphysiologic
testosterone administration.

Effects of anabolic steroids on the
diaphragm

Several animal studies have been performed to
investigate the effect of synthetic anabolic steroid
and/or testosterone administration on respiratory
muscles. In a study of healthy postpubescent female
and male rats, Bisschop and co-workers23 investi-
gated the effect of 5 weeks of low-dose (1.5 mg/kg)
and high-dose (7.5 mg/kg) nandrolone decanoate

523

The role of androgens in respiratory function

Lunenfeld-ch-41.qxd  8/23/2007  5:14 PM  Page 523



(a testosterone derivative administered im with a
moderately high anabolic-to-androgenic ratio) on
histochemical, contractile, and fatigue properties of
the diaphragm. In the nandrolone decanoate-
treated groups compared with the control group,
the crosssectional area of type IIx/b fibers was
increased (p < 0.05), whereas those of type I and
type IIa fibers were not significantly altered. Time-
to-peak tension and half-relaxation time decreased
in the two treatment groups (p < 0.05 and p < 0.01,
respectively), whereas maximal twitch tension,
maximal tetonic tension, and the ratio did not
change significantly with treatment. Force-fre-
quency curves and fatigue properties were not
affected by nandrolone decanoate treatment. No
gender bias was found for any of the diaphragm
properties measured. The significant changes in
muscle function found in this study were consistent
with diaphragm muscle hypertrophy. Prezant and
colleagues24 investigated the use of testosterone
propionate (2.5 mg/day; 5 days/week) in healthy
male and female rats during short-term (2.5 weeks)
and long-term (10 weeks) administration. In
females, but not males, testosterone treatment pro-
duced significant increases in body weight, costal
diaphragm weight, and contractility and significant
decreases in fatigue resistance indexes. One expla-
nation for the lack of a significant finding in male
rats was that the dose of testosterone administered
was too low to elicit an effect. In both sexes, no sig-
nificant difference in fiber type proportions or areas
was observed, regardless of treatment duration or
the baseline circulating androgen level. When all
rats were analyzed together, significant improve-
ments were found for diaphragm contractility and
fatigue resistance. The authors noted that these
were healthy, normally breathing animals and that
in a more compromised breathing model, greater
testosterone-related changes may occur. 

Van Balkom and colleagues25 studied the effect of
anabolic steroid administration on respiratory mus-
cle function in pulmonary compromised animal
models. One study was designed to investigate
whether anabolic steroid administration could
block the loss of diaphragm force caused by long-
term use of methylprednisolone. Adult male rats
were administered low-dose methylprednisolone

(0.2 mg/kg/day for 9 months) with saline or with
saline and nandrolone decanoate (1 mg/kg/week im
during the final 3 months). The methylpred-
nisolone-only group experienced a reduction in
diaphragm force of 10%. This effect was completely
antagonized in the group that received nandrolone
decanoate. In a similar study by these same investi-
gators, using an emphysematous hamster model, the
addition of nandrolone decanoate in a clinically rel-
evant dose completely reversed myosin heavy chain
type IIa and IIx diaphragm muscle atrophy caused by
the glucocorticoid agent. In both in vitro and
in vivo rat studies, anabolic steroid agents have been
demonstrated to competitively displace corticos-
teroids from their cytoplasmic receptors in muscle.26

At low stimulation frequencies in the emphysema-
tous hamsters, the improvement in force generation
in the diaphragm from the anabolic steroid addition
was to the level of the control animals.27

Compared with other skeletal muscles, the
diaphragm has a higher cytosol androgen receptor
density28 and participates in continuous cyclic con-
traction, theoretically increasing its potential to
benefit from anabolic steroid administration. These
animal studies lend support to the concept that ana-
bolic steroid administration may significantly
impact respiratory skeletal muscle fatigue. Patients
with pulmonary compromise, such as emphysema,
chronic obstructive pulmonary disease (COPD),
tetraplegia, and other neuromuscular disorders, may
benefit from anabolic steroid administration. To
date, there is a scarcity of investigation performed in
this area. However, it may be speculated that ana-
bolic steroid therapy has the potential to improve
diaphragmatic strength and endurance in patients
with respiratory failure. 

Effects of anabolic steroids on
pulmonary function

Only a few studies exist in humans that have inves-
tigated the role of anabolic steroids to improve res-
piratory muscle function and/or general pulmonary
function. However, patients with chronic obstruc-
tive pulmonary disease (COPD) often experience
moderate to severe weight loss in association with
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decreases in pulmonary function and their general
ability to breathe. Ferreira and coworkers29 investi-
gated the effect of oral anabolic steroids on body
mass index (BMI), lean body mass, anthropometric
measures, respiratory muscle strength, and func-
tional exercise capacity in subjects with COPD in a
prospective, randomized, double-blind, placebo-
controlled study. The study group received testos-
terone (250 mg im) and oral stanozolol (12 mg/day)
for 27 weeks. The control group received placebo
injection and an oral placebo tablet. Seventeen of
23 subjects completed the study (10 in the treat-
ment group and 7 controls). Anabolic treatment
was associated with increases in BMI, lean body
mass, and anthropometric measures of arm and
thigh circumference, with no significant changes in
endurance exercise capacity. A trend was evident in
the treatment group for maximal inspiratory mouth
pressure (PImax) to increase by an average of 41%,
but this was not statistically different from the con-
trol group (who demonstrated a 20% increase in
PImax). The authors reported that administration of
an oral anabolic steroid for 27 weeks to malnour-
ished male subjects with COPD was free of clinical
or biochemical side-effects.

In another study, by Schols and colleagues,30 217
patients with COPD participated in a placebo-con-
trolled, randomized trial investigating the physio-
logic effects of nutritional intervention alone for
8 weeks or combined with an anabolic steroid, nan-
drolone decanoate, injected im over 8 weeks (on
days 1, 15, 29, and 43 at doses of 25 mg in women or
50 mg in men). Maximal inspiratory mouth pressure
improved for the nutrition-only and the anabolic
steroid plus nutrition groups in the first 4 weeks of
treatment. After week 8 of treatment, only those in
the nandrolone decanoate plus nutrition group were
significantly greater than the placebo group for max-
imal inspiratory pressure (p < 0.03). The nutrition
group had a significant weight gain that was pre-
dominantly due to an expansion of fat mass (p <
0.03). In contrast, the weight gain in the nandrolone
decanoate plus nutrition group resulted from more
favorable relative changes in fat-free mass, as well as
other measures of muscle mass (p < 0.03).

Pulmonary complications are a major cause of
morbidity and mortality among individuals with

cervical spinal cord lesions, primarily due to paraly-
sis of the muscles of respiration. Strengthening of
the remaining intact respiratory musculature may
reduce these complications and improve pulmonary
function. An open-label pilot study was performed
to investigate the effect of 1 month of treatment
with oxandrolone (an anabolic steroid with the
highest anabolic-to-androgenic ratio) on weight
gain and pulmonary function. Ten healthy adult
male subjects with complete motor tetraplegia of
greater than 1-year’s duration participated in this
study. Spirometry, maximal inspiratory and expira-
tory pressures, and resting self-rating of dyspnea
(Borg scale) were measured at baseline and repeated
again at the end of 1 month of oxandrolone therapy
(20 mg/day). On average, the subjects gained 1.4 ±
1.5 kg, a 2 ± 2% increase in weight (p = 0.01). A
significant 9 ± 2% improvement was found in the
combined measures of spirometry (p < 0.005).
Maximal inspiratory pressure improved by an aver-
age of 10 ± 7% (p < 0.001). Maximal expiratory
pressure improved by 9 ± 13% (non-significant).
Subjective self-rating of dyspnea decreased by an
average of 37 ± 28% (p < 0.01). In healthy subjects
with tetraplegia, the use of oxandrolone was associ-
ated with significant improvements in weight and
pulmonary function, and a subjective reduction in
breathlessness.31 In the absence of any clinical stud-
ies, it may be speculated that anabolic steroid
administration be considered in the therapy of indi-
viduals with tetraplegia in an effort to strengthen
respiratory musculature during respiratory insuffi-
ciency precipitated by intercurrent infectious pul-
monary illness.

Association of male gender with
greater airway inflammation and
airway responsiveness

In a study designed to investigate the influence of
gender on lung function, airway inflammation, and
airway responsiveness to provocative challenge in
naïve laboratory mice, Card et al reported significant
gender differences.32 Several experiments were per-
formed. In the first, no gender differences were
found for baseline conditions of breathing frequency
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and tidal volume. Following administration of
aerosolized methacholine (cholinergic stimulation),
peak values for resistance and elastance were signifi-
cantly greater in males compared with females.
Overall, the airways of male mice were more hyper-
responsive than female mice after challenge. In mice
treated with lipopolysaccharide (LPS), a known air-
way inflammatory agent, male mice had significantly
increased bronchoalveolar lavage (BAL) fluid cells
compared with saline-treated and female LPS-
treated mice. LPS-treated female mice were not dif-
ferent from saline-treated mice. LPS-treated male
mice were also found to have higher BAL fluid
indices of inflammation and histopathologic scores
for inflammation than saline- and LPS-treated
female mice. The experiment was repeated in
gonadectomized male and ovariectomized female
mice. In the castrated male mice treated with LPS,
there was an attenuation of airway inflammation,
while the ovariectomy had no effect. Testosterone
administration to female mice increased their
responsiveness to LPS and methacholine challenge.
It was concluded that male sex hormones appear to
play a role in promoting airway hyperresponsiveness
to cholinergic challenge and to the inflammatory
response to LPS challenge.32 In a second publication
by this same group, the authors provide further evi-
dence that male sex hormones are associated with
vagally-mediated airway responsiveness.33 As yet, no
such findings of an association of testosterone or
other male hormones with airway hyperresponsive-
ness have been demonstrated in humans. However,
because of the potential use of testosterone replace-
ment therapy for hypogonadism the effects on airway
reactivity should be investigated.

Summary

The respiratory musculature may have an aug-
mented potential to respond to anabolic steroid
therapy compared with other skeletal muscles to
improve in size, strength, and contractility and delay
the onset of fatigue. For the pulmonary compromised
patient, there is an obvious need for further investi-
gation in this area. Studies to determine the optimal
dosing regimens of anabolic steroids combined with

nutrition and/or exercise training are needed.
Potential applications to accelerate ventilator wean-
ing are also of considerable importance. 
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CHAPTER 42

Changes in libido/sex life
Syed H Tariq 

Introduction

Decline in sexual activity, interest, and desire has
been reported by a number of investigators.1–5

Advanced age has a significant negative effect on
sexual desire, but there is no difference in sexual
enjoyment and satisfaction between young and older
persons.6 About 50% of older adults express sexual
desire in the ninth decade and about 15% are sexu-
ally active.7 Pfeiffer et al8 reported that in their study
95% of the men aged 46 to 50 years had weekly
intercourse, which decreased to 28% at the age of 66
to 71. Kinsey et al9 reported reduced frequency of
intercourse to once every 10 weeks by age 80. Sexual
activity is reported to decrease in older married cou-
ples from 53% at the age of 60 to 24% over the age
of 76.10 In one study of older adults between the ages
of 80 and 102 years who were sexually active, 83%
of men were reported touching and caressing with-
out intercourse, and 72% of men engaged in mastur-
bation.11 Janus and Janus12 reported a decrease in
frequency of masturbation after the age of 65 years. 

Erectile dysfunction affects about 10 to 20 mil-
lion men in the United States.13 Kinsey et al14

reported an increase in erectile dysfunction with
age, 27% at the age of 70 years, 55% at the age of 75
years, and about 75% at the age of 80 years.

In the USA there are about 3.5 million gay peo-
ple over the age of 60.15,16 Older gay men are a
diverse population, with many aging successfully,
living a healthy and satisfying lifestyle.17 All older
gay persons have in common, at least in the USA,
an experience of living in a society where the gay

lifestyle is oppressed, and there is a general failure
to recognize and affirm loving relationships among
the same gender. Most of the older homosexual
men will not reveal their sexual feelings in public.
They face the same sort of problems with relation-
ships  that older heterosexual men experience.
Older homosexual men suffer additional problems
of stress when they hide their sexual preferences or
attempt to find a partner, especially in the nursing
homes. Gay-oriented long-term care facilities are
currently not available. 

A support group called ‘Gay and Lesbians Older
and Wiser’ (GLOW) has been established in Ann
Arbor, Michigan.18 The GLOW service is provided
by a university-based geriatric clinic, staffed by pro-
fessional social workers who provide social support.
The GLOW initiative and others have shown that
older gay men who are integrated into the gay com-
munity develop extended relationships, which serve
as surrogate family.19,20

Recent advances in the physiology of aging have
made it possible to understand the effects of aging
on sexuality, and the effects of disease and drugs on
sexual/erectile dysfunction. Today there are more
treatment options available that are non-invasive
and are efficacious. The media play a major role in
advertising the newly available commercial prod-
ucts that place the burden on the primary care
physician to identify and treat sexual problems.
Patients expect physicians to help maintain quality
of life in the seventh decade and beyond. Men with
erectile dysfunction have an impaired quality of
life compared with healthy individuals as sexual
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activity contributes to the quality of life of couples
or individuals.21

Physiology of penile erection

Sexual activity consists of libido and potency.
Libido comprises sexual desire/drive, thoughts and
fantasies, satisfaction and pleasure. Potency is the
ability to attain and maintain erection and to ejac-
ulate. Penile erection is obtained in three different
ways. The first pathway is through local genital
stimulation, causing afferent sensations in the sen-
sory receptors of the penile shaft and glans penis
that are carried to the spinal cord by the somatic
pudendal nerve. The sensory perception is than car-
ried to the higher centers, and efferent impulses
leave the spinal cord via the sacral parasympathetic
center to the pelvic plexus and the cavernous
nerves into the corpus cavernosum. The second
pathway is psychogenic stimulation that occurs
through visual or auditory stimuli; this is more com-
plex and less well understood. The third type of
penile erection is seen during rapid eye movement
(REM) sleep, the physiology of which is not known.

In the flaccid state, sympathetic activity causes
vasoconstriction of the arteries, arterioles, and sinu-
soidal spaces within the corpora cavernosa. During
erection the adrenergic-induced vasoconstriction of
the sinusoidal spaces is overcome by the vasodilata-
tion of the parasympathetic nervous system. The
vasodilatation leads to an increase in arterial blood
flow causing an increased pressure in the cavernosal
spaces, which occludes the venous system and leads
to penile erection. After ejaculation or termination
of the erotic stimuli, the sympathetic nerve termi-
nals release catecholamines. The catecholamines
cause contraction of the smooth muscles around the
sinusoids and arterioles, resulting in a decrease in
blood inflow and expulsion of blood out of the sinu-
soidal spaces, resulting in a flaccid state.

A number of neurotransmitters play an impor-
tant role in penile erection. Nitric oxide is released
during sexual stimulation by endothelial cells and
cavernous nerves. Nitric oxide, along with other
agents such as prostaglandins E2 and E1, vasoactive
intestinal peptide, neuropeptide Y, and acetyl-
choline, causes smooth muscle relaxation and

penile erection. Smooth muscle contraction is
caused by prostaglandin F2 α, substance P, histamine,
and norepinephrine. 

Physiologic changes with age
in the male

There are four stages of the sexual response cycle:
excitement, plateau, orgasm, and resolution. Masters
and Johnson described changes in these cycles with
aging.22 During the excitement phase there is delay
in erection, decrease in the erectile strength, and
decrease in scrotal congestion and testicular eleva-
tion with advanced age. There is a prolongation
of the plateau phase along with a decrease in pre-
ejaculatory secretion. The orgasmic phase is shorter
with diminished prostatic and urethral contractions
and a decrease in ejaculatory force. The ejaculation
time is longer compared to young adults with longer
periods of coitus. In the resolution phase there is
rapid detumescence and rapid testicular descent.
The refractory period is also prolonged with age. 

The sensitivity of the penis to stimulation
decreases with age and it takes longer to achieve erec-
tion.23 Erection becomes more dependent on physical
stimulation of the penis and less responsive to visual,
non-genital, and psychologic stimulation. Although
penile rigidity decreases with age it generally remains
adequate for vaginal penetration, although in some
men the capability for penetration is lost.14

Nocturnal penile tumescence is impaired and is
considered an indicator of erectile dysfunction.
Schiavi et al reported that, in married couples or
those in stable relationships between the age of 45
and 75, sexual desire, arousal, coital frequency, and
prevalence of erectile problems correlated with noc-
turnal penile tumescence measures.6 Furthermore in
healthy older men there is a decrease in frequency
and degree of erection obtained during sleep.24–26

In normal older adults there are individual vari-
ations in circulating testosterone levels, which are
not associated with individual variations in sexual
drive or behavior.27 With the onset of middle age
there is a gradual decrease in sexual desire or
libido.28,29 Libido in men is linked to testosterone30

and when testosterone is replaced in hypogonadal
men there is an increase in sexual thoughts and
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sexual desire.31–33 In men a male ‘menopause’,
‘viropause’, or ‘andropause’ occurs, similar to the
menopause in women. It is characterized by a
decrease in total as well as bioavailable testosterone,
but without a concomitant increase in luteinizing
hormone levels.34–37 Schiavi et al6 reported that
bioavailable testosterone is related to sexual desire
but not to coital frequency. The mechanism of
action of androgens on sexual drive is yet to be
determined in humans, but there are data from ani-
mal studies that indicate that the median preoptic
hypothalamus area and associated limbic structures
are involved in sexual behavior.38

Other agents that have been suggested by others
to be involved in sexual desire and arousal in men
and are estrogen, prolactin, and endogenous opiate
peptides.39,40 Elevated prolactin levels can be associ-
ated with low sexual desire independently from
androgen levels and probably act directly or via
reduced central dopaminergic activity.

Psychologic problems can be attributed to
sexual problems in both young and older adults.
Psychologic conditions such as depression and psy-
chosocial stresses (divorce, death of spouse, loss of
social status, loss of job, health-related family prob-
lems) are prevalent in older adults and contribute to
sexual problems.40 Sexual dissatisfaction is also
related with marital relationship problems, which
vary from interpersonal problems and inadequate
communication of sexual needs to poor sexual tech-
niques. Other issues such as problems of commit-
ment, power struggle, and lack of trust may all
reflect dissatisfaction on the partner’s behalf and
may relate to sexual problems.40–42 Older men may
develop ‘widower’s syndrome’, which is character-
ized by failure of erection after the death of a
spouse.43,44

Evaluation of the decrease in sexual
drive/libido 

A thorough and careful history will help differen-
tiate difficulty in erection from a decreased desire
in sex or libido; early-morning erection can be
seen in persons with both organic and psy-
chogenic problems. A detailed history with the
partner will help uncover some of the problems

within a relationship. Risk factors for erectile
dysfunction can also be assessed in the history,
such as vascular disease, hormonal problems (thy-
roid, diabetes) neurologic dysfunction, medica-
tion, past surgery, or trauma; and psychologic and
social factors, including evaluation for depression.
A detailed examination of medication is impor-
tant, since a number of medications are associated
with decreased libido, as shown in Table 42.1.
The standard depression assessment tools such as
the Beck Depression Inventory or Yesavage
Geriatric Scale can be used. Tools are also avail-
able to screen patient for androgen deficiency
such as that developed by Saint Louis University,
the Androgen Deficiency in Aging Males
(ADAM) questionnaire (Table 42.2) A positive
answer to question 1 or 7 or any other three ques-
tions is considered to have a high likelihood of
having low testosterone. The ADAM question-
naire has a sensitivity of 88% and a specificity of
60%, validated in 310 Canadian physicians.
There is clear improvement in the ADAM ques-
tionnaire results after treatment with testos-
terone.45 The ADAM questionnaire also helps to
identify patients with symptoms of depression and
hypothyroidism. It is advisable to exclude both
depression and hypothyroidism prior to initiating
work-up for hypogonadism and erectile dysfunction. 

Physical examination should include an assess-
ment of secondary sexual characteristics along with
a detailed examination for vascular and neurologic
problems. Local penile shaft examination is also
important to rule out Peyronie’s disease.

The laboratory evaluation will help to look for
the etiology of erectile dysfunction, such as tests for
diabetes, renal function, lipid profile, thyroid func-
tion, prolactin levels, and penile brachial pressure
index. The single most important test for a decrease
in sexual drive or libido is to check bioavailable
testosterone (non-sex-hormone-bound testos-
terone) if the calculated total testosterone level is
between 300 and 500 ng/dl. The bioavailable testos-
terone level measured in the saliva of patients has
recently been shown to correlate well with the
bioavailable testosterone measured in plasma. 

Most cross-sectional studies35,46–49 have demon-
strated that testosterone levels decease with age,
although the Baltimore Longitudinal Aging Study
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failed to find a decrease in testosterone in cross-
sectional data.50 Morley et al51 demonstrated a fall
in testosterone levels of 100 ng/dl per decade in a
longitudinal study of older males in the New
Mexico Process Study of Aging. Just as free testos-
terone level declines with aging, a number of
studies have reported a decline in bioavailable
testosterone with aging.35–37,52,53 Bioavailable and
free testosterone decline earlier than the total
testosterone with aging.54 A decline in bioavailable
testosterone is seen in 50% of men by 50 years of
age.36 Luteinizing hormone levels fail to increase
appropriately in response to the decreasing testos-
terone levels with age, suggesting failure of hypo-
thalamic–pituitary axis and hence secondary
hypogonadism.35,36,55,56

Treatment of decreased sexual drive 

The choice of treatment in men with a decrease in
sexual drive or libido is guided by the possible cause
and the treatment options available. If the history
suggests any marital discord or psychiatric problems
such as depression or anxiety, appropriate counsel-
ing should be provided or medical treatment should
be offered for depression. This is discussed elsewhere
in this section. If the decrease in sexual desire is
related to medication use it should be stopped. If the
problem is secondary to testosterone deficiency,
then testosterone replacement therapy is indicated.
A number of options are available for administra-
tion of testosterone. 

Intramuscular injections
Intramuscular injections of testosterone enanthate
or cypionate are the two available forms. Injection
of either 100 mg or 200 mg can be given every 7 to
21 days, but in clinical practice it is usually given
every 14 days. It is cheap compared to other prepa-
rations but is contraindicated in patients who are on
warfarin therapy.
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Table 42.1 Drugs that may affect sexual
desire in men

Drugs that may increase sexual desire
Androgens (in androgen deficit states)
Baclofen (possible anti-anxiety effect)
Benzodiazepines (anti-anxiety effect)
Haloperidol (indirect effect due to improved
sense of well-being) 

Drugs that may decrease sexual desire
Antihistamines/barbiturates/benzodiazepines
Tricyclic antidepressants
Diuretics

spironolactone
hydrochlorothiazide
acetazolamide
methazolamide

Antihypertensives
reserpine
propranolol
clonidine
alpha-methyldopa
prazosin 

Cimetidine
Hormones 

estrogen
medroxyprogesterone

Clofibrate
Digoxin
Lithium

Table 42.2 Saint Louis University ADAMS
questionnaire 

1. Do you have a decrease in libido
(sex drive)?

2. Do you have a lack of energy?
3. Do you have a decrease in strength

and/or endurance?
4. Have you lost height?
5. Have you noticed a decreased ‘enjoyment

of life’?
6. Are you sad and/or grumpy?
7. Are your erections less strong?
8. Have you noted a recent deterioration

in your ability to play sports?
9. Are you falling asleep after dinner?

10. Has there been a recent deterioration
in your work performance?

Adapted from Morley et al. Validation of a screening
questionnaire for androgen deficiency of aging
males. Metabolism 2000; 49: 1239–42.45
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Transdermal preparations
Three transdermal preparations are available.
Testoderm (Alza Pharmaceuticals, Palo Alto, CA)
is a patch that is applied to the scrotum (with a pre-
requisite of shaving). The absorption is good, a nor-
mal physiologic level of circulating testosterone is
achieved, and it is successfully used in older per-
sons.58,59 The initial dose of Testoderm is 6 mg/day,
applied to the scrotal skin for 22 to 24 hours. Serum
levels are determined after 3–4 weeks of daily appli-
cation. If the desired levels are not achieved in 6–8
weeks of therapy another form of testosterone
should be considered. 

The second preparation is Androderm
(SmithKline Beecham, Pittsburgh, PA), which is
placed on any area of the skin except the scrotum
and is associated with higher levels of allergic reac-
tions.60,61 It is applied for 24 hours. Clinical studies
of transdermal systems demonstrate their efficacy in
providing adequate testosterone replacement ther-
apy.62–64 Skin irritation may be associated with the
use of transdermal systems; however, Testoderm and
Testoderm TTS caused significantly less topical skin
irritation than Androderm in two separate clinical
studies.65,66

Testosterone is also available in a form of a gel
called Androgel and Testim. It has the advantage of
not being visible and maintains patient privacy. 

Testosterone pellets
Testosterone pellets are a slow-release preparation,
lasting for 3 months, implanted under the skin. The
major disadvantage is difficulty in removing the
pellets. 

Oral preparations
Oral preparations are potentially toxic to the liver
with the exception of testosterone undecanoate
(Ondrol ®), which is absorbed through the lymphat-
ics. It can be used an alternative to intramuscular
injections for testosterone replacement therapy.
Both modified and unmodified oral testosterone
preparations are available. Unmodified testosterone
is rapidly absorbed by the liver, making satisfactory
serum concentrations difficult to achieve. Modified
17α-alkyltestosterones, such as methyltestosterone
or fluoxymesterone, also require relatively large

doses that must be taken several times a day. An
intranasal spray of testosterone is in the process of
development.

Monitoring patients on testosterone
replacement

Patients on testosterone replacement therapy
should be monitored to ensure that testosterone
levels are within normal levels. Serum testosterone
levels should be checked three to 12 hours after
application of a transdermal delivery system. For
patients on injectable testosterone, nadir testos-
terone levels should normally be obtained at three
to four months prior to the next injection. Levels
that exceed 500 ng/dL or are less than 200 ng/dL
require adjustment of the dose or frequency. A
digital rectal examination (DRE) and prostate spe-
cific antigen (PSA) should be repeated approxi-
mately three to six months, and then annually in
men > 40 years of age. An abnormal DRE, a con-
firmed increase in PSA > 2 ng/mL, or a total PSA
> 4.0 ng/mL requires urologic evaluation that usually
consists of transrectal ultrasonography and prostate
biopsies. The hematocrit level should also be
checked at three to six months, and then annually.
A hematocrit > 55% warrants evaluation for
hypoxia and sleep apnea and/or a reduction in the
dose of testosterone therapy.67–69

Polycythemia and Testosterone
replacement 
Replacement of testosterone appears to stimulate
erythropoiesis. A rise in hematocrit is generally
beneficial in anemia; elevation above the normal
range may have grave consequences resulting in
coronary or cerebrovascular accidents.69–72 Increase
in hemoglobin is associated with the route of testos-
terone replacement. Injections have increased
hematocrit by 44%, transdermal non-scrotal patch
by 15%73 and scrotal patch by 5%.74 Wang et al75

reported a direct relationship between testosterone
dosage and the incidence of erythrocytosis.
Erythrocytosis was reported in 2.8% of men on 5 mg
of nonscrotal patches, 11% with 50 mg/day and
18% with 100-mg/day gel respectively.
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Benign prostatic hypertrophy 
It is a well-established fact that androgens induce
benign prostatic hypertrophy (BPH), and that it
decreases with a decrease in serum testosterone.
However, a number of studies have failed to show
that testosterone replacement exacerbated urinary
retention or the voiding symptoms of BPH com-
pared to placebo.73,76–81

Prostate cancer and testosterone
replacement 
Case reports have suggested that testosterone
replacement therapy may convert occult cancer
into a clinically apparent lesion.82,83 To date,
prospective studies have demonstrated a low fre-
quency of prostate cancer in association with testos-
terone replacement therapy. A compilation of
published prospective trials of testosterone replace-
ment therapy showed prostate cancer in 5 of 461
men (1.1%) followed for 6 to 36 months,73,75,81 a
prevalence rate very similar to that of the general
population. There is some concern that the under-
lying prevalence of occult prostate cancer in men
with low testosterone levels appears to be substan-
tial.84 Despite decades of research there is no com-
pelling evidence that testosterone has a causative
role in prostate cancer.79,80,85–88 Other side-effects are
outlined in Table 42.3.
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CHAPTER 43

Depression
Margaret-Mary G Wilson

The agony they do not show,
the suffocating sense of woe …

Lord Byron (1788–1824)
Prometheus, Works: 1832

Introdcution

The pervading trend of global consumerism threat-
ens the positive concept of durability by emphasiz-
ing the hazards of antiquity. The perception of aging
by modern society is affected by this trend. Western
cultures propagate the impression that the aging
process is merely the descent along a gradual slope
that inevitably leads to death. Viewed in this man-
ner, it is not surprising that depression is erro-
neously considered a natural reaction to the aging
process. Available evidence indicates that this bias
exists even among health-care professionals.1 Such
attitudes pose obstacles to the provision of ade-
quate, well-coordinated care to a segment of the
population at risk from a life-threatening disease.

In the USA one million people over the age of
65 years are diagnosed with major depression and 5
million others experience depressive symptoms.
Annual health-care costs related to depression are
estimated at 43 billion dollars. Within the next two
decades these figures are expected to increase by
more than 50%.2–4 The prevalence of depression
among community-dwelling older adults ranges
from 1 to 3%, with depressive symptoms occuring in
8–16% of this population.5,6 Although similar fig-
ures are reported for the younger segment of the

community-dwelling population, older adults are
more likely to commit suicide as a result of depres-
sion than younger adults.7 Across the life cycle
depression occurs in men at half the frequency with
which it occurs in women. Similarly, older men are
less likely than older women to be diagnosed with
depression. However, following diagnosis the inci-
dence of recurrent episodes is similar between the
genders.8 Gender differences have also been
observed in the frequency of suicide, which is
higher in men. This gender difference increases
with age and peaks among the oldest old.9 However,
suicide attempts, the majority of which are unsuc-
cessfull, occur with greater frequency among
women.10 Older, white men commit suicide at a
higher rate than any other cohort in society.
However, the rate of suicide among African-
American men is rising at a faster rate. Between
1980 and 1986, suicide rates among white men
increased by 23% compared with an increase of
42% among African-American men.9 Several
explanations have been proffered for the gender and
age-related variations in the frequency of suicide.
Older men are more likely to use more violent
methods of suicide, such as hanging and gunshots.
The higher rates of substance abuse and the rela-
tively lean social support systems of older men con-
stitute additional risk factors for suicide in the
depressed older man.10,11

The relatively high prevalence of depression in
the institutionalized setting may be a reflection of
the significant medical comorbidity associated with
depression in the older adult.12,13 Major depression
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is diagnosed in approximately 30% of long-term
care residents, with a similar frequency between the
genders.4,14 The older man is less likely than the
older woman to report depressive symptoms or seek
psychiatric help. However, available data indicate
that depression is a marker for increased use of hos-
pital services among older men. A similar relation-
ship does not occur in older women.9,15 These
characteristics may jeopardize prompt clinical
detection and treatment of depression in the older
man, thereby increasing the risk of morbidity and
mortality associated with this disease.

Pathophysiology

The pathophysiology of depression has not been fully
elucidated. Even less well understood are the
observed age and gender differences in the manifesta-
tions of depression. The role of neurotransmitters has
been extensively explored. Current theories impli-
cate a reduction in central nervous system serotonin-
ergic activity. Decreased levels of 5-hydroxyindoleacetic
acid (5-HIAA) have been identified in the cere-
brospinal fluid (CSF) of depressed persons. Bryer and
colleagues16 measured the concentrations of CSF
monoamine metabolites in patients with a recent
cerebrovascular infarct. They found significantly
lower concentrations of 5-HIAA in the subgroup of
patients with depression compared with non-
depressed patients. They also demonstrated a signifi-
cant correlation between 5-HIAA levels and the
distance of the infarct from the frontal lobe.
Additional studies of post-stroke patients identified a
correlation between depression and the anatomic
location of the infarct. Review of these studies sup-
ports a lateralized effect, but restricts this correlation
to the left hemisphere only.17–19 More recent studies
in support of these findings show that left anterior
hemisphere lesions are significantly associated with a
higher incidence of depression. However, this associ-
ation was restricted to one month following the
stroke, after which anatomic correlation to depres-
sive symptoms can no longer be demonstrated.20

Neurochemical imaging studies showed that among
patients with left hemisphere strokes, 5-hydrox-
ytryptamine receptor binding was significantly lower

in the left temporal cortex of depressed patients.21

These studies lend credence to the occurrence of
depression as a biochemical response to structural
brain injury. The location of the injury and its con-
sequent impact on the neuronal circuits may deter-
mine the extent of the mood disorder. Among older
adults, 85% of persons with ischemic white matter
changes on magnetic resonance imaging (MRI)
suffered from depression. Depressed persons with
leuko-encephalopathic changes identified on MRI
also demonstrated greater apathy and manifested
with fewer cognitive symptoms of depression.
The increased frequency of these lesions in older
men may be relevant to the age and gender differ-
ences observed in the clinical manifestations of
depression.22

Functional imaging studies may ultimately pro-
vide a more unified theory regarding the pathogene-
sis of depression. Positron emission tomography
(PET) studies have identified hypometabolic areas in
caudate and frontal cortical regions in depressed per-
sons.23,24 These findings have proved consistent using
both glucose metabolism and cerebral blood flow as
physiologic variables. More recent studies using this
modality have been able to correlate PET findings
with disease activity, familial traits, and therapeutic
response. Prefrontal and subgenual hypometabolism
have been identified in groups of non-depressed per-
sons with a history of familial depression.25

Additionally, depressed persons with areas of caudate
hypometabolism manifest with increased caudate
metabolism following initiation of antidepressant
therapy. The presence of anterior cingulate hypome-
tabolism has been found by some workers to be a
marker for a poor response to therapy.24,26

Earlier theories implicated dysregulation of the
hypothalamic – pituitary – adrenal (HPA) axis as a
central theory in the pathogenesis of depression. This
was based on the observation that persons with
hypercortisolism were found, in some studies, to have
an increased incidence of depression.27 Consequently,
age-related dysregulation of the HPA axis was prof-
fered as a possible explanation for depression in the
elderly.28 Definitive evidence in support of this theory
is lacking. Furthermore it fails to provide an explana-
tion for age- and gender-related differences in the
manifestations of depression.
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Neuroendocrine theories are favored as most logi-
cal in terms of defining gender differences in the man-
ifestations of depression. Such theories appear to be
validated by the occurrence of mood disturbances in
association with the menopause and menstruation.
However, the validity of biologic theories as the sole
explanation for depression in the older adult is chal-
lenged by the persistence of gender differences despite
the physiologic blunting of gonadal function that
occurs with aging.12 Based on current research, depres-
sion is most probably a syndrome that stems from a
complex interplay of biologic and psychosocial factors.

Cognitive and behavioral theories remain attrac-
tive and offer a psychosocial basis for gender differ-
ences in the manifestations of late-life depression.
With aging, deteriorating functional status and
changing social roles may have a negative impact
on the older man’s self-image, self-esteem, and self-
worth. As his adult offspring start their own families
and spousal illness or bereavement occurs, the older
man may place unrealistic expectations on himself
if he fails to recognize that his role as primary
provider is no longer critical to family cohesion.
The inevitable redistribution of leadership roles
within the family may be misconstrued by the aging
man as a reflection of his inadequacy or failure,
rather than the natural progression of social events.
Consequently, the older man may develop a disloca-
tion in his ‘sense of belonging’. The latter is a rec-
ognized psychologic concept which has been shown
to correlate with depression. A robust sense of
belonging is nurtured by energy, motivation, and
the perceived possession of shared group character-
istics. Retirement, age-related reduction in physical
activity, and consequent trimming of the older
adult’s social support mechanisms may have a nega-
tive impact on these vital ‘sense of belonging’
antecedents. A low ‘sense of belonging’ is signifi-
cantly associated with an increased frequency of
depression, and current data indicate that this may
be a better predictor of depression than social isola-
tion or lack of social support.29,30 Behavioral and
cognitive theorists also emphasize the role of age-
related distorted thinking in the genesis of depres-
sion. Isolated events in which the individual’s
performance falls short of personal expectations are
often regarded as measures of overall ability and a

reflection of the person’s social standing and value.
The dynamic interplay of these psychosocial cogni-
tive processes may transform into a permanent for-
malized thought scheme which forms the substrate
for the interpretation of life events. Insignificant
life events, when viewed within this substrate, may
assume greater significance and precipitate or per-
petuate depression.12,31,32

There is currently no convincing evidence to
indicate that these theories are gender-specific. It is
likely that the difference in social roles and thus
perceived expectations may affect the magnitude of
these changes. As social equality between genders
becomes increasingly widespread, it is likely that
gender differences may yield to individual variation
and idiosyncratic differences. In support of this
hypothesis is the lack of a demonstrable gender dif-
ference in the prevalence of depression among older
African-Americans. Sociologists attribute this
observation to the relatively even distribution of
social roles relating to employment and child care
among this generation of African-Americans.

Risk factors

Recognized risk factors for depression in the older
adult include female sex, poverty, inadequate social
support and divorce, separation, and single marital
status. Adverse life events are also effective stressors
and may precipitate or perpetuate depression in the
older adult.33 The association of significant comor-
bidity, cognitive dysfunction, and functional
impairment with late-onset depression has been
confirmed in several studies which show that
depressed older adults are more likely to have a
higher burden of physical illness than non-
depressed persons.34,35 Additionally, severity of med-
ical illness has been shown to correlate with an
increased risk of depression.36,37 A wide variety of
medical illnesses are associated with depression
(Table 43.1).33 The adverse effects of chronic dis-
ease on functional status provide a plausible expla-
nation for depressive symptoms in such cases.
Conversely, alternative theories suggest that depres-
sion may have an immunosuppressive effect,
thereby increasing vulnerability to certain illnesses.
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In older adults a positive association has been
identified between the extent of cortical and sub-
cortical atropy, number of cortical infarcts, pituitary
volume, and the risk of depression. Older adults
with an increased ventricular–brain ratio are also
more likely to be depressed.38 Similar neu-
roanatomic correlates have not been identified in
younger adults. Additional risk factors for depres-
sion include advancing age, low educational
achievement, co-existing psychiatric illness, and
alcohol abuse.37 The actual mechanism whereby
comorbidity increases the risk of depression is
unclear. However, favored theories include the pos-
sible adverse effects of such illnesses on psychosocial
well-being and self-esteem. The structure of available

social support systems may be altered by the percep-
tion of a real or imagined increase in the burden of
illness.39–41 It is conceivable that the older adult’s
perception of self within a redefined social network
may be adversely affected by such changes.

Available evidence indicates that genetics may
be a less significant factor in the pathogenesis of
depression in the older adult. Relatives of patients
who develop late-life major depression have a lower
risk of developing depression compared with rela-
tives of depressed middle-aged adults. Additionally,
current data do not support genetic theories as a
plausible explanation for gender differences in the
incidence of late-life depression.42,43 Previous
hypotheses suggested that depression may be trans-
mitted in an X-linked dominant fashion, thus
accounting for the higher incidence of depression
in women. Related theories suggested that depres-
sion and alcoholism may be clinical expressions of
the same gene with manifestations determined by
gender. This would account for the increased inci-
dence of alcoholism in the male offspring of
depressed persons, while the female offspring
demonstrated an increased incidence of depres-
sion.44 To date, objective substantiation of these
genetic theories is lacking.

Clinical Features

The diagnostic criteria for depression are well
defined (Table 43.2). However, self-reporting of
depressive symptoms occurs infrequently among
older adults. This may be attributed to the perceived
stigma of the disease by the elderly. The intrinsic
negativism peculiar to the disease is an addi-
tional obstacle to self-reported symptomatology.
Consequently, depressive illness in the older adult
may be shrouded in a mesh of somatic complaints
which often defy physical diagnosis despite elabo-
rate investigations. The attribution of such symp-
toms to a psychologic cause is often fiercely resisted
by the patient. Data exist to show that patients
who manifest with somatic symptoms are often
much less likely to admit to a depressed mood.45,46

Clinical suspicion of depression should be height-
ened when dealing with the older adult who
expresses inappropriate pessimism with regard to
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Table 43.1 Some medical illnesses associated
with depression

Endocrine/metabolic
Thyroid disease
Cushing’s disease
Hypoadrenalism
Diabetes mellitus
Porphyria
Hyperparathyroidism

Central nervous system
Dementia
Parkinson's disease
Cerebrovascular disease
Intracranial neoplasms
Multiple sclerosis
Complex partial seizures

Cardiopulmonary disease
Congestive cardiac failure
Chronic obstructive pulmonary disease
Pulmonary fibrosis
Coronary Artery disease

Connective tissue disease
Systemic lupus erythematosus
Rheumatoid arthritis
Temporal arteritis

Miscellaneous
Chronic pain syndromes
Chronic hepatitis
AIDS
Cancer
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their physical illness or functional status. Older
adults who experience apparent satisfaction with
remaining in the sick role and display helplessness
inconsistent with their physical status should be
screened carefully for depression. Such persons usu-
ally display behavior counterproductive to the
defined therapeutic management plan.47,48 Non-
compliance and poor personal hygiene and self-care
should also prompt evaluation for depressive symp-
toms. Generalized anxiety, irritability, and preoccu-
pation with memory and cognitive function may
also serve as diagnostic clues to late-life depression.
Anxiety, apprehension or panic attacks may be
accompanied by physical correlates of inappropriate
tachycardia, tremors, lightheadedness, or dizziness.
These result from inappropriate activation of the
autonomic nervous system.49

Evidence indicates that late-life depression associ-
ated with cerebrovascular disease is more likely to pre-
sent with cognitive impairment, an association that
does not occur in younger adults. Proponents of the

‘vascular depression’ hypothesis postulate that cere-
bral ischemic disease may cause late-onset depression.
Cerebral atherosclerosis, which is a recognized cause
of progressive cognitive decline with aging, may pro-
vide a common pathophysiologic pathway for these
two syndromes.33,38 However, a clear distinction needs
to be made between cognitive dysfunction associated
with ‘vascular depression’ and ‘pseudodementia’. The
latter syndrome refers to the cognitive impairment
which is a direct outcome of the patient’s depressed
mood. Pseudodementia frequently resolves with effec-
tive antidepressant therapy. Additionally, patients
with pseudodementia often display a characteristic
reluctance to undergo any form of cognitive evalua-
tion, despite the fact that they retain good insight
into their illness. Poverty of facial expression and
bradykinesia, hallmarks of Parkinson’s disease, are rec-
ognized features of depression and may confound the
early diagnosis of depression in older adults. The
recognition of depression may be further thwarted by
the co-existence of depression in 30% of persons with
dementia and Parkinson’s disease.50

Weight loss in the older adult is a prime index of
underlying depression. Available data indicate that
depression may be the underlying cause of weight
loss and low body weight in one third of older adults
with weight problems.51 Sleep disturbances are
another common manifestation of depression in the
elderly. The depressed older adult often complains
of difficulty in falling asleep at night or frequent
awakenings.49 The peculiarities inherent in the pre-
sentation of late-life depression justify the use of the
term ‘masked depression’ in describing this syn-
drome.52 Evidence indicates that older adults who
present with masked depression exhibit a greater
degree of functional impairment and significantly
increasing morbidity.53 Health professionals must be
cognizant of the myriad symptoms which may indi-
cate depression, as early detection, particularly in
the older man, is crucial (Table 43.3). Older
depressed men have fewer severe melancholic
symptoms. Nevertheless, approximately half of
these patients will admit to some form of suicidal
ideation. Five percent of older men with depression
have active suicidal ideation with a definite plan or
a history of attempted suicide.37 Older men who
may be depressed must be directly questioned
regarding active and passive suicidal ideation.
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Table 43.2 Summary of DSM IV criteria for the
diagnosis of major depression

A. At least five of the following symptoms
over a 2-week period; at least one
of the symptoms is either depressed
mood or anhedonia:

• Depressed mood
• Anhedonia
• Unexplained weight loss or weight gain
• Insomnia or hypersomnia
• Psychomotor agitation or retardation
• Fatigue
• Persistent feelings of guilt or worthlessness
• Poor concentration
• Recurrent thoughts of death or suicidal

ideation

B. Symptoms result in significant distress or
impairment in social functioning

C. Symptoms are not due to the direct
physiologic effect of any substance or
underlying general medical condition

D. Symptoms can not be accounted for by
bereavement
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The presentation of depression varies with the
clinical setting. Hospitalized medically ill patients
are less likely to present with delusions and suicidal
ideation. However, anhedonia, anxiety, helpless-
ness, and pessimism may predominate in this
patient population.37 The intuitive expectation of
differences in the prevalence of depression between
cultures and ethnic groups cannot be supported by
objective data. Several studies failed to find any sig-
nificant difference in the prevalence of depression
between Caucasian and African-American older
adults. However, presenting symptoms may differ
between ethnic groups. Older African-Americans
are more likely to present with paranoid features,
psychomotor disturbance, and appetite dysregula-
tion. Older Caucasian Americans report an
increased frequency of sleep disturbance, feelings of
guilt, and suicidal ideation.54

The diverse manifestations of depression place
the diagnostic burden almost exclusively on the dis-
cerning health professional. The physician should
be sensitive to counter-transference of feelings of
helplessness. These may invoke an unjustifiable
empathic response thereby resulting in acceptance
of the patient’s despair as an appropriate response to
the perceived physical or psychosocial burden.
Depression in the older adult is a persistent and
chronic disorder even when it occurs in the setting
of an obviously stressful life event. Thus, substitut-
ing protracted clinical observation for aggressive
intervention merely constitutes harmful paternalistic

inactivity in the management of a potentially
deadly disease.

Diagnosis

Studies indicate that depression frequently remains
undetected in the older adult. In one study non-
psychiatric house staff recognized clinical depres-
sion in less than 10% of depressed hospitalized older
adults.55 Recognition rates within the community-
dwelling population range from 19 to 94%, empha-
sizing the wide variability in the ability of
physicians to recognize depression.56 Evidence indi-
cates that most older adults opt to receive antide-
pressant therapy from their primary care physician,
rather than to undergo formal evaluation and man-
agement by a psychiatrist. Thus, 75% of older
depressed adults present initially to their primary
care physician.3 However, 75% of depressed older
persons who commit suicide have visited a primary
care physician in the preceding month, yet eluded
diagnosis and treatment.13,57 Older men are less
likely than women to report a depressed mood and
more reluctant to attribute dysphoric symptoms to
stressful life events.12 These attributes increase the
risk of undertreatment in this cohort of patients.

Clinical diagnosis of depression based on judge-
ment and subjective interpretation of the patient’s
medical history is unreliable and ineffective in
prompting intervention. Studies indicate that
health professionals are more likely to intervene if
a positive score is identified on a screening instru-
ment.58 Routine screening is therefore recom-
mended and highly desirable in the development of
an effective therapeutic approach toward combat-
ing depression. Several self-rating and examiner-
rating scales are available (Table 43.4).59–64

Self-rating scales should not be used in persons
with impaired cognitive function. The Cornell
scale, which utilizes care-givers as surrogate
reporters of depressive symptoms, has been well
validated as an effective screening tool for depres-
sion in persons with dementia.63 The Geriatric
Depression Scale (GDS) is frequently used in clin-
ical geriatric evaluation. This tool should be
reserved for persons with minimal impairment of
cognitive function. In persons with a Folstein’s
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Table 43.3 Atypical features of depression in the
older adult

Anorexia
Weight loss
Bradykb inesia
Memory dysfunction
Irritability
Dizzyness
Anxiety
Paranoid delusions
Multiple unexplained somatic complaints
Increased physical and social dependence
Non-compliance with therapeutic regimens
Poor personal hygiene

Lunenfeld-ch-43.qxd  8/23/2007  5:18 PM  Page 544



Mini-mental score above 15, the GDS has a sensi-
tivity of 84% and a specificity of 91%. Evidence
indicates that despite the relative paucity of somatic
items on the GDS questionnaire, co-existent med-
ical illness may confound accurate interpretation of
the results.36 Few rating scales have been standard-
ized for use in the acutely ill older adult. However,
the GDS is less affected by acute hospitalization
and the clinical course of disease compared with
other rating scales, such as the Hamilton
Depression Rating Scale (HDRS).

Increasing age, psychomotor retardation, somati-
zation, and severity of illness compromise the pre-
dictive value of rating scales.65,66 The effects of these
multiple confounding factors on the diagnosis of
depression are minimized if rating scales are used
solely for screening and initial evaluation. Rating
scales should not be utilized as a substitute for for-
mal psychiatric evaluation. Health professionals
should also be wary of using the rating score to
refute the diagnosis of depression in cases where
clinical suspicion of depression is substantial.

Management

Antidepressant therapeutic options include psy-
chosocial and biologic modalities. The latter com-
prise pharmacologic and biologic treatments.
Therapeutic outcome measures, as these relate to
remission and relapses, should be defined for each
patient, prior to initiating therapy.

Pharmacotherapy
Treatment with antidepressant therapy should be
initiated in the older man with severe depression.
Selective serotonin reuptake inhibitors (SSRIs)
have emerged as the drugs of first choice in the
management of depression. These agents are com-
parable in efficacy to tricyclic antidepressants
(TCAs), but have a more favorable side-effect pro-
file. Several classes of antidepressants are available
which may be suitable for use in the older man
(Table 43.5). However, the choice of antidepressant
should be individualized with due consideration
given to the side-effect profile. Monotherapy is pre-
ferred and treatment should be initiated using the
lowest beneficial dose. Physicians should be aware
that older adults may not exhibit significant
improvement for 6–12 weeks after initiation of
therapy. Thus, objective evaluation of clinical
response should be deferred for a corresponding
period.67 Drug compliance must be closely moni-
tored, as 70% of patients take less than 50% of their
medication.41 Patients who fail to respond to initial
therapy with adequate doses of one antidepressant
should be switched to another antidepressant of a
different class. Referral to a psychiatrist should be
considered if the patient fails to respond to or toler-
ate two different antidepressants, or if suicidal
ideation is suspected.

The risk of recurrence of depression increases
from 50% after the first episode of major depression
to 90% after the third recurrent episode. Thus,
older men who exhibit a satisfactory response to
pharmacotherapy should be continued on full dose
maintenance therapy for 6–9 months after remis-
sion from a first episode. Following recurrent
episodes maintenance therapy should be continued
for at least one year. This strategy has been shown
to reduce the risk of a relapse by 80%.2 When the
decision is made to discontinue an antidepressant,
gradual tapering of the dose is recommended to
reduce the risk of withdrawal symptoms. These
often include anxiety, headache, myalgia, and flu-
like symptoms.68 However, older men with an initial
onset of depression very late in life have a risk of
relapse which equals that of men with recurrent
episodes of depression. In these groups of patients it
may be prudent to continue life-long full dose main-
tenance therapy.69
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Table 43.4 Depression scales 

Self-rating scales

• Geriatric Depression Scale59

• Zung Scale60

• Center for Epidemiological Studies Depression
Scale61

Examiner-rating scales

• Hamilton Depression Rating Scale62

• Cornell Scale for Depression in Dementia63

• Comprehensive Psychopathological Rating 
Scale64
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Electroconvulsive therapy
Evidence indicates that electroconvulsive therapy
(ECT) is underused in the management of depres-
sion.33 However, this therapeutic modality is utilized
more often in the treatment of older men than in
their younger counterparts. This is attributed to the
reluctance of older men to undergo pharmacother-
apy for depression.12 ECT is a safe and effective form
of antidepressant therapy; studies show a 75–80%
efficacy rate in the treatment of medically ill,
depressed older adults. Specific indications for the

use of ECT include refractory, psychotic, or life-
threatening depression.70–72 Cardiovascular and
neuropsychiatric complications occur most often,
although serious complications are infrequent
(Table 43.6). ECT causes death in 2–4 persons/
100 000 treatments.73 As ECT may be lifesaving in
certain situations, there are no absolute contraindi-
cations to this procedure. However, the American
Psychiatry Association (APA) task force considers
certain conditions to be indicators of increased risk
(Table 43.7).74
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Table 43.5 Pharmacotherapy in older men: comparison of selected medications

Drug Advantages Disadvantages

Tricyclic antidepressants Inexpensive Anticholinergic side-effects
Desipramine Once-daily dosing Multiple drug interactions
Nortryptiline advantages Delirium
Protryptiline Cardiotoxic
Amoxapine

Selective serotonin Safer in overdosage Sexual dysfunction
reuptake inhibitors Once daily dosing Nausea

Sertraline Seizures
Paroxetine Headache
Fluoxetine Cytochrome P450 Interactions
Citalopram

Serotonin antagonist Few drug interactions Sexual dysfunction
reuptake inhibitors Once daily dosing Priapism
Trazodone Possible cardiotoxicity
Nefazodone

Serotonin–norepinephrine Favorable side-effect Hypertension
reuptake inhibitors profile Sexual dysfunction
Venlafaxine Hyperlipidemia

Multiple daily dosing

Mirtazapine Appetite stimulant Sexual dysfunction
Blood dyscrasias
Dependence potential

Dopamine reuptake Safer in overdose Seizures
inhibitors Minimal cardiotoxicity
Bupropion
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With the rising cost of medication ECT is
becoming increasingly cost-effective. Older adults
frequently undergo ECT as an outpatient procedure,
eliminating the cost of acute hospitalization which
was associated with its utilization in the past.
Maintenance ECT is recommended for patients
who respond satisfactorily to the index treatment.
Available studies indicate a significant reduction in
rehospitalization and relapse rates in patients
receiving maintenance ECT compared with
patients on maintenance pharmacotherapy.75

Psychotherapy
Therapeutic intervention with a combination of
pharmacotherapy and psychotherapy is the most
effective strategy for the treatment of moderate to
severe depression in older men. Interpersonal therapy
facilitates effective role transition and allows for the

definition of realistic expectations. Exploration of
the quality of interpersonal relationships and social
interaction is also enhanced by this form of therapy.
Cognitive therapy is an alternative psychotherapeu-
tic model. Theoretically, this model allows for con-
ceptualization of the psychologic reasoning of the
depressed adult. Areas of conflict are identified and
resolution strategies are developed that may facili-
tate effective treatment.32,76,77

Conclusion

Depression is the commonest psychiatric disorder in
the older adult. Effective intervention is frequently
compromised by delayed diagnosis and inadequate
treatment. These factors constitute major obstacles
to positive outcomes in the management of depres-
sion. Health professionals must develop compre-
hensive treatment strategies to combat depression
in older adults. Ideally, these should include effi-
cient screening methods, appropriate psychologic
intervention, and prompt pharmacotherapy where
indicated. The aggressive institution of such strate-
gies tailored to the individual patient is a pivotal
weapon in battling this deadly disease.
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CHAPTER 44

Testosterone, depression, and 
cognitive function
John E Morley

For it is the semen, when possessed of vitality which
makes us to be men, hot, well-braced in limbs, well
voiced, spirited, strong to think and act

Aretaeus, The Cappadocian, AD 150.

What is, therefore, the cause that castrates slow down in
their whole vitality?

Galen, Peri Spermatas

Introduction

The above citations from ancient times suggest that
testosterone plays a role in behavior. Despite these
early anecdotes, with the exception of studies on
libido, there are few well-controlled studies examin-
ing the effect of testosterone on behavior. This is in
contrast to the relatively large literature on estrogen
in women, linking it to cognitive behaviors and per-
haps to playing a role in Alzheimer’s disease.1,2

While testosterone has been strongly associated
with the mythologic concept of the aggressive male,
studies examining the effects of testosterone on
behavior have yielded mixed results. Schaal et al3

found that high testosterone levels were more likely
to be a marker of social success than to be associated
with physical aggression. On the other hand, in
free-ranging adolescent male non-human primates,
cerebrospinal fluid levels of testosterone were asso-
ciated with overall aggressiveness but not impulsiv-
ity.4 Administration of moderately high doses of
testosterone for contraception has failed to reveal

adverse effects on male sexual and aggressive behav-
ior.5 In a controlled trial supraphysiologic doses of
testosterone failed to increase angry behavior in
healthy eugonadal males.6 In males rendered hypog-
onadal with a GNRH antagonist there was not only
a decrease in sexual desire and fantasies, but also
a trend to increased aggression.7 In contrast, using
a similar approach, Loosen et al8 found a reduction
in outward-directed anger and no change in
inward-directed behavior in hypogonadal males.
Burris et al9 found that hypogonadal men were more
angry than eugonadal men and that this anger
decreased with testosterone therapy. A 48XXYY
hypogonadal male had a reduction in long-standing
aggressive fantasies and behaviors towards women.10

The reason for the inability to find convincing
effects of testosterone on aggressive behavior in
males is multifactorial. Most studies have utilized
total testosterone rather than free or bioavailable
testosterone. The effect of testosterone is small, per-
haps in the neighborhood of 1%, which would
require sample sizes of around 1000 males to
demonstrate a clearly significant effect. The
reported studies have been much smaller than this.
Aggressive behaviors tend to cause a decrease in
testosterone either directly within the central ner-
vous system or secondary to increases in cortisol.
For example, salivary testosterone levels decreased
15 minutes after watching a stressful movie on den-
tal surgery;11 high psychologically stressed males
had lower testosterone levels than their low-stress
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counterparts;12 and male internal medicine residents
have markedly decreased testosterone levels.13 It is
possible that there is an optimal level of testos-
terone related to appropriate aggressive behaviors
and higher or lower levels may create a U-shaped
dose–response curve. Finally, in measuring aggres-
sion, the environment and the lifetime learning
experience will result in greatly modified responses
to any given hormone level.

The rest of this chapter will summarize the mea-
ger data available on the effects of testosterone on
general behavior, depression, and memory in the
middle-aged and older male.

Testosterone and behavior in the
older male: an overview

A syndrome of male ‘menopause’ was first reported
in the 1940s (Table 44.1).14 In 1979, Greenblatt
et al,15 based on a large clinical experience, sug-
gested that testosterone replacement in the male
‘climacteric’ improved fatigue, depression,
headaches, and libido. More recently we reported a
screening questionnaire for androgen deficiency in
aging males that included a number of psychologic
symptoms (Table 44.2).18 We used low bioavailable
testosterone as our ‘gold standard’. The question-
naire was developed in 316 Canadian physicians
aged 40 to 82 years of age. The questionnaire had
acceptable reproducibility. The Androgen
Deficiency in Aging Males (ADAM) questionnaire
had an 88% sensitivity and a 60% specificity.
Persons with dysphoria were the most likely to pro-
duce false positives on the questionnaire. When
males with a positive ADAM were treated improve-
ment was seen in 18/21 patients.

Wu et al17 analyzed the male andropause in males
over 50 years of age (Table 44.1). They found that a
number of psychologic symptoms similar to those in
the ADAM questionnaire were related to the
andropause. These included decreased libido
(91%), lack of energy (89%), erection problems
(79%), falling asleep after dinner (77%), memory
impairment (77%), sad or grumpy mood changes
(68%), decreased endurance (66%), and deteriora-
tion in work performance (51%).

The Massachusetts Male Aging Study examined
psychologic factors associated with androgen levels
in 1709 males aged 39 to 70 years.20 They found that
males with a high ‘availability of androgens’ were
more likely to display a dominant profile with some
associated aggressive behavior. They went on to
characterize a testosterone deficiency pattern that
included ‘low dominance’19 (Table 44.1).

Overall these studies suggest that the fall in
testosterone that occurs in older men is associated
with a syndrome of behavioral changes in addition
to the physical effects of decreased strength,
decreased bone mineral density, increased adiposity,
and decreased hematocrit. The characteristics of
the behavioral syndrome of the andropause are
decreased enthusiasm for sex, lack of energy, dyspho-
ria, decreased cognition, fatigue, decreased work and
sports performance, falling asleep after dinner and
low dominance. Besides the ability of testosterone to
reverse the effects on libido, its effects on the rest of
this complex of symptoms remain to be proven.

Dysphoria and depression

Approximately 70% of men receiving testosterone
have an enhanced sense of well-being. Women are
more than twice as likely to have major depression
compared to men. Based on these two factors, it
seems likely that testosterone may play a role in
mood disorders.

Epidemiologic studies have reported varying rela-
tionships between testosterone and dysphoria.
Barrett-Connor et al,21 In a study of 856 men aged 50
to 89 years, found a significant inverse relationship
between the Beck Depression Inventory and
bioavailable testosterone as well as dihydrotestos-
terone. Seidman et al22 reported that depression as
measured by the Center for Epidemiologic Studies
Depression Scale was more common in men with
shorter androgen receptor cytosine, adenine, gua-
nine (CAG) repeat length and low testosterone, but
this relationship was not seen in men with moderate
or shorter CAG repeat length. T’Sjoen et al23 could
not find a relationship between CAG repeat length
or free testosterone and depression in a group of men
aged 70 years and older. Delhez et al,24 in a group of
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men aged 50 to 70 years, found a negative correlation
between severity of depression as assessed by the
Carroll Rating Scale and free testosterone levels.
Morley et al25 could not show a relationship between
dysphoria and bioavailable testosterone. 

Schweiger et al,26 utilizing frequent sampling
over a 24-hour period in 15 male depressed patients
and 24 control subjects, found the depressed
subjects to have lower daytime, night-time, and
24-hour mean testosterone secretion. Luteinizing
hormone (LH) pulse frequency tended to be
decreased in the depressed males.

Booth et al27 examined the interaction of social
behavior and dysphoria in 4393 men. In males with a
below average testosterone level there was an inverse
relationship between testosterone and dysphoria,
whereas, in those with above average testosterone
levels, testosterone was directly related to dysphoria.
This supports a parabolic model for the relationship
of testosterone to dysphoria. In men with higher
testosterone levels, the relationship is no longer
maintained when antisocial and risk-taking behavior
as well as protective factors such as marriage and
steady employment are taken into account.

Kaneda and Fujii28 could find no association
between total testosterone and depression. Given the
complexities of the factors involved in the pathogen-
esis of depression, it is perhaps not surprising that a
clear relationship between androgens and depression
has not emerged in epidemiologic studies.

In a small study of 11 men, Kenny et al29 found
no effect of intramuscular testosterone (200 mg
every 3 weeks) on the Geriatric Depression Scale.
This is similar to the failure of Sih et al,30 who used
200 mg of testosterone every 2 weeks to find an
effect on dysphoria. Cavallini et al31 studied 120
patients, of whom one-third were randomized to
receive oral testosterone undecanoate 160 mg daily.
The mean age of the men was 66 years with a range
of 60 to 74 years. Testosterone improved the scores
on both the Depression Melancholia Scale Score
and Fatigue Scale Score. Haren et al,32 using low
doses of oral testosterone, also found similar positive
effects.

Grinspoon et al,33 in a large study of HIV-
infected males, found a higher Beck Depression
Inventory score in the hypogonadal compared to
eugonadal males. Testosterone therapy resulted in a
significant decrease in the Beck Depression Score.
There was a strong relationship between decreased
dysphoria and weight gain. Seidman and Rabkin34

added testosterone to the treatment regimen of five
men who had failed SSRI treatment for depression.
Testosterone augmentation produced a rapid
improvement in depressive symptoms.

Overall, the available data support the concept
that depression is a stress state that results in a
decline in testosterone levels. Whether or not
testosterone replacement improves depressive symp-
toms will require large controlled trials. Preliminary
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Table 44.2 The Androgen Deficiency in Aging Male (ADAM) questionnaire: a positive answer represents
‘yes’ to 1 or 7 or any three other questions

(Circle one)

Yes No 1. Do you have a decrease in libido (sex drive)?
Yes No 2. Do you have a lack of energy?
Yes No 3. Do you have a decrease in strength and/or endurance?
Yes No 4. Have you lost height?
Yes No 5. Have you noticed a decreased enjoyment of life?
Yes No 6. Are you sad and/or grumpy?
Yes No 7. Are your erections less strong?
Yes No 8. Have you noticed a recent deterioration in your ability to play sports?
Yes No 9. Are you falling asleep after dinner?
Yes No 10. Has there been a recent deterioration in your work performance?

Lunenfeld-ch-44.qxd  8/23/2007  5:18 PM  Page 554



and anecdotal data is suggest that testosterone may
be a useful adjuvant therapy for depression.35

Cognition

In rodents androgens have major effect on brain
structure and function. The effects of testosterone
in enhancing memory retention in mice appear to
involve both its aromatization to estrogen and an
effect of dehydrotestosterone. The SAMP8 mouse is
a spontaneous animal model of Alzheimer disease.36

These mice develop early acquisition and retention
deficits that are related to overproduction of β-amy-
loid.37 SAMP8 mice also develop low testosterone;
replacement results in a reversal of the acquisition
and memory deficits.38 This reversal is associated
with a rapid reduction in amyloid precursor protein
levels in the limbic system. 

While it is recognized that human males and
females display different learning abilities for differ-
ent tasks, a clear relationship between testosterone
and memory has been elusive to demonstrate. This
is most probably because the relationship between
cognitive performance and testosterone is non-
linear. In general, testosterone in younger men has
been related to spatial but not verbal cognitive
tasks.39,40

Carlson and Sherwin41 suggested that higher
estradiol levels in older males may protect against
the declines in explicit memory associated with
normal aging. Morley et al42 reported that across the
lifespan bioavailable testosterone was the steroid
hormone that best predicted a variety of cognitive
performance tests.

Aleman et al43 found that testosterone was asso-
ciated with a composite measure of fluid intelli-
gence performance, but not with crystallized
intelligence, nor verbal long-term memory in 25
elderly men with a mean age of 69 years. In another
study of 79 men (aged 61 to 72 years) higher total
testosterone levels were associated with speed of
information processing and high estradiol levels with
spatial span performance.44 In the Massachusetts
Male Aging Study log free testosterone was associ-
ated with better functioning, but this was not found
in their adjusted model.45 Muller et al46 assessed

cognitive function in 400 independently living men
aged 40 to 80 years. They found that lower bioavail-
able testosterone was related to lower scores on pro-
cessing capacity/speed and executive function. The
relationship tended to be curvilinear. Moffat et al47

examined the correlations between free testos-
terone index and a variety of memory tests in par-
ticipants in the Baltimore Longitudinal Study of
Aging aged 59 to 91 years of age. Men who were
hypogonadal had lower scores on memory and visu-
ospatial performance and a greater rate of decline in
visual memory over 10 years.

A decline in serum testosterone in men (mean
age 65 years) receiving androgen deprivation ther-
apy was reported to lead to visuomotor slowing,
slowed reaction times, and impaired delayed recall
and recognition speed of letters.48 Some of these
findings appear to be more associated with estra-
diol than testosterone decline.49 Beer et al50 found
that immediate and delayed verbal memory were
significantly worse in patients with prostate cancer
on androgen deprivation therapy than in age-
matched healthy controls. Estradiol replacement
improved verbal memory performance. Almeida et
al51 followed 40 men with prostate cancer who
received androgen blockade therapy for 36 weeks,
followed by discontinuation for 18 weeks. The
Cambridge Cognitive Assessment – Revised
(CAMCOG) and word list scores improved signif-
icantly after withdrawal of androgen blockade.
Visuospatial scores were not affected. The changes
in word list scores were associated with a decrease
in serum amyloid-beta levels.

Janowsky et al52 studied a relatively large group
of healthy elderly men who received testosterone
in a double-blind trial for 3 months. They found
an improvement in spatial cognition, but no effect
on verbal and visual memory, motor speed, cogni-
tive flexibility, or mood. Sih et al,30 using a battery
of cognitive tests which did not include a spatial
task, found no effect of testosterone replacement
on memory in older men who were treated for a
year. In another study, Janowsky et al53 found that
testosterone enhanced working memory as mea-
sured by the Subject Ordered Pointing Test in
older men. Wolf et al54 found that a single injec-
tion of testosterone blocked the practice effect
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in verbal fluency, but had no effect on spatial or
verbal memory.

Cherrier et al55 treated 25 healthy men aged 50 to
80 years with 100 mg testosterone weekly for 6 weeks
in a randomized, double-blind, placebo-controlled
trial. Testosterone improved spatial memory (recall
of a walking pathway), spatial ability (block con-
struction), and verbal memory (recall of short story).
Others have failed to show improved block construc-
tion.56 In another study, Cherrier et al found
improvement of spatial memory in hypogonadal
men receiving either testosterone or dehydrotestos-
terone.57 They then examined the effect of blocking
the conversion of testosterone to estradiol using an
aromatase inhibitor, viz anastrozole.58 Spatial mem-
ory was improved significantly with both testosterone
treatment and in the persons where aromatization to
estrogen was blocked. Verbal memory, however, was
only improved in the group in which the aromatase
inhibitor was not given. Azad et al59 showed that
testosterone enhanced cerebral perfusion in
hypogonodal men in the midbrain and superior
frontal gyrus (Brodman area 8).

A number of studies have examined the associa-
tion between testosterone and dementia. Gillett
et al60 found that lower calculated free testosterone
levels were associated with increasing levels of amy-
loid beta peptide 40. Hogervorst et al61 compared
83 persons with dementia of the Alzheimer’s type
(DAT) with 103 cognitively normal older persons.
Men with DAT had lower levels of serum testos-
terone compared to controls. In another study they
found the effect of testosterone was more pro-
nounced in persons with the APOE epsilon 4
genome.62 In mice there is evidence that APOE4 is
associated with lower cytosolic androgen receptors
in the neocortex and that androgen treatment
improves memory in these mice.63 Persons with
younger onset DAT appear to have predominantly
secondary hypogonadism,64 while LH levels are ele-
vated in older DAT patients.65 Paoletti et al66 found
a lower free androgen index in lean subjects with
DAT compared to lean controls without DAT. Low
free testosterone levels have been demonstrated
to be an independent risk factor for DAT.65,67 One
small study failed to show the correlation of low
testosterone with DAT.68

Testosterone increases the non-amyloidogenic
amyloid precursor protein fragment derived from
alpha secretase activity while reducing the secretion
of amyloidogenic beta-amyloid peptides from neu-
ronal cultures.69 This effect is mediated by aromati-
zation of testosterone to estrogen and activation of
the mitogen-activated protein kinase signaling
pathway.70 Non-aromatizable testosterone protects
neurons against apoptosis.71,72 Testosterone
increases heat shock protein 70 to inhibit Abeta
1–42 induced cell death.73 Testosterone also
prevents the hyperphosphorylation of tau by
inhibiting the heat shock-induced overactivation of
the glycogen kinase-3 beta pathway.74

Three studies have shown that testosterone can
improve cognition in older patients with
Alzheimer’s disease. Tan and Pu75 found improve-
ment in Alzheimer’s Disease Assessment Scale –
Cognition (ADASCog), Mini-Mental status exam-
ination, and clock drawing in DAT patients treated
for one year with intramuscular testosterone
(200 mg every 2 weeks). Cherrier et al76 reported
improvements in spatial and verbal memory as well
as constructional abilities in men with DAT and/or
mild cognitive impairment receiving 100 mg of
testosterone every week intramuscularly. Lu et al77

reported improvements in the scores for the care-
giver version of the quality of life scale in patients
with DAT receiving testosterone. It is important to
recognize that all three studies were very small and
these results, while exciting, must be viewed as
preliminary. A single study showed that aggressive
behavior in a 78-year-old male with DAT was suc-
cessfully treated by lowering testosterone activity
with a synthetic gonadotropin-releasing hormone
analog.78

While cross-sectional data in older men suggest
an effect of testosterone on cognition, the results
of testosterone replacement tests have not been
conclusive. In many cases it would appear that
there is an optimal level of testosterone for
enhancing cognition and that higher and lower
levels are less effective. Testosterone may improve
spatial and working memory in older persons.
There are interesting data emerging on the effects
of testosterone on cognition in persons with
Alzheimer’s disease.
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Conclusions

Overall, the effects of testosterone on behavior,
while significant, are relatively small. Testosterone
appears to have effects on mood, dominance, sleep,
and cognition. Further studies are necessary to
determine whether there exists an optimal range of
testosterone to produce behavioral effects or
whether supraphysiologic and physiologic levels of
testosterone are equally effective.
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CHAPTER 45

Modern antidepressants
Margaret-Mary G Wilson 

He who is of calm and happy nature will hardly feel the
pressure of age . . . 

Plato, (428BC–348BC)
The Republic

Introduction

Late-life depression is a major contender in the
battle to achieve successful aging. Epidemiologic
studies estimate the prevalence of major depression
at 2–7% in community-dwelling older adults.1,2

Additionally, 15–30% of community-dwelling older
adults report depressive symptoms or a notably
depressed mood. Among older adults in the acute
care setting, the prevalence of major depression
ranges from 30 to 45%. Within the nursing home
setting, major depression occurs in 15–25% of resi-
dents.3 Available data indicate a significant increase
in morbidity, functional disability, and mortality
associated with depression, especially in the frail
older adult.4–6 Efficient screening and early clinical
recognition are critical to improving the prognosis
of adults with late-life depression. However, the
prompt initiation of the correct therapeutic strategy
maximizes the potential for complete recovery.
Current evidence indicates that depression is often
undertreated in the older adult.7–9 The incidence of
initiation of pharmacotherapy is less than 1.5%
each year, with older depressed men being half as
likely to be treated with antidepressants as
women.10

A working knowledge of the mechanism of
action of available antidepressants is crucial to the
definition of an objective treatment strategy. A
favored unitary hypothesis links depression with a
central and perhaps cytokine-mediated disturbance
in the metabolism of the monoamines, noradrena-
line (NA), 5-hydroxytryptamine (5-HT), and
dopamine. In support of this pathogenetic theory,
most effective antidepressant agents tend to result
in an increase in either 5-HT or NA neurotransmis-
sion. Tricyclic antidepressants affect either NA and
5-HT, or NA alone. Similarly, selective serotonin
re-uptake inhibitors (SSRIs) act primarily to inhibit
5-HT uptake and also exert some inhibitory effect
on NA uptake.11,12

A wide variety of effective antidepressants are
available (Table 45.1). However, age-related
changes in pharmacodynamics and pharmacokinet-
ics are major determining factors in the use of these
medications in the older adult. Furthermore, the
limited data specifically relating to the safety and
efficacy of newer agents in the treatment of depres-
sion in the older adult mandates caution. Optimal
characteristics of an antidepressant for the older
adult include not only a rapid onset of action and
optimal efficacy, but limited potential for side-
effects and drug interactions (Table 45.2). Once
daily administration and the availability of the
pharmaceutic agent in tablet, liquid, and parenteral
forms enhance patient compliance. Drugs proven to
be non-fatal in toxic doses possess the advantage of
a reduced risk of death from attempted suicide.
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Thus, despite the advent of numerous effective
newer antidepressants, health professionals must
remain cognizant of the fact that basic principles of
geriatric prescribing must still be applied.

Selective serotonin re-uptake
inhibitors 

SSRIs have emerged as first-choice antidepressants
in the older adult. In depressed patients, there is an
upregulation of postsynaptic receptors due to a defi-
ciency in 5-HT availability. Postsynaptic upregula-
tion affects both the terminal and the
somatodendritic autoreceptors. Animal studies indi-
cate that the administration of SSRIs causes an
increase in 5-HT levels due to blockade of the 5-HT
transport pump. This occurs initially in the mid-
brain raphe, which harbors predominantly neuronal

soma. The increase in 5-HT levels leads to down-
regulation of the somatodendritic receptors, thereby
disrupting 5-HT autoregulation. Consequently, the
magnitude of neuronal impulse transmission and
terminal axonal 5-HT release increases. This
sequence of events suggests that SSRIs exert their
effect via a cascading mechanism that induces an
exponential response, when triggered. Intact
dopaminergic limbic and cortical systems are criti-
cal to the maintenance of hedonia. SSRIs may also
exert an effect by modulating serotoninergic recep-
tor-mediated dopamine release in the limbic areas of
the brain.13,14

Compared to tricyclic antidepressants (TCAs),
SSRIs are equally effective in the short-term treat-
ment of depression. Evidence-based studies compar-
ing efficacy of two agents in the long-term
treatment of depression have yielded conflicting
results.15,16
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Table 45.1 Classification and mode of action of selected newer antidepressants

Class Mode of action Drug

Selective serotonin Inhibits presynaptic neuronal Fluoxetine
reuptake inhibitors reuptake of 5-HT Paroxetine

Sertraline
Fluvoxamine
Citalopram

Serotonin antagonists Antagonize 5-HT receptors Trazodone
reuptake inhibitors and block 5-HT reuptake Nefazodone

Serotonin-norepinephrine Inhibit 5-HT and norepinephrine Venlafaxine
reuptake inhibitors uptake. Weak inhibition of Mirtazapine

dopamine reuptake

Selective norepinephrine Inhibits reuptake of Reboxetine
reuptake inhibitors norepinephrine

Dopamine reuptake Inhibits reuptake of Bupropion
inhibitors norepinephrine and dopamine.

Negligible effect on
serotonin reuptake

Monoamine Oxidase Selective and reversible Transdermal Selegiline
Inhibitors inhibition of monoamine oxidase Moclobemide

Alternative herbal Therapy Undefined Hypericum Perforatum
(St. John’s wort)
S-adenosyl-l-methionine
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Prior to the advent of SSRIs, the TCAs and tra-
ditional monoamine oxidase inhibitors (MAOIs)
were the mainstays of antidepressant drug therapy.
However, despite the efficacy of these agents
patient compliance was adversely affected by the
myriad of adverse effects associated with their use.
The subsequent development of antidepressants of
comparable efficacy, but with better safety profiles,
has relegated these older medications to second-
choice agents in the management of depression
(Table 45.3). SSRIs possess the advantage of exert-
ing a notably reduced effect on histamine, choliner-
gic, and alpha-adrenergic receptors, thereby
minimizing the side-effects that result from block-
ade of these receptors (Table 45.4). Available data
also indicate that patients receiving SSRIs have
lower withdrawal rates than those receiving
TCAs.17,18

Fluoxetine
Fluoxetine is the prototypical agent of the SSRI
antidepressant group and is still very widely pre-
scribed in the United States.18 Following oral
administration, fluoxetine is almost completely
absorbed. However, bioavailability is reduced by
first-pass hepatic metabolism. Fluoxetine is highly
protein bound, has a large volume of distribution,
and is renally excreted. Oxidative metabolism and
conjugation result in the production of several
metabolites. More than 90% of the parent com-
pound is inactivated. However, active metabolites
are also produced. Norfluoxetine is the primary
desmethylated active metabolite produced by
action of the cytochrome P2D6 (CYP2D6) in the
liver and has a half-life of 3–20 days. This exceeds

the half-life of fluoxetine which ranges from 1 to 3
days. Thus, steady-state plasma concentrations may
not be achieved for 12–42 days.19 Due to the non-
linear pharmacokinetic profile of fluoxetine, cau-
tious use is advised in patients with hepatic
impairment. 

Although the usual starting dose of fluoxetine is
20 mg daily, in the older adult the recommended
starting dose is 5–10 mg daily.20 Due to age-related
changes in the cytochrome P450 enzyme system,
fluoxetine and the active metabolite norfluoxetine
have even longer half-lives and steady-state thera-
peutic levels are achieved much more slowly in
older adults. Thus dosage increases should not be
made during the first 4 to 6 weeks of therapy.21

Consequently, the dose should be cautiously
increased, in small increments, to a maximum dose
of 40 mg. Preliminary studies examining the feasi-
bility of therapeutic drug monitoring (TDM) of flu-
oxetine may alter the safety profile of this drug.22

Initial concerns that initiation of SSRI therapy
may enhance motivation and increase the risk of
impulsive acts, including suicide, have not been
borne out by evidence-based data. Various groups,
including the Food and Drug Administration’s
Psychopharmacological Drugs Advisory Committee,
have failed to demonstrate any scientifically objec-
tive causal association between the use of fluoxetine
and suicidal ideation. On the contrary, data have
identified a reduced risk of attempted suicide in
older depressed patients treated with SSRIs.23

Recognized adverse effects of fluoxetine include
activating symptoms such as anxiety, insomnia, agi-
tation, and tremors. Gastrointestinal adverse events
such as nausea, vomiting, diarrhea, weight loss, and
anorexia may occur.24 Reduced libido and anorgas-
mia may occur and compromise patient compliance
with therapy. Anorgasmia has been linked to fluox-
etine-mediated reduction in tactile sensitivity.25

Headaches and lethargy may also complicate fluox-
etine use.26 As with other SSRIs, the occurrence of
these symptoms, especially in older adults, man-
dates exclusion of hyponatremia due to the SSRI-
induced syndrome of inappropriate antidiuretic
hormone secretion (SIADH).27

Drug interactions must be given careful consider-
ation when fluoxetine is prescribed.28 Serotoninergic
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Table 45.2 Characteristics of the ideal
antidepressant for the older adult

• Effective
• Minimal side-effects
• Low potential for drug interactions
• Safe in over-dosage
• Once daily administration
• Rapid onset
• Tablet and liquid formulations
• Enteral and parenteral formulations
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syndrome is a potentially fatal condition resulting
from the use of fluoxetine in conjunction with other
serotoninergic agents, notably MAOI, lithium,
chlorimipramine, and tryptophan. This syndrome,
attributed to elevated central nervous system levels
of serotonin, presents with hyperthermia, neuro-
muscular irritability, delirium, and psychomotor
agitation. The long half-life of fluoxetine mandates
a long wash-out period of about 5 weeks between
cessation of fluoxetine and institution of an
MAOI.29,30

Paroxetine
Paroxetine hydrochloride is a highly selective sero-
tonin reuptake inhibitor. Therapeutic efficacy com-
parable to tricyclic antidepressants (TCAs) has been
demonstrated in several studies. Paroxetine has a pre-
dictable half-life of 24 hours and is highly protein
bound. Following absorption, paroxetine undergoes
partial first-pass hepatic metabolism. Renal excretion
of inactive metabolites follows subsequent hepatic
transformation. Effective clearance of paroxetine is
markedly impaired by renal insufficiency. Dosage
reduction is therefore recommended in patients with
a creatinine clearance < 60 ml/minute. 

Compared with other SSRIs, paroxetine is a
highly potent inhibitor of cytochrome P450 2D6,
which is involved in the metabolism of a wide range
of drugs. Paroxetine also possesses the added disad-
vantage of high affinity for muscarinic receptor
blockade, resulting in a corresponding increase in
the incidence of anticholinergic side-effects.

Additional side-effects of paroxetine include nausea,
insomnia, diaphoresis, tremors, and ejaculatory dys-
function. Recent data indicate that, unlike fluoxe-
tine, paroxetine may cause a notable decrease in
anxiety and is less likely to cause psychomotor agita-
tion. Paroxetine is therefore an appropriate choice
in the treatment of depressed persons with promi-
nent features of anxiety or agitation. Therapeutic
efficacy has been demonstrated in older depressed
adults in doses ranging from 10 to 30 mg daily.31–33 As
with fluoxetine, controlled-release formulations of
paroxetine are just as effective in the treatment of
depression and well tolerated. Indeed, available data
indicate that recipients of paroxetine CR may expe-
rience significantly less nausea.34

Sertraline
Sertraline hydrochloride is comparable in efficacy to
tricyclic agents and has been shown to have a much
safer side-effect profile in older adults. Sertraline
has a half-life of approximately 24 hours. Hepatic
methylation produces a weakly active metabolite,
N-demethyl-sertraline, which has a half-life of 66
hours. Regardless, a steady state is produced after
about 7 days. Sertraline is non-sedating with mini-
mal cardiotoxicity and anticholinergic potential.
Clinically apparent side-effects usually involve the
gastrointestinal tract, causing nausea, vomiting, or
diarrhea. However, the occurrence of these adverse
events may be reduced by administration with food.
A notable advantage to the use of sertraline is the
reduced potential for drug interactions, as sertraline
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Table 45.3 Comparative side-effect profile of selected newer antidepressants

Drug Sedation Orthostatic Hypotension Anticholinergic

• Citalopram + − −
• Fluoxetine − + −
• Fluvoxamine − − −
• Mirtazapine + − −
• Nefazodone + + +
• Paroxetine − + −
• Sertraline + + −
• Trazodone ++ ++ ++
• Venlafaxine ++ − −
• Reboxetine − + −
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displays the least P450 2D6 inhibition compared
with other commonly used SSRIs. A starting dose of
12.5 mg/day is recommended for older adults. If tol-
erated, the dose may subsequently be increased in
increments of 12.5 to 25 mg to a maximum of
150 mg/day. An added advantage of sertraline ther-
apy in older adults is that cessation of therapy is
associated with a lower burden of moderate to
severe discontinuation symptoms.35

Fluvoxamine
Fluvoxamine maleate is a selective inhibitor of
presynaptic serotonin neuronal re-uptake. Initially
approved for the treatment of obsessive-compulsive
disorders, Fluvoxamine possesses antidepressant
efficacy comparable to SSRIs, such as sertraline and
fluoxetine, and older antidepressants including
imipramine, desimipramine, amitriptyline, and
dothiepin.36,37 Fluvoxamine is well absorbed follow-
ing oral administration and has a half-life of 19–22
hours. Following hepatic metabolism, 90% of the
dose is converted to inactive metabolites. Steady-
state levels are usually achieved within 10–14 days.
Fluvoxamine is relatively well tolerated, although
administration of large doses has been associated
with an increased incidence of nausea.38,39

Fluvoxamine is especially beneficial in severely
depressed adults with suicidal ideation. Although

the effective dose of fluvoxamine may range from
50 to 200 mg daily, the recommended initial daily
dose is 100 or 150 mg. Available data indicate that
patients on the latter dose are more likely to
respond to treatment. Factors predictive of a posi-
tive response to fluvoxamine include age younger
than 50 years and no prior history of depression.40

As the cumulative percentage of positive responders
exceeds 80% at 6 weeks, failure to improve after 6
weeks of fluvoxamine should warrant consideration
of alternative therapeutic options.41

Citalopram
Citalopram is an SSRI used in the treatment of
depression. Animal studies show a reduction in the
release of excitatory amino acid neurotransmitters,
glutamate and aspartate, by the involvement of the
inhibitory neuromodulator adenosine.42 This agent
is well tolerated by older patients and is of compara-
ble efficacy to older antidepressants.43–46 Citalopram
is well absorbed orally, 80% protein bound, and has
a half-life of 35 hours. Hepatic demethylation results
in the production of less active metabolites that
undergo both renal and fecal excretion. Available
data support minimal inhibition of cytochrome
P450 2DS and consequently limited potential for
drug interactions. Citalopram has minimal effects on
the cardiovascular system and has a much better
safety profile than TCAs. This agent may be a suit-
able choice in the older depressed adult with cardio-
vascular disease or comorbid conditions that
predispose to autonomic instability.47,48

Escitalopram
Escitalopram oxalate (S-citalopram), the S-enantiomer
of citalopram, is also an SSRI and an effective anti-
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Table 45.4 Antidepressant adverse effects
related to receptor blockade

Receptor blockade Adverse effects

• Muscarinic Urinary retention
Overflow incontinence
Constipation
Delirium
Blurred vision
Xerostomia
Anorexia

• Histamine Sedation
Delirium

Weight gain
• Alpha-adrenergic Orthostatic hypotension

Inappropriate tachycardia
Priapism (penile and 
clitoral)

Table 45.5 St. John’s wort (Hypericum
Perforatum extract): Biologically active ingredients.

Hypericin
Pseudohypericin
Monoterpenes
Xanthones
β-sitosterol
Quercetin
Catechin
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depressant. Escitalopram binds with high affinity to
the human serotonin transporter and is approxi-
mately 30-fold more potent than citalopram at this
transporter. Pharmacokinetic studies show that esci-
talopram has a very predictable dose–response ratio
and negligible effects on cytochrome P450 enzyme
systems, thereby minimizing the potential for adverse
drug interactions. Escitalopram has been shown to be
equally as effective as earlier SSRIs and may be espe-
cially effective in patients with major depressive dis-
order associated with pronounced symptoms of
anxiety. Escitalopram is dosed once daily and patients
may experience a clinically relevant response much
earlier compared to their peers on citalopram. Side-
effects of escitalopram include nausea, insomnia,
ejaculation disorder, diarrhea, dry mouth, and som-
nolence.49,50 Drug-induced delirium is a frequent
concern when antidepressant therapy is started in
patients with Alzheimer’s disease. Escitalopram has
been shown to be a safe and effective antidepressant
in patients with dementia.51,52

Serotonin antagonist re-uptake
inhibitors

Serotonin antagonist re-uptake inhibitors (SARIs)
mediate their antidepressant action through a com-
bination of 5-HT2 receptor blockade and 5-HT re-
uptake inhibition. The additional mechanism of
5-HT2 receptor blockade prevents non-specific
activation of receptors by the increase in 5-HT pro-
duced by serotonin re-uptake inhibition. Indeed,
data indicate that the SARIs may have a lower inci-
dence of agitation, anxiety, and sexual dysfunction
compared with SSRIs.53,54

Trazodone
Trazodone is a phenylpiperazine derivative with weak
antidepressant activity. It is frequently, although
inappropriately, used as an anxiolytic or sedative in
older adults. Trazodone inhibits 5-HT reuptake and
antagonizes histamine and α1-adrenoreceptors,
resulting in an increased incidence of adverse effects,
such as drowsiness, dizziness, and orthostatic
hypotension.55 Additionally, priapism is an infre-
quent, but particularly troublesome, side-effect of

trazodone which may discourage the use of this
agent in older men. Trazodone-induced priapism is
attributed to pronounced alpha-1 adrenergic block-
ade.56 Current evidence indicates that trazodone
may be a useful agent in patients with major depres-
sive disease and disturbing insomnia. Administration
at night in such patients improves sleep and elimi-
nates the need for adjunctive hypnotic therapy.57

Nefazodone
Nefazodone is also a phenylpiperazine derivative
that inhibits serotonin re-uptake and blocks 5-HT
receptors. In contrast to trazodone, nefazodone has
less α1−adrenergic receptor blockade with minimal
effect on muscarinic and histamine receptors.43 This
may account for the improved side-effect profile
associated with the use of nefazodone compared
with trazodone. Orthostatic hypotension and seda-
tion occur with much less frequency in persons who
use nefazodone. As with trazodone, priapism has
been described as a rare side-effect of nefazodone
is moderate. Additionally, several reports have
emerged of drug-induced clitoral priapism in associ-
ation with both drugs.58,59

Nefazodone is rapidly absorbed after oral admin-
istration, reaching a peak plasma concentration 2
hours after administration. However, first-pass
metabolism reduces bioavailability to approximately
20%. Subsequent hepatic metabolism results in the
production of active metabolites. Altered pharma-
cokinetics in older adults result in plasma concen-
trations that may be twice as high as levels in
younger adults. Older men tend to have lower
levels than older women. Regardless, available data
do not indicate an increased likelihood of adverse
effects in older subjects. The recommended starting
dose in older adults is 50 mg twice a day, with slow
incremental titration of 100 mg/day every 2 weeks.
The recommended maximum total daily dose is
600 mg. Nefazodone inhibits the metabolism of
drugs metabolized by the CYP 3A3-4 isoenzyme,
thereby increasing the potential for drug interac-
tions. Increased levels of benzodiazepines and carba-
mazepine may result when these drugs are given in
combination with nefazodone. Of particular con-
cern is the potentially fatal interaction that may
result from cardiac arrhythmias, characteristically
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torsades de pointes, when nefazodone is taken with
terfenadine, astemizole, or cisapride. Less serious
side-effects of nefazodone include nausea, sedation,
constipation, and dizziness. 

The inhibiting effect of nefazodone on postsynap-
tic serotonin receptors makes it a useful choice in the
depressed anxious patient. Additionally, the preserva-
tion of normal sleep architecture is often useful in the
management of depressed persons with insomnia.60–62

Serotonin–norepinephrine re-uptake
inhibitors

Venlafaxine
Venlafaxine, the prototypical agent of this group,
exerts a greater effect on 5-HT re-uptake than nor-
epinephrine re-uptake. Studies have shown that
venlafaxine does not demonstrate significant bind-
ing to 5HT, norepinephrine, dopamine, mus-
carinic, cholinergic, α1-adrenergic, or histamine
receptors. This accounts for the rarity of side-
effects related to blockade of these receptors.
Hepatic metabolism results in the production of
active metabolites with a half-life of 9–12 hours
compared to 3–5 hours for the parent drug.
Venlafaxine is excreted through the kidneys.
Clinically significant age-related changes in phar-
macokinetics have not been documented. Thus,
dose adjustment for age is not necessary, unless
there is evidence of renal or hepatic impairment.
The recommended starting dose is 75 mg/day in
two or three daily divided doses to a maximum of
375 mg/day. Venlafaxine is comparable in thera-
peutic efficacy to TCAs and SSRIs.63–65

Adverse effects of venlafaxine are more likely to
occur at the onset of treatment and tend to subside
with continued use. These include anorexia, dry
mouth, sleep disturbance, headaches, and sweating.
At high doses, sexual dysfunction has been reported
in 9% of patients. Dose-related diastolic hyperten-
sion complicating therapy has been reported in
3–13% of patients, mandating routine blood pres-
sure monitoring in persons on this drug.66–68

Additionally, venlafaxine, though effective, may be
poorly tolerated in frail elders.69–71

Mirtazapine
Mirtazapine blocks presynaptic α2-adrenergic recep-
tors and postsynaptic 5-HT2 and 5-HT3 receptors.
Mirtazapine has a half-life of 20–40 hours, permit-
ting once daily administration. This drug is exten-
sively metabolized by the CYP 450 system and
clearance may be reduced in persons with hepatic
disease. The administration of mirtazapine with
drugs that are co-metabolized by CYP 1A2, CYP
2D6, and CYP 3A4 should be avoided to reduce the
risk of competitive inhibition and unwanted side-
effects. Comparative studies show that mirtazapine
is equally as effective as fluoxetine, amitriptyline,
trazodone, and chlorimipramine. Studies also show
that mirtazapine has fewer anticholinergic side-
effects compared with TCAs. Commonly reported
unwanted adverse effects associated with the use of
mirtazapine include somnolence, dizziness, and sex-
ual dysfunction. Paradoxically, other common side-
effects, namely increased appetite and weight gain,
may serve as a clinical advantage in the older
depressed person with anorexia and weight loss.
Similarly, the relatively high affinity of mirtazapine
for histamine receptors has proven useful in the
management of patients with anxiety, agitation,
and insomnia.72,73 Pharmacokinetic studies support
dosage adjustments in renal failure. Older adults
have also been shown to have relatively higher
serum levels. Regardless, available evidence does
not support dosage adjustment in older adults with
normal renal and hepatic function. The recom-
mended starting dose is 15 mg at bedtime with slow
titration upwards every 2 weeks to a maximum of
45 mg/day. Although dose adjustments have not
been recommended for the older adult, it is reason-
able to start at a lower dose of 7.5 mg at bedtime and
titrate upwards after observing for tolerance.72

Selective noradrenaline re-uptake
inhibitors 

Reboxetine
Reboxetine is a selective norepinephrine inhibitor
that has been shown to be just as effective as SSRIs
in the treatment of depression. Reboxetine is highly
protein bound and less than 10% of the dose is
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cleared renally. The primary route of reboxetine
elimination appears to be through hepatic metabo-
lism. Reboxetine is metabolized by cytochrome
P450 (CYP) 3A4. CYP 2D6 is not involved,
thereby limiting the risk of drug interactions with
agents such as ketoconazole that share this
cytochrome metabolic pathway.74 Reboxetine
plasma concentrations are increased in elderly indi-
viduals and in those with hepatic or renal dysfunc-
tion. A specific advantage of reboxetine is the
minimal effect on sexual function and libido, ren-
dering it a reasonable choice for patients at risk for
sexual dysfunction with SSRIs.75,76 Higher rates of
remission may be achieved with reboxetine com-
pared to traditional SSRIs. This has been attributed
to more effective noradrenergic suppression result-
ing in better control of associated anxiety symp-
toms.77

Dopamine re-uptake inhibitors

Bupropion
Bupropion is an aminoketone that exerts its effect
by selective inhibition of the re-uptake of dopamine
and norepinephrine. Bupropion has a therapeutic
half-life of 18 hours and undergoes hepatic meta-
bolism and renal excretion. Studies indicate that
bupropion is an effective activating antidepressant
and is well tolerated in older adults. The absence of
significant anticholinergic, cardiovascular, or sedat-
ing side-effects renders this agent a favorable choice
for the older patient. There are no reports of sexual
dysfunction complicating the use of this agent. This
is attributed to the minimal serotoninergic effect
associated with the use of this agent.78–80

Bupropion reduces the seizure threshold and is
associated with an increased frequency of grand mal
seizures. Additionally, bupropion has a low thera-
peutic index and requires multiple dosing, thereby
increasing the risk of overdosage, which frequently
presents with tremors and seizures. 

The recommended starting dose of bupropion is
50 mg orally twice daily for both the immediate-
release and sustained-release preparations. The sus-
tained-release preparation may be associated with

lower peak plasma levels and a reduction in the
frequency of side-effects. The maximum daily dose
should not exceed 400 mg daily. Nocturnal dosing
should be avoided as this may result in insomnia.81,82

There may be an increased risk for accumulation of
bupropion and its metabolites in the elderly man-
dating close monitoring for toxicity in older
patients.83

Monoamine oxidase inhibitors

Although MAOIs possess antidepressant activity,
the marked potential for food and drug interactions
discouraged use of these agents. Recently more
selective MAOIs with reversible inhibition have
been identified. 

Selegiline 
Selegiline, a selective monoamine oxidase B
inhibitor, originally approved for the treatment of
Parkinson’s disease, is also an effective antidepres-
sant at higher doses. By inhibiting MAO-B, selegi-
line increases dopamine levels in the substantia
nigra. Selegiline also blocks dopamine re-uptake
from the synaptic cleft, thereby increasing dopamine
concentrations in the brain. However, at high doses
oral selegiline is less selective, thereby increasing the
potential for tyramine interactions. 

Recently, transdermal selegiline was approved for
the treatment of depression. Transdermal adminis-
tration of selegiline avoids the first-pass effect,
resulting in increased drug delivery to the brain and
reduced production of peripherally acting metabo-
lites such as desmethylselegiline, which also possess
some MAO-B inhibitory property. Transdermal
selegiline thus inhibits central nervous system
monoamine oxidase isoenzymes with minimal
effects on hepatic and gastrointestinal MAOI sys-
tems, thereby reducing the risk of interactions with
tyramine-rich foods.84–86

Moclobemide is another reversible inhibitor of
monoamine oxidase A that has been shown to be as
effective in the treatment of depression as tricyclic
antidepressants and SSRIs. Moclobemide has also
been shown to be effective in the treatment of sub-
types of depression that tend to occur more often in
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older adults, such as atypical, agitated, and retarded
depression.87,88

Newer agents 

Notable advances in the neurobiology of depression
have prompted exploration of several therapeutic
alternatives in the management of depression. CRF
antagonists, glucocorticoid receptor antagonists,
substance P receptor antagonists, and NMDA gluta-
mate receptor antagonists are being explored.
‘Triple’ re-uptake inhibitors that inhibit the re-
uptake of norepinephrine, serotonin, and dopamine
look promising.89,90

Unopposed clearance of serotonin by dopamin-
ergic neurons may reduce the efficacy of SSRIs in
the treatment of depression. Theoretically, triple re-
uptake inhibitors, by providing additional pharma-
cologic inhibition of the dopamine receptors,
should induce a synergistic increase in serotonin
levels.91,92 Studies exploring these novel antidepres-
sant therapies are ongoing. 

Complementary and
alternative therapy

With the growing use of alternative and comple-
mentary medicine, several therapeutic options are
being touted for the treatment of depression.
Depressed persons may attach negative connota-
tions to conventional antidepressants. Such patients
may opt for ‘natural remedies’, which often do not
labor under the traditional stigma of psychiatric
medication. According to the 1994 Dietary
Supplement Health Education Act, herbal products
are classified as foods and are not subject to the
stringent quality-control regulations as are standard
pharmaceuticals. However, patients have unre-
stricted and unregulated access to these products.
The lack of standardization, regulation, and suffi-
cient evidence-based information regarding the
safety of these products precludes formal prescrip-
tion of these agents by orthodox health practition-
ers. Nevertheless, patients may choose to use these
preparations of their own volition. Consequently,

the onus is on all health-care providers to become
familiar with marketed integrative therapies in
order to function effectively as patient advocates
and counselors. 

St John’s wort (Hypericum perforatum)
Hypericum perforatum is a flowering plant which was
traditionally used in medieval England during the
feast of John the Baptist. The term ‘wort’ is the old
English word for plant. Hypericum extracts have
been used for medicinal purposes for several cen-
turies, mainly as a treatment for vaguely character-
ized ‘nervous conditions’ and insomnia.62 Hypericum
extract contains several biologically active sub-
stances, several of which have been shown to
inhibit 5-HT and monoamine oxidase re-uptake.
Over the past two decades, St John’s wort has
become an increasingly popular alternative treat-
ment for depression, with annual sales increasing
from $20 million to $200 million between 1995 and
1997 (Table 45.5).63 Review of available data from
randomized controlled trials examining the efficacy
of St John’s wort reveals conflicting results, which
vary significantly with the Hypericum extract
used.93,94

Available data indicate that St John’s wort is
well tolerated in the majority of patients, with side-
effects occurring in 2–8% of adults. Nausea,
lethargy, and skin rash are the most common side-
effects reported. Rarely, photosensitivity compli-
cates the use of St John’s wort.95 Additionally,
St John’s wort is an inducer of cytochrome P450
(CYP) 3A enzymes and is therefore associated with
an increased risk of drug interactions with agents
that share this same pathway. Inconsistent efficacy
data, lack of regulatory oversight, and absence of
stringent standardization criteria constitute major
drawbacks to the use of this preparation.96

S-Adenosylmethionine 
S-Adenosyl-l-methionine (SAMe) is a naturally-
occuring transmethylating compound that occurs
within the brain. Studies examining the short-term
effect of SAMe indicate a possible role in the treat-
ment of major depression in adults. Although the
pharmacokinetics and pharmacodynamics of SAMe
are unclear, available evidence suggest that at oral
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dosages of less than 1600 mg/day, SAMe is signifi-
cantly bioavailable and lacks notable toxic effects.
Nevertheless, further studies are needed to confirm
efficacy and define the precise role of this supple-
ment in the treatment of depression.97

Conclusions

Depression is a common problem in older adults.
Inadequate treatment has grave consequences. The
choice of antidepressant, as with all medications
prescribed for the older adult, is often based on sev-
eral factors. These include age-related changes in
pharmacodynamics and pharmacokinetics and the
kinetic profile of the prescribed agent. Other con-
siderations include cost, dosing intervals, patient
compliance, associated medical conditions, and
drug interactions. Specifically, with regard to anti-
depressants, the patient’s response to previous anti-
depressant therapy should be considered. 

Available evidence indicates that most antide-
pressants are of comparable efficacy. However, they
differ significantly with regard to their side-effect
profile. Geriatric health professionals often display
justifiable caution in prescribing new drugs as these
agents have frequently not been well evaluated in
the older population. Antidepressants are one of the
few exceptions to this rule. The emergence of newer
drugs has not only expanded the armamentarium of
pharmacologic therapeutic options, but also
reduced the risk of adverse effects traditionally asso-
ciated with the treatment of late-life depression. 
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CHAPTER 46

Sleep disorders
Hosam K Kamel

Introduction

Sleep disorders are estimated to affect more than
50% of community-dwelling elderly and more than
65% of institutionalized elderly.1 Older individuals
with sleep disorders may complain of waking tired,
difficulty falling asleep, difficulty maintaining
wakefulness during the day, or abnormal behavior
associated with sleep. Although sleep requirements
do not decrease with advancing age, older adults are
less able to sleep.2 Individuals with sleep disorders
may complain of difficulty sustaining attention,
slowed response time, difficulty with memory, and
decreased performance. Many sleep disturbances in
the elderly remain undiagnosed and untreated
as they are mistakenly attributed to aging.1

Epidemiologic studies of older adults found an asso-
ciation between sleep complaint and the presence
of chronic illness, mood disturbances, decreased
physical activity, and physical disability.3–5 Older
women are more likely than older men to report
sleep complaints.6

Age-related changes in sleep
patterns

Aging is associated with multiple changes in sleep
patterns (Table 46.1). While stages 1 and 2 (the
lighter stages of sleep) increase or remain the same,
stages 3 and 4 (the deeper stages of sleep) decrease
with advancing age. Rapid eye movement (REM)
sleep occurs earlier during the sleep cycle, with the

percentage of REM sleep remaining the same.7

Older adults have decreased sleep efficiency (time
asleep over time in bed), decreased sleep time, and
an increased sleep latency (time to fall asleep).
Additional findings include earlier bedtime and ear-
lier morning awakening, more arousal during sleep,
and more daytime napping compared to younger
adults. After a period of sleep deprivation, older
adults show less daytime sleepiness, less evidence of
decline in performance measure, and recover their
normal sleep structure more rapidly than younger
adults. Older persons, however, have more sleep dis-
turbances with jet lag and shift work than younger
persons.8

Evaluation of sleep in older persons

The National Institutes of Health Consensus
Statement on the Treatment of Sleep Disorders in
Older People suggested three simple questions for
clinicians to screen for sleep disorders in the
elderly.9 First, is the person satisfied with his/her
sleep? Second, does sleep or fatigue intrude into
daytime activities? And third, does the bed partner
or others complain of unusual behavior during
sleep, such as snoring, interrupted breathing, or leg
movement?

In general, transient sleep disturbances (less than
4 weeks) are usually situational; persistent sleep
problems, on the other hand, often require detailed
evaluation. To aid the assessment of sleep com-
plaints, it is helpful to ask patients to keep a ‘sleep
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log’ in which, each morning, they record their time
in bed, their estimated amount of sleep, number of
awakenings, time of morning awakenings, and any
symptoms that occur during the night (Table 46.2).10

This should be supplemented by information from
the bed partner when possible. Patients should have
a general physical examination that includes mental
status assessment and depression screening.

In addition to sleep logs, there are several tools
available that can help assess for possible sleep disor-
ders. Polysomnography is indicated when a primary
sleep disorder, such as sleep apnea or periodic limb
movement in sleep, is suspected. A wrist actigraph is
another tool that utilizes a monitor to estimate sleep
versus wakefulness time based on wrist activity. Its
utility may be limited in individuals with tremor,
dyskinesia, or myoclonus. Overnight use of pulse
oximetry allows direct monitoring of oxygen satura-
tion for evidence of hypoxemia that might indicate
the presence of sleep apnea. Another measure of
sleep that has been developed for home sleep moni-
toring is a pressure-sensitive pad that reports signals
from respiration and movement. 

Insomnia

Insomnia is defined as difficulty in initiating or
maintaining sleep. Insomnia can be primary when it
does not occur exclusively during the course of
another sleep or mental disorder, nor is it due to a
direct physiologic effect of substance or alcohol
abuse or a general medical condition.11 Primary
insomnia is uncommon in the elderly. Insomnia in

this patient population is usually secondary to a
psychiatric or medical illness.12

Causes
Psychiatric disorders have been reported to be
responsible for more than 50% of cases of insomnia
in this patient population. Depression is the most
common condition involved and is characterized by
early awakening, increased sleep latency, and more
night-time wakefulness. In depressed elderly with
sleep disturbances, treatment of depression has been
reported to improve sleep abnormality, with
changes in sleep electroencephalography towards a
more normal sleep structure. Anxiety and stress may
be associated with difficulty in initiating sleep.
Older caregivers report more sleep complaints than
do similarly aged healthy adults. In one study about
40% of older women who were family caregivers of
older adults with dementia reported using a sleeping
medication in the previous months.13

Drug and alcohol use account for another 10 to
15% of cases of insomnia. Chronic use of sedatives
may cause light and fragmented sleep. Alcohol
abuse is often associated with lighter and shorter
duration of sleep. The use of alcohol to treat insom-
nia should be discouraged. Although alcohol may
cause an initial drowsiness, it can impair sleep later
in the night as blood alcohol levels decrease.

Pain from arthritis and other medical conditions,
cough, dyspnea from cardiac or pulmonary illness,
gastroesophageal reflux, and night-time urination
can impair sleep. In addition, sleep can be impaired
by certain medications/substances taken near bed-
time such as diuretics and stimulating agents (for
example caffeine, sympathomimetics, and bron-
chodilators). Certain medications, such as some
antidepressants, antiparkinsonian agents, and anti-
hypertensives (such as propranolol), may cause
nightmares and impair sleep.

Management
A trial of improved sleep hygiene is usually the rec-
ommended initial approach to the management of
insomnia. Short-term hypnotic therapy may be
appropriate in conjunction with improved sleep
hygiene in some cases of transient, situational
insomnia such as periods of temporary acute stress.
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Table 46.1 Age-related changes in sleep

• Decrease in stages 3 and 4 sleep
• Increased night-time awakenings
• Increased sleep latency (time to fall asleep)
• Decreased  sleep efficiency (time asleep over

time in bed)
• Increased daytime napping
• Earlier morning awakening
• Earlier onset of REM sleep in night
• Decreased total REM sleep

REM: rapid eye movement.
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In chronic insomnia (insomnia lasting 30 days or
more), the clinician should rule out primary sleep
disorders (e.g. sleep apnea, restless leg syndrome)
and review medications and other medical condi-
tions that may be contributory. Non-pharmacologic
interventions are the recommended choice of treat-
ment for chronic insomnia.14

Several non-pharmacologic interventions can be
quite effective in improving sleep in older persons.
Behavioral interventions have been shown to pro-
duce multiple therapeutic benefits including
improved sleep efficiency, sleep continuity and sat-
isfaction with sleep, and decreased hypnotic use.15,16

Stimulus control17 and sleep restriction therapy18

have been shown to be helpful for older persons
with insomnia. Cognitive and educational inter-
ventions have been shown to be superior to phar-
macologic therapy in producing sleep
improvements that are better sustained over time.19

The effects of exposure to bright light (either
natural sunlight or commercially available boxes)
on sleep in older persons with insomnia have been
tested in multiple studies.20,21 Positive effects on
sleep have been demonstrated with light exposure
of various intensities for various durations and at
various times during the day. Evening light exposure
was particularly useful in older persons with an
advanced sleep phase. Even short durations of
bright light exposure in the morning have been
shown to improve sleep complaints in healthy older

adults. Taking a warm bath before sleep has been
demonstrated to enhance the quality of sleep in
older people. Moderate intensity exercise has also
been shown to improve sleep in healthy sedentary
people aged 50 years and older who reported mod-
erate sleep complaints at baseline.22

Pharmacologic therapy of insomnia usually con-
sists of a benzodiazepine with a short half-life or a
short-acting non-benzodiazepine. Table 46.3 lists
pharmacologic agents commonly used to treat
insomnia. Benzodiazepines should only be used for
short periods, and if used for longer than a week
they should be used for more than three nights a
week. Short-acting agents are recommended for
problems with sleep maintenance. Short-acting
agents are less likely to be associated with falls and
hip fractures. Rebound insomnia after cessation of a
short-acting agent is frequent and can be reduced by
tapering the dosage prior to discontinuing the drug.
Temazepam has an intermediate half-life and no
known active metabolites, and its metabolism is not
affected by aging. However, daytime sedation may
occur with this agent. Estazolam is a benzodiazepine
with rapid onset and intermediate duration of
action, so it may be effective in both initiating and
maintaining sleep. This agent has a weak active
metabolite. The most common adverse effects
reported with this agent are somnolence and hypoki-
nesia. Estazolam is thought to have little effect on
daytime psychomotor performance. Long-acting
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Table 46.2 Suggested items of a sleep log10

• Date and day of the week
• Activities during the day 
• Timing of meals and quantity of food eaten
• Timing and medications taken (prescription and non-prescription)
• Alcohol and caffeine consumption (including caffeinated beverages)
• Activities before bedtime (e.g. taking a bath, watching TV, or reading)
• Time of going to bed
• Time needed to fall asleep
• Quality of sleep (including awakening periods and nightmares)
• Dreams, snoring, or unusual movement during sleep
• Time of wakening in the morning
• Feelings on waking in the morning (well rested or tired)
• Daytime naps
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benzodiazepines should not be used in older
people because of associated daytime sedation,
lethargy, ataxia, and cognitive and psychomotor
impairment.23

Short-acting non-benzodiazepine hypnotics that
are currently approved by the US Food and Drug
Administration (FDA) for the treatment of insom-
nia include zolpidem, zaleplon, eszopiclone, and
ramelteon. Although zolpidem, zaleplon, and
eszopiclone are structurally unrelated to benzodi-
azepines, they share some of the pharmacologic
properties such as interacting with the central ner-
vous system γ-amino butyric acid (GABA) receptor
complex at benzodiazepine (GABA-BZ) receptors.
Ramelteon, on the other hand, belongs to a new
class of drugs, selective ML-1 receptor agonists that
mimic the action of the naturally occuring hormone
melatonin. All four drugs have a rapid onset of
action and should be taken within 30 minutes of
bedtime or after the individual has gone to bed and
has been unable to fall asleep. These agents have
been shown to have little effect on daytime perfor-
mance of cognitive and psychomotor tests.
Eszopiclone was the first sleeping agent approved by

the FDA (in December 2004) for long-term use.
Nightly treatment with eszopiclone 2 mg for 2
weeks was shown in a randomized controlled trial to
effectively induce and maintain sleep in 231 older
subjects with primary insomnia. Overall, the drug
was well tolerated. Dosage adjustment is necessary
for individuals with severe liver disease, but not for
those with renal impairment.24,25

Ramelteon (approved in July 2005) is the first sleep
medication not to be designated a controlled sub-
stance by the US Drug Enforcement Administration.
Like eszopiclone, ramelteon is approved by the FDA
for long-term use. Results from a randomized
placebo-controlled study involving 829 older adults
with chronic insomnia were reported at the
American Geriatric Society’s annual scientific meet-
ing in May 2005 and showed patients who received
ramelteon 4 mg or 8 mg at bedtime for 5 weeks had
decreased sleep latency (time needed to fall asleep)
compared to the placebo group.26 The drug was well
tolerated. Ramelteon is contraindicated in patients
with severe liver disease. Low doses of sedating anti-
depressants such as trazodone or mirtazapine may
also be used as a sleeping aid.
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Table 46.3 Pharmacologic agents commonly used to treat insomnia

Drug Suggested dose (mg/day) Time to onset of action (min) Half-life (hours)

Non-benzodiazepines

Eszopiclone 1–2 45–60 6
Ramelteon 8 < 30 1–2
Zaleplon 5–10 < 30 1
Zolpidem 5–10 30 1.5–4.5

Benzodiazepines

Estazolam 1–2 15–30 8–24
Flurazepam 15–30 30–60 10–15
Lorazepam 1–4 30–60 8–24
Temazepam 15–30 45–60 3–25
Triazolam 0.125–0.25 15–30 1.5–5

Others

Trazodone 25–50 30–60 5–9
Mirtazapine 15–30 60–120 20–40
Melatonin 3 60–120 0.5–.75
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Melatonin is a hormone that is secreted by the
pineal gland and appears to have a role in regulat-
ing the circadian and seasonal biorhythms in
humans and other mammals. Its synthesis and
release are stimulated by darkness and inhibited by
light. Thus, the diurnal rhythm of melatonin secre-
tion closely follows the day–night cycle, This circa-
dian rhythm, however, may be affected by changes
in environmental lighting. Although plasma mela-
tonin levels undergo a continuous decline after
peaking at the age of 2 to 5 years, nigh-time plasma
levels of the hormone remain greater than those
during the day throughout the life-span.27

There is evidence that links the age-related
decline in melatonin plasma levels to the develop-
ment of insomnia in later years of life. The admin-
istration of melatonin to older adults with insomnia
at doses sufficient to raise night-time plasma levels
to those of younger adults restored normal sleep pat-
ters in these individuals.28 In another study the
administration of melatonin to older persons with
insomnia decreased sleep latency and wake time
after the onset of sleep, and increased sleep effi-
ciency (time asleep over time in bed).29 On the
other hand, melatonin supplementation had no
effect on sleep patterns in older adults who did not
have insomnia in spite of the presence of low mela-
tonin plasma levels. 

Sleep apnea

Sleep apnea refers to a periodic reduction in ventila-
tion during sleep. Patients with sleep apnea often
complain of excessive daytime sleepiness. Sleep apnea
may be central (simultaneous cessation of breathing
efforts and nasal and oral airflow), obstructive
(impaired airflow), or mixed. Most older patients with
sleep apnea have obstructive sleep apnea. In this con-
dition, patients usually present with hypersomno-
lence and are typically unaware of the frequent
arousals associated with reduction in ventilation.
Patients are often obese and may have morning
headaches and personality changes. They may also
complain of poor memory, confusion, and irritability.
Other symptoms include loud snoring, cessation of
breathing, and choking sounds during sleep.

The prevalence of sleep apnea increases with
age. The reported prevalence of sleep apnea
among older adults varies from 20 to 70% depend-
ing on the population studied. The most impor-
tant predictor of sleep apnea is large body mass.30

Other predictors identified include falling asleep
at inappropriate times, male gender, and frequent
daytime napping. Alcoholism is an important risk
factor for sleep apnea, and sleep-disordered
breathing is a significant contributor to sleep dis-
turbances in men with alcohol abuse who are over
the age of 40 years. Sleep apnea has been linked
to dementia. In one study among institutionalized
elderly, the presence of sleep apnea was linked to
dementia and there was a positive correlation
between the severity of sleep disturbances and the
severity of dementia.31 Individuals suspected of
having sleep apnea should be referred to a sleep
laboratory for evaluation. Patients with sleep
apnea should be encouraged to lose weight, avoid
alcohol and sedative use, and avoid the supine
sleeping position. Continuous positive airway
pressure (CPAP) is the treatment of choice for
patients with sleep apnea. Older patients gener-
ally tolerate CPAP well. For those who fail or are
unable to tolerate CPAP treatment, surgery may
be considered. Surgical procedures vary from
laser-assisted uvuloplasty (effective in 30% of
patients) to mandibular-maxillary advancement
(effective in 90% of patients).

Periodic limb movements in sleep
and ‘restless legs syndrome’

Periodic limb movements in sleep (PLMS, or noc-
turnal myoclonus) are a condition of repetitive,
stereotypical leg movements occuring in non-REM
sleep. The leg movements occur every 20 to 40 sec-
onds and can last much of the night, which may
interfere with sleep. The prevalence of PLMS
increases with age and it is estimated to affect about
20–60% of older adults.32 PLMS may present as dif-
ficulty maintaining sleep or excessive daytime
sleepiness. A bed partner may be aware of the leg
movements, or these movements may remain occult
until identified in a sleep laboratory.
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‘Restless leg syndrome’ (RLS) is a condition of
uncontrolable urges to move one’s legs at night.
The diagnosis is made based on the patient’s
description of symptoms, and the sleep complaint
is usually difficulty in initiating sleep. There may
be a family history of the condition and, in some
cases, an underlying medical disorder (such as
renal, neurologic, or cardiovascular disease). The
prevalence of RLS increases with age. A large
community-based study estimated the prevalence
of RLS at 10.6%. In this study female sex was an
independent predictor of RLS diagnosis.33 Many
patients with RLS also have PLMS. In older
patients with PLMS or RLS, dopaminergic
agents are the initial treatment of choice for both
conditions (for example, an evening dose of
carbidopa/levodopa, pergolide, or ropinirole).
Benzodiazepines or opiates have also been used for
these conditions.

REM sleep behavior disorder

REM sleep behavior disorder is characterized by
excessive motor activity during sleep, with the
pathologic absence of the normal muscle atonia
during REM sleep. The presenting symptoms are
usually vigorous sleep behaviors associated with
vivid dreams. These behaviors may even result in
injury to the patient or the bed partner. This con-
dition is more common in older men than women
and may be acute or chronic. Acute transient
REM sleep behavior disorders have been associ-
ated with toxic-metabolic abnormalities, primar-
ily drug or alcohol withdrawal or intoxication.
The chronic form of REM sleep behavior disorder
is usually idiopathic or associated with a neuro-
logic abnormality (for example, drug intoxication,
vascular disease, tumor, infection, degenerative
disorder, or trauma). Polysomnography is recom-
mended to establish the diagnosis. Clonazepam is
the treatment of choice for REM sleep behavior
disorder. Pharmacologic therapy should be accom-
panied by environmental safety interventions,
such as removing dangerous objects from the bed-
room, and putting cushions on the floor around
the bed.

Disturbances in the sleep–wake
cycle

Disturbances in the sleep–wake cycle may be tran-
sient, as in jet lag, or associated with an obvious cause
(for example shift work). Some patients have persis-
tent disturbances with either a delayed sleep phase
(in which they fall asleep late and wake up late) or an
advanced sleep phase (in which they fall asleep early
and wake up early). The advanced sleep phase is par-
ticularly common in older individuals. Problems
related to an advanced sleep phase may respond to
timed exposure to bright light. Patients with a signif-
icant sleep-phase cycle disturbance should be referred
to a sleep laboratory for evaluation.
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CHAPTER 47

Cognitive changes in aging
Syed H Tariq and John E Morley

Introduction

Cognition is defined as the various thinking
processes through which knowledge is gained,
stored, manipulated, and expressed. Although many
cognitive skills decline with age, the extent and
pattern of decline vary both at individual level and
with the type of function. Some individuals age suc-
cessfully and maintain a similar cognitive function
to that of the young, and some functions may even
improve with aging. Other individuals may have
some intact cognition functions (e.g. long-term
memory, complex motor skills) while there is a
decline in other areas of cognition (e.g. learning
new information).

Cognitive function is affected by a number of
variables such as demographic factors (age, educa-
tion), work and leisure activities, and individual dif-
ferences.1,2 Psychiatric problems such as depression
and substance abuse also affect cognition.

In this chapter we will discus the epidemiology of
cognitive impairment, different methods involved
in studying cognition, normal age-associated cogni-
tive decline, and the disease process involved in
causing changes in cognition (dementia), diagnos-
tic strategies, and available treatments.

Epidemiology of cognitive
impairment in old age

The prevalence of dementia is 5% in persons of 65
years of age3 and increases to 22% between the ages

of 85 and 89 years. When persons with mild cogni-
tive impairment are included the prevalence is
almost doubled.4 Alzheimer’s disease (AD) is the
most common type of dementia and affects 4 mil-
lion people in the USA. Epidemiologists project the
number of patients with AD to be 14 million by
2040.5,6 Males less commonly develop AD than do
females. Minor cognitive decline is seen in the nor-
mal elderly; two out of three of the intact elderly
have some sort of impairment on psychologic test-
ing, which increases with aging.7

Conceptual issues in the study
of cognitive function

Studying cognitive impairment is a difficult task.
When studying cognition one should have in mind
that cognitive tests are affected by educational
level, culture, language usage, prior experience,
emotional and physical status, and measurement
error. This makes it difficult to differentiate differ-
ences in cognitive score as a result of these factors
from those due to disease processes. In contrast to
clinical studies, in epidemiologic studies it is very
important to consider a wide range of cognition,
from the upper end of normal to the lower end of
the disease process. Similarly there is a need for uni-
form measurement of cognition in all subjects along
with restrictions on time and subject burden.

Published epidemiologic data have relied upon
cognitive testing at one point in time, which is a
direct approach but influenced by a number of
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factors other than disease process, such as education,
which is easily measured, and others which are dif-
ficult to define or measure. The easy way to find
cognitive decline is by analyzing change over a
period of time. The timing between tests should be
long enough to provide time for change.

There are a number of challenges that limit a
change in cognitive function as an outcome in epi-
demiologic studies. First the test should examine
the entire range of cognitive function in the popu-
lation to be studied, since it is difficult to develop
brief tests for cognitive function measurement,
which usually has some degree of floor and ceiling
effect. Second, the observed difference in cognitive
function is usually very small compared to the entire
range of function, which requires the development
of tests that are of sufficient sensitivity to measure
small changes and which are more reliable.
Unfortunately reliability data on most of the tests
are not available. Third, to measure cognitive
change it is important to use the same test at multi-
ple end-points. Some people do well over time
because of the learning effect and the size of the
effect may vary among the risk group, thereby
changing the estimates.8

In modeling the association between risk factors
and change in cognitive function, the analytic issues
are complicated by the need for time to be consid-
ered in the analysis. The methods that are most
effective include advanced longitudinal analysis.

Multiple outcome models, such as multivariate
regression methods, including random effect models
and generalized estimating questions (GEEs), can be
used with three or more risk factors over time. These
methods can use all the observations and estimate
the association of risk factor with level of cognitive
function and with rates of change. A mixed model of
fixed and random effect is the model of choice, when
the cognitive scores are approximately within nor-
mal limits.9 It also allows for individual variation,
i.e., the random effect. The main limitations of this
method are that it requires continuous data and mul-
tiple assumptions need to be made. The GEEs are
used when the cognitive scores are not randomly dis-
tributed.10,11 GEEs have the same benefits as the ran-
dom effects models except that they do not allow for
differences in individual rates of decline. Another

approach is to use a linear regression model and
compute the change in cognitive score over time.
These linear slopes are than used to determine the
outcome variables in another linear regression
model. The main limitation is that the individual
slopes are treated as true slopes rather than esti-
mates. There is a chance of finding an association
where there is none, because some of the risk factors
are underestimated.

It is important to include age and education in
these models. When building models for change in
cognitive function, both age and education need
careful consideration. They are both associated with
many other potential risk factors, so these effects
should be carefully modeled when investigating
other risk factors.12 When assessing score over time
one should take into account the differential effects
of learning on age and education.8

When cognitive decline is used as a categoric
variable, i.e. decline in cognition or no decline, this
approach limits the statistical power and introduces
the potential of deriving wrong associations by pro-
viding cut-off values. Similarly when individuals are
combined into groups (persons showing improve-
ment and those showing no improvement), it is pos-
sible for an exposure group with more variation to
appear to have more decline even though in fact it
experienced more improvement. When a certain
score defines dementia, rather than a change in
score, many other variables are ignored. For exam-
ple, a person with a low educational level may score
close to the cut-off point of dementia as compared
to one of high educational status, but a small change
in the latter’s score may be required to fall into the
group of patient with dementia on follow-up. This
approach becomes limited by the way in which the
ability to distinguish between the initial level and
change is lost.

Sometimes tests are combined to reduce the
skewed distribution between the floor and ceiling
effects. When selecting a method for combining
tests, the investigator should give careful considera-
tion to how different tests are weighted and to what
assumption this implies about the relationships
among the tests.13 In conclusion, advanced statisti-
cal and longitudinal designs should be used in any
studies aimed at age-associated changes.12
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Decline in cognitive functions with
aging, or primary cognitive decline

The cognitive domains are intelligence, attention,
language, memory, learning, visuospatial ability, psy-
chomotor ability and speed, and executive functions.

Intelligence
Intelligence is a multifactorial construct; intellec-
tual performance peaks at the age of 30 years,
plateaus through the fifties and sixties and then
declines after that, but there is a sharper decline in
the late seventies.14 Changes in intelligence as a
function of age may be confounded by cohort effects
as shown in many cross-sectional studies,15 while
longitudinal studies may either overestimate or
underestimate changes in intelligence.16 Four
decades ago Horn and Cattell17 introduced the con-
cept of crystallized and fluid intelligence.
‘Crystallized intelligence’ presents an individual’s
accumulated knowledge base, which is obtained and
can be expanded throughout the lifespan. ‘Fluid
intelligence’ is the ability to solve new problems in
everyday life and requires new knowledge and skills.
With this concept in mind studies have shown that
fluid intelligence deteriorates more with aging as
compared to crystallized intelligence.18,19 Czaja and
Sharit20 compared the abilities of 65 subjects to
learn new computer tasks in the age range of 25–70
years; the older age subjects had more errors and
longer response times. Similarly, in another study
elderly skilled typists did not show any slowing in
their motor abilities, but the elderly unskilled typists
were slower than young unskilled typists, demon-
strating the effects of fluid intelligence.  Some slow-
ing in the central processing may be responsible for
the decline in fluid intelligence in old age.21–23

The Wechsler Adult Intelligence Scale (WAIS)
is the standard test used for testing intelligence.24

There is an earlier and age-related decline observed
on the verbal subsets of this scale. Hultsch et al25

examined a non-institutional sample of the popula-
tion and reported that the age-related decline
occured in the working memory, verbal fluency,
and world knowledge, when the sample was con-
troled for differences in individual effects of aging.
In a meta-analysis of 65 studies, there was no clear

relationship between age and work performance;
but these studies did not show the nature of the
jobs and the experience of the individuals perform-
ing them.26 It is also reported that experience at a
job leads to an increase in crystallized intelligence,
which in fact does not decline with age but can
increase.

Performance speed
Speed of performance is usually not regarded as a
cognitive function on its own, but it operates in
many aspects of cognition. Performance speed
decline is evident in a decrease in the speed of walk-
ing27 and in the finger-tapping test.28 Slowing of
cognition or reaction time is also recognized by psy-
chologic testing with advancing age.21,22,29 The
WAIS has shown that there is more age-related
decline in the performance subsets scores as com-
pared to the verbal subsets scores.24,30 The decline in
the performance subset is not because of motor
slowing but it involves perceptual and integrative
processes. The latter is evident by the relationship
of P300 event-related latencies and age. The P300
and other evoked potentials directly measure the
central processing time.31

Memory and learning
Memory and learning are the general set of func-
tions associated with the acquisition, storage, and
retrieval of new information. Thirty-one percent of
elderly living in the community without cognitive
impairment and 47% of those with cognitive
impairment complain of memory problems.32 This
self-reported memory loss is valid for current mem-
ory function as well as a predictor of impending cog-
nitive decline.32–35

There are three types of memory that are affected
by age in different ways. Primary memory or working
memory is a temporary storage capacity, which is
time limited and is maintained only through prac-
tice. One example of primary memory is to hold a
telephone number in mind while one uses it to dial
a number, or to hold a number while one scans for
the address. Craik36 reported that older people might
be slower in accessing information from primary
stores, though tasks on digit span are performed
equally well in the young and old age groups.37
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Secondary memory is the ability to acquire new
information and seems to be susceptible to aging.
Age-dependent impairment in secondary memory
is somewhat more apparent during tasks such as
free recall rather than crude recall or recogni-
tion.38,39 Furthermore, episodic memory (e.g.
recall of specific words on a list displayed 5 min-
utes earlier) declines substantially with age,
whereas semantic memory (e.g. retrieval from
one’s vocabulary or general knowledge base)
declines modestly.40,41 If one takes into account
educational attainment, decrement in semantic
memory almost does not exist.42 Some investiga-
tors reported that explicit memory (conscious
attempts to recall specific information) declines
more than implicit memory (skills acquired
through previous experience).43,44 It is hypothe-
sized that the decreased ability to learn new infor-
mation might be related to degeneration of the
hippocampus and a decrease in efficacy or abun-
dance of acetylcholine.45 Numerous age-related
differences are found with both the encoding and
the retrieval of new information in long-term
memory. Older adults are more sensitive to dis-
traction on attention tasks,36 quick pacing of
materials,46 and the amount of material presented
at one time.47 When older people are provided
with memory-encoding strategies, they do well on
memory performance, provided they continue
using these techniques.48 Perhaps reinforcement
paradigms that emphasize rehearsal and use of
these new learned skills would prove beneficial. It
has been shown that learning in older adults
might be less effective because they are more
likely to learn peripheral information, while the
younger are more task oriented.49 In addition to
encoding, retrieval is also more difficult for older
people. It is very difficult to understand whether
older adults apply less effort to retrieve informa-
tion or whether weakly-encoded material by defi-
nition is difficult to retrieve.

Tertiary or remote memory is a type of memory
that is stored and consolidated over time (examples
are one’s wedding anniversary or birthday or a his-
toric event). Clinicians have long been aware that
remote memories are clearer and more readily acces-
sible to older adults than more recent memories.

Older adults do better on remembering things over
a 50-year period as compared to their younger coun-
terparts. Elderly people do as well as young on skills
learned long ago, e.g. reading and spelling. In fact
the performance of the elderly on these tests gener-
ally is consistent with or higher than their previous
academic achievement.

Language
Difficulty with spoken language (speech) is a com-
mon complaint in older individuals.50 Disability in
communication is reported by older adults to affect
the quality of life.51 Most of the studies in older
adults have reported that peripheral auditory
impairment accounts for most of the variance in
speech perception scores. This is considered as the
primary contributor to age-related decline in
understanding speech.52,53 Humes and Watson52

reported that hearing loss accounted for 75% of the
variance in identification of scores among older
subjects listening in a quiet environment; when
background noise was added only 50% of the vari-
ance could be explained by the person’s absolute
sensitivity. The input side of language involves per-
ception of the letters and speech sounds that make
up words, and comprehension of meaning of the
words and sentences. These input-side processes
remain remarkably stable in old age, independent
of sensory deficits and decline in the ability to
encode new information.54 The technique used to
measure the processing of word meanings and their
organization in semantic memory is the semantic
priming paradigm (e.g. the reduction in the time
required to identify a target word). The semantic
priming effect is similar in both young and older
adults as evidence for the integrity of this impor-
tant comprehension process in old age.55 The
semantic selection process during sentence com-
prehension remains constant across the age
groups.54 Off-line task measures comprehension
processes by examining what people remember
about the meaning of a paragraph presented earlier.
Age differences invariably appear in such tasks,56

but may have less to do with initial comprehension
than with the process of encoding and recall of
comprehended information.57 Wingfield et al58

asked younger and older adults to repeat sentences
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that were produced at different speaking rates in
two levels of semantic context. The first sentences
were semantically and syntactically meaningful
(e.g. he walked along the path), while the second
sentences were syntactically correct but semanti-
cally meaningless (e.g. fruitless brown dreams sleep
curiously). Performance was significantly poorer
for both age groups when sentences did not include
semantic information. However, when the seman-
tic context was added to the syntax context, older
adults performed better than the younger
adults.59,60 Studies indicate that at least two cogni-
tive abilities are essential for processing spoken
language, which become impaired as function of
old age. First is the ability to maintain perceptual
constancy with speech signals that vary because of
vocal-tract differences among talkers. Second is
the ability to distinguish phonetically similar
words. These are referred as talker normalization
and lexical discrimination, respectively. They are
part of the earliest stages of speech perception and
have been shown to be important for recognizing
spoken words.61,62

Words produced by a man, a women, and a child
will have different acoustic properties because of dif-
ferences in physical characteristics of the speaker.63

Sommers61 has shown that there is a significant age-
related reduction in the ability to carry out percep-
tual normalization of talker differences. In this study
both young and older adults were asked to identify
words against a background noise. In the first part, all
the words were produced by a single speaker, and in
the second 10 different speakers produced the words.
There was no difference in the speech recognition
performance with a single speaker, but in the second
part of the test both groups performed worse.
However, the decline from single to multiple speak-
ers was significantly greater for older adults. The mul-
tiple speakers had greater effect on the perception of
speech in the older adults. This finding suggests that
one of the factors that may contribute to age-related
impairment in speech understanding is a reduced
ability to maintain perceptual constancy by compen-
sating for acoustic-phonetic changes that result from
differences in speaker (vocal-tract) characteristics.

Lexical, as in ‘lexicon’, refers to the structure of
meaning and its representation in words. Intact

lexical functions include the ability to access and
recognize words on demand. Sommers61 measured
the speech identification score for two types of
words as a function of age. The first type was lexi-
cally ‘easy’ words. The second type of stimulus, lex-
ically ‘hard’ words, was, in contrast, phonetically
similar to other common English words. There was
no difference in the identification of easy words
between the two groups (70%), but the perfor-
mance on hard words in both groups was poor. The
older group exhibited significantly lower scores in
identification of lexically hard words compared to
young adults. A multiple regression model indicated
that the performance on lexically difficult words
was not correlated with a measure of absolute sensi-
tivity. Thus, independently of hearing status, older
subjects had greater difficulty in identifying words
that were phonetically similar to others stored in
their long-term memory.

Visuospatial functioning
Visuospatial function is the ability to perceive
objects and subsequently manipulate visual, rather
than non-verbal, information. The magnification
hypothesis model predicts that individual differ-
ences (between young and older adults) will
increase systematically with task difficulty. When
both young and older adults performed visuospatial
information tasks, the response times yielded a sin-
gle principal component with a similar composition
in both age samples. For both samples, response
time for fast and slow subgroups for the seven tasks
(18 conditions) on the corresponding mean of
response time for their age group accounted for 99%
of the variance. These findings suggest that individ-
ual differences in processing time were largely task
independent. The response times of slower individ-
uals are more affected by aging than those of faster
individuals.

It is also hypothesized that aging and hemi-
spheric laterality interact to produce relatively
greater decrements in older individuals in right
hemispheric-dominant (visuospatial) than left
hemispheric-dominant (verbal) tasks. Twenty-four
early middle-aged males (mean age 37.6 years) and
24 older males (mean age 71.2 years) – of equal edu-
cational status – were given a task. The Shark test
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is a verbal and visuospatial paired-associated learn-
ing task and is sensitive to left and right hemi-
spheric dysfunction, respectively. The subjects  were
also given the Shipley Institute for Living Scale and
the Memory-for-Designs Test. No group differences
were present on the Shipley verbal age scale, but the
older group had significantly lower Shipley abstrac-
tion ages and memory-for-designs scores. They
made more errors than the middle-aged group on
both the verbal and visuospatial learning tasks.
These data do not support the notion of a laterality
effect associated with aging.

A cross-sectional analysis of community resi-
dents aged 65 and older found a decrease in visu-
ospatial ability and speed of execution as age
increased. There was also poor performance among
female subjects and those with lower levels of edu-
cation. A convenience sample of 59 people (35
women and 24 men) with mild dementia of the
Alzheimer type, 66 (39 women and 27 men) with
mild dementia of the Alzheimer type, and 146
healthy non-demented individuals (90 women and
56 men) was studied. The participants’ ages ranged
from 51 to 96 years. Dementia severity was staged by
means of the Clinical Dementia Rating. In this sam-
ple, visuospatial deficit was more apparent in very
mild dementia of the Alzheimer type. Individuals
with both very mild and mild dementia of the
Alzheimer type made more errors involving periph-
eral figures and rotation of a major figure than did
healthy, non-demented individuals.

Executive function
Executive functions are cognitive processes that
orchestrate complex, goal-directed activities.64 The
American Psychiatric Association added executive
function to its list of the cognitive domains that can
be used to establish the diagnosis of dementia.65

Executive function has been associated with the
frontal cortex, but is thought to be more of a prod-
uct of the frontal cortico-subcortical system.66

Impairment in executive function is linked to age-
related frontal cortical atrophy and decline in
frontal perfusion among healthy people.67,68

Executive impairment undermines a patient’s inde-
pendence by interfering with the direction, plan-
ning, execution, and supervision of behavior.69 The

prevalence of executive function impairment is
unknown in older adults in the community. It is
reported that decline in executive function can be
detected in healthy adults as young as 45–65 years
of age compared to educationally and sex-matched
adults aged 20–35 years.67 Executive function
can be measured by the Wisconsin Card Sorting
Test (WCST), Executive Interview (EXIT-25),
Mini-Mental State Examination (MMSE), and
Clock Drawing Task (CLOX). The EXIT-25 corre-
lated with other measures of executive control
including the WCST (r = 0.54), Trail Marking
Part B (r = 0.64), the test of sustain attention
(time, r = 0.82; errors, r = 0.83), and Lezak’s Tinker
Toy Test (r = 0.57). The EXIT-25 is more sensitive
than the MMSE to early cognitive impairment
and non-cortical dementia in elderly subjects.70,71

The MMSE is a very familiar instrument,72 but
insensitive in early dementia and poorly educated
subjects.73 CLOX, when administered to healthy
and demented elderly as an executive function,
was closely correlated with EXIT-25 and MMSE.74

This association persists after adjusting for age and
education.75

Neuropsychologic data show that age-related
frontal lobe changes are most significant compared
to other cortical structures.76 These changes vary
across individuals and are evident after the 65 years
of age. One theory of aging links impairment in
executive function to cognitive decline in memory
and attention, which in turn is associated with
frontal lobes.77 Executive memory supervises the
content of working memory, where information
from long-term memory is integrated with informa-
tion in the immediate present to plan, initiate, and
carry out a course of action.78 Cognitive impairment
recognized by the MMSE or by the Dementia
Rating Scale is associated with impairment on com-
plex, instrumental activities of daily living.79 In the
early stages of dementia patients under-report diffi-
culties in daily activities; this inaccuracy is corre-
lated with cognitive impairment.80 Executive
function plays an important role in daily motor
functions of the elderly, and many of them report
difficulty in one or more activities of daily living
(ADLs). Executive abilities are necessary to recog-
nize, initiate, and carry out consequences of actions,
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and may well be the critical skills that regulate
performance of many ADLs, particularly high-order
ADLs (the operation of tools or instruments
requires more steps for successfull completion than
do the basic ADLs). One study examined the asso-
ciation of cognition and physical function with the
least disabilities, in community dwellers in East
Baltimore with a mean age of 74 years. In this sam-
ple it was found that old age, lower education, and
African-American race were all associated with
poor physical performance. Impairments in execu-
tive function – flexibly planning and initiating a
course of action – were selectively associated with
slower performance of high-order tasks such as the
instrumental activities of daily living tests, relative
to other domains of cognition, in high-functioning
community elders.81

Executive dysfunction also helps to determine
the care received by older retirees in a retirement
community. In one study in such a community, res-
idents were provided with services at three levels of
care: independent living apartments (level 1), resi-
dential care where laundry, house cleaning, meals,
and supervision of medication were provided (level
2), and skilled nursing units (level 3) in which res-
idents were provided with assistance in ADLs, nurs-
ing care, and medication. Several tests (EXIT-25,
[the executive interview], MMSE [general cogni-
tion], Geriatric Depression Scale short form [mood],
the Nursing Home Behavior Problem Scale [prob-
lem behavior], and the Cumulative Illness Rating
Scale [physical disability]) as well as age, educa-
tional level, and number of medications prescribed
were used to examine the effect on the need for  the
perceived level of care given. In this small sample it
was found that impaired executive function con-
tributed the most to the variance of care in this
retirement community. The other markers of gen-
eral cognition, depression, and physical illness con-
tributed relatively little additional variance. The
strongest contribution to the level of care was from
EXIT-25, which accounted for 70% of the observed
variance in care. In this sample it was also found
that 55% of the residents who scored greater than or
equal to 24 on the MMSE failed the EXIT-25 at
15/50, suggesting that the MMSE is not as sensitive
as the EXIT-25.82

Attention
Attention is the ability to concentrate on tasks.
Attention can be divided into two: divided atten-
tion and sustained attention. Divided attention is
the ability to differentiate between two different
stimuli, such as different auditory stimuli presented
to each ear; this begins to decline in the fourth
decade. Sustained attention is the ability to focus on
single tasks; examples are series of numbers differing
by 7 (e.g., 100, 93, 86, 79, 72 . . .) or spelling ‘world’
backwards. Sustained attention is maintained and
does not decline before the age of 80 years.

Primary dementing illness

Dementia is a general term used to describe a signif-
icant decline in two or more areas of cognitive func-
tioning, usually associated with cognitive decline.
Dementia is not synonymous with aging because
the cognitive changes are progressive and disabling
and not an inherent part of aging. Table 47.1 pro-
vides a list of the possible etiologies of dementia.

Alzheimer’s disease
Alzheimer’s disease (AD) usually affects people
after the age of 60 years. It rarely affects people
before this age. The disease process is gradual and
progressive; the average life expectancy after the
first symptom is 8–10 years. AD is seen in 6–8% of
all persons after the age of 65 years and the preva-
lence doubles every 5 years after the age of 60 years,
so that at the age of 85 years this increases to
30%.83–85 Alzheimer’s is a disease characterized by
amyloid plaques and neurofibrillary tangles. It has
been genetically associated with chromosome 21
(Down’s syndrome and beta amyloid gene), chro-
mosomes 14 and 1, and chromosome 19
(apolipoprotein E 4).

The risk factors for Alzheimer’s disease are out-
lined in Table 47.2. AD causes is a major burden on
society and in the USA costs about $100 billion
each year, which accounts for medical, long-term
care, home care, and loss of productivity for care-
givers.86,87 AD also causes emotional toll on the
caregivers and 50% of the families develop some
form of psychological distress.88
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The Diagnostic and Statistic Manual of Mental
Disorders (DSM) IV has developed criteria for the
level of dementia in AD. The cognitive deficit man-
ifested by both memory impairment and at least one
of the following cognitive disturbances – aphasia,
apraxia, agnosia, and disturbance in executive func-
tions – causes impairment in social and occupa-
tional function. These symptoms should arise
because of other conditions or drugs that cause
impairment in cognition. The onset is gradual and
there is a progressive decline in cognition, with
sparing of motor and sensory functions, until late in
the disease. The average course of AD ranges from
3 to 20 years from the onset of the first symptom to
death. Memory impairment is present in the early
stages of the disease and the person has difficulty
learning new information and even retaining it for
a shorter period.

Cognitive impairment may also affect activities
of day-to-day living: problems with meal planning,
managing medication and finances, telephone use,

and driving problems. In mild to moderate AD
many of the activities of daily living  as well as social
skills are intact until late in the disease. Changes
occur in mood and behavior, such as personality
changes, irritability, anxiety or depression, delu-
sions, and hallucinations,89 which is very troubling
for the family and frequently leads to nursing home
placement.90 It is very hard to identify dementia in
the setting of either delirium or depression and
sometimes they coexist in hospital settings.91 It is
very important to differentiate delirium and depres-
sion from dementia; Tables 47.3 and 46.4 outline
the important differences, respectively. Dementia is
a risk factor for delirium and contributes to the
higher prevalence of delirium in the elderly.91 Fifty
percent of reversible causes of dementia and depres-
sion can lead to irreversible dementia in 5 years.92

Pick’s disease
Pick’s disease is characterized by a preponderance of
atropy in the frontotemporal region in contrast to
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Table 47.1 Disorders that may cause dementia

Primary dementing illness Secondary dementing illness
• Alzheimer’s disease • Vascular dementias
• Pick’s disease • Thrombotic disorders
• Frontotemporal dementia • Embolic disease
• Huntington’s disease • Inflammatory vascular conditions
• Parkinson’s disease • Systemic lupus erythematosus
• Progressive supranuclear palsy • Temporal arthritis
• Cortical Lewy-body disease Metabolic and endocrine disturbances

Drugs and toxins • Hypothyroidism/hyperthyroidism
• Alcohol-induced dementia • Hypoadrenalism/hyperadrenalism
• Drug-induced dementia • Hypoparathyroidism and hyperparathyroidism

Intracranial conditions
• Brain tumors • Hypoglycemia/hyperglycemia
• Brain abscesses • Vitamin B12 deficiency 
• Hydrocephalus • Pellagra
• Subdural hematoma • Uremic/dialysis encephalopathy

Trauma to the head • Aluminum

Infections Psychiatric disorders
• Creutzfeldt–Jakob disease • Depression
• AIDS • Mania
• Neurosyphilis • Schizophrenia
• Chronic meningitis
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AD, where the distribution is parietal-temporal dis-
tribution. Pick’s disease constitutes 5% of all irre-
versible dementias. In Pick’s disease the earliest
changes are related to personality such as socially
inappropriate behavior and frontal lobe disinhibi-
tion. Patient with Pick’s disease have early onset of
language disturbances and Klüver–Bucy syndrome
(hyperphagia, emotional blunting, hypersexuality,
and visual and auditory agnosia), but there is spar-
ing of memory, visuospatial abilities, and the ability
to calculate.93 The CT scan shows frontotemporal
atropy, and histology shows Pick bodies, inflated
cells, white matter gliosis, and loss of dendritic
spines. There is no known etiology and therefore no
specific treatment.

Other frontal lobe degeneration dementias are:
frontal lobe degeneration without Pick’s pathology,
amyotropic lateral sclerosis, progressive subcortical
gliosis, stroke involving the anterior cerebral artery,
multiple sclerosis, hydrocephalus, and syphilis.

Mendaz et al94 investigated the cognitive estima-
tions test (CET) in subjects with frontotemporal
dementia (FTD) and AD. The CET was adminis-
tered to 31 FTD subjects, 31 AD subjects, and 31
normal elderly controls. Both dementia groups gave
significantly more extreme estimates on the CET

than did the controls. AD patients gave more
extreme estimates than did FTD patients. It was
concluded that the CET may be particularly
impaired in AD because it reflects impaired memory
and numeric ability, and impaired judgment and
reasoning.

On tasks of construction and calculation FTD
patients performed significantly better than the AD
patients. In addition to personality and neuroimag-
ing features, relatively preserved performance of ele-
mentary drawings and calculations in FTD suggests
additional features for distinguishing FTD patients
from comparably demented AD patients.95

Dementia with extrapyramidal disorders 
Dementia with extrapyramidal disorders is different
from AD or frontal lobe disease. The descriptive
terms ‘cortical’ and ‘subcortical’ dementia are used
to differentiate between the two dementias, and are
outlined in Table 47.5.

Huntington’s disease
Huntington’s disease is idiopathic degenerative dis-
ease characterized by dementia and chorea. It is an
autosomal dominant trait with 50% penetration
and the gene is located on chromosome 4. The age
at onset is usually 35 to 40 years, but it can occur
after the age of 50 years. It is characterized by
dementia and affective disorders, and a considerable
number of patients develop a schizophrenic-like dis-
order.96 There is atropy of the caudate nucleus on
both CT scan and PET scans; there is also a
decrease in gamma amino butyric acid.97 No specific
treatment is available; however, the associated psy-
chiatric disorders respond to treatment.

Parkinson’s disease
Parkinson’s disease is a disease of middle-aged and
older adults; 80% of the people affected are between
the ages of 60 and 79 years.98 The prevalence of
dementia in Parkinson’s disease is 8–80%.99

Parkinson’s disease is manifested by resting tremor,
rigidity, bradykinesia, and loss of righting reflexes.
Intellectual impairment is more common in older
patients with akinesa and a prolonged disease
course. There is a deficiency of dopamine, with vari-
able loss of epinephrine, serotonin, acetylcholine,
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Table 47.2 Risk factors and protective factors for
Alzheimer’s disease

Risk factors
Age
Family history
Early age (genetic mutation on chromosomes
1, 14, 21)
Late onset (apolipoprotein E*4 allele on
chromosome 19)
Down’s syndrome 
Head trauma
Female gender
Lower educational achievement

Protective factors
Estrogen use 
Higher educational level
Anti-inflammatory drug use
Apolipoprotein E*2 allele
Antioxidant use
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and selected neuromodulators. Pathologically, there
is cell loss and gliosis in the substantia nigra, and
some portion of Lewy bodies in the remaining neu-
rons. It is reported that some patients with
Parkinson’s disease have classical Alzheimer’s
lesions.98,99 Fetal tissue implants are being investi-
gated as a treatment for the motor symptoms.100

Cortical Lewy-body disease
A subgroup of patients with dementia has Lewy bod-
ies (hyaline inclusion bodies) associated with neu-
ronal loss in certain nuclei, e.g. the nucleus basalis
and brain stem nuclei.101 It is been suggested that in
Lewy-body disease there is dopamine deficiency and
cholinergic deficiency.99 The older neuroleptic

medications are likely to worsen the motor symptoms
of Parkinson’s disease and cause psychotic symptoms,
but the newer neuroleptic drugs such as clozapine or
risperidone may be useful. Persons with Lewy-body
dementia tend to present with behavioral symptoms
before they develop cognitive symptoms.

In a community-based study of 135 subjects with
dementia, from whom autopsy and brain tissue was
available, there were 48 patients with AD, 65 with
LB and AD, and 22 with LBD. There were no signif-
icant differences between groups demographically or
on performance in the MMSE or Dementia Rating
Scale. AD patients performed worse than the LBD
patients on memory measures and a naming test.
LBD patients were more impaired than AD patients
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Table 47.3 Differences between delirium and dementia

Characteristics Delirium Dementia

Onset Sudden Gradual over months to years
Reversibility Usually reversible Irreversible and progressive
Disorientation Early and profound Later during the disease
Consciousness Clouded, fluctuating Not usually affected
Language Uses wrong words, Worsens with advanced

vocabulary intact disease
Attention span Strikingly short Not affected
Speech Incoherent Coherent
Sleep–wake cycle Hour to hour variability Day–night reversal
Psychomotor changes Marked* None until late

*Hyperactive or hypoactive.

Table 47.4 Differences between depression and Alzheimer’s disease (AD)

Characteristic Depression AD

Onset Rapid relatively short duration Gradual, long duration
Mood Flat or depressed Apathetic to irritable

(anxiety, suicidal) (memory loss occurs first)
Intellectual function Doesn’t know answers Confident but inaccurate

answers
Memory Loss of short- and long-term Recent memory most

memory impaired
Other symptoms Impaired concentration Impaired orientation
Self-image Poor Normal
Personal/family history Depression more common Depression less common
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on executive function and attention tasks. Decline
in MMSE and Dementia Rating Scale scores over
time were greatest in the patients with AD/LBD.102

Progressive supranuclear palsy
This illness is more common in men than in women,
affects people in the sixth or seventh decade, and
the average length of time until death is 5–10 years.
Progressive supranuclear palsy is characterized by an
extrapyramidal syndrome and dementia. Clinically
there is more rigidity in midline structures and erect
posture with extension of the neck. It is most often
associated with sleep disturbances and depression.103

Progressive supranuclear palsy involves the subthal-
amic nucleus, red nucleus, globus pallidus, substantia
nigra, and dentate nucleus. Pathologically, there is
granulovacuolar degeneration, neurofibrillary tan-
gles, and cell loss. A variety of drugs have been used
to treat these patients, such as L-dopa, amantadine,
benztropine, and amitriptyline.104– 106

Secondary dementing illness

Vascular dementia
Vascular dementia is the second most common
cause of dementia and occurs more in people aged

55 or older. The criteria for the diagnosis of  vascu-
lar dementia are multiple cognitive deficit mani-
fested by both memory impairment and one of the
following: aphasia, apraxia, agnosia, or disturbances
in executive functioning along with focal neuro-
logic signs that are judged to be etiologically related
to the disturbances (DSM-IV). The risk factors for
vascular dementia are hypertension and other car-
diovascular risk factors.107 The differences between
vascular dementia and Alzheimer’s disease are out-
lined in Table 47.6.

A neuropathologic classification of vascular
dementia has been provided, determined by the
cause of vascular disease, size of the vessel affected,
and region of the brain affected.108 Small vessel
disease may cause subcortical damage resulting in
subcortical dementia, or may affect the white mat-
ter of the frontal lobes, producing a frontal lobe
syndrome.

Binswanger’s disease is also known as subcortical
atherosclerotic encephalopathy. It is characterized
by multiple small infarcts of the white matter; lacu-
nar infarcts are also seen in Binswanger’s disease.108

In the past it was considered less common but with
the availability of sophisticated techniques such as
magnetic resonance imaging it is diagnosed more
commonly these days.
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Table 47.5 Table 6 Differences between cortical and subcortical dementias

Characteristics Cortical dementia Subcortical dementia

Language Early aphasia No aphasia
Memory Both recall and recognition Recall more impaired than

impaired recognition
Abstraction Impaired Impaired on difficult tasks
Mood Normal Depressed
Personality Normal Apathetic
Speech Affected late Dysarthric
Posture Upright Extended
Coordination Normal but affected late Impaired
Motor function Normal Slow
Site of disease Hippocampus and Basal ganglion, thalamus,

associated cortex brain stem
Disease AD and FTD Parkinson’s disease, Huntington’s

disease, progressive supranuclear palsy

AD, = Alzheimer’s disease, and FTD, = frontotemporal dementia.
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The elderly represent 12% of the population and
consume about 30% of all the prescribed medica-
tions and 70% of them use over-the-counter med-
ications.108 Any drug can potentially cause
cognitive or behavioral changes; some drugs are
more common as causative agents than others and
can be easily remembered by the mnemonic:
‘ACUTE CHANGE IN MS’ outlined in Table
47.7.109–111

Dementia associated with
toxic substances
Alcoholism is one of the most important health
problems in the USA.112 It has a bimodal distribu-
tion, with the second peak occuring between the
seventh and eighth-decades of life.113 Long-term
alcohol consumption produces dementia syndrome
with frontal lobe dysfunction, and apathy indepen-
dent of head injury, malnutrition, and hepatic fail-
ure.114,115 Alcoholic dementia is usually mild and
slowly progressive and may partially remit if absti-
nence can be maintained for several months.115

There is evidence that alcohol primarily causes
white matter atropy because of its toxic effect on
myelin. New-onset alcoholism may occur in older
persons.

Exposures to some metals, e.g. lead, arsenic,
mercury, manganese, nickel, bismuth, and tin, can
cause dementia. Aluminum has been associated
with dialysis-induced dementia in patients with
long-term dialysis.116 Patients with dialysis-induced
dementia present with personality changes,

myoclonus, and seizures. Treatment includes reducing
the exposure and treating with the chelating agent
deferoxamine.

Neoplasms causing dementia
Neoplasms are common in the elderly and must be
considered in the differential diagnosis of dementia.
Brain tumors may cause different symptoms depend-
ing on the location. They can cause mental status
changes, increase intacranial pressure, focal weak-
ness, personality changes, intellectual changes, and
sensory and visual defects. Dementia occurs in 70%
of patients with frontal lobe tumors, e.g. menin-
giomas, gliomas, or metastatic tumors.117,118

Dementia caused by infectious diseases
HIV encephalopathy
Acquired immunodeficiency syndrome is caused by
the human immunodeficiency virus that attacks the
immune system and impairs patient response to
infections. HIV encephalopathy is the leading
infectious cause of dementia.118 The HIV invades
the brain, shortly afterwords causing systemic infec-
tion, and remains latent for long periods.119 HIV
encephalopathy has subcortical features, such as
apathy, impaired concentration and memory, indif-
ference, and poor motivation.120 The Center for
Disease Control (CDC), in a longitudinal study,
reported no decline in neuropsychologic profile
among patients with stage 2 or 3 disease for one
year, but in another study 25% of the patients devel-
oped clinically significant dementia at 9 months
and an additional 25% at 1 year.121,122 Azidothymidine
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Table 47.6 Differences between vascular dementia (VaD) and Alzheimer’s disease (AD)

Characteristic VaD AD

Onset Sudden; may be stroke related Gradual
Progression Stepwise; Sudden cognitive Gradual decline in

declines, fluctuates cognition and function
Neurologic findings Focal deficit No focal deficit
Neuroimaging One or more infarcts in the May appear normal

area affecting cognition
Gait Disturbed early in dementia Usually normal
Cerebrovascular history History of TIA, remote stroke, Less common

or vascular risk factors
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(AZT) may improve cognitive functions in patients
with encephalopathy, and methylphenidate or dex-
troamphetamine may improve apathy, poor motiva-
tion, and attention deficit.123,124

Creutzfeldt – Jakob disease
This condition was first described by Creutzfeldt in
1920 and by Jakob in 1921. The incidence is one in
one million. This disorder is sporadic in 85% of
cases and is caused by a virus or ‘prion’ (a proteina-
ceous infectious agent). About 5 to 10% of cases are
familial in nature.125 An autosomal dominant form
is described in families with abnormalities in chro-
mosome 20 in about 10% of cases. Creutzfeldt –
Jakob disease (CJD) typically starts in the sixth or
seventh decade of life and is rapidly progressive,
with 50% of the patients dying in 6–9 months. The
disease is particularly common in persons who
received growth hormone extracted from the pitu-
itary when they were children. Clinically, CJD
manifests in three stages. In stage 1 there is fatigue,
insomnia, depression, anxiety, and unpredictable
behavior. In the next stage dementia, myoclonic
jerks, cerebellar ataxia, aphasia, blindness, and
brain stem involvement are evident, and in the

final stage the patient enters into a vegetative state,
coma, and finally death. The CT may show cortical
atropy or no significant change, while EEG shows a
characteristic pattern, with periodic bursts of poly-
spike and wave activity, enabling the clinician to
make a correct diagnosis.126 Pathologic findings
include prominent astrocytes and spongiform
changes involving the cerebral cortex. CJD has
been shown to be infectious, and can be transmitted
by corneal grafts.127

Meningitis
Chronic meningitis – bacterial, parasitic or fungal –
may present with a dementia syndrome, cranial
nerve palsies, and raised intacranial pressure.128

Diagnosis is made by cerebrospinal fluid examina-
tion and treatment is according to the specific agent
identified.

Normal pressure hydrocephalus
The etiology of the disease is not known, but there
is a history of subarachnoid bleeding (ruptured
aneurysm) in one-third of patients. The classic pre-
sentation is a triad of dementia, gait abnormality,
and urinary incontinence. Normal pressure hydro-
cephalus is associated with depressive symptoms
and apathy, and rarely with psychosis.129,130

On CT scan there is ventricular enlargement
with disproportionate enlargement of frontal and
temporal horns compared to the posterior and lat-
eral horns. There are no randomized control trials
for shunt placement but there are some case-reports.
Thomas and Borgeson131 reported a better outcome
if the cause of normal pressure hydrocephalus is
known, and there is a short history and an absence
of gyral atropy. Persons whose gait improves after
removal of 120 ml of cerebrospinal fluid also do bet-
ter after shunting.

Dementia caused by head injury
Traumatic brain injury causes dementia in both
young and older adults. About 500 000 individuals
are hospitalized in the USA for head injuries.
About 70 000 to 90 000 of these will develop long-
term disabilities.132 Dementia after head injury
results from diffuse axonal injury from shearing
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Table 47.7 Drugs associated with dementia

A: Antiparkinsonian drugs
C: Corticosteroids
U: Urinary incontinence drugs
T: Theophylline
E: Emptying drugs (e.g. metoclopramide)

C: Cardiovascular drugs (digoxin, clonidine,
methyldopa, procainamide)

H: H2 blockers
A: Antimicrobials (rare but case-reports exist)
N: Narcotics
G: Geropsychiatric drugs
E: ENT drugs 

I: Insomnia drugs
N: NSAID

M: Muscle relaxants
S: Seizure drugs

ENT, ear nose throat drugs; NSAID, non-steroidal
anti-inflammatory drug.
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forces, focal contusion, hemorrhage, laceration, and
hypoxic insults. Even patients without loss of con-
sciousness after head injury develop cognitive
impairment.133 Traumatic contusion affects the
anterior temporal and inferior frontal lobes, while
diffuse axonal injury affects the subcortical white
matter, the mesencephalon, and the diencepahalon.

In boxers dementia occurs because of repeated
head blows. This dementia is associated with ataxia
and is termed dementia pugilistica.134 Pathologic find-
ings include diffuse brain atrophy, ventricular dilata-
tion, and deep pigmentation of the substantia nigra.
Neuroimaging is important to identify the pathologic
condition of most dementia secondary to trauma.

Evaluation

The components of evaluation include history and
physical examination and laboratory tests. If theses
are inconclusive specialized testing is indicated.

History and physical examination are important
parts of the diagnostic assessment.135,136 Historical
information should be obtained from the patient,
family members, nurses in case of nursing homes,
and social workers. The history should document the
onset of the dementing illness and a detailed past
medical history, including specific diseases, injuries,
operations, hospitalizations, psychiatric disorders,
alcohol and substance abuse, nutrition, and exposure
to environmental toxins. It is important to obtain a
family history in patients who have symptoms of
dementia or depression or any other psychiatric
problems. Social history should be obtained, with
regard to specific events that may affect the emo-
tional state of the patient. It is very important to
obtain a detailed history of medications, both pre-
scription and over-the-counter medications. It is
good practice to ask a patient to bring all their med-
ications for each clinic visit. It is important to recog-
nize and treat reversible causes of dementia by
adding a complete blood count, battery of chemical
tests, and thyroid function test to the history and
physical examination.135 In approximately 90% of
cases the diagnosis of AD is made on general medical
and psychiatric evaluation.137 Tools such as the
Functional Activity Questionnaire138 and Revised

Memory and Behavior Problem Checklist139 are two
important instruments that help determine lapses in
memory and language use, and the ability to read
and retain new information, handle complex infor-
mation, and demonstrate sound judgment.

The physician should also perform a comprehen-
sive physical examination including a neurologic
and mental status examination. A brief screening of
cognitive function can be performed, using for
example the Saint Louis University Mental Status
Examination (SLUMS),140 the MMSE,72 or the
Informant Questionnaire on Cognition.141 Patients
with a lower educational level will score low on the
MMSE and a higher educational level may give nor-
mal scores even if the patient is impaired. It is well
known that the MMSE is not very sensitive in
detecting mild neurocognitive disorder. The
SLUMS has been validated and it is a more effec-
tive screening tool in detecting mild neurocognitive
disorder and dementia. It is probably important to
consider neuropsychologic testing in patients with a
higher educational level and minimum cognitive
impairment. It is also important to look for depres-
sion in the elderly population using a geriatric
depression scale, as depression can mimic dementia;
use of the Cornell Scale of Depression is recom-
mended for the demented patient.142 Delirium is
also common in elderly hospitalized patients with
dementia, thus an episode of delirium should
prompt an evaluation for dementia.91,143 Causes of
delirium can be remembered using the mnemonic:
D-E-L-I-R-I-U-M-S:

Drugs
Emotions (depression)
Low O2 states (myocardial infarction, pulmonary
embolism, CVA)
Infection
Retention of urine or feces
Ictal (seizure)
Undernutrition, dehydration, electrolyte disorders
Metabolic disorders (thyroid, vitamin B12, massive
organ failure)
Subdural hematoma

Laboratory evaluation generally includes a com-
plete blood count, blood chemistry, liver function
tests, serological test for syphilis, and determination

Textbook of health in aging men

596

Lunenfeld-ch-47.qxd  8/23/2007  5:24 PM  Page 596



of thyroid function testing and B12 levels.144 Other
laboratory tests should be ordered as indicated by his-
tory and physical examination. Elevated serum
homocysteine levels are considered by some to be a
sensitive indicator for cognitive impairment145,146 but
in a cross-sectional study increased homocysteine
levels were found to be very common in centenari-
ans, probably because of vitamin deficiencies and
decreased renal clearance, but they were not associ-
ated with cognitive impairment.147 Apolipoprotein E
genotyping does not provide sufficient sensitivity or
specificity to be used alone as a diagnostic test for
Alzheimer’s disease.148 Other laboratory tests should
be ordered when directed by history and physical
examination, e.g. HIV testing would be appropriate if
the patient has risk factors for HIV infection.

Imaging studies are optional but recommended
by most experts. A non-contrast CT scan of the
head is adequate in most instances, especially if no
reversible causes of dementia can be identified and
there are focal neurologic signs of short duration.
Magnetic resonance imaging is better for vascular
dementia but white matter changes revealed by T2

weighted images are not generally related to demen-
tia and should not be overinterpreted.135,136,149

Vascular dementia is probably overdiagnosed.150 If
the initial work-up is negative and there is progres-
sive cognitive decline a repeat assessment is recom-
mended in 6 months. Functional imaging studies,
such as positron emission tomography and single-
photon emission CT (SPECT), may show the char-
acteristic parietal and temporal deficits in AD or
widespread irregular deficits in vascular demen-
tia,151,152 and are usually recommended when
CT/MRI is/are negative and the diagnosis of AD is
still suspected.153 Some patients diagnosed with vas-
cular dementia are found on autopsy to have AD.
However, cerebrovascular disease may contribute to
the severity of the cognitive symptoms of AD.154

Potentially reversible dementias are uncommon.155

Pharmacologic treatment

Cholinesterase inhibitors
Tacrine is a centrally-acting aminoacridine with
reversible non-specific cholinesterase inhibitor

activity. In approximately 2000 patients with mild
to moderate AD, between 20 and 30% showed an
observable improvement compared with placebo,
representing on average 6 months of deteriora-
tion.156 The side-effects were frequent gastrointesti-
nal distress and cholinergic effects, and 30% had
elevation of serum transaminase.157 The starting
dose is 10 mg four times a day to a maximum of
40 mg four times a day. This drug is no longer rec-
ommended for use.

Donepezil, a second-generation cholinesterase
inhibitor, has a longer duration of inhibitory activ-
ity and greater specificity for brain tissue. There
have been eight randomized control trials involving
2664 participants. In selected patients with mild to
moderate AD treated for a period of 12, 24, or 54
weeks, donepezil produced modest improvement in
cognitive function. No improvement was present in
patients’ self-assessed quality of life. A 5 mg dose of
donepezil was better tolerated than 10 mg in these
trials.158 One study addressed the cost-effectiveness
of donepezil and showed it to be cost neutral over a
6-month period.142

Rivastigmine is a cholinesterase inhibitor and is
used in 60 countries. There have been seven ran-
domized control trials involving 3370 participants.
Rivastigmine is associated with mild to moderate
improvement in AD. Improvement is seen in cogni-
tive functions, activities of daily living, and severity
of dementia with daily dose of 6 to 12 mg. Adverse
effects are mostly cholinergic in nature.159 Studies
have shown rivastigmine to be cost saving with
regard to the direct cost of caring for patients with
AD after 2 years of treatment.160,161

Galantamine is a specific, competitive, and
reversible aceylcholinesterase inhibitor, and is cur-
rently available in Sweden and Austria. Seven ran-
domized control trials have been carried out, with
six being phase II or III industry-sponsored multi-
center studies. In all these trials 8 mg of galanta-
mine was consistently associated with significant
benefits. Galantamine has shown positive effects in
trials of 3 months, 5 months, and 6 months. There
is evidence demonstrating the efficacy of galanta-
mine on global rating, cognitive function, activities
of daily living, and behavior. The cognitive effects of
donepezil, rivastigmine, and tacrine are comparable.
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The main side-effects are cholinergically-mediated
gastrointestinal side-effects, but the whole side-effect
profile is not available.162

N-Methyl-D-aspartase receptor
antagonist
Memantine is an antagonist to glutamate N-
Methyl-D-aspartase (NMDA) receptors, and may
prevent excitatory neurotoxicity in dementia. A
meta-analysis by the Cochrane Database suggested a
small beneficial effect of memantine at 6 months in
moderate to severe AD. This effect was seen in the
areas of cognition, activities of daily living, and
behavior, supported by a clinical impression of
change. The beneficial effect on cognition in
patients with mild to moderate vascular dementia
was not detectable on global assessment at 6
months. The effect of memantine on mild to
moderate AD is unknown.163

Antioxidants
There has been one randomized control trial of vit-
amin E.164 The primary outcome used in this study
of 341 participants was survival time to the first of
four end-points: death, institutionalization, loss of
two out of three basic activities of daily living, or
severe dementia, defined as a global Clinical
Dementia Rating of 3. There appeared to be some
benefit from vitamin E with fewer participants
reaching end-point – 58% (45/77) of completers
compared with 74% on place to. However, more
participants taking vitamin E suffered a fall (15.6%
compared with 5%). It was not possible to interpret
the reported results for specific end-points or for
secondary outcomes of cognition, dependence,
behavioral disturbance, and activities of daily liv-
ing. There is insufficient evidence of efficacy of vit-
amin E in the treatment of people with AD. The
one published trial164 was restricted to patients with
moderate disease, and the published results are diffi-
cult to interpret, although there is sufficient evi-
dence of possible benefit to justify further studies.
There was an excess of falls in the vitamin E group
compared with placebo that requires further evalua-
tion. Animal studies suggest that alpha-lipoic acid
may be more effective antioxidant than vitamin E
for treating persons with dementia. A recent review

by the Cochrane Database has suggested that there
is insufficient evidence of the efficacy of vitamin E
in the treatment of people with AD.165

Alpha lipoic acid
Alpha lipoic acid (ALA) is an endogenous antioxi-
dant that interrupts cellular oxidative processes in
both its oxidized and reduced forms. These proper-
ties might qualify ALA for a modulator role in the
treatment of people with dementia. A systematic
search by the Cochrane Group concluded that there
are no randomized double-blind placebo-controlled
trials investigating ALA for dementia. Currently no
evidence exists of the exploration of any potential
effects, thus at this time ALA cannot be recom-
mended for people with dementia.166

Selective monoamine oxidase-B
inhibitors
In a meta-analysis of 15 trials, most of them exam-
ined the effect of selegiline on cognition and 12 of
them also explored mood and behavioral aspects.
The data showed improvement in cognitive func-
tion, mood, and behavior, although the global rat-
ing scale showed no effects of selegiline. The
conclusion from the analysis was that selegiline has
beneficial effects on patients with AD but there is
still not enough evidence to recommend its use in
routine clinical practice.167

Other agents
Hydergine for dementia
Currently hydergine is used almost exclusively for
treating patients with either dementia or age-
related cognitive decline. In a meta-analysis of 19
trials, hydergine was well tolerated by 78% of the
randomized subjects who were available for analysis.
In this review it was concluded that hydergine
showed significant treatment effects when assessed
by global rating or comprehensive rating scales.
There is a limited number of trials available for sub-
group analysis to identify significant moderating
effects. The main limitation with the randomized
control trials was that most of the data were pub-
lished before 1984 when there were no standardized
diagnostic criteria. As a result uncertainty remains
regarding the use of hydergine.168,169
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Gingko biloba extract
In a 52–week, randomized, double-blind, placebo-
controlled, parallel-group, multicenter study, mild
to severely demented outpatients with AD or multi-
infarct dementia, without other significant medical
conditions, received either treatment with Gingko
biloba extract (120 mg/day) or placebo. Gingko
biloba extract was safe and appears capable of stabi-
lizing and, in a number of cases, improving the cog-
nitive performance and the social functioning of
demented patients for 6 months to 1 year.170

In a 26-week trial for the treatment of AD and
multi-infarct dementia a dose of 120 mg of Gingko
biloba extract (Egb) was used. Intent to treat analysis
was performed. The primary outcome measures
included the Alzheimer's Disease Assessment Scale-
Cognitive Subscale (ADAS-Cog), Geriatric
Evaluation by Relative's Rating Instrument
(GERRI), and Clinical Global Impression of
Change. Of 309 patients, 244 (76% for placebo and
73% for EGb) actually reached the 26th week visit
for intent to treat analysis. Mean treatment differ-
ences favored EGb with 1.3 and 0.12 points, respec-
tively, on the ADAS-Cog (P = 0.04) and the GERRI
(P = 0.007). In the group receiving EGb, 26% of the
patients achieved at least a 4-point improvement on
the ADAS-Cog, compared to 17% with placebo
(P = 0.04). On the GERRI, 30% of the EGb group
improved and 17% worsened, while the placebo
group showed an opposite trend, with 37% of
patients worsening and 25% improving (P = 0.006).
Regarding safety, no differences between EGb and
placebo were observed.171

Overall there is promising evidence of improve-
ment in cognition and function associated with
Ginkgo. However, the three later trials show incon-
sistent results. There is a need for a large trial using
modern methodology and permiting an intent to
treat analysis to provide robust estimates of the size
and mechanism of any treatment effects.172

Nimodipine
The usefulness of nimodipine in patients with AD,
and vascular dementia, or unspecified dementia is
still controversial. Two trials have included patients
with AD, nine trials included patients with CVD
(cerebro vascular disease), and three trials included

patients with AD, CVD, and mixed disease. Nine
trials (2492 patients) covered the domains of cogni-
tive function, activities of daily living, global clini-
cal state, safety, and tolerability. By pooling
available data from all trials, a benefit was found to
be associated with nimodipine (90 mg/day at 12
weeks) compared with placebo on clinical global
impression and cognitive function scales, but not on
scales assessing activities of daily living. This effect
was seen with both AD an vascular dementia trials.
The short-term benefits of nimodipine do not qual-
ify this drug for long-term use in dementia. New
research must focus on longer-term outcomes.173

Melatonin
It has been suggested that there is a relationship
between decline of melatonin function and the
symptoms of dementia. The Cochrane Database
reviewed three studies which met the inclusion cri-
teria and showed non-significant effects from the
pooled estimates of changes in MMSE and ADAS-
Cog scores. Individual study estimates for treatment
effect demonstrated a significant improvement for
melatonin compared with placebo in behavioral
and affective symptoms with 2.5 mg/day (SR) mela-
tonin, but not with 10 mg/day. The remainder of the
treatment effects behavior, and activities of daily
living were non-significant. Currently there is insuf-
ficient evidence to support the effectiveness of
melatonin in managing the cognitive and non-cog-
nitive sequelae of dementia.174

Estrogen
There is little evidence regarding the effect of HRT
(hormonal replacement therapy) or ERT (estrogen
replacement therapy) on overall cognitive function
in healthy postmenopausal women. There is an effect
in young women and surgically menopausal women
on some verbal memory functions (immediate
recall), on a test of abstract reasoning, and on a test
of speed and accuracy. It is not known at this time
whether factors such as older age, type of menopause
(surgical or natural) and type of treatment (E2 with or
without a progestagen), mode of delivery (transder-
mal, oral, or intramuscular), dosage, and duration
(> 3 months) can alter the effect on memory func-
tions to a clinically relevant level.175
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Propentofylline
Propentofylline is a novel therapeutic agent for
dementia that readily crosses the blood–brain bar-
rier and acts by blocking the uptake of adenosine
and inhibiting the enzyme phosphodiesterase.
Currently there is limited evidence that propento-
fylline might benefit cognition, global function, and
activities of daily living of people with AD and/or
vascular dementia.176

Lecithin
Patients with AD have been found to lack the
enzyme responsible for converting choline into
acetylcholine within the brain. Lecithin is a major
dietary source of choline, so extra consumption may
reduce the progression of dementia. A meta-analysis
by the Cochrane group suggested that the evidence
from randomized trials does not support the use of
lecithin in the treatment of patients with dementia
at this time.177

Acetyl-l-carnitine
Acetyl-l-carnitine (ALC) is derived from carnitine
and is described as having several properties which
may be beneficial in dementia, such as activity at
cholinergic neurons, membrane stabilization, and
enhancing mitochondrial function. ALC has a ben-
eficial effect on the clinical global impression scale
as a categoric measure and on the MMSE at 24
weeks, but there is no evidence from objective
assessments in any other area of outcome. At pre-
sent there is no evidence to recommend its routine
use in clinical practice.178

Other drugs
The use of non-steroidal anti-inflammatory drugs
(NSAIDs) and estrogen for the treatment of AD is
supported by epidemiologic studies but not confirmed
by prospective trials. There are no generally accepted
benefits for lecithin, chelation therapy, or choline.

Currently most clinicians use aspirin for cogni-
tive impairment in vascular dementia, though the
literature lacks any evidence to support the effec-
tiveness of aspirin in the treatment of vascular
dementia. Further research is required to assess the
effectiveness of aspirin on cognition, behavior, and
quality of life.179

Antidepressants are recommended when depressive
symptoms are present. Treatment of depression
includes non-pharmacologic and pharmacologic
approaches. The choice of antidepressant should be
used based on the side-effect profile and the
patient’s general and medical condition. Selective
serotonin re-uptake inhibitors, tricyclic antidepres-
sants, and monoamine oxidase A inhibitors can be
used. All have different side-effect profiles.

In the middle or later stages of dementia about
50% of patients exhibit agitation,180 while psychosis
is less common. A meta-analysis has shown that
antipsychotic drugs can produce modest improve-
ment in some behavioral symptoms in dementia181

and may be most effective in psychotic symptoms.182

Evidence suggests that risperidone and clozapine are
effective at very low doses in the treatment of agita-
tion and psychosis in elderly patients.183,184 Some of
the newer atypical antipsychotics are sertindole,
quetiapine, and ziprazadone. Clinical trials show
comparable efficacies among the antipsychotic
drugs, therefore clinicians should base the use of
such drugs on their side-effect profile. The high-
potency antipsychotic drugs should be used with
caution because they can cause parkinsonian symp-
toms, sedation, postural hypotension, and anti-
cholinergic effects. Tardive dyskinesia and
neuroleptic malignant syndrome are reported with
typical antipsychotics and risperidone, but not with
clozapine.185 However, clozapine can cause anti-
cholinergic effects and requires blood monitoring
for agranulocytosis.

Benzodiazepines are also used for the treatment of
behavioral symptoms, particularly anxiety, associ-
ated with dementia. The short-acting benzodi-
azepines such as oxazepam and lorazepam are
preferred over the long-acting benzodiazepines, but
the latter are associated with adverse affects.186

Other drugs used include the anticonvulsants carba-
mazepine187 and valproate;188 the hydroxytryptophan
modulator trazodone;189 buspirone;190 and SSRIs.191

Role of testosterone replacement
and cognition
In a randomized, double-blind, placebo-controlled
study, Cherrier et al studied the efficacy of testos-
terone supplementation on cognition in men with
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AD or mild cognitive impairment (MCI).192 The
age range was from 63 to 85 years; 15 subjects had
AD and 17 had MCI. The duration of the study was
6 weeks, with weekly intramuscular injections of
100 mg testosterone enanthate (n = 19) or placebo
(n = 13). A battery of neuropsychologic tests was
conducted at baseline, week 3, and week 6 of treat-
ment, and again after 6 weeks. The testosterone
replacement group showed improvements in spatial
memory, constructional abilities, and verbal mem-
ory. No changes were noted for selective and
divided attention or language.

Cherrier et al also studied the effect of the con-
version of testosterone to estradiol on cognitive
processing in healthy older men who received
testosterone supplementation.193 The study com-
prised sixty community-dwelling volunteers aged 50
to 90 years. Participants were randomized to receive
weekly intramuscular injections of 100 mg testos-
terone enanthate plus a daily oral placebo pill
(n = 20), 100 mg testosterone enanthate plus 1 mg
daily of anastrozole, an aromatase inhibitor that
blocks the conversion of testosterone to estradiol
(n = 19), or saline injection and a placebo pill
(n = 21) for 6 weeks. Batteries of neuropsychologic
tests were conducted at baseline, week 3, and week
6 of treatment, and after 6 weeks of wash-out. It was
concluded from this study that, in healthy older
men, improvement in verbal memory induced by
testosterone administration depends on the aroma-
tization of testosterone to estradiol, whereas
improvement in spatial memory occurs in the
absence of increases in estradiol.

Transcutaneous electrical nerve
stimulation
Transcutaneous electrical nerve stimulation
(TENS) is the application of an electrical current
through electrodes attached to the skin. The com-
monest clinical application of TENS is in pain con-
trol, but it is also used occasionally for the
treatment of a range of neurologic and psychiatric
conditions including drug and alcohol dependence,
headaches, and depression. TENS is rarely used for
the treatment of dementia. However, a number of
studies carried out in the Netherlands and in Japan
suggest that TENS applied to the back or head may

improve cognition and behavior in patients with
AD or multi-infarct dementia. The Cochrane
Group Database review suggests that TENS may
produce short-lived improvements in some neu-
ropsychologic or behavioral aspects of dementia.194

The currently available data from these studies do
not allow definite conclusions to be made on the
possible benefits of this intervention – Larger stud-
ies are needed.

Non-pharmacologic treatment
It is important that dementia patient take regular
exercise and maintain adequate caloric intake.195,196

Techniques proposed to restore cognitive dysfunc-
tion include reality orientation and memory
retraining.197 Individual and group therapies focused
on emotional aspects such as pleasant events and
stimulation-oriented treatment are examples of psy-
chosocial treatments that may influence depressive
symptoms.

Managing patients with Alzheimer’s disease is a
great challenge and importance should be given to
a safe environment and functional independence.
The most important principles are to keep regular
follow-up appointments, review medication, screen
for sleep problems, identify early behavioral and
medical problems, and work closely with the family
or caregivers. It is very important to discuss with the
family and patient early in the disease the treatment
options, including the need for a ‘living will’ and
advance directives as well as long-term care place-
ment. It is helpful for the family to be aware of the
progression of the disease, including memory prob-
lems, and emotional and behavioral symptoms.
Studies have shown that information and emo-
tional support enhance the quality of life for the
patient and caregivers, and delays placement in
long-term care facilities.198 Programs should be
established to improve patient behavior and mood
and they should be encouraged to attend family
events on a regular basis. Environmental modula-
tion is important and moderate stimulation is the
best. It is necessary to explain to the family that
overstimulation can cause agitation and understim-
ulation can cause withdrawal. For the mildly
demented individual it is important to be in contact
with the world by electronic media and reminders

601

Cognitive changes in aging

Lunenfeld-ch-47.qxd  8/23/2007  5:24 PM  Page 601



of time can be achieved by displaying the time and
calendars and list of daily tasks. Close attention
should be paid to safety to prevent injury by the use
of electronic alarm guards and door locks to prevent
wandering. It is also important to have a discussion
with the family regarding driving skills; if the
patient is getting lost in familiar surroundings this
may signal that driving is unsafe. Incontinence is
also a great burden and frequent toileting and pre-
vention of bedsores need to be addressed. Most fam-
ily members are unaware of the concept of hospice,
which needs to be addressed early in the course of
the disease. Finally, the family should be made
aware of the available resources, including specialist
careworkers such as gerontologists, neurologists,
geriatric psychiatrists, psychologists, and social
workers.
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CHAPTER 48

Bone loss and osteoporotic
fracture occurrence in aging men
Steven Boonen and Dirk Vanderschueren

Osteoporosis in men:
the size of the problem

Incidence of osteoporotic
fractures in men
In men over the age of 65, the annual hip fracture
incidence is 4–5/1000 compared to 8–10/1000 in
women.1,2 Although age-specific incidence rates in
men are about half those in women, only about
25–30% of all hip fractures occur in men because of
differences in life expectancy.3–5 In both sexes, the
incidence of these fractures rises exponentially with
aging, the majority of fractures occuring in men over
the age of 80 years. With continued aging of the
population, the annual number of fractures in men is
expected to rise dramatically in coming decades.
Mortality after sustaining a hip fracture is twice as
high in men as in women.6 This difference is only
partially explained by differences in comorbidity,
suggesting that male gender is a major risk factor
for hip fracture-associated mortality. Additionally,
almost 50% of men with hip fractures will have to be
institutionalized because of the fracture, and up to
80% of those who survive fail to regain their prefrac-
ture level of functional independence.

Overall, symptomatic vertebral fractures have
similar incidences to those for hip fractures, but
occur more in middle-aged men than in the very old.
In men, vertebral fractures often result from severe
trauma, whereas moderate trauma is more often

reported in women. In addition to clinically sympto-
matic fractures, aging men may develop silent verte-
bral deformities as revealed by radiologic screening.
The reported prevalences of these vertebral deformi-
ties vary considerably.7 Their health impact is
important, especially in men with multiple severe
deformities resulting in disabling back pain.

There are age-related increases not only for hip
and spine fractures in men but also for fractures of
the proximal humerus, pelvis, and ankle. Similarly,
the incidence of distal forearm fractures increases
with age, although incidence rates remain lower
than in women. Importantly, distal forearm frac-
tures in men are also a risk factor for other osteo-
porotic fractures. 

Prevalence of osteoporosis in men
In women, bone densities at either the lumbar spine
or the proximal femur of at least 2.5 standard devi-
ations (SD) below the young adult mean are pro-
posed by the World Health Organization (WHO) as
thresholds for osteoporosis. These thresholds, how-
ever, have hardly been validated as markers for frac-
ture risk in men. It remains unknown, therefore,
whether a similar approach can be taken for the
diagnosis of osteoporosis in men as in women. A key
issue in this regard is whether it would be more
appropriate to use gender-specific normative values
of bone mass in the evaluation of osteoporosis in
men, or whether the same level of absolute bone
mass should determine diagnostic categorization in
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both men and women. This issue is currently quite
unclear, and technical, pathophysiologic, and pub-
lic-health considerations influence the decision.
Not surprisingly, the prevalence of osteoporosis is
greater using male-specific ranges. According to
male cut-off data from the third National Health
and Nutrition Examination Survey (NHANES III),
the prevalence of osteoporosis in elderly men is
3–6%.8 For comparison, the prevalence would be
only 1–4% when using female standards.

Clinical presentation of
osteoporosis in men

Most fractures occur in older age, in men as in
women, and result from the (poorly understood)
process of age-related bone loss that has inevitably
occurred by that stage of life. This relatively com-
mon form of osteoporosis is referred to as ‘age-
associated’ osteoporosis. Fractures resulting from
age-associated osteoporosis are most frequent
among men over the age of 70. This type of osteo-
porosis is quite distinct from the unexpected appear-
ance of osteoporosis in a younger man, a syndrome
referred to as ‘idiopathic’ osteoporosis. Idiopathic
osteoporosis is much less common than age-associ-
ated osteoporosis and will mostly be diagnosed in
men between the ages of 30 and 60 years. The diag-
nosis of ‘idiopathic’ osteoporosis (in men younger
than 70 years) or ‘age-associated’ osteoporosis (in
men older than 70 years) should only be applied if
careful screening reveals no potential underlying
cause of bone fragility (such as alcohol abuse, gluco-
corticoid excess, or hypogonadism) indicating ‘sec-
ondary’ osteoporosis, a form of osteoporosis seen
much more frequently among men than among
women.

Age-associated osteoporosis
Aging is the major determinant of fracture inci-
dence, not only in women but also in men.
Although men do not experience a well-defined
equivalent of the menopause, there is increasing
evidence for a relationship between age-related
endocrine changes and osteoporosis in men as well.

In particular, changes in sex steroid secretion, in the
growth hormone–insulin-like growth factor-I
(GH–IGF-I) axis, and in the vitamin D–parathy-
roid hormone (25(OH)D–PTH) system may be
associated with osteoporosis and osteoporotic frac-
ture occurrence in men.9 Recent evidence suggests
that bone loss in aging men may be particularly
related to declining levels of (bioavailable) estra-
diol, rather than to other age-associated hormonal
changes (such as the partial androgen deficiency
associated with normal aging). Even low concentra-
tions of estradiol may be critically important in
determining the rate of bone loss, not only in post-
menopausal women but also in men.10,11 However, it
remains to be clarified whether and to what extent
these hormonal changes act independently of age to
increase the risk of skeletal fragility.

Most studies in aging men have addressed the
potential impact of hormonal changes on bone den-
sity (as a surrogate marker for fracture risk) and
have used a cross-sectional design. These studies
have reported either the presence or the absence of
an association between selected potential endocrine
determinants (using different assays) and measure-
ments of bone density (using different methodolo-
gies and sites), mostly in a small number of subjects
with a wide variation of age ranges. This hetero-
geneity, in terms of both methodology and study
population, and the inconsistent results make it 
difficult to interpret the findings of these studies.
Moreover, some investigations failed to adjust for
concomitant changes in body mass index or age,
and, thus, do not allow independent associations
between hormonal changes and bone loss to be
established. Even more important, most studies do
not take into account the complex interactions that
exist between testosterone, estradiol, IGF-I, sex
hormone-binding globulin, and/or PTH, which may
significantly confound reported associations.

Secondary osteoporosis
If one surveys a typical population of men with
osteoporosis, several etiologies will surface fre-
quently. They are alcohol abuse, glucocorticoid
excess (either endogenous – Cushing’s syndrome – or,
more commonly, chronic glucocorticoid therapy),
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and hypogonadism. In addition, other etiologies are
important to consider, including primary hyper-
parathyroidism, excessive thyroid hormone expo-
sure (hyperthyroidism or overtreatment with
thyroid hormone), multiple myeloma and other
malignancies, anticonvulsant use, gastrointestinal
disorders, and high-dose chemotherapeutics.

Glucocorticoid excess is probably the major cause
of secondary osteoporosis in men, found in about
20%. The main mechanism in this type of osteo-
porosis is osteoblast insufficiency. Additionally, glu-
cocorticoids may induce muscular atropy and
secondary hypogonadism.

Numerous reports have clearly documented that
male hypogonadism is associated with reduced
bone density, especially when present before
puberty. The extreme delay of skeletal maturation
in men suffering from estrogen deficiency as the
result of a mutation in either the estrogen receptor
or the aromatase enzyme suggests that part of the
androgen action on the male skeleton is mediated
by estrogens. Hypogonadism (either primary or sec-
ondary) is reported in 15–20% of cases with spinal
osteoporosis. In case–control studies of male frac-
ture patients, varying prevalences of hypogonadism
have been reported, but the use of different and
insufficiently validated thresholds for both total
and free testosterone makes it difficult to compare
different studies. These discrepancies emphasize
the need to establish cut-offs to define hypogo-
nadism, based on the impact of different degrees of
androgen deficiency on the musculoskeletal or
other systems. 

Alcohol abuse can be revealed in about 15–20%
of osteoporotic men, and is probably an underesti-
mated cause of skeletal fragility in men. Bone loss is
increased in men with alcohol intake above the
median, and recent findings indicate that alcohol
abuse may even be associated with an increase in
fracture risk.

Finally, a particular secondary cause of osteo-
porosis in men is idiopathic hypercalciuria.
Hypercalciuria (more than 0.1 mmol/kg per day or
4 mg/kg per day), if present, may in part be due to
increased intestinal absorption of calcium result-
ing from alterations in vitamin D metabolism, but
the exact underlying mechanism remains to be

established. In our experience, the prevalence of
hypercalciuria in osteoporotic men may amount to
up to 15%.

Idiopathic osteoporosis
Idiopathic osteoporosis is an uncommon syndrome,
the estimated incidence being only four new cases
per 100 000 persons per year. Nevertheless, the
number of men whose osteoporosis remains unex-
plained after a routine evaluation is approximately
50% in most series. However, many series come
from referral centers that tend to attract more
unusual patients, and might therefore overestimate
the proportion of men with unexplained disease.
The diagnosis of idiopathic osteoporosis should be
applied only to men under the age of 70 years. By
that stage of life, it is more likely that the disease is
at least the result of the cumulative effects of the
process of age-related bone loss and of factors that
affected skeletal health earlier in life (for example,
failure to achieve adequate peak bone mass and
calcium undernutrition) but which are no longer
identifiable.

The overwhelming majority of patients with
idiopathic osteoporosis is symptomatic and pre-
sents with fractures. Fractures are most often at the
vertebrae, although cortical fractures may occur as
well, including stress fractures of the lower extrem-
ities or hip fractures. The predominant presenting
symptom is back pain. Bone mass measurements in
these men reveal markedly reduced bone mineral
density. Typically, lumbar spine density T-scores in
these men are below −2.5 SD. In our experience,
the mean T-score is even less than −3.0. By defin-
ition, biochemical screening shows no abnormali-
ties. The natural course of idiopathic osteoporosis
is not well documented, but available data seem to
indicate that – even with conservative measures –
bone loss is not accelerated, suggesting that most
of these men failed to reach normal peak bone
density.

The pathogenesis of idiopathic osteoporosis is
unknown. Both abnormalities in the GH–IGF-I
system and alterations in the metabolism or activ-
ity of androgens have been suggested as potential
etiologies. By no means, however, have they been
established as causes.
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Diagnosis of osteoporosis in men

The diagnosis of osteoporosis requires assessment of
bone mineral density (BMD). In men as in women,
diagnostic thresholds have been best validated with
dual-energy X-ray absorptiometry (DXA).

There is overall agreement that bone density
measurement using DXA should be performed in all
men who present with findings that suggest the
presence of osteoporosis (such as low trauma frac-
tures or radiographic criteria indicating bone loss),
and who are considered to be at increased risk for an
atraumatic fracture because of specific medical con-
ditions (hypogonadism, hyperthyroidism, excessive
alcohol intake). 

The use of T-scores requires a comparison with
measurements in a young reference population.
Although fracture risk varies between populations,
there is insufficient knowledge at present to recom-
mend that local reference ranges be used. It is
recommended, therefore, that the NHANES III
database be used as an international reference until
further research changes this view. There is some
ongoing controversy as to whether gender-specific
T-scores should be used or not. Most, but not all,
cross-sectional data support the use of female refer-
ence values, but some authors propose using young
normal mean levels derived from a male reference
population. However, in men, the risk of fracture is
substantially lower for a bone mineral measure-
ment within their own reference range, so a more
stringent criterion seems to be needed to yield the
same risk as in women. The most effective approach
to the resolution of this problem would be prospec-
tive observation in men of the relationship
between measures of bone density and future frac-
ture risk. Those data becoming available suggest
that absolute BMD rather than gender-specific
diagnostic criteria may be more appropriate. For
the time being, it might therefore be most appro-
priate to define osteoporosis in men as a BMD of
2.5 SD or more below the reference range for
young women.

In men as in women, spine measurements in
older individuals may be confounded by osteoarthri-
tis, whereas the hip is very much less affected. In
men over the age of 65–70 years, BMD assessment

should therefore include a measurement taken from
the hip region.

Clinical evaluation of men with
osteoporosis

Clinical assessment
The medical history should include a family and a
fracture history and should address calcium intake,
medications, alcohol intake, and tobacco use. The
clinical examination should particularly focus on
signs of hypogonadism (especially testicular atropy
and span length for early hypogonadism), alcohol
abuse, and glucocorticoid excess. Body length
should be monitored as a marker of osteoporosis.
Dorsal kyphosis may indicate severe vertebral defor-
mities. Low body mass index should be considered a
risk factor.

Biochemical measures
The biochemical evaluation should include a com-
plete blood count, serum levels of calcium, phos-
phate, alkaline phosphatase, albumin, creatinine,
25(OH)D, and ferritin (to detect hemochromatosis
and alcoholic liver disease), liver function tests, and
serum protein electrophoresis (to exclude multiple
myeloma, in particular in older individuals). A
24-hour urine calcium and creatinine excretion
level is needed to exclude hypercalciuria
(> 300 mg/day). Hypocalciuria (< 100 mg/day)
should raise suspicion of markedly reduced dietary
calcium absorption (due to vitamin D deficiency,
bowel disease, or malnutrition).

Measurement of serum intact PTH is indicated
whenever serum calcium, phosphate or, 25(OH)D
levels are abnormal (to detect primary or secondary
hyperparathyroidism). In all patients, we would rec-
ommend measurement of serum testosterone and
thyroid-stimulating hormone (TSH) to exclude
hypogonadism and hyperthyroidism, especially in
older individuals. Total testosterone should be mea-
sured in a morning sample, because testosterone
concentrations fluctuate according to a circadian
pattern. Some controversy remains as to whether
free testosterone, bioavailable testosterone, or sex
hormone-binding globulin should be assessed in all
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patients. Some authors even advocate the routine
measurement of estradiol. In men with androgen
deficiency, serum levels of luteinizing hormone
(LH) and prolactin should be measured to allow dif-
ferentiation between primary and secondary hypog-
onadism and to detect a potential prolactinoma. A
24-hour cortisoluria test is indicated whenever
there is clinical suspicion of Cushing’s disease.

The added value of biochemical markers of bone
turnover, such as serum osteocalcin or urinary colla-
gen cross-links, in the clinical management of osteo-
porotic men remains to be demonstrated. Therefore,
the routine measurement of bone markers in men
with osteoporosis cannot be recommended.

Therapeutic options for
men with osteoporosis

Life-style measures and
dietary recommendations
Whether and to what extent risk-factor modifica-
tion will reduce fracture rates remains unknown, in
men as well as in women. Nevertheless, adequate
exercise should be recommended and excessive
alcohol intake or smoking discouraged. Medications
that potentially increase the risk of falling, such as
psychotropic drugs, should be reconsidered, particu-
larly in frail elderly men.

Dietary supplementation of calcium and vitamin
D also reduces the rate of bone loss in elderly men
with low calcium intake, and may even have an
effect on fracture incidence. In line with the recom-
mendations of the National Institutes of Health,
dietary calcium intake should be at least 1200 mg/day.
In men older than 65 years, a calcium intake of
1500 mg and a vitamin D intake of 800 IU daily are
required.

Current pharmacologic options
None of the currently available therapeutic options
has proven antifracture efficacy as documented in
properly designed, randomized, placebo-controlled
fracture-endpoint trials. Such studies are difficult to
perform because of the low fracture incidence in
men. They would require a large study group and
long-term follow-up. Therefore, the question arises

to what extent data available in women may be
extrapolated to men. One possibility is to use bone
density as a surrogate marker for fracture risk as pri-
mary end-point, rather than fracture end-points.
Agents with proven antifracture efficacy in post-
menopausal women particularly should be consid-
ered for use in male osteoporosis, if clinical trials in
men document favorable effects on bone mass of
similar magnitude to those shown to result in
reduced fracture rates in women.

Androgen replacement has been documented to
prevent bone loss in hypogonadal men, but the
extent to which this type of replacement would be
beneficial in normal elderly men with partial andro-
gen deficiency and low bone density remains to be
clarified. According to a recent randomized trial, no
significant gain in lumbar BMD is observed in older
men with borderline low serum testosterone con-
centrations and low bone density, when compared
with calcium supplementation alone.12 Only in
those with low pretreatment testosterone levels will
testosterone replacement be associated with a
moderate gain in bone density. In addition to infor-
mation on the potential benefit of androgen
replacement in normal elderly men, there is an
urgent need for data regarding the long-term safety
of this type of therapy.

In postmenopausal osteoporosis, bisphospho-
nates have become one of the treatments of choice.
Recent evidence suggests that they may be equally
useful in male patients. In men suffering from gluco-
corticoid osteoporosis, bisphosphonate therapy is
associated with similar increases in bone density
to those in women. In a randomized placebo-
controlled trial with alendronate, significant
improvements of both lumbar and femoral bone
density were observed in osteoporotic men with or
without hypogonadism.13 The chief entry criteria
were a BMD at the femoral neck of at least 2 SD
below the mean value in normal young men or a
BMD at the femoral neck of at least 1 SD below the
mean value in normal young men, and at least one
vertebral deformity or a history of an osteoporotic
fracture. Over a period of 2 years, the use of alen-
dronate was associated with an increase in lumbar
spine BMD of approximately 7% and a gain in total
hip BMD of 2.5%. The incidence of vertebral
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fractures was lower in the alendronate group than in
the placebo group (0.8% vs 7.1%). In line with
these radiographic findings, alendronate-treated
men showed no decrease in height, whereas men tak-
ing placebo lost height significantly. The effects of
alendronate were independent of baseline serum free
testosterone, suggesting that bisphosphonate therapy
may be useful in both androgen-replete and androgen-
deficient men. More importantly, the benefits of alen-
dronate therapy in men with osteoporosis were similar
to those in postmenopausal women, suggesting that
bisphosphonate therapy might be equally effective in
men and women with osteoporosis. Further evidence
for this concept comes from studies with risedronate.
In male patients on corticosteroid therapy, risedronate
increased lumbar spine and hip BMD, along with a
(statistically significant) reduction in the incidence of
vertebral fractures.13 Positive results from a similarly
designed study with risedronate in men with idiopathic
osteoporosis are about to be reported (S Boonen,
personal communication).

Antiresorptives act primarily by inhibiting osteo-
clast-mediated bone loss and may be associated with
an increase in bone density by filling in of resorp-
tion cavities and increased deposition of mineral
into existing bone matrix. The concept of a bone
anabolic agent is based upon stimulation of bone
formation, a physiologic process opposite to that of
inhibiting bone resorption. Inherent to this concept
is the ability for an anabolic agent, such as teri-
paratide, to restore bone microarchitecture. In a
recent study in men with low BMD, teriparatide was
found to significantly increase BMD and to reduce
the risk of fracture,15 supporting the notion that
teriparatide is effective in treating osteoporosis and
reducing the risk of fracture regardless of gender.

Male osteoporosis: a practical
approach

There is increasing evidence that the approaches
developed to diagnose and treat the disorder in
women may be equally useful for similar problems
in men. Nevertheless, the evaluation and treat-
ment of men suffering from osteoporosis remains a
clinical challenge, despite recent advances in the

understanding of the male osteoporotic syndrome.
In most countries (including the USA) there are
currently no approved therapies for male osteo-
porosis. Moreover, there is some ongoing contro-
versy about the reference values that should be used
to derive T-scores, as indicated above.

All men with low bone density should be inves-
tigated (both clinically and biochemically) for sec-
ondary causes of bone loss, and should be informed
regarding life-style measures and dietary calcium
intake. In line with recent recommendations from
the International Osteoporosis Foundation, we
would recommend that the same diagnostic thresh-
olds be used in men – namely a BMD at the hip that
lies 2.5 SD below the reference range for young
women – until further research changes this view.
Because the relationship between BMD and fracture
risk seems to be similar in men and women
(although the data are scanty), we would recom-
mend treating all men with osteoporosis as defined
by female reference values with calcium, vitamin D
(when appropriate), and an antiresorptive agent. In
view of recent evidence, bisphosphonate therapy
might be the treatment of choice. A BMD measure-
ment value more than 2.5 SD below the young male
reference may not warrant antiresorptive treatment
(except if there is history of an osteoporotic frac-
ture), but it warrants further investigation to
exclude secondary causes of bone loss as well as gen-
eral recommendations regarding life-style measures
and appropriate dietary intake of calcium.

Key messages

1. There is increasing evidence that the
approaches developed to diagnose and treat
osteoporosis in women may be equally useful in
approaching similar problems in men. In partic-
ular, bisphosphonates are likely to become an
important strategy to increase bone density and
reduce fracture risk in osteoporotic men.

2. In men with osteoporosis, it remains critical to
exclude underlying pathologic causes as these
are much more likely to occur than in women.

3. The extent to which age-associated endocrine
deficiencies contribute to bone loss and fracture
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predisposition in men remains to be established.
In particular, it is not yet clear whether the par-
tial androgen deficiency associated with normal
aging has implications for skeletal maintenance.
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CHAPTER 49

Aging and the eye
Ali R Djalilian and Hamid R Djalilian

Introduction

Visual function is an important determinant of the
quality of life in older individuals. An older patient
with visual impairment is at significantly greater
risk for injuries and accidents.1 Furthermore, loss of
vision can lead to the loss of independence by los-
ing the ability to drive and perform activities of
daily living. Visually impaired patients may subse-
quently become depressed and socially isolated.

The incidence of visually significant eye diseases
rises dramatically with increasing age. In the USA,
the most common age-related conditions responsi-
ble for visual loss in the elderly are macular degen-
eration, glaucoma, and cataract. This chapter deals
primarily with these three visually significant disor-
ders, although less threatening age-related condi-
tions such as presbyopia, dry eyes and vitreous
degeneration are also briefly discussed (Table 49.1).2

Diabetic retinopathy, which is another important
cause of blindness in both older and younger
patients, will not be discussed and the reader is
referred to other excellent reviews.3

Presbyopia

One of the earliest signs of aging in the eye is loss
of accommodation. This occurs universally and is
manifested by the inability to focus at near dis-
tance. The person will initially try to compensate
by holding reading material further from the eye,
but eventually is no longer able to read fine print.

The typical age of onset is 40–45 years, with pro-
gressive loss of accommodation continuing until
the age of 60–65 years, when essentially all accom-
modation is lost. Physiologically, presbyopia is
thought to be due to the gradual hardening of the
lens, which limits its flexibility. Specifically, the
lens can no longer change its shape to increase its
power, which is necessary for focusing on near
objects. Although frustrating for the patient, pres-
byopia is benign, and readily treatable with the use
of reading glasses or bifocals.

Dry eyes

Advancing age is associated with a physiologic
decrease in tear production. Dry eye symptoms are
one of the most common ocular complaints in older
patients. At least 10% of patients over the age of 65
develop some degree of symptoms related to dry
eyes.4 The most commonly reported symptoms are
grittiness and foreign body sensation (like feeling
sand in the eye). Other complaints may include
burning, photophobia, and intermittent blurry
vision. Women are affected more often than men
partly due to declining levels of sex hormones, which
appear to be important for tear production.4,5 Besides
inadequate production, dry eye symptoms may also
be due to increased evaporation of tears. Increased
evaporation occurs typically when there is increased
exposure (inadequate blink, or lid retraction) or
insufficient oil film resulting from plugging of the
meibomian glands (as in patients with blepharitis).
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Moderate to severe dry eyes can be vision threat-
ening. Autoimmune diseases such as Sjögren’s syn-
drome can lead to immunologic destruction of the
lacrimal gland, as well as the salivary glands. Sjögren’s
syndrome can occur primarily, or secondary to colla-
gen vascular diseases such as rheumatoid arthritis or
lupus. Patients with severe tear deficiency are at risk
for developing corneal ulcers, infections, and perfora-
tions with ultimate loss of the eye.

Dry eyes are treated symptomatically with ocular
lubricants. A number of preparations are available
over the counter. Patients who require the use of arti-
ficial tears more than four times a day are best served
by using preservative-free drops, which limits the
toxicity due to the preservative. These patients may
also benefit from occlusion of the punta, using plugs
or cauterization. Immunomodulatory therapy appears
to be important for patients with inflammation asso-
ciated with dry eyes. The role of hormonal therapy in
dry eyes is currently under investigation.5,6

Vitreous degeneration

The vitreous gel that normally fills the posterior
cavity (Figure 49.1) gradually begins to liquefy in
late middle age. Functionally, degeneration of the
vitreous has no effect on the eye, since the vitreous
is primarily important during the development of
the eye. In most people the vitreous continues to

condense, and eventually separates posteriorly from
the retina. This is known as a posterior vitreous
detachment. Patients with vitreous condensation or
detachment will frequently notice a few floaters,
which represent opacities in the vitreous. While
irritating to the patient, if stable and only a few in
number, these vitreous floaters do not require any
specific treatment beyond regular examination of
the retina.

Occasionally, as the vitreous detaches from the
retina it may cause a tear in the retina. Patients may
experience a sudden increase in the number of
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Figure 49.1 Schematic diagram of the human eye

Table 49.1 Typical age-related changes in the eye2

Structure Age-related change

Eyelids increased laxity, atrophy of orbit fat leading to enophthalmus, prolapse of
orbital fat leading to dermatochalasis, levator dehiscence causing ptosis

Lacrimal gland decreased tear production in part due to declining sex hormones
Cornea arcus senilis (lipid deposit in peripheral cornea), gradual decrease in

endothelial cells
Lens gradual hardening leading to loss of accommodation, loss of clarity and

increased yellowish color, increase in size (anterior–posterior diameter)
Vitreous gel gradual condensation and collapse leading to posterior vitreous

detachment, floaters
Retina gradual decrease in number of photoreceptors and ganglion cells,

accumulation of unmetabolized debris (drusen)
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floaters owing to hemorrhage from the tear.
Traction on the retina by the vitreous can also cause
the patient to experience light flashes. Any patient
who experiences an increase in floaters or recurrent
light flashes requires an urgent dilated examination
of the retina, since untreated retinal tears can lead
to the development of a retinal detachment. Most
retinal tears can be treated readily with laser.
Patients with high degrees of nearsightedness, a
family history of retinal detachment, or a history of
eye surgery or trauma are at greater risk for develop-
ing such tears.

Cataract

A cataract is by definition any opacity of the crys-
talline lens. It is the third most common cause of
visual impairment among the elderly in the USA,
and the leading cause of blindness worldwide. The
incidence rises significantly with increasing age.
The Framingham Study found a 17.6% incidence in
people under the age of 65, 47.1% in 65–74-year-
olds and 73.3% in those older than 75 years.7,8 In
addition to age, exposure to ultraviolet light, smok-
ing, low intake of antioxidants, medications (e.g.
steroids), and systemic diseases (e.g. diabetes) are
known risk factors for the development of cataracts.
Decreased estrogen levels in females may also con-
tribute to the development of age-related cataracts.

Diagnosis
In the early stages, cataracts do not cause any visual
symptoms. However, as the lens opacity increases,
there is a gradual decline in the visual acuity.
Typically, in age-related cataracts the distance
vision is affected more than the near vision. In addi-
tion to blurry vision, patients frequently complain
of glare, especially in bright lights. Driving at night
can become very difficult for some patients owing to
scattering of the light from oncoming cars.

Diagnosis can be readily made by examination.
Although the slit lamp is the standard tool for exam-
ining the lens, in the primary-care setting a direct
ophthalmoscope may also be used to detect changes
in the lens opacity. Adequate visualization of the
lens can be difficult in an undilated pupil. The most

common finding is a yellowish discoloration of the
lens. The view of the fundus is likewise degraded
according to the degree of lens opacification.
Patients with diabetes or a history of steroid use are
prone to developing a posterior subcapsular cataract.
These patients may see better under dim light,
which allows the pupil to dilate.

Treatment
The treatment for a visually significant cataract is
surgical removal. However, the timing of surgery
depends mainly on the patient’s life-style and the
extent to which their vision prevents them from
participating in their usual activities. For many
patients, the ability to drive has the most significant
impact on their decision. Before surgery, some of
these patients may benefit from tinted glasses or an
antireflective coating to reduce their glare symp-
toms from the cataract. Except in unusual situa-
tions, delaying cataract extraction generally does
not put the eye at any significant risk.

The earlier techniques for cataract extraction
involved removing the whole lens in one piece,
which required a 10–12-mm incision. The latest
techniques employ an incision which is only
3–4 mm in length, and the lens is fragmented into
small pieces using ultrasound before it is aspirated
from the eye (phacoemulsification). Unlike the ear-
lier techniques, phacoemulsification does not
require the cataract to be ‘ripe’, and surgery can be
done any time the patient feels functionally
impaired by the cataract. Placement of an intraocu-
lar lens is now a standard part of modern cataract
surgery. Adequate anesthesia can be achieved in
most patients with the use of only topical drops,
although some patients or surgeons may prefer to
have a retrobulbar or peribulbar injection. Using
these latest techniques, cataract surgery has excel-
lent visual results with low complication rates and
minimal stress to the patient.

Although the visual impairment due to cataracts
is treatable, life-style modifications may play an
important role in preventing or delaying the onset
of cataracts. These include the use of ultraviolet
protection outdoors, adequate dietary intake of
fruits and vegetables high in antioxidants, and
avoiding smoking. In the USA, cataract is still an

623

Aging and the eye

Lunenfeld-ch-49.qxd  8/23/2007  5:26 PM  Page 623



important cause of visual impairment either due to
lack of access or because patients may consider their
visual decline to be a natural part of aging. Primary-
care physicians can make a significant difference by
educating their patients, and ensuring that all aging
patients receive regular eye examinations.

Glaucoma

Glaucoma is the second most common cause of
blindness in the USA and the leading cause of
blindness among African-Americans. Nearly 10%
of African-Americans over age 70 have glaucoma,
compared with 2–3% of Caucasians. Fewer than
half of all patients with glaucoma in the USA have
been diagnosed, and the rest are unaware of their
disease.9 Therefore, the role of primary-care physi-
cians is of the utmost importance in detecting and
managing patients with glaucoma.

Normally, aqueous humor is produced by the cil-
iary body, which passes through the pupil and drains
through the trabecular meshwork into Schlemm’s
canal (Figure 49.2). Any resistance to the outflow of
aqueous through the trabecular meshwork can lead
to increased intraocular pressure (IOP). This

elevated pressure can be transmitted to the optic
nerve, resulting in damage to the nerve fibers. The
mechanism of this damage may be mechanical or
ischemic, or programmed cell death.

Risk factors
The most important risk factors for the develop-
ment of glaucoma are increased IOP, age, family
history, and race. Previously, an elevated IOP
(> 22 mmHg) was thought to be a prerequisite for
the diagnosis of glaucoma. It is now known that a
specific IOP cannot be relied on for the diagnosis of
glaucoma. Generally, the range of IOP in ‘normal’
adult subjects is 10–22 (i.e. 95% of patients without
glaucoma fall into this range). However, up to one-
fifth of patients with glaucoma will have an IOP of
less than 22 (‘low tension glaucoma’). Likewise,
many patients with an IOP of greater than 22 will
never develop glaucoma.10 Therefore, there is no
cut-off pressure, and each patient will vary as to the
pressure their eye can withstand. Nonetheless, the
higher is the IOP the greater is the likelihood that
the patient will have glaucoma. Similar to the case
with blood pressure, patients are usually unaware
and cannot feel the elevation in their IOP. The
exception is when the IOP increases very suddenly
(such as acute angle closure).

Age is also a consistent risk factor for develop-
ment of glaucoma. The prevalence in patients under
40 is about 0.1%, while in those over the age of 70
it may be as high as 2–3%.11 Racial differences are
also striking, with African-Americans having a five
times higher chance of developing glaucoma and
losing vision, compared with whites races. Having a
first-degree relative with glaucoma likewise
increases the risk significantly. Hypertension, dia-
betes, and myopia (nearsightedness) have also been
identified as associated risk factors for glaucoma.

Diagnosis
Besides intraocular pressure, the diagnosis of glau-
coma relies heavily on examination of the optic
nerve. One of the characteristic findings is an
increase in the central depression (cup) of the optic
nerve head (Figure 49.3). Although there is no
absolute number, the risk of glaucoma is generally
less when the cup-to-disk ratio is below 0.5 (i.e. the
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Figure 49.2 Schematic diagram of the anterior seg-
ment, demonstrating the flow of aqueous humor from
the ciliary body to the trabecular meshwork
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diameter of the cup is less than one-half the diame-
ter of the disk). Actual progression in the cup-to-
disk ratio over time is definitive evidence for the
presence of glaucoma. Other optic nerve findings
include vertical elongation or notching of the cup,
thinning of the neural rim, or displacement of ves-
sels to the margin.

In addition to the optic nerve, examination of
the visual field is an integral part of the diagnosis
and the follow-up of glaucoma. The visual loss in
glaucoma begins primarily in the periphery and pro-
gresses gradually towards the center. Thus, the
patient may have significant damage from glaucoma
and not realize it, because good central vision can
be maintained until the final stages. Patients with
severe field loss who have less than 20° remaining
in their better eye are legally considered blind.
These patients are at significant risk for accidental
injuries. If untreated, most of these patients will
eventually lose their central vision as well.

Classification
In general, glaucoma is classified into open angle
and closed angle. Open angle refers to all cases in
which the anterior chamber angle (between the iris
and cornea) is open, and aqueous can readily reach
the trabecular meshwork. In this case the resistance
to outflow is within the structure of the trabecular
meshwork. In closed-angle glaucoma, the peripheral
iris has come forward to close the angle, and is pre-
venting the flow of aqueous from reaching the tra-
becular meshwork. In the USA, more than 90% of

cases are of the open-angle type. Closed-angle glau-
coma can develop gradually (chronic) or acutely. In
acute-angle closure, the initial event is usually
pupillary block, whereby the aqueous cannot flow
into the anterior chamber and is trapped behind the
iris. This trapped aqueous then pushes the periph-
eral iris forward, which subsequently closes the
angle (Figure 49.4). Patients will usually present
with acute pain, redness, and decreased vision.
Since acute elevation of intraocular pressure may
also cause nausea and vomiting, patients with angle
closure have presented with clinical pictures that
were mistakenly diagnosed as myocardial ischemia,
or appendicitis. Patients with intermittent acute-
angle closure may also complain of intermittent
halos and blurriness, owing to edema of the cornea.

In patients with narrow angles, medications with
anticholinergic or sympathomimetic effects (for
example over-the-counter cold medications) can
induce an attack of angle closure by causing the pupil
to dilate. The warning label seen on many medica-
tions regarding patients with glaucoma refers only to
this subset of patients with narrow angles, and other-
wise the great majority of patients with open-angle
glaucoma should have no problem with such medica-
tions. Asian patients and patients with hyperopia are
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Figure 49.3 A normal optic nerve (left) from a
patient with light pigmentation and a cup-to-disk ratio of
0.3. The optic nerve from an African-American patient
with glaucoma and a cup-to-disk ratio of 0.75 (right)
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Figure 49.4 Schematic diagram of the anterior cham-
ber in angle closure due to pupillary block. Aqueous
humor is trapped behind the iris and pushes it forward to
close the angle
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most likely to have narrow angles. The risk of angle
closure also increases with age owing to enlargement
of the lens in the anterior–posterior direction. In
patients with a narrow angle, shining a pen-light par-
allel to the iris from the lateral side may cast a shadow
on the medial iris.

Overall, acute-angle closure occurs very infre-
quently in Caucasians and African-Americans.
When it does occur, the intraocular pressure should
be lowered immediately with medications. The
definitive treatment for acute-angle closure or
markedly narrow angles is to create a bypass for the
aqueous to reach the anterior chamber. This is com-
monly done in the clinic by making a hole in the
peripheral iris using a laser (peripheral iridotomy).

Treatment
The medical treatment of glaucoma is currently
aimed at lowering the intraocular pressure.
Although this does not cure glaucoma, it can signif-
icantly slow the progression of the disease. Topical
drops are the mainstay of treatment. The most
important consideration for the primary-care physi-
cian is awareness of the potential systemic side-
effects due to these medications. Currently, the
most widely used medications are beta-blockers
such as timolol or levobunolol, which decrease the
production of aqueous. Beta-blockers are actually
the most likely drops to have significant systemic
side-effects, including bronchospasm, bradycardia,
depression, and impotence. The other topical med-
ications including alpha-adrenergic agonists
(bromonidine (Alphagan®)), carbonic anhydrase
inhibitors (dorzolamide (Trusopt®), brinzolamide
(Azopt®)), and prostaglandin analogs (latanoprost
(Xalatan®)) are much less likely to cause any signif-
icant systemic problems. Cholinergic agonists (pilo-
carpine), which are used less frequently these days,
may cause headaches and other cholinergic side-
effects. Oral medications such as carbonic anhy-
drase inhibitors (acetazolamide (Diamox®)), and
methazolamide (Neptazane®) are not tolerated well
by most patients and cannot be used for long-term
therapy. In addition to malaise, anorexia, and pares-
thesia, the use of oral carbonic anhydrase inhibitors
may occasionally lead to the development of kidney
stones.

When medical treatments fail to control the
IOP adequately then surgical therapy is considered.
Laser trabeculoplasty is an office procedure in
which a laser is used to induce structural changes in
the trabecular meshwork. In most patients this
causes a mild to moderate reduction in the IOP, but
the effect usually degrades over the course of sev-
eral years. The most common surgical technique is
a trabeculectomy, whereby a small section of the
trabecular meshwork is removed in the operating
room. The aqueous then drains through this hole
and is collected in a ‘bleb’ under the conjunctiva,
from where it is absorbed into the venous system.
In most cases the trabeculectomy is done superi-
orly; thus, the fluid drains under the superior con-
junctiva and is hidden by the upper lid. An
important consideration in patients who have
undergone a trabeculectomy is that any eye infec-
tion such as conjunctivitis should be treated aggres-
sively (with topical antibiotics), given the risk of
bacteria entering the eye through this hole and
causing an endophthalmitis. An alternative tech-
nique to trabeculectomy is using a tube with one
end in the anterior chamber and the other end
(usually a plate) buried under the conjunctiva.

In patients with established glaucoma, severe loss
of vision is rare if the condition is diagnosed early and
the patient is compliant with the therapy. The most
common reason for loss of vision due to glaucoma is
not failure of therapy, but instead delay in the diagno-
sis. As mentioned earlier, nearly half of all the patients
with glaucoma are unaware of their disease. Primary-
care physicians play a critical role by refering patients
for regular eye examinations, particularly those with
risk factors including African-Americans and patients
with a family history of glaucoma. In those with estab-
lished glaucoma, one should remain aware of the side-
effects from the medical therapy, while working to
control disorders such as diabetes and hypertension
that may potentially exacerbate the glaucoma
through vascular problems.

Macular degeneration

Age-related macular degeneration (AMD) is the
leading cause of visual loss among Americans of age
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65 or older. Its prevalence increases significantly with
age. In a US population-based study, the incidence of
late AMD was 0.1% among people 43–54 years old
compared with 7.1% among those aged 75 years or
older.12 The most important risk factors identified
besides age include family history, smoking, hyper-
tension, and low dietary intake of antioxidants. It is
more common among white races, and probably
more common among females. Increased exposure to
sunlight, and having light-colored irises may also be
potential risk factors.

The pathologic basis of AMD is the gradual loss
of function in the center of the retina, namely, the
macula. The macular region includes the central
foveal area, which provides the sharp visual acuity
necessary for tasks such as reading, driving and rec-
ognizing faces (Figure 49.1). The primary cells
affected by AMD appear to be the retinal pigment
epithelial cells, which are in close contact with the
photoreceptors and are important for maintaining
their health.

Diagnosis
Clinically, AMD can be divided into early and late
stages. During the early stage, the visual acuity is
relatively well maintained. The initial and most
characteristic finding is the presence of drusen in
the macula (Figure 49.5). Drusen are small yellow
extracellular deposits of unmetabolized debris from
retinal pigment epithelial cells. The prevalence of

ophthalmoscopically identifiable drusen increases
with age, especially after the sixth decade. Eyes
without drusen are generally not considered to have
AMD. Typically, drusen do not affect the vision sig-
nificantly; however, larger and more extensive
drusen seem to be associated with an increased risk
of central visual acuity loss. In addition to drusen,
pigment abnormalities are also a common sign of
early AMD.13

The late stage of AMD is divided into dry
(atropic) and wet (exudative) forms. The dry form,
which represents 90% of cases, involves gradual loss
and atropy of retinal pigment epithelium and pho-
toreceptors in the macular region. Patients experi-
ence a slow decline in their central vision. While in
many cases a small area of central acuity may be rel-
atively preserved, patients can still be functionally
limited in their ability to read or drive owing to
blind spots or distortions. Patients who develop
‘geographic atrophy’, involving the foveal region,
experience more severe loss of vision.

Exudative or wet AMD represents only 10–15%
of cases, but it accounts for more than 80% of cases
with severe visual loss. The hallmark of the exuda-
tive form is the presence of neovascularization. The
new blood vessels arise from the choroids and grow
under the macula, and can cause leakage, hemor-
rhage, and ultimately scarring (Figure 49.5).
Compared with dry AMD, the visual loss is more
acute and devastating. The symptoms noted by the
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Figure 49.5 A patient with early macular degeneration demonstrating multiple drusen in the macula (left). A
patient with exudative macular degeneration and hemorrhage due to neovascularization (right)
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patient may be distortions, whereby straight lines
appear as curved, or the presence of a new blind
spot. The use of a grid pattern (Amsler’s grid) may
help patients to recognize these changes earlier
(Figure 49.6). Patients who develop these changes
require urgent evaluation for possible treatment. If
left untreated, many of these cases lead eventually
to scarring of the macula with irreversible and
severe loss of central vision.

Treatment
Unfortunately, at this time there is no effective treat-
ment to prevent the development or the progression
of AMD. The only therapies available are for patients
with wet AMD. Laser photocoagulation, the gold
standard, can be used in 10–15% of cases in which the
neovascular lesions are small and well defined.
However, recurrences are common after laser treat-
ment. Furthermore, in many cases where the neovas-
cularization involves the fovea, the laser treatment
actually destroys most or part of the patient’s central
vision. Therefore, laser treatment only benefits a
small subset of patients with wet AMD. Many new
treatments such as photodynamic therapy and
transpupillary thermotherapy are under investigation
for patients with exudative AMD. Likewise, surgical
procedures such as submacular surgery and retinal
translocation are also under study. These therapies are
likely to provide some benefit to the majority of cases
of exudative AMD that are currently untreatable.13

At present there is no proven treatment for dry
AMD. A number of observational studies have

found an association between low dietary intake of
foods containing antioxidants and the risk of devel-
oping AMD.14 In other studies, lutein, zeaxanthin,
and zinc have been suggested to be protective
against visual loss from AMD.15 Currently, there are
no definitive data proving or disproving that dietary
supplement of vitamins or minerals can slow the
progression of AMD. This subject is under investi-
gation in the Age-Related Eye Disease Study spon-
sored by the National Eye Institute.16 This study has
enrolled 3640 patients 55–80 years old to study the
clinical course of AMD as well as cataracts. It will
attempt to identify factors that influence their
development and progression, and evaluate the
potential efficacy of high-dose vitamins and zinc in
arresting or retarding their progression.

The natural history of AMD is not of relentless
progression. While usually bilateral, it is frequently
asymmetric with variable and unpredictable pro-
gression. Many patients experience only mild to
moderate changes in their visual function. Patients
with severe loss of central vision usually maintain
their peripheral vision, which allows them to ambu-
late. All patients should be encouraged to seek low-
vision services that can provide them with various
aids and optical devices, along with training for
visual rehabilitation.

A very important consideration for all physicians
is to be aware of depression in patients with recent
loss of vision from AMD. Losing the ability to drive
and perform certain activities of daily living has a
profound impact on the person’s ability to function
independently. Many patients will go through a
period of grievance that may result in clinical
depression. While most patients eventually learn to
adjust to their visual impairment, they may require
treatment for the depression in the meantime. The
social and family support network plays a critical
role in this adjustment process.

Currently, AMD remains a significant public-
health problem. Controling risk factors such as
smoking and hypertension while encouraging diets
high in fruits and vegetables are the primary preven-
tive measures at this time. With advances in genet-
ics and molecular biology, future treatments may
provide the ability to institute preventive therapies
long before the onset of the disease.
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Figure 49.6 Amsler’s grid as seen normally (left) and
as seen by a patient with exudative macular degeneration
(right)
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Summary

Visual impairment is a significant problem in the
elderly. At least one-third of all patients over the
age of 65 have problems with their vision. The lead-
ing causes of blindness among older Americans are
macular degeneration, glaucoma, cataract, and dia-
betic retinopathy. More than half of the visual loss
in these patients is preventable or treatable.
Physicians can maximize their patients’ quality of
life by enquiring about their visual health, recom-
mending regular eye examinations, and refering
those with decreased vision.
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CHAPTER 50

Aging and inner ear dysfunction
Emiro Caicedo, Diego Preciado, George Harris and Frank Ondrey

Introduction

As humans age, there is a gradual dysfunction of
nearly all organ systems. It is said that communica-
tion is both what the message is and the manner in
which it is interpreted. Hearing is a key part of this
communication in man. However, cochlear dys-
function is often an overlooked entity which can
seriously affect the quality of life as one ages. It is
estimated by the National Institutes of Health
(NIH) in the USA that between 40 and 50 million
Americans will experience a disorder of communi-
cation during their lifetime, the vast majority of
which is hearing loss. While not completely debili-
tating, hearing problems may result in fear and anx-
iety, and may also bring up feelings of one’s own
mortality and aging. This chapter is designed to give
the physician a point of reference for diagnosis and
treatment of hearing and balance disorders that are
more common as one ages. 

Auditory perception
and cochlear anatomy

Hearing relies upon several chief components to
maintain quality of life in people of all ages. The ear
has three basic parts: the external ear, the middle
ear, and the inner ear.

The external ear includes the pinna (or auricle)
and the external auditory meatus (the auditory

canal). The pinna has a limited function to direct
sound into the auditory canal. The auditory canal
curves somewhat upward, and is about 25 mm long.
Inside the outer portion of the canal are modified
sweat glands that secrete cerumen (wax), and small
hairs line this portion. The inner portion of the
canal is hairless and smooth, and is lined by por-
tions of the temporal bone. The medial border of
the auditory canal is the tympanic membrane (TM)
at the annulus.

The TM marks the beginning of the middle ear.
The middle ear is normally an air-filled space.
Within the middle ear lie the ossicles: the malleus,
the incus, and the stapes. The last of these, the
stapes, contacts the fluid-filled portion of the
cochlea, via the oval window. The middle ear con-
tacts the nasopharnyx via the eustachian tube.

The inner ear contains the bony and membranous
labyrinth, forming the cochlea and vestibule. The
bony portion begins where the stapes contacts the
vestibule via the oval window. The vestibule leads
into the scala vestibuli, which spirals its way through
the cochlea for 2¾ turns; it then passes through the
helicotrema (where it begins to return back down the
cochlea) and continues to spiral as the scala tympani,
until it reaches the round window. The membranous
portion of the cochlea is the cochlear duct (scala
media), which is bordered by three structures: the
basilar membrane, Reissner’s membrane, and the
stria vascularis. All three chambers (the scala
vestibuli, scala media, and scala tympani) are filled
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with fluid. The scala vestibuli and the scala tympani
are filled with perilymph. The components of peri-
lymph are quite similar to cerebrospinal fluid. On the
other hand, the scala media contains endolymph,
which has a high K+ concentration (145 mM) and a
low Na+ concentration (2 mM, similar to intracellu-
lar fluid). The stria vascularis is the blood and oxygen
supply to the cochlea.

Hearing mechanics

When the TM is induced to move inward by sound
waves reaching it from the surroundings, movement
of the ossicles results in transduction of that wave
into motion of the stapes footplate at the oval win-
dow. The fluid in the vestibule is displaced, result-
ing in a pressure wave that travels down the scala
vestibuli, through the helicotrema, and continues to
the scala tympani, where it displaces the round
(cochlear) window. The resulting pressure wave is
transmitted to the basilar membrane of the cochlea.
The basilar membrane contacts both scalae and the
organ of Corti. The organ of Corti is the means by
which the oscillations of the basilar membrane
result in mechanical displacement of the hair cells’
stereocilia, which then either depolarizes or hyper-
polarizes the hair cell. Depolarization of the hair cell
results in firing of specific branches of the cochlear
portion of the vestibulocochlear nerve (CN VIII).
The displacement of the basilar membrane results in
movement of the organ of Corti, and with it move-
ment of the stereocilia of the inner and outer hair
cells relative to the tectorial membrane. The stere-
ocilia of the hair cells are not of one set length, but
instead progressively lengthen, establishing an axis
of polarization (a sense of direction). Simply put,
when the stereocilia of the hair cell are deflected
toward the taller stereocilia, the cell depolarizes and
fires. When deflected away, the cell hyperpolarizes.
There are 15 000 outer hair cells and 3500 inner
hair cells. Most of the neural supply is to the inner
hair cells (there are usually multiple afferents per
cell). The place theory of hearing states that the
basilar membrane affects the organ of Corti differ-
ently at different places along the cochlea. It is pos-
sible to map the portion of the cochlea stimulated

by different frequencies, from 20 Hz near the apex
(wide region) to about 20 000 Hz near the base
(narrow region).

The neural pathway for these signals is as follows:
the hair cells in the cochlea synapse with cells of
the spiral ganglion (located in the wall of the
cochlea) and become the cochlear nerve. This por-
tion of CN VIII may enter either the dorsal or ven-
tral cochlear nucleus of the pons. Here the fibers
synapse and either head to the contralateral side or
ascend directly to the midbrain. In the midbrain,
they synapse with the inferior colliculus, where they
may cross via the commissural neurons, and head to
the medial geniculate body, where they synapse
again and follow the auditory radiations to the audi-
tory center in the superior temporal gyrus, under the
lateral fissure of the brain.

The vestibular (or balance) system is closely
linked with the hearing system. The main organ of
balance is the vestibular labyrinth. There are three
canals, the superior, the posterior, and the horizon-
tal semicircular canals, and two otolith organs (the
utricle and saccule). They are continuous with each
other and are filled with endolymph, while they are
surrounded by perilymph. The sensory epithelium of
the semicircular canals contains a ridge in which
hair cells are embedded. The vestibular branch of
CN VIII innervates these hair cells. The stereocilia
of the hair cells are embedded in a structure called
the cupula, which moves when the head is experi-
encing angular acceleration in some plane, but
because the cupula has the same specific gravity as
the endolymph, it does not move in response to
linear acceleration (like gravity). Instead the sen-
sory epithelium in the otolith organs (the utricle
and the saccule), called the macula utriculi and sac-
culi, have hair cells in a gel mass that contains many
small stones of calcium carbonate. These stones
increase the specific gravity of the epithelium,
known as the otolithic membrane, and are respon-
sive to linear acceleration.

CN VIII is responsible for carrying the informa-
tion from these hair cells to the brain. The pathway
is multileveled. Inputs from the semicircular
canals travel in the vestibulocochlear nerve (the cell
bodies are in the vestibular ganglion in the mastoid)
to the vestibular nuclei in the floor of the fourth
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ventricle. There are four vestibular nuclei on each
side: the superior, the inferior, the lateral, and the
medial, where the incoming neurons may synapse;
other fibers continue to the cerebellum.

From the above description and redundancy of
eighth nerve pathways in the brain, one quickly
realizes that peripheral disorders of both the end
organs (vestibule and cochlea) should be much
more common than central disorders of hearing and
balance from cortical or brain stem pathologies.
Clearly this is the case. It is rare for central nervous
system processes to manifest themselves as a simple
hearing or balance problem.1

Objective testing of hearing
function

Audiometric testing
Formal audiometry in a sound booth is a part of the
physical evaluation for any symptom referable to
the ear including problems with hearing, tinnitus,
and imbalance. A basic understanding of the audio-
gram is most helpful for any caretakers of patients
presenting otologic symptoms. An audiogram can
be ordered by any physician and is performed by an
audiologist with a masters or PhD degree in a hear-
ing science that allows the individual to become
licensed to administer complete audiograms. These
facilities may be part of hospitals, clinics, or oto-
laryngology offices, or free-standing. An overview
of the basic portions of the audiogram is provided in
this section to assist non-otolaryngists with the
basic interpretation of audiograms.

Components of an audiogram
The audiogram is arranged on a series of horizontal
and vertical axes (Figure 50.1). The horizontal axes
represent the threshold, in decibels (dB), that a
pure tone is recognized by the examinee. The verti-
cal axes represent the frequency, in Hz, that the
tones are typically presented, from 125 to 8000 Hz.
Tones are typically presented at the frequencies des-
ignated along the upper portion of the axes.
Frequencies can be tested above 8000 Hz in special
situations, but not routinely. Typically tones are pre-
sented at a reasonably high level at first, to help the

patient recognize the sound of the tone, then they
are presented at decreasing levels until the thresh-
old value is reached for that frequency. The presen-
tation level of each tone is varied in 5 dB
increments until the patient’s threshold is ascer-
tained. The test/retest reliability of this system is
typically less than 15 dB variance. The speech fre-
quencies most important for normal conversation
are in the 500 to 4000 Hz range, and patients with
deficits in this range will have conversational diffi-
culties, particularly in noisy environments like
restaurants. Hearing loss is typically rated as mild,
moderate, severe, or profound. Mild hearing loss is
that which occurs from a 21–40 dB loss from the
threshold. Losses greater than 40 dB but less than 60
are rated as moderate, severe in the range 61–80 dB,
and profound losses are greater than 80 dB. Presenting
tones accurately above 80 dB can be a challenge for
some audiometers. 

If there are abnormalities in the pure tones tested
by air conduction testing, the audiologist will then
screen the bone conduction thresholds to test for
abnormalities in the conduction system to the
cochlea. Air conduction thresholds may be in error
for any reason that would affect the sound transmis-
sion through the ossicles. At the level of the external
ear canal, plugging of the canal with cerumen or a
foreign body may affect perception. At the level of
the TM, scarring, perforation, or prior surgery are
common reasons why air conduction may be affected.
At the level of the middle ear, abnormalities of the
ossicles including sclerosis, fibrosis, and trauma and
disconnection may affect air conduction. In the mid-
dle ear, the presence of fluid or negative pressure are
common causes of conductive hearing losses.
Fixation of the stapes footplate to the oval window
membrane, as observed in otosclerosis, will also affect
conduction. This type of audiometric testing is per-
formed with a microphone that sits directly over the
mastoid air cells and transmits sound by bypassing
the middle ear structures. A simpler screen for
middle ear disturbances would be testing for sound
lateralization with a Weber test with a 512 Hz tuning
fork. Lateralization of the perceived sound to one
ear when the vibrating tuning fork is placed on the
forehead will indicate a conductive loss in the ear
to which the sound lateralizes. A Rinne test can then
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be followed up to examine whether bone conduction
is greater than air conduction in the affected
ear. Testing for conductive losses and severe asym-
metric losses can be complicated by hearing the
sound in the better functioning ear. The trained
audiologist can compensate for these asymmetries by
use of the technique of masking the better hearing
ear. A discussion of masking is beyond the scope of
this text.

Speech audiometry
A second form of testing that comprises a complete
audiogram would be the testing of speech and word
recognition. In this testing spondaic words are read
to a patient at levels 25 dB above the average of
500, 1000, and 2000 Hz. The level of presentation is
modulated until a patient scores 50% of the words
correctly. This would be the speech reception

threshold. Next a standard word list consisting of 25
or 50 items is read to the patient at a level about
30 dB above the threshold. The items are then
scored and the percentage of words repeated cor-
rectly is determined. If a significant asymmetry
exists between the right and left ears (a 20% point
or greater difference) the cause must be established,
particularly if pure tone differences are small.
Causes for this asymmetry could be retrocochlear
lesions including acoustic neuroma. 

Immitance audiometry
Tympanometry is the most common immitance mea-
sure utilized and is routinely tested. Typically a seal is
developed over the ear canal and a pressure gradient
from − 400 to + 200 kP of water is delivered during a
220 Hz tone. This test measures the volume of the ear
canal and the compliance of the TM, as well as its
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Figure 50.1 Diagrammatic representation of a typical audiogram report sheet
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integrity. It can therefore indicate negative pressure
within the middle ear, scarring or perforations of
the TM, or eustachian tube dysfunction. The tym-
panograms are classified as type A (normal), B (flat),
or C (negative pressure).2

Other tests

Acoustic reflexes
A test is utilized on occasion to measure the phenom-
enon of loud sounds causing a reflex contraction of the
stapedial muscle. Reflexes should be bilateral when
the tone is presented to either ear. If they are absent
then one may be experiencing a pathology of the
eighth cranial nerve, like acoustic neuroma. 

Auditory evoked potentials
This test has several names including acoustic brain
stem response (ABR) and brain stem auditory
evoked response (BAER). In this test tones are pre-
sented to the patient by ear canal microphone and
then auditory thresholds are established from scalp
electrode recordings similar to those used in elec-
troencephalography (EEG). These tests are helpful
when the patient cannot cooperate for standard
testing. Additionally, they are highly sensitive mea-
sures for screening for acoustic neuromas.

Caveats in testing hearing
function in the elderly
Typically hearing function decreases with age,
therefore it is important for the audiologist to take
the time necessary to establish accurate thresholds
in patients who are experiencing decreased hearing
as a function of their age. Additionally, the special-
ized tests, including the ABR, acoustic reflexes, and
some of the word discrimination tests, are less accu-
rate when hearing levels and thresholds decline
significantly. 

Sensorineural hearing loss

In the aging patient, the cause of hearing loss is most
frequently due to deterioration of peripheral and/or
central auditory pathways. There is a relatively large
differential diagnosis associated with sensorineural
hearing loss (SNHL). Diseases from several cate-
gories can cause hearing loss and must be ruled out
for optimal patient care. The most common causes
are detailed within this chapter, but for reasons of
developing a clear differential refer to Table 50.1.

Establishing causes of hearing loss
One must develop a clear differential diagnosis for
hearing loss associated with aging. It is easy to
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Table 50.1 Causes of hearing loss

Category Examples

Developmental/ Waardenburg’s, Alport’s, Usher’s syndrome, Mondini deformity
hereditary

Infectious bacterial labrynthitis, herpes, cytomegalovirus, syphilis, Lyme disease
Toxicity aminoglycosides, diuretics, salicylates, platinum
Trauma head trauma, blast injury, noise, perilymph fistula, radiation
Neurologic multiple sclerosis,vertebral basilar insufficiency, atherosclerosis
Immune Cogan’s syndrome, Wegener’s granulomatosis, autoimmune

inner ear disease
Bone disorders Paget’s disease, otosclerosis
Neoplasms acoustic neuroma, meningioma, metastases, primary malignancy of

temporal bone
Presbycusis
Endolymphatic hydrops
Sudden SNHL
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attribute all hearing loss in males over 50 to presby-
cusis, but other diseases associated with hearing loss
must be excluded. Therefore, a thorough history
should be established. Important questions about
the hearing loss would include the length of symp-
tom onset, presence of tinnitus and its character,
and any sudden or fluctuating changes in hearing or
balance as well as any precipitating or associated
events for the same. A past medical history of any
diseases that would be associated with hearing loss,
including diabetes, thyroid dysfunction, atheroscle-
rosis, immune diseases, or other metabolic disease
(otosclerosis, Paget’s disease), should be taken. A
family history of hearing loss in parents or older rel-
atives to establish a potential familial pattern of
presbycusis onset and progression is often helpful.
Further family history of syndromic and congenital
diseases associated with loss of hearing should be
questioned. Whether or not the patient experi-
enced significant otitis media as a child or young
adult and experienced some level of hearing dys-
function secondary to these infections should be
established. A history of toxic medicine exposures
including aminoglycoside antibiotics, cancer
chemotherapy agents, trauma to the temporal bone,
or previous otologic surgery as part of the medical
history should be established. Clearly, occupational
exposures in males over the age of 50 need to be
established. Regulations for hearing conservation in
the workplace are more recent developments and
most workers in factories have experienced levels of
industrial noise in excess of current guidelines. The
use of power tools, rifle hunting, smoking, and com-
bat noise exposure should be established as part of
the social history.

Once these items are clearly addressed, examina-
tion of the ear can proceed. Abnormalities of the
pinna, ear canal, and TM may guide the physician to
a diagnosis associated with any of a number of the
conditions aforementioned. Once examination is
concluded an audiogram should be performed. If a
gradual sloping onset of symmetric hearing loss above
2 kHz is demonstrated with good discrimination
scores, the patient likely has presbycusis, provided
that the patient has described a gradual onset to his
symptoms, and the TM is normal in appearance.
Occasionally, a ‘notch’ is noted in the audiogram at a

particular frequency and this may signify a significant
noise-induced loss at that frequency. Asymmetries in
pure tone hearing, conductive hearing, and speech
discrimination will require further work-up to estab-
lish an underlying cause. Clearly an entity such as an
acoustic tumor should not be missed because an
unusual hearing loss was attributed to an entity such
as combat noise exposure. 

Presbycusis
Decreased hearing normally occurs as a function of
aging. After the age of 40, the average threshold of
the highest frequency speech sounds (4 kHz) is
already beyond the normal range in the male popu-
lation. At the age of 60, all of the speech frequen-
cies demonstrate at least a mild hearing loss, on
average (Table 50.2). Typically, people develop
compensation mechanisms so that communication
is not affected as aging causes mild losses. The clas-
sic hearing complaint of an aging male patient
would be that he is experiencing difficulty under-
standing conversation with females or children
when in situations with a significant background
noise (e.g. restaurant dining). At this point it would
not be unusual for the affected individual to have
abnormal auditory thresholds in the moderate to
severe range at the frequencies associated with
speech (0.5–4 kHz).

Presbycusis is the most common cause of hearing
loss in the elderly population. Presbycusis is defined
as the hearing loss that is caused by the degenerative
changes of aging. These changes can be pathologi-
cally demonstrated in several areas of the cochlea
and can involve hair cell loss, neuronal loss, and
decreased blood supply through cochlear microvas-
culature. It is defined as SNHL that is usually sym-
metric and presents in patients over the age of 60. It
is characterized by a slowly progressive hearing loss,
which is worse at frequencies above 2000 Hz.
Although the exact pathophysiology remains ill
defined, it appears to be a multifactorial process
related to hereditary factors, diet, metabolism, noise
exposure, and stress. It may also result from heart
disease, high blood pressure, diabetic vascular con-
ditions, or other circulatory problems involving per-
fusion of the nerve or any of the related structures,
including the auditory centers in the brain, i.e.
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stroke.3,4 Studies have failed to clearly link any of
these factors individually to presbycusis. Efforts to
prevent presbycusis need to be investigated further.

Aural rehabilitation
Aural rehabilitation in the form of hearing aids
helps most elderly people with presbycusis.
Currently, there are numerous strategies under
development for the further improvement of hear-
ing aid technology. Typically, most hearing losses
can now be treated with hearing aids that fit within
the ear or ear canal. Many of these hearing aids also
come in both digital and programmable variations

that allow the end user to customize their aid for
different listening environments. Certain strategies,
such as opening the venting of the ear mold, and
digitizing the signal, may be useful in selectively
amplifying the high frequencies. If the hearing loss
is profound enough to not be helped even with the
most powerful hearing aid, cochlear implantation
remains an option. The passage of the ‘Americans
with Disabilities Act’ has provided for enhanced
quality of life for hearing impaired individuals with
the addition of FM listening assistance devices for
public gatherings at theaters, churches and public
forums. 
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Table 50.2 Age adjusted normalized hearing thresholds for men at various frequencies

Hearing thresholds (dB) at the indicated frequency (kHz)

Mean age (years) 0.5 1.0 2.0 4.0

25 10 5 5 10
27.5 10 10 10 15
30 15 10 10 20
32.5 15 10 10 20
35 15 10 15 25
37.5 15 15 15 30
40 15 15 20 30
42.5 20 15 20 35
45 20 20 20 40
47.5 20 20 25 40
50 20 20 25 45
52.5 25 25 30 50
55 25 25 30 50
57.5 25 25 35 55
60 25 30 35 55
62.5 30 30 40 60
65 30 30 40 65
67.5 30 35 45 65
70 30 35 45 70
72.5 35 40 50 70
75 35 40 50 75
77.5 35 40 55 75
80 40 45 55 80
82.5 40 45 60 80
85 40 50 60 80
87.5 45 50 65 85
90 45 50 65 85
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Tinnitus

Definition
Tinnitus (from the Latin tinnire, which means to ring
or to tinkle) is the perceived sensation of sound in the
absence of acoustic stimuli. Tinnitus is a manifesta-
tion of malfunction in the processing of auditory sig-
nals involving both perceptual and psychologic
components and should be differentiated from audi-
tory hallucinations, which are considered to be a
symptom of psychiatric or neurologic disorders.5

Auditory hallucinations are more complex sounds
such as voices or music. An abnormal neural activity
of the auditory pathway is erroneously interpreted as
true sound by the central auditory system of the
patient suffering from tinnitus. A majority of tinnitus
cases can be related to cochlear dysfunction, which
could involve central modifications.6

Tinnitus is not a recent entity; it was reported as
early as 2500 BC in Egyptian papyri which refer to ‘the
treatment of the bewitched ear’.7 Over 10% of the US
population have a complaint of tinnitus.
Approximately 20% of these individuals rate their
tinnitus as being severe enough to significantly
decrease their quality of life. The age range of patients
suffering from tinnitus is between 40 and 80 years;
however, tinnitus may occur at any age. The preva-
lence of tinnitus has been shown to increase with age,
and males and females are affected equally.8

Causes of tinnitus
Various hypotheses have addressed the mechanisms
that could underlie tinnitus, but none has yet been
determined. Researchers have tracked the origin of
tinnitus using positron emission tomography (PET).
They found activated sites in the temporal lobe
opposite to the affected ear and unexpectedly they
found that the hippocampus was activated too. This
hippocampal activation could explain the adverse
psychologic effects that patients with tinnitus often
experience.9 When talking about tinnitus we must
keep in mind that it is a symptom not an illness. 

Some causes of tinnitus are:5

1. inner ear pathology associated with hearing
impairment: noise-induced hearing loss, presby-
cusis, Meniere’s disease, etc.

2. middle ear pathology often associated with hear-
ing impairment: chronic suppurative otitis
media, otosclerosis

3. cerumen in the ear canal
4. drug ingestion
5. cardiovascular or neurologic disorders
6. emotional response to stimulus furthered by

stress or depression, and
7. neoplasm: acoustic neuroma, temporal lobe

tumors.

Classification
There are several ways to classify tinnitus. A com-
mon classification is objective versus subjective tin-
nitus. Objective tinnitus refers to a tinnitus that a
physician can hear by placing a stethoscope over
the patient’s external auditory canal or by placing
his ear against the patient’s ear. An identifiable
cause is usually found when objective tinnitus is
present. Consequently, a successful treatment will
be implemented. Table 50.3 shows the causes of
objective tinnitus. On the other hand, subjective
tinnitus cannot be heard by the physician. It is more
common and less understood than objective tinni-
tus. Table 50.3 also lists the causal factors associated
with subjective tinnitus.8 Additionally, tinnitus can
be classified in accordance with time of presenta-
tion. Chronic tinnitus lasts for more than 3 months
without signs of spontaneously resolving. A distinc-
tion should be made between chronic tinnitus
occurring after acute tinnitis and chronic tinnitus of
insidious onset. Tinnitus sounds may be continuous
or intermittent, fluctuating or non-fluctuating in
loudness.10

Patient evaluation
A complete history is necessary in the work-up of a
patient with tinnitus. It is crucial to address age of
onset and whether the tinnitus began gradually or
suddenly. Characteristics of the tinnitus must be
obtained. These include pitch (high or low), location
of the tinnitus, pattern (continuous, intermittent, or
pulsatile), and intensity. Associated symptoms such as
hearing loss, vertigo, aural fullness, and otorrhea
should be explored. Approximately one-third to one-
half of patients seeking help for tinnitus are depressed.
Mood disorders, especially major depression, are
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related to patients suffering from tinnitus.8

Consequently, tinnitus patients should be asked about
depressive symptoms. Past medical history of cardio-
vascular, neurologic, and metabolic disorders (i.e. dia-
betes mellitus, hypothyroidism, hyperthyroidism, and
hyperlipidemia) is important in the evaluation. Drug
ingestion (acetyl salicylates and quinine) should be
ruled out. An essential part of the history is the
family history, past head trauma, previous ear surgery,
prior ear infections, and an exposure to ototoxic drugs
(e.g. aminoglycosides and loop diuretics).

A complete otoneurologic and head and neck
examination must be done. Inspection of the auri-
cle, external auditory canal, and TM is important.
Pneumatic otoscopy and tuning fork tests should be
done. Auscultation of the mastoid tip, neck, ear,
and skull needs to be performed. Neurologic exam-
ination focusing on cranial nerves V, VII, and VIII
is crucial to detect acoustic neuroma in an early
stage. All patients should have their blood pressure
evaluated in both arms.
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Table 50.3 Causes of tinnitus8

Objective tinnitus
Clonic muscular contractions

Tensor veli palatini muscle spasm
Levator veli palatini muscle
Tensor tympani muscle spasm

Patulous eustachian tube
Vascular disease

Arterial bruits
carotid stenosis
high-riding carotid artery
persistent stapedial artery
vascular loop

Arteriovenous aneurysm
Arteriovenous fistula
Arteriovenous shunt
Bening intracranial hypertension
Carotid occlusive disease
Eagle’s syndrome
Glomus tumor
Paget’s disease
Venous hum

Dehiscent jugular bulb

Subjective tinnitus
Acoustic neuroma
Anxiety
Autoimmune disease

Arthritis
Cervical spondylosis
Multiple sclerosis

Bell’s palsy
Chronic suppurative otitis media
Cranial nerve VII compression
Depression
Ear wax impactation
Foreign body in auditory external canal
Head trauma
Heavy metals

Arsenic
High-output anemia
Hypertension
Iatrogenic secondary to ear surgery
Lyme disease
Metabolic

Diabetes mellitus
Hypothyroidism
Hyperthyroidism
Hyperlipidemia

Table 50.3 (continued)

Trace metal deficiency
copper
iron

ÿzinc
Vitamin deficiency

Middle ear cholesteatoma or inflammation
Noise-induced hearing loss
Otosclerosis
Perilymph fistula
Pharmacologic agents

Aminoglycoside antibiotics
Antipsychotic drugs
Aspirin and aspirin-containing compounds
Carbamazepine
Heterocyclic antidepressants
Lithium
Loop diuretic
Non-steroidal anti-inflammatory drugs
Quinine containing compounds
Tetracycline antibiotics

Presbycusis
Temporal lobe neoplasms
Temporomandibular joint disorders
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Audiometry should be performed on the patient
to evaluate air and bone conduction and speech dis-
crimination. If tinnitus is persistent and annoying,
the patient should be referred to an ear, nose, and
throat clinic, tinnitus clinic, or audiology depart-
ment for further examination.

The information obtained by history, physical
examination, and initial tests will determine the
next step in the patient’s evaluation. An arteri-
ogram, MR angiogram, or transcranial Doppler
should be ordered if a vascular abnormality is sus-
pected. Patients with positive cranial nerve findings
in the physical examination and complaints of uni-
lateral constant tinnitus with progression to hearing
loss and vertigo should be evaluated for a posterior
fossa tumor by MRI. When medical or metabolic
problems are suspected a battery of laboratory stud-
ies may be required. These studies include hemat-
ocrit, complete blood count, fasting blood glucose
levels, thyroid function tests, a lipid battery and a
serologic test for syphilis. Tinnitus is a symptom in
chronic Lyme disease. Patients with a suspected his-
tory of exposure to Borrelia burgdorferi should be
tested for antibodies again this bacterium.5

Management and treatment
The treatment for tinnitus begins in primary prac-
tice with a thorough explanation of the basic phys-
iology and psychologic mechanisms involved in the
perception of tinnitus. Patients have to be reassured
of the benign nature of their problem. Patients who
look for medical help are those who cannot habitu-
ate to their tinnitus. Relevant examination and
reassurance typically helps 80% of the patients
referred to otolaryngology clinics. The patient has
to be informed that there is no cure for tinnitus.
First, any reversible otologic or medical condition
causing tinnitus should be treated. Second, an eval-
uation of medications the patient is taking is cru-
cial, and an attempt should be made to eliminate all
agents known to produce tinnitus. Finally, there are
two modalities to relieve tinnitus.

Masking the tinnitus is one of the measures.
Masking of tinnitus means that an external sound is
applied to the ear, and the sound completely blocks
out the tinnitus.  These features are pitch and inten-
sity of the tinnitus, and minimal masking levels.

The masking can be performed by using hearing
aids, tinnitus maskers, or simple measures such as
increasing background noise in the environment
(e.g. radio). The second modality treatment is drug
therapy. The pharmacologic treatment of tinnitus
has progressed little in the past few decades. Since
1937 the intravenous administration of local anes-
thetics has been used. Many studies have shown the
benefit of using lignocaine, but it is of limited value
due to its instability in vivo and the potentially life-
threatening cardiac side-effects, as well as nausea,
dizziness, and parenthesis. Attempts using oral
analogs have been unsuccessful (i.e. tocainide and
mexiletene). Some studies have focused on the
intratympanic instillation of local anesthetics, but
this method of administration has not been shown
to increase the number of positive responses and it
is accompanied by extreme side-effects that affect
the vestibular system. The use of anxiolytics, seda-
tives, and hypnotics is probably the most successful
therapy in tinnitus. Nortriptyline was found to
reduce tinnitus loudness, but the effect was more
evident in patients who were depressed.
Alprazolam, a triazolo-benzodiazepine, was reported
to be effective in tinnitus, but the highly addictive
features limit its clinical use.7

Vasodilators have been used for the treatment of
tinnitus with the hypothesis that the increase in
blood flow would result in increased oxygenation of
peripheral and central auditory structures. Among
these drugs are channel antagonists (i.e. nimodip-
ine), B-histine, for which the effectiveness is lim-
ited to Meniere’s syndrome, and prostaglandin
analogs such as misoprostol. Ginkgo biloba, an
extract from the Chinese Maidenhair tree, has
shown vasodilator effects. This extract has been
studied in different clinical trials that have failed to
show any particular efficacy.7,11

Conclusion
Patients presenting with tinnitus need a thorough
examination of current health, an otoaudiologic
examination, and a psychologic evaluation. It is
important to give a clear explanation to the patient
about their tinnitus. Patients should not just be told
they will have to live with their tinnitus, although
this is basically true, and the physician should spend
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more time reassuring the patient. Patients who are
depressed or have psychologic problems should be
identified as such and treated. All patients should
be encouraged to join the American Tinnitus
Association.8

Balance disorders

Dizziness, disequilibrium, and vertigo are common
complaints in the elderly population. The sense of
balance depends on a multitude of physiologic sys-
tems that need to function cohesively. Interaction
of inputs from the vestibular, visual, and proprio-
ceptive systems is necessary to maintain a sense of
orientation in space. Dizziness may result with
impairment of any of these three systems. Therefore,
thorough evaluations of visual, neurologic, and
musculoskeletal status are necessary before diagnos-
ing vestibular pathology as the source of dizziness.
Cardiac dysfunction must also be investigated.
Pure labyrinthine dysfunction rarely, if ever, causes
syncope. Orthostatic side-effects should also be
considered. Lightheadedness on standing is not
typical of vestibular dysfunction. Despite the multi-
plicity of disease states that may cause dizziness in the
elderly, a specific cause can be found in up to 85% of
patients with appropriate evaluation and work-up.12

Peripheral vestibular disorders are the most com-
mon cause of dizziness in the elderly. Up to 50% of
aged patients complaining of disequilibrium have
peripheral vestibular pathology. Peripheral vertigo
is often distinguishable from central vertigo both on
history and/or physical examination. Peripheral
vertigo is often positional. It causes rotational nys-
tagmus that has latency, is fatigable, and may be
repressed by visual fixation. Central nystagmus
more commonly is purely vertical, constant, and
not repressed by visual fixation. Furthermore, cer-
tain types of peripheral vestibular pathologies may
be associated with SNHL. Table 50.4 lists common
causes of central and peripheral vertigo in the
elderly.

Benign positional paroxysmal vertigo (BPPV) is
certainly one of the most common etiologies of
peripheral vertigo, even in the elderly. It is character-
ized by sudden attacks of vertigo precipitated by cer-

tain head positions. The attacks are prompted usually
by moving the head to the right or left, or by looking
upward. Classically, BPPV has been thought to be sec-
ondary to otolith deposits onto the cupula of the pos-
terior semicircular canal. Therapy is aimed at
redirecting these otoliths into the utricle via head
turning treatments called ‘Epley repositioning maneu-
vers’. Other causes of BPPV include previous head
trauma, vascular occlusion, and ear surgery. It may
occur spontaneously in patients aged over 40 years.
Other than Epley repositioning maneuvers treatment
should consist of symptomatic control and reassur-
ance as BPPV remits in the vast majority of cases. 

Meniere’s disease is another frequent cause of
vertigo in the elderly. It is characterized by episodes
of severe vertigo lasting hours, accompanied by
aural fullness, hearing loss (typically low-frequency
SNHL), and low-pitched tinnitus. The symptom
complex occurs in concert and is fluctuating. The
disorder is thought to occur secondary to increased
pressure within the endolymphatic chamber, and is
thus also named endolymphatic hydrops. Although
the process is usually unilateral, the other side may
become involved in about 15% of patients. The
natural history of the disease is of complete remis-
sion in about 60% of patients. 

Other causes of peripheral vertigo include
perilymphatic fistula (PLF), vestibular neuronitis,
and oscillopsia. Patients with a PLF often have a
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Table 50.4 Common causes of central and
peripheral vertigo in the elderly

Peripheral vertigo Central vertigo
disorders disorders

Meniere's disease Stroke
Benign paroxysmal Vertebrobasilar 

positional insufficiency
vertigo (BPPV)

Ototoxicity Intracranial tumors
Perilymphatic fistula Multiple sclerosis
Vestibular neuronitis Migraine
Acoustic neuroma
Oscillopsia
Temporal bone

fracture/trauma
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history or preceding trauma or barotraumas. A
sneeze or vigorous nose blowing may be the inciting
event. PLFs are not typically age related. Vestibular
neuronitis typically begins with a viral illness fol-
lowed by a period of vertigo lasting up to 6 weeks.
Severe attacks may last days to weeks. Again,
vestibular neuronitis is not thought to be related
specifically to aging. Finally, oscillopsia is also
known as vestibular ataxia and is described as
inability to maintain the horizon level while walk-
ing. It is secondary to severe bilateral vestibular dys-
function. It may also result from degeneration of
vestibulo-proprioceptive interconnections. 

Vestibular function testing is used to help in dis-
tinguishing central from peripheral pathologies and
to quantify the degree of unilateral or bilateral
vestibular dysfunction. Quantitative testing includes
electronystagmograms (ENGs), rotational testing,
and posturography. Results of vestibular testing are
unfortunately not specific to a particular disorder or
condition and are typically normal for patients with
central vascular insufficiency or stroke. Also, in the
elderly, caloric responses frequently show declines
in response, making ENG testing somewhat less
sensitive in this population. Often ENG testing is
most useful in pinpointing a specific hypofunction
in one of the labyrinths, which may guide rehabili-
tative, medical, or surgical therapy. The specific
vestibular disorder is not diagnosed with testing
alone, but with a compilation of the findings
obtained in the clinical history, physical examina-
tion, and ancillary tests. 

Treatment of the elderly patient with vertigo con-
sists of medical, surgical, and rehabilitative modali-
ties. The treatment of peripheral vertigo is often the
same in the elderly as it is in younger patients. It is
important to note, however, that elderly patients
have a more difficult time compensating to treatment
when compared to younger patients. 

Vestibular rehabilitation consists of exercises
aimed at developing alternate balance mechanisms
to compensate for the vestibular dysfunction. They
are most useful in the setting of unilateral vestibular
hypofunction. Alternative balance strategies include
visual and proprioceptive inputs to stabilize the
visual and postural environments. Many of these
exercises were introduced by Cawthorne in the

1940s and remain as mainstays of vertigo treatment
in the elderly.

Medical therapies mainly consist of vestibular sup-
pressive therapies in the form of antihistamines
(such as meclizine) and long-acting benzodiazepenes
(such as diazepam). Often medical vestibular ablative
therapy is tried when a unilateral vestibular pathol-
ogy is diagnosed on ENG. Maintenance of balance
sensation is easier for patients with unilateral
vestibular input compared to disparate bilateral
inputs secondary to hypofunction of one the
vestibules. For this reason, therapy can be aimed at
ablating the pathologic side. The level of hearing in
the pathologic side must be taken into account prior
to ablation. Recently, topical gentamicin in the
middle ear has been used as a vestibulotoxic agent
in order to wipe out pathologic vestibular function.
Importantly, gentamicin may cause SNHL in about
10–20% of cases. If this risk of hearing loss is not
acceptable to the patient, then alternate treatment
therapies must be sought. Obviously, ablative ther-
apy is simpler in cases where the hearing has been
affected by the pathologic process.

Surgical management of the patient with vertigo
is aimed at removing the vestibular input from the
dysfunctional side in cases of unilateral vestibular
dysfunction. If the hearing has not been affected by
the disease process and is stable, then the procedure
of choice is vestibular nerve section. Either a middle
cranial fossa or occipital craniotomy approach is
taken to identify the 7th and 8th nerve complex as
it enters the internal acoustic meatus. The vestibu-
lar nerve fibers are identified and cut, leaving the
cochlear fibers intact. If the hearing has been
affected, then the entire labyrinth may be surgically
removed, effectively destroying any residual
cochlear or vestibular function.

It is important for elderly patients who have
undergone these types of surgical ablative treatments
to enroll in intensive rehabilitative programs in order
to assist with compensation of vestibular function. 

Finally, surgery should not be withheld in elderly
patients solely on the basis of age if medical therapies
have failed and progressive vestibular dysfunction has
been identified. Persistent ataxia after treatment is
common. Patients should be counseled to move slowly
and deliberately, often with the assistance of canes or
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other devices. Ultimately, the goal of treatment of
vertigo in the elderly should be directed at preventing
falls, as these are a significant source of morbidities in
the elderly.13 Hip fractures are potential life-threaten-
ing complications of falls. Certainly, control of
vestibular symptoms in the elderly should be directed
at preventing these complications.
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CHAPTER 51

Smell and taste
Weiru Shao and Frank Ondrey

Introduction

The chemical sensations of food, smoke, and
dangerous fumes play an important role in our daily
life, nutrition and survival. Olfactory and gustatory
dysfunction is associated with a broad range of
common diseases and anomalies, including
Alzheimer’s and Parkinson’s diseases. In addition,
taste and smell show physiologic deterioration as
part of the natural aging process. Physicians treat
thousands of patients every year for taste and smell
dysfunction. For patients such as cooks, profes-
sional food and wine tasters, firemen, natural gas
workers, chemists, and many industrial workers,
livelihood or immediate safety is dependent upon a
normal gustatory and olfactory function.1,2 Treating
gustatory and olfactory dysfunction should be a pri-
ority for these patients. In this chapter, the
anatomy, physiology, pathology, evaluation, and
treatment of taste and smell complaints common to
primary-care offices are presented.

Olfaction

Anatomy and physiology
The olfactory epithelium is located high in the
nasal vault with an area of 2–10 cm2. It covers the
majority of the cribriform plate and superior sep-
tum, and some of the superior turbinates. It is a
pseudostratified columnar epithelium and consists
of olfactory receptor cells, supporting cells, basal
cells, and Bowman’s glands (the primary source of

olfactory mucus).3 The basal cells are small stem
cells in contact with the underlying basement
membrane. They have a unique propensity to
regenerate into olfactory receptor cells and support-
ing cells after their damaged.4

Odorants, most of which are hydrophobic, dis-
solve and bind to odorant binding proteins in the
olfactory mucus. The bipolar olfactory receptor cells
project cilia to the mucosa, which dramatically
increases the surface area of the olfactory epithe-
lium. The odorant–protein complexes then bind to
special receptors located primarily on the cilia, lead-
ing to action-potential firing of the receptor cells.
These receptor cells are first-order neurons that
send unmyelinated axons directly into the cranial
cavity without synapse. Viruses and toxins may
invade the central nervous system directly through
these conduits of nerve fibers.4

The axons of olfactory receptor cells penetrate
through small perforations in the cribriform plate
of the ethmoid bone to the olfactory bulb (Figure
51.1), where they synapse with dendrites of sec-
ond-order neurons such as mitral cells and tufted
cells in intricate microscopic structures called
‘glomeruli’.3 About 15 000 olfactory receptor cells
converge on one mitral cell or tufted cell in one
glomerulus. Numerous periglomerular cells, granu-
lar cells, and short axon cells interconnect the
glomeruli. Consequently, caudal projection of the
olfactory signal becomes divergent. Unlike the
visual and somatosensory systems, the olfactory
system does not demonstrate point-to-point
accuracy.5
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The myelinated axons of mitral or tufted cells
form the olfactory tract that gives off medial, inter-
mediate, and lateral striae. The medial stria projects
to the anterior olfactory nucleus, olfactory tubercle,
perpiriform cortex, and amygdala – part of the
limbic system which processes emotion and mem-
ory. Through the lateral stria, olfactory information
reeaches the hypothalamus, which controls appetite.
The intermediate stria projects to the intermediate
olfactory area. Its role in olfactory perception is
probably insignificant in the human.6,7

Pungency is generally not regarded as a smell, but
a different sense related to nociception. It is medi-
ated by the trigeminal nerve, and has a threshold
much higher than that of normal smell.8,9 It has its
use in the evaluation of olfaction.

Olfactory disorders
The National Institute on Deafness and Other
Communication Disorders estimated that more
than 2.7 million adults in the USA (1.4% of the
population) have chronic olfactory impairment.10

The most commonly cited impairments were of the
ability to detect spoiled food, gas leaks, or smoke,
and in eating and cooking. Major olfactory disorders

include the following: anosmia (absence of smell),
hyposmia (diminished smell sensitivity), dysosmia
(distorted smell perception), hyperosmia (abnor-
mally acute smell function), and phantosmia
(olfactory hallucination).

The most frequent complaints seen in a primary-
care office are anosmia and hyposmia. The etiologies
include a multitude of causes (Table 51.1) or occur
as a consequence of normal aging. In diagnosing
olfactory disorders, it helps to consider two major
categories: conductive vs sensorineural loss.4 In con-
ductive loss, the access of olfactory stimuli to the
olfactory epithelium is obstructed by conditions such
as nasal polyps, thickened or excessive mucus overly-
ing the epithelium, edema within the epithelium due
to nasal or paranasal sinus disease, severe septal devi-
ation, intranasal tumors, lack of airflow due to laryn-
gectomy, and others. In sensorineural loss, lesions are
located proximal to the olfactory receptor cells. They
may include loss of receptor cells from viral invasion,
shear injury of receptor cell axons as they penetrate
the cribriform plate in head trauma, intracranial mass
lesions, and effects of environmental and industrial
pollutants on the receptor epithelium, radiation
injury, and so on. Other causes such as adverse drug
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effects, nutritional deficits, and central nervous
system (CNS) degenerative and congenital diseases
are often overlooked during the diagnostic work-up.4

In many cases, there is a combination of conduc-
tive and sensorineural losses, as blockage of olfactory
stimuli to the receptor cells and damage to the cen-
tral elements of the olfactory pathway can be pre-
sented at the same time. Nevertheless, the utility in
the two diagnostic categories is that we are able to
treat many conductive losses, yet the majority of sen-
sorineural losses remain at present untreatable.4

According to a study of 750 consecutive patients at a

major smell and taste center, upper respiratory
infection, head trauma, and nasal and paranasal sinus
disease accounted for 60% of cases.11

Upper respiratory infection
Upper respiratory infection (URI) is one of the
most common causes of temporary hyposmia and,
rarely, anosmia. Inflammation from URI causes
edema in and around the olfactory cleft, and blocks
olfactory stimuli from binding to the olfactory
receptors. Symptoms typically resolve or lessen in
3–5days.4 However, a small group of patients,
mostly middle-aged and healthy women, have per-
sistent symptoms. Possible culprits have been sug-
gested to include viral invasion and destruction of
the olfactory fibers and other central olfactory com-
ponents.3 Only one-third of these patients recover
after a number of years.12

Nasal and paranasal sinus disease
The airstream that carries olfactory stimuli to the
olfactory epithelium has been shown to be medial
to the anterior portion of the middle turbinate.
Because of its close proximity to the anterior eth-
moid sinus, the site most prone to sinusitis,
anatomic changes in this area such as mucosal
swelling and polyposis from chronic infectious or
allergic sinusitis can impair olfaction. The progres-
sion of symptoms is usually gradual, and prognosis is
good if the underlying condition is treated. Relief
with a 1–2-week course of oral steroids is diagnostic
as well as therapeutic.3

Medication
Drugs – oral, intravenous, or topical – have all been
reported to cause olfactory dysfunction (Table 51.
2).13 The possible mechanisms are diverse, and may
involve altered receptor site binding, diminished
cellular renewal at the olfactory epithelium, change
of neurotransduction, and general CNS toxicity.
Sometimes it is almost impossible to differentiate
drug effects from the concomitant medical illness
that the medication is taken for. Overall, only a
small group of patients complain of these olfactory-
drug adverse effects, which can be temporary or
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Table 51.1 Medical conditions that affect smell

Nervous
Korsakoff’s syndrome
Parkinson’s disease
Head trauma
Multiple sclerosis
Intranasal tumors

Endocrine
Adrenal cortical insufficiency
Primary amenorrhea
Pseudohypoparathyroidism
Cushing’s syndrome
Hypothyroidism
Diabetes mellitus
Gonadal dysgenesis (Turner’s syndrome)
Hypogonadotropic hypogonadism

(Kallman’s syndrome)

Nutritional
Vitamin B12 deficiency
Chronic renal failure
Liver disease including cirrhosis

Local
Allergic rhinitis and atopy
Bronchial asthma
Leprosy
Ozena
Sinusitis and polyposis
Sjögren’s syndrome

Other
Familial (genetic)
Laryngectomy
Olfactory sarcoidosis

Lunenfeld-ch-51.qxd  8/23/2007  5:28 PM  Page 647



permanent.3 Discontinuing the offending medication
and changing to another kind may be helpful.

Medical disease
Adrenal insufficiency, hypophyseal insufficiency,
hypothyroidism, and uremia all affect receptor cell
turnover rate, and have all been associated with
olfactory dysfunction. Niacin and zinc deficiency
can have a similar effect.3 Intranasal neoplasms,
such as inverted papilloma, squamous cell carci-
noma, adenocarcinoma and olfactory neuroblas-
toma, may obstruct the olfactory airflow.
Intracranial meningiomas, pituitary adenomas and
gliomas may cause local neurodestruction.4

Approximately 25% of temporal lobe tumors pro-
duce an olfactory disturbance.3

Laryngectomy and
other iatrogenic causes
Total laryngectomy results in breathing through a
cervical stoma, bypassing the upper airway. The lack
of nasal airflow and, hence, lack of intranasal odor-
ants cause a decrease in olfactory perception.3 It also
diminishes retronasal airflow behind the soft palate,

reducing the many so-called tastes that are actually
smelled, such as chocolate, coffee, tea, and meat.8

Previous nasal and paranasal surgery can affect
olfaction by nasal airway obstruction with postoper-
ative adhesions, direct trauma to the olfactory
epithelium, and axonal damage by cribriform plate
fracture.3

Head trauma
The severity of head injury correlates with olfactory
loss, although even minor trauma can produce total
anosmia. The mechanism involves shearing of the
olfactory receptor axons as they penetrate the crib-
riform plate. As the body heals over time, the perfo-
rations in the cribriform plate may be scarred, which
prevents regenerating axons from reaching the
olfactory bulb to reinnervate.8,14 Frontal blows fre-
quently result in olfactory loss; however occipital
blows, in themselves less common, are five times
more likely to result in total anosmia,12 possibly by a
contra-coup mechanism. Olfactory loss is usually
immediate, and recovery occurs in less than 10% of
patients. Major recovery, if there is any, usually
starts within 3 months and occurs within 6 months.
Amnesia following head trauma for more than
24hours indicates a poor prognosis.15

Environmental exposure
Both direct and passive smoking are associated with
olfactory loss.16 The unique exposure of olfactory
receptors to the external environment renders them
vulnerable to inhaled chemicals. Physiologic and
anatomic damage, even modification of neurotrans-
mitter levels, can be induced by brief or prolonged
exposure to pollutants.14,16

Congenital
Children begin to discern odors, tastes, and pun-
gency at around age 8. Congenital anosmia can be
partial to a particular chemical or complete as pan-
anosmic. Females are twice as likely as males to be
affected. Kallman’s syndrome is associated with
olfactory bulb ageneis and hypogonadotropic
hypogonadism.17 Congenital anosmia is also associ-
ated with Turner’s syndrome, premature baldness,
and vascular headaches in some patients. These
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Table 51.2 Examples of medications that affect
olfaction13

Local anesthetic cocaine hydrochloride
Antihypertensives nifedipine, diltiazem,

propranolol
Antimicrobials clarithromycin,

ciprofloxacin,
ampicillin

Antithyroids carbimazole, thiouracil
Opiates codeine, morphine
Antidepressants amitriptyline, clozapine
Sympathomimetics amphetamines
Amebicides and metronidazole,

anthelmintics nizidazole
Immunosuppressants methotrexate,

azathioprine
Antirheumatics gold, colchicine,

allopurinol
Antihistamines loratadine,

pseudoephedrine
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patients have been reported to avoid fragrance for
fear of overuse.18 The diagnosis is by exclusion.18

Psychiatric
In the ‘olfactory reference syndrome’ the patient is
so obsessively concerned with minor bodily smell
that she/he bathes frequently and overuses perfume.
Patients with ‘Marcel Proust syndrome’ often dra-
matically conjure up memories of odors which
interfere with daily routines.3 In addition, distur-
bance of the limbic to hypothalamic pathways in
depressive states may also lead to olfactory dysfunc-
tion.19 On the other hand, dysfunction itself may
affect patients psychologically, as those with dysos-
mia and dysgeusia are 1.5 times more prone to
depression using the Beck Depression Inventory
scoring system.10,20

Neurodegeneration and aging
It has been found that more than 75% of people
over the age of 80 have major difficulty detecting
and identifying odors.21 Yet patients with
Alzheimer’s disease score lower on olfactory tests
than do age-matched controls, even when mild
levels of dementia are taken into account.22,23 The
presence of relatively high levels of neuritic
plaques and neurofibrillary tangles has been noted
in olfactory pathways, including the anterior
olfactory nucleus, olfactory bulb, prepiriform cor-
tex, prefrontal cortex, and the dorsomedial thala-
mic nucleus. It has been suggested that olfactory
dysfunction is among the first signs of Alzheimer’s
disease.23

In Parkinson’s disease, olfactory dysfunction is
also found early in its development, however the
dysfunction is unrelated to neurologic signs, disease
stage, or duration.20 Anosmia is rare in multiple
sclerosis.24

Gustation

Anatomy and physiology
The sensation of taste begins with the presentation
of a taste stimulus to taste buds that are scattered
primarily on the dorsal surface of the tongue, lateral

tongue margin, and base of the tongue. Taste buds
are also found on the soft palate, pharynx, larynx,
epiglottis, uvula, and upper third of the esophagus.
Food stimulates taste buds during chewing and swal-
lowing, and while being pressed on the palate by the
tongue.21

Taste buds are ovoid clusters of receptor cells,
supporting cells and precursor cells arranged in seg-
ments like those of an orange. Taste receptor cells
have a limited lifespan of around 10 days.1 They are
susceptible to malnutrition, radiation, and medica-
tions that impair cell renewal.25 Lingual taste buds
are found in taste papillae, which give the tongue its
bumpy appearance.

There are four kinds of taste papillae: filiform,
fungiform, foliate, and circumvallate. The filiform
papillae are the most numerous, but they have little
role in the human’s sense of taste. The fungiform
papillae are located mostly on the tip and the edges
of the anterior two-thirds of the tongue. The den-
sity diminishes towards the center. They are visible
as small red dots on the tongue. Each of them con-
tains 1–18 taste buds. The foliate papillae appear
deep red from the surrounding mucosa at the poste-
rior lateral sides of the tongue. They are better seen
with the mouth wide open and the tongue moved to
one side. The circumvallate papillae are slightly ele-
vated and circular. They are located on the rear part
of the tongue, with the largest mostly around the
midline.25

The idea of a tongue map – a picture of taste dis-
tribution with sweet at the tip of the tongue, sour
along the edges, bitter at the back, while salty at all
locations – is misleading yet has been tenacious to
correction. In 1901, Hänig measured the thresholds
for the four basic tastes on the tongue. He noted
lower thresholds, although very small differences, to
the four tastes on the four loci and generated the
tongue map. The truth is that all four primary tastes
are independent of each other, and every taste bud
has some degree of sensitivity to all four tastes. They
can be perceived anywhere on the tongue as long as
taste buds are located there.25

In a taste bud the sensory receptor cells, also
called type III cells, taper to form apical microvilli
projecting into the taste pore. At the base of the
receptor cells there are synaptic vesicles with
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associated afferent gustatory nerve endings. A
single taste bud is innervated by about 50 nerve
fibers. Taste stimuli can reach the receptor cells
via two means. First, taste elements released dur-
ing chewing and swallowing reach the microvilli
in the taste pore and interact with ion channels
(most often salt and acid stimuli) or membrane
receptors (bitter stimuli). The subsequent signals
lead to activation of the neural synapses at the
base of the receptor cells. The biochemical mech-
anism for sweetness is still unknown, but has been
suggested to involve more than one receptor
mechanism. Second, blood-borne substances dif-
fuse through capillary walls and stimulate sensi-
tive sites at the base of receptor cells directly. This
phenomenon, called venous taste, may be a source
of altered taste associated with certain intra-
venous medications.8,25

Three nerves carry taste information from taste
receptor cells to the brain: facial (cranial nerve,
CN VII), glossopharyngeal (CN IX) and, less
importantly, vagus (CN X) nerves (Figure 51.2).
Two branches of the facial nerve are involved. The
chorda tympani nerve innervates the taste buds in
the fungiform papillae on the anterior two-thirds
of the tongue and some in the foliate papillae.6

Running along the lingual nerve (CN V3), which
supplies sensation to the same area, the chorda
tympani nerve joins the parasympathetic fibers
from the submandibular ganglion, which inner-
vates the submandibular and sublingual glands.
Coursing cephalad, the nerve reaches the infratem-
poral fossa between the medial pterygoid muscle
and the angle of the mandible, where it leaves
the lingual nerve. The chorda tympani penetrates
the petrotympanic fissure (Hunguier’s canal) of the
petrous temporal bone and enters the middle ear at
the superior lateral aspect. The nerve is then sus-
pended in the superior quadrants of the middle ear
space. The freely suspended section of the chorda
tympani nerve is susceptible to damage from mid-
dle ear pathology such as ear infection. The nerve
exits the middle ear through a bony canaliculus
posteriorly, just medial to the fibrous annulus of
the tympanic membrane. It then joins the motor
portion of the facial nerve in the mastoid.
Together they travel towards the internal auditory
canal (IAC).25

The greater superficial petrosal nerve (GSPN),
another branch of the facial nerve, supplies taste to
the palate.6 Nerves that innervate the palatal taste
buds travel through the lesser palatine foramina,
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greater palatine canal, pterygopalatine fossa, and
pterygoid canal where they become the GSPN. It
crosses the foramen lacerum into the middle cranial
fossa before it enters the petrous temporal bone at
the facial hiatus. The GSPN finally joins the facial
nerve at the geniculate ganglion immediately distal
to the IAC.25

The glossopharyngeal nerve innervates the foli-
ate and the circumvallate papillae at the posterior
tongue.6 It runs deep in the tonsillar bed, where it
may be vulnerable during difficult tonsillectomy. It
eventually enters the jugular foramen and reaches
the retro-olivary area of the medulla through the
cerebellopontine angle.25

The superior laryngeal nerve, a branch of the
vagus nerve, innervates the taste buds on the laryn-
geal surface of the epiglottis and possibly the upper
third of the esophagus.6 It also enters the jugular
foramen and reaches the medulla. Its role in taste
perception is unknown.25

The taste fibers of all three cranial nerves project
to the rostral portion of the nucleus solitary tract in
the medulla. From there it further projects to the
thalamus, hypothalamus, amygdala, and stria termi-
nalis. From the thalamus, it also runs separate pro-
jections to the primary gustatory cortex and then
secondary cortex on the orbitofrontal surface.6

Gustatory disorders
Gustatory impairment classification is similar to its
olfactory counterpart: ageusia (absence of taste),
hypogeusia (diminished taste), dysgeusia (distorted
taste), and phantogeusia (more commonly called
‘taste phantom’).25

Gustatory loss (Table 51.3) seems to be a rare
complaint overall. One reason is the multiple
peripheral innervation to the gustatory system,
which provides a safety net against complete ageu-
sia. Another is the intrinsic self-inhibitory mecha-
nism among gustatory nerves. It has been observed
clinically that when a chorda tympani nerve is
anesthetized unilaterally by transtympanic mem-
brane injection of lidocaine, tastes innervated by
the glossopharyngeal nerve are intensified, with the
contralateral bitter taste being the greatest.
Painting a topical anesthetic on the contralateral
tongue can then abolish the intensified bitterness.

This suggests that the taste phantom results from
abnormal spontaneous excitation because of the
release of active inhibition from the disabled side.25

‘Supertasters’ have higher sweet (but not in rela-
tion to all artificial sweeteners) and bitter taste sen-
sations for a variety of stimuli than do medium
tasters and non-tasters. This is suspected to involve
two codominant traits. Supertasters may have more
taste buds than medium tasters, and medium tasters
more than non-tasters.25 It is noted that women are
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Table 51.3 Medical conditions that affect taste

Nervous
Bell’s palsy
Damage to chorda tympani
Head trauma
Multiple sclerosis

Endocrine
Adrenal cortical insufficiency
Congenital adrenal hyperplasia
Pseudohypoparathyroidism
Panhypopituitarism
Cushing’s syndrome
Cretinism
Hypothyroidism
Diabetes mellitus
Gonadal dysgenesis (Turner’s syndrome)

Nutritional
Cancer
Chronic renal failure
Liver disease including cirrhosis
Niacin (vitamin B3) deficiency
Zinc deficiency
Thermal burn

Local
Facial hypoplasia
Glossitis and other oral disorders
Leprosy
Oral Crohn’s disease
Radiation therapy
Sjögren’s syndrome

Other
Hypertension
Influenza-like infection
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more likely than men to be supertasters, and Asians
more than Caucasians. Clinically supertasters
assign higher bitter intensity scores when given
6-n-propylthiouracil than do non-tasters. It is likely
that supertasters complain more than do non-
tasters of oral pain, involving taste bud areas, con-
nected with mucositis and aphthous ulcers.
Supertasters also perceive fat to be more creamy
than do non-tasters (fat has no taste or smell). In a
sample of postmenopausal women, supertasters had
lower body mass indices (weight/height2) than
non-tasters.25

Chorda tympani injury
Acute or chronic otitis media is the most common
middle ear pathology, and has been recognized as an
important source of damage to the gustatory system.
The chorda tympani nerve is susceptible to inflam-
matory or direct infectious injury, as it is completely
exposed traveling through the middle ear cavity.8

However, chronic otitis media patients actually
experience enhanced tastes from some stimuli. This
is partly due to increased activity in some nerves as
the result of lessened self-inhibition by damaged
nerves.25

During ear surgeries, such as middle ear explo-
ration, stapedectomy, tympanoplasty, and mas-
toidectomy, the chorda tympani nerve may be
stretched or cut leading to temporary or perma-
nent taste loss. Although it renders the ipsilateral
anterior tongue completely devoid of taste, the
most common complaint is not loss of taste but
rather a metallic phantom.26,27 Even washing the
ear canal has been reported to produce a similar
taste phantom.

Glossopharyngeal trauma
The CN IX, including its lingual and pharyngeal
branches, is vulnerable during tonsillectomy.25

Unfortunately, many tonsillectomy patients have a
history of recurrent or chronic ear infection, and
may have damaged chorda tympani preoperatively.
Because of its insidious nature, the taste change due
to chorda tympani damage may be barely noticeable
subjectively. Nevertheless, the addition of a glos-
sopharyngeal loss leaves no reserve, such that

patients complain of complete loss of taste in the
affected tongue area.

Viral injury
Bell’s palsy (herpes simplex mononeuritis) and
Ramsay Hunt syndrome (herpes zoster oticus) are
associated with taste dysfunction as well as unilat-
eral facial paralysis.8 Interestingly, a natural course
of Ramsay Hunt syndrome was carefully docu-
mented by Carl Pfaffmann, a pioneer chemosensory
researcher who contracted the illness himself.
Initially, the affected left side was completely devoid
of taste, while the right side produced heightened
sense of taste. Daily taste experience was not
affected. Over the next 3 years of recovery on the
left, the right side taste gradually lessened towards
normal.25

In Lyme disease, about 10% of patients are
affected with unilateral or bilateral facial paralysis.
Its mechanism is unknown.8,25

Mass lesion
Temporal bone tumors such as glomus jugulare,
facial nerve neuroma, and squamous cell carcinoma
may affect chorda tympani before facial paresis
manifests. Cerebellopontine angle tumors such as
acoustic neuroma and meningioma can produce
isolated taste loss by involving the nervus inter-
medius.25

‘Jugular foramen syndrome’, also named Vernet
syndrome, is the paralysis of all nerves that traverse
the jugular foramen (CNs IX, X, and XI) from
lesions directly involving the skull base at the jugu-
lar foramen (glomus jugulare, schwannoma, squa-
mous cell carcinoma). Symptoms include taste loss
from CNs IX and X, ipsilateral vocal cord paralysis,
and ipsilateral shoulder drop. When a tumor
extends deep into the foramen magnum causing
ipsilateral tongue paralysis, it becomes Collet–
Sicard syndrome. If the tumor compromises the
sympathetic trunk in addition to all of the above, it
is termed Villaret syndrome. Patients also exhibit
Horner’s syndrome.25

Oral cavity and oropharyngeal tumors do not
present with taste loss alone. Lack of gag reflex
would be more noticeable.25
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Central nervous system
Pontine hemorrhage and damage to the rostral insu-
lar cortex may lead to ipsilateral taste loss. Temporal
lobe epilepsy occasionally presents a metallic taste
prior to a seizure.25

In head trauma, the incidence of taste loss is
0.4–0.5% by report.25

Medication
Medications passing through the capillary walls can
stimulate taste receptors in taste buds directly. This
may be the origin of dysgeusia for many chemother-
apy agents.25 Patients receiving levothyroxine com-
plain of taste loss more frequently, but their taste
identification test scores are not lower than those of
controls.4

Some medications have been associated with
metallic dysgeusia in some patients. They include
tetracycline, lithium, penicilliamine, and captopril.
Cisplatin and bleomycin are reported to cause
hypogeusia, especially at high doses.28

Clinical evaluation of olfactory
and gustatory disorders

To taste or to smell – that is
the question
The distinction between taste and smell is vague
among the general public. Odorants that are
sniffed into the nose are identified as smells with-
out confusion. Yet most people wrongly label odor-
ants entering the nose through the nasopharynx
during eating as part of taste.8 One report showed
that of 750 patients complaining of taste loss,
fewer than 4% had measurable gustatory deficit; in
contrast, 71% had absent or diminished olfactory
function.11

Gustatory loss is much less common than olfac-
tory loss, considering that gustation has multiple
innervations over a large area of tongue while olfac-
tion has a single innervation by CN I over a limited
area in the olfactory cleft. In addition, olfactory
neurons are receptor cells exposed vulnerably to
the external environment, while gustatory neurons
are buried deep in the taste buds, protected from
potential toxins.

True taste loss signifies a loss in the ability to
taste saltiness, sweetness, sourness, and bitterness.8

In a primary-care setting, it is often helpful to ask
patients whether they can taste the sweetness of
sugar, the sourness of grapefruit juice, the bitterness
of strong coffee, and the saltiness of potato chips.
Affirmative answers to all of the above usually pre-
clude general gustatory dysfunction.8 An olfactory
loss should be considered, especially if patients
report weak tastes to the above items.

In general, a thorough history and physical
examination is necessary as an initial evaluation to
smell and taste disorders. Much information and
clinical clues are generated from the medical and
surgical history alone. A careful examination of the
posterior tongue and intranasal mucosa requires
special instruments, such as reflective mirror, nasal
endoscope, and sometimes flexible laryngoscope.
Special imaging studies, such as sinus computed
tomography, are justified and cost-effective only
after physical examination is concluded. They are
indispensable in diagnosing sinusitis, examining the
integrity of the cribriform plate, or locating a poste-
rior mass. Sinus plain X-ray films lack specificity,
and are generally discouraged.4 Early referral to oto-
laryngology specialists is preferred when symptoms
persist.

Olfactory and gustatory tests
In a primary-care office, a rapid and reliable alcohol
sniff test (AST) can be used to screen olfactory dys-
function.9 Developed at the University of
California, San Diego, the test involves a standard
70% isopropyl alcohol preparation pad found in
most clinics. The pad is opened such that 0.5 cm of
the pad is visible. The alcohol pad is then placed
beneath the patient’s nostrils while the patient
inspires twice to become familiarized with the alco-
hol odor. The pad is then withdrawn and the
threshold test is ready to begin. The patient is asked
to close the mouth and eyes, breathe normally and
indicate when the odor is detected. Active sniffing
and deep inspiration are discouraged. The alcohol
pad is placed 30 cm below the nose and, with each
expiration, is moved 1 cm closer to the nares until
the patient detects the presence of the odor. The
distance from the anterior nares to the alcohol pad
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is measured in centimeters where the odor is first
detected. The procedure is repeated four times and
the mean distance defines the threshold. A distance
of more than 10 cm at mid-chest is found in nor-
mosia, 5–10 cm in hyposmia, and less than 5 cm in
anosmia (private communication with the authors).

The mechanism of the AST is that odor thresh-
olds for alcohol are two or more orders of magnitude
lower than the trigeminal pungent threshold for the
same stimulus. In anosmia, alcohol odor stimulates
the trigeminal nerve only when it is very close to
the nose. The test is simple and takes only 5 min-
utes. Note that the AST is not designed to rule out
malingering.

For more accurate and objective information,
there are seven smell and taste tests used by special
chemosensory centers. Owing to the specialized
materials required, associated costs and the length
of the tests, their usage is limited:11

1. University of Pennsylvania smell identifica-
tion test (UPSIT): a standardized 40-stimulus
microencapsulated ‘scratch-and-sniff ’ odor
identification test.

2. Phenyl ethyl alcohol (PEA) test: a forced-
choice single-staircase rose-like odor detection
threshold test that has little or no intranasal
trigeminal stimulation properties at any concen-
tration.

3. Suprathreshold taste quality identification of
sucrose, citric acid, caffeine, and sodium chlo-
ride.

4. Taste intensity rating test: uses different concen-
trations of the tastants mentioned in 3.

5. Taste threshold test: detects the minimal con-
centration of detection of the four tastes.

6. Regional taste quality identification test: identi-
fies unilateral, anterior, or posterior tongue
deficit that is innervated by different nerves.

7. Electrogustometric threshold test: differenti-
ates the sensitivity of the two sides of the ante-
rior portion of the tongue to minute electric
currents.

Treatment
Currently, no effective treatments for smell dysfunc-
tion other than those associated with nasal/sinus

disease have been identified. Antibiotics for acute
and chronic infection can decrease mucosal inflam-
mation. Nasal decongestants, oral and topical with
short-term use, can treat mucosal edema. Topical
steroids are frequently used for long-term mainte-
nance of nasal mucosa. Sinonasal surgery may erad-
icate chronic sinus infection and correct intranasal
anatomic anomalies.

For metallic dysgeusia induced by certain med-
ications, most reports indicate quick resolution with
termination of the offending agents; but with capto-
pril, it has been reported to persist for months in
some patients.28

Impact of aging on smell and taste

Age-related decline in both sensory functions
demonstrates progressively diminished sensitivity,
with that of smell worse than that of taste. These
losses begin around age 60 and become more severe
at age 70.6 Such deficits adversely affect nutritional
intake, immunologic defense, and a variety of bio-
chemical measures in the elderly, such as insulin
and other pancreatic enzyme secretion. There is no
proven pharmacologic treatment, and the prognosis
for recovery of smell and taste sensation is generally
poor.6 Nevertheless, preventive measures and com-
pensatory methods are available.

Many elderly patients have decreased salivary
flow due to dehydration, medication, head and
neck irradiation, sialithiasis, or vitamin deficien-
cies. Treating these conditions and ensuring ade-
quate fluid intake may increase saliva flow and help
tastants reach taste buds.29 Sialogogs can be pre-
scribed to stimulate saliva glands if their function is
intact.

Tongue brushing twice a day may increase taste
acuity by removing thick white mucoid coats on the
dorsal tongue.29 Smoking not only diminishes the
taste of food, but also makes flavorful food taste flat
and unappetizing.6,29 Both direct and passive smok-
ing are associated with olfactory loss.16

Sensory interventions to intensify the taste and
odor of food can compensate for certain perceptual
loss. It has been shown that sour and bitter are less
affected by aging than salty and sweet.6 To enhance
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food flavor efficiently, excessive sugar and salt
intake should be avoided. Instead, flavoring agents
to enhance taste acuity in other aspects should be
added, such as vanilla, orange, strawberry, caraway,
chilli powder, chives, cinnamon, cloves, curry, gar-
lic (not garlic salt), ginger, lemon juice, mint, dry
mustard, peppers, sage, tarragon, and vinegar.29

For patients who complain that ‘food doesn’t
taste the way it used to’, i.e. when they were young,
elevating concentrations of flavor may offset their
loss in smell and taste. For example, adding chicken
flavor while cooking chicken may amplify its aroma.
Bacon, cheese flavor, tomato, and pea can also be
added to soups and vegetables.6 In 13 cancer
patients, preferences for food increased from 8–31%
to 69–92% after flavoring agents were added.30

Dietary supplements with zinc, vitamin A, or
niacin have been tried in the past, but evidence for
their effectiveness is not compelling.11

Dietary use of
monosodium glutamate

Recent research into monosodium glutamate
(MSG) has shown that food intensified with MSG
and other flavors increases food acceptance and
intake in the elderly, and improves their immune
status by enhanced T and B cell levels and
immunoglobulin A (IgA) secretion.30

Monosodium glutamate is the sodium salt of the
amino acid, glutamic acid. Its average daily intake is
estimated to be 0.3–1.0 g in industrialized coun-
tries.31 Functioning as a flavoring agent, glutamate
is added to food during cooking as MSG. Glutamate
also occurs naturally in a variety of foods, such as
tomatoes, cheese, meat, and fish, and in soups
where glutamate is released by cellular breakdown
and protein hydrolysis, and adds much flavor.32

Although not widely appreciated in Western cul-
ture, glutamate has been a key flavoring ingredient
in Asian cuisine for ages. The Chinese call MSG
WeiJing, the spirit of taste. The Japanese name it
Umami, distinct from the basic four tastes.33 A vari-
ety of testing techniques have demonstrated that
the taste quality of MSG does not fall within the
qualitative taste range defined by the traditional

four tastes of sweet, sour, salt, and bitter.6 It has
been suggested that Umami, since Western culture
does not have a name for it, is the fifth essential
taste.30

Both central and peripheral actions from gluta-
mate sensors have been identified. After applying
MSG to the tongue, selective responding neurons
in the hypothalamus, important in appetite control,
and the orbital prefrontal cortex, important in taste
and smell perception, have been demonstrated.34,35

There are also glutamate receptors in the oral cav-
ity and small intestine that are found to be capable
of inducing a reflex activation of efferent fibers from
the brain to the pancreas and elsewhere via the
vagus nerve. It is conceivable that glutamate inges-
tion might facilitate food digestion and nutrient
absorption and distribution.36 Commercially avail-
able MSG often contains a mixture of 5′-ribonu-
cleotides including inosine-5′-monophosphate
(IMP) and guanosine-5′-monophosphate (GMP).
These compounds have potent synergistic effects
with MSG, which lower the MSG threshold level.30

Safety of dietary
monosodium glutamate
Once glutamate enters the gut, it is preferentially
metabolized by the intestine. Up to half of the
energy consumed by the intestine during digestion
comes from glutamate.37 The rest of it participates
in a variety of important biochemical pathways in
the body, such as gluconeogenesis, transamination
and deamination of other amino acids, and hepatic
nitrogen elimination via the urea cycle.32 The fact
that a large amount of glutamate is consumed for
energy in the gut and as a metabolic substrate in the
liver before entering the systemic circulation may
help to explain why glutamate concentrations in
the blood rise only moderately after large MSG or
glutamate doses are ingested by adults, either as
MSG added to food or as glutamate contained in
food proteins.38

In 1988 a joint expert committee from the World
Health Organization and the Food and Agriculture
Organization of the United Nations published its
safety evaluation of MSG. The committee noted
that intestinal and hepatic metabolism results in
elevated levels of MSG in the systemic circulation
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only after extremely high doses are given by gavage
(> 30 mg/kg body weight). The committee allocated
an ‘acceptable daily intake not specified’ to glu-
tamic acid and its salts. The Scientific Committee
for Food of the European Commission reached a
similar recommendation in 1991.39 In 1989 the
Food and Drug Administration (FDA) affirmed the
safety of MSG at levels normally consumed by the
general population. In 1991 it again concluded that
there is no evidence linking current MSG food use
to any serious, long-term medical problems in the
general population.39

The FDA did acknowledge the existence of some
evidence of dose-dependent, mild reactions to MSG
in a small group of the general population. The
‘Chinese-restaurant syndrome’ is a complex of
symptoms following ingestion of a Chinese meal. It
consists of numbness at the back of the neck and
arms, weakness, flushing, and palpitations.31 In
addition, there have been preliminary reports asso-
ciating asthma attacks with oral MSG challenge
without simultaneous food intake.40 Nevertheless,
double-blind, placebo-controlled human studies
have failed to confirm an involvement of MSG in
Chinese-restaurant syndrome.39 The existence of
MSG-induced asthma, even in patients with a pos-
itive history, has not been replicated in well-
designed studies.40

In the mammalian CNS and especially in the
retina, glutamate is the principal excitatory neuro-
transmitter whose extracellular level is tightly regu-
lated. Excessive levels lead to neuroexcitotoxicity,
which has been implicated in the pathogenesis of
many neurologic and ophthalmic diseases, includ-
ing stroke, trauma, epilepsy, dementia, and glau-
coma.41 Under normal conditions, glutamate is
stored in neurons and released at neurosynapses for
very brief periods in localized areas. Specialized glu-
tamate receptors found in the CNS rapidly trans-
port glutamate back into the intracellular space and
thus maintain physiologic concentrations. Because
functional glutamate transporters should timely
restore its homeostatic levels, glutamate transporter
malfunction has been strongly implicated in
glutamate receptor-mediated neuroexcitotoxicity.
In fact, transient release of glutamate is found to
be not associated with a significant elevation in

extracellular glutamate in some neurologic diseases
mentioned above, and a decreased level of gluta-
mate transporters is identified in human glaucoma
with retinal ganglion cell death.41

More evidence will emerge over the next decade
about the safety of MSG in humans. At present,
moderate use of MSG as a food-flavoring agent
should be considered safe. In the neonatal mouse
the oral effective dose (ED50) for producing notice-
able lesions in the hypothalamus where there is a
lack of blood–brain barrier is ~500 mg MSG/kg
body weight by gavage, whereas the largest palatable
dose for humans is ~ 60 mg/kg body weight. In a 70-
kg man this is about 12 teaspoons or four table-
spoons of MSG – with higher doses causing nausea.
Thus, voluntary ingestion should not exceed this
level.39

Conclusions

Smell and taste dysfunction can impact substan-
tially on our psychological well-being, impede per-
formance in some occupations, and lead to
nutritional deficiency. It may render patients vul-
nerable to hazardous environments, toxic fumes,
and spoiled food. The elderly are at greater risk, as
smell and taste acuity declines naturally with age.
Although treatment options for olfactory impair-
ment remain limited, especially in sensorineural
loss, thorough evaluation is needed, particularly
with regard to safety issues and other related condi-
tions such as depression and nutritional deficit.
Adding food-flavoring agents and MSG are proven
methods to improve oral intake and immune status
in the elderly.
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CHAPTER 52

Healthy skin aging
Walter Krause

Introduction

The skin is subjected to relevant alterations during
aging. ‘Intrinsic aging’ describes the morphologic
and functional alterations due to aging itself. The
resulting phenomena are similar to those in other
organs, such as a reduction in epidermal growth,
synthesis of collagen and elastic fibers, and immune
competence. ‘Extrinsic aging’ means the sum of
exogenous influences, since the skin as the body
cover is exposed to environmental pollutions and
toxins more than any other organ during life. The
most important burden is the sunlight, which
causes a broad spectrum of visible alterations such
as skin folds, atropy, and pigment inconsistencies.
The most hazardous consequences are the dev-
elopment of malignancies of epidermal and
melanocytic cells. More than 1 000 000 new skin
cancers are diagnosed per year in the USA, and
nearly 10 000 people will die from the disease. The
incidence of melanoma tripled between 1980 and
2000 in spite of intense education on the hazards of
skin exposuse to UV light. On the other hand, sun-
light itself is essential for the production of vitamin
D as the main factor for calcium homeostasis and
bone density.

The skin is also a target organ of several hor-
mones. Primarily, androgens are essential for skin
function, driving the development, maintenance,
and regression of masculinity throughout life. The
body contour and the terminal hairs are the most
remarkable expressions of androgens; they grow
with increasing masculinity, and they change with

the regression in the aging male. Androgens also
induce skin diseases like acne, which do not occur
in men lacking androgen production. A number of
other hormones also act onto the skin, changing the
effects of androgens or inducing specific diseases.
The most important hormones in this respect are
growth hormone, thyroid hormones, corticos-
teroids, estrogens, and insulin. The balance of all of
them contributes to normal appearance and func-
tion as well as to aging and malfunction of the skin. 

In addition, the skin is a prominent organ within
the immune system. Many of the functions of the
immune system are restricted to the skin, producing
specific pathomechanisms. The changing resistance
to infections, the increase in reactions to drugs, and
the broad field of autoimmune diseases of the skin
are signals of the changes in the immune system
throughout life.

Disorders of the peripheral vascular system cause
another important group of disease entities. The
life-long insufficiency of the veins of the lower
extremities leads to chronic diseases, which account
for a severe burden in the individual, but also for
large economic costs for the general population.
Hair diseases, on the other hand, are not life-threat-
ening and do not cause severe changes in the capac-
ity to work. However, they significantly change the
esthetic aspect of a man and cause discomfort and
decrease the self-esteem. They are thus of great rel-
evance for the quality of life. 

Altogether, the maintenance of an intact skin
and avoidance of skin diseases is an important pos-
tulate of healthy aging in men.
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Skin diseases in consequence of endocrine alter-
ations

Acanthosis nigricans

Acanthosis (acantho meaning thorn) nigricans
(black) is a reactive skin pattern seen in association
with diabetes mellitus type 2, obesity, cancer, and
other systemic disorders. It is a rare disease due to
the hyperactivity of different growth factors. It may
preceed diabetes mellitus type 2; the prevalence
increases with age.1 The association with obesity is
presumably via the insulin resistance and the
enhanced production of the insulin-like growth fac-
tors (IGFs) IGF-1 and IGF-2. Acanthosis nigricans
is often a symptom of a malignant tumor, mainly in
the gastrointestinal tract; however it has also been
linked with other tumors, e.g. of the endometrium.2

It may preceed the clinical diagnosis of the tumor,
and it regresses after extirpation. It is unknown,
however, whether a relapse of acanthosis nigricans
also indicates a relapse of the tumor. It has also been
observed following bone marrow transplantation in
lymphoblastic lymphoma, in which case it is likely
that it was a graft-versus-host reaction. 

The disease occurs in mutations of the receptors
of epidermal growth factors (EGFs) and fibroblast
growth factors (FGFs), or by mutations of the lig-
ands themselves. On a molecular basis, the common
pathogenic pathway of the diseases is the activation
of tyrosine kinases, which exert mitogenic and anti-
apoptotic effects on the keratinocytes.3 The earlier
classification of acanthosis nigricans into malignant
and benign types is not justified, as the clinical fea-
tures are common in all causes.

The lesions are gray-brown to black, rough, with
thickened plaques and prominent skin lines, and occur
most commonly in flexural areas (e.g., axillae, back
and sides of neck, inguinal creases, and inframammary
folds) (Figure 52.1). Palms and soles may also
show amplified relief as ‘tripe palms and soles’.
Histologically, there is hyperkeratosis, epidermal papil-
lomatosis, and increased numbers of melanocytes.
Acanthosis nigricans is frequently asymptomatic, but
patients may present with lesions that are painful, dis-
figuring, malodorous, or macerated.

Treatment is difficult. Skin abradation and topical
calcipotriol have been recommended.4 Treatment of
the underlying disease (obesity, diabetes mellitus,
instestinal tumor) is essential.

Androgens

Physiology
Testosterone is an important growth factor for the ter-
minal hairs, sebaceous glands, follicle epithelia,
fibroblasts, and melanocytes. It is thus the hormone
with the most prominent effects on the skin. The
biochemical and molcular biological bases of the
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Figure 52.1 Acanthosis nigricans: gray-brown to
black lesions, rough, thickened plaques, and prominent
skin lines.
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clinical effects are well understood. The skin and
its appendages are capable of intense androgen
metabolism. Nearly all the enzymes necessary for the
metabolim of steroids to testosterone and those man-
aging the degradation of testosterone are found in the
skin. Of particular importance is 5α-reductase, since
the reduced form of testosterone, 5α-dihydrotestos-
terone, is a closer ligand to the androgen receptor in
the skin than testosterone itself.5

Testosterone is essential for the development of
distinct skin diseases (Table 52.1).

In addition, some clinical parameters indicate a
normal androgen supply in the male:

• The thickness of the skin is associated with the
bone mineral density (BMD). Thus the determi-
nation of skin thickness, which is easily
achieved by ultrasound measurement, may serve
as a prognostic factor in osteoporosis instead of
the direct measurement of BMD, which requires
other techniques.6

• Measurement of a standardized skin fold allows
an estimate of the lean body mass (LBM). LBM
is negatively correlated to testosterone levels.7

Androgen deficiency (hypogonadism)
If hypogonadism is already present in the prepuber-
tal male, no pubertal signs occur during growth. In
these men, the aging skin remains thin and smooth,
the pores remain small, which is particularly evi-
dent in the face. The periocular wrinkles are
notably small and crinkling (Figure 52.2). The
beard and other terminal hairs (axillae, pubes) are
lacking. The reduction of scalp hairs is delayed.
Specific skin diseases do not occur. 

The normal decline of testosterone levels in the
aging male is associated with a thining of the skin. The
skin becomes atropic and loses elasticity; the surface
becomes dry and produces fewer lipids. Sebum secre-
tion declines; the cells of the sebaceous glands, which
are holocrine glands, increase their life cycle.
However, also hyperplasia of the glands also occurs, as
a consequence of the decreasing collagen synthesis.
The terminal hairs do not regress, but they turn grey.
In men supplemented with testosterone the signs
appear to a lesser extent. However, there are no con-
trolled studies demonstrating the effect of testosterone
substitution in the aging skin.The reduction of scalp
hairs is also triggered by androgens.
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Table 52.1 Effects of testosterone in skin
diseases

Improvement Impairment

Elasticity, water- Acne, androgenetic 
binding capacity alopecia
Venous system Acne fulminans
Keloids Course of melanoma

Systemic sclerosis

Figure 52.2 The skin in hypogonadism. The skin is
thin and smooth, wrinkles are notably small and
crinkling.
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Carcinoid syndrome

Carcinoid cells originate from the Kulchitsky cells
of Lieberkuehns crypts (Glandulae intestinalis) of
the small intestine. Carcinoid tumors can spread to
large parts of the intestine, stomach, and bronchus;
they may metastasize to lymph nodes and the liver.8

The pathophysiologic basis of the syndrome is an
excessive secretion of serotonin and a malfunction
of tryptophan metabolism. In normal metabolism,
1% of the daily intake of tryptophan is metabolized
to serotonin, but in the carcinoid syndrome this
amount increases to about 60%. As a consequence,
a trypophan deficiency of other organs occurs. In
the skin, this results in a pellagra-like appearance.
Serotonin induces vasoconstriction and dilation of
the arterioles, which appears clinically as the typical
flush. In addition, histamine, kallikrein,
prostaglandins, and some vasoactive peptides may
be produced by the carcinoid tumor, which intensi-
fies the clinical symptoms.

Episodic flushing is the clinical hallmark of the
carcinoid syndrome, and occurs in 85% of patients
(Figure 52.3). The typical flush begins suddenly and
lasts for 20 to 30 seconds. It primarily involves the
face, neck, and upper chest. As the disease pro-
gresses, the episodes may last longer and the flush-
ing may be more diffuse and cyanotic. Most flushing
episodes occur spontaneously, but they can be pro-
voked by eating, drinking alcohol, defecation, emo-
tional events, palpation of the liver, and anesthesia.
Due to prolonged and repeated vasodilation, venous
teleangiectasias may occur. The most debilitating
component of the syndrome is the diarrhea. Some
patients develop pellagra-like lesions with pigmen-
tation and hyperkeratosis in the legs or the arms.
These alterations respond well to the application
of niacin.9

The diagnosis is made by the demonstration of a
significantly increased urinary excretion of 5-
hydroxyindol acetic acid (5-HIAA), up to 1000 mg
per day.10 The therapy for the syndrome is extirpa-
tion of the tumor. If this is not possible, long-acting
somatostatin analogs are the treatment of choice.
Corticoids and beta-adrenoreceptor inhibitors are
ineffective for symptomatic improvement.

Corticosteroids

Physiology
Nearly all cells of the organism need glucocorticoids
for the maintenance of normal function.11 The con-
centrations of cellular binding proteins (glucocorti-
coid receptors (GRs)) in the skin show large
variations between different sites. This possibly
reflects the varying sensitivity of different skin areas
to topically applied glucocorticoids (e.g. the fore-
skin is highly sensitive, while the abdominal skin
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Figure 52.3 The typical flush, the clinical hallmark
of the carcinoid syndrome, begins suddenly and lasts
for 20 to 30 seconds. It primarily involves the face,
neck, and upper chest. (Courtesy of Prof Dr Arnold,
Marburg.)
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has low and the face has moderate sensitivity).
Cultivated keratinocytes or fibroblasts from differ-
ent areas also show different receptor densities.
Corticosteroid receptors are also present in the
endothelial cells of the skin vessels. The blanching
effect due to vascular constriction exerted by differ-
ent glucocorticoids parallels the receptor affinity of
the compounds.12

After binding of glucocorticoids to the receptors,
the complexes bind to distinct DNA sequences and
modulate the activity of certain genes.13 Some stud-
ies have suggested a positive association between
obesity, hypertension, and insulin resistance and
alleles at the GR gene. Also distinct mutations in
the GR gene have been postulated as being relevant
to progression to type 2 diabetes and cardiovascular
diseases, but as yet they have not been fully eluci-
dated.14

Addison’s disease
The consequence of a hyposecretion of glucocorti-
coids (adrenal insufficiency) is Addison’s disease.
Usually, this is due to a primary insufficiency of the
adrenal gland following inflammation or autoim-
mune disease. The typical sign at the skin is hyper-
pigmentation, due to an increased pituitary secretion
of proopiomelanotropincorticotropin (POMC) pep-
tides (see the section on ‘Vitiligo and melanocytes’,
below). The pigmentation is gneralized, similar to
sunburn, and more pronounced in scars, skinfolds,
palmae, nipples, perineum, genitalia, and the linea
alba. Sometimes the pigmentation occurs in the

form of freckles. The hairs become darker and the
nails show dark bands. Existing nevi also become
darker. With sufficient treatment the pigmentation
resolves. The pigmentation may occur before signs
of adrenal insufficiency are visible; 12% of patients
show a vitiligo.

Cushing’s disease
Cushing’s disease is a consequence of hypersecretion
of the adrenal gland. The cause of the hypersecretion
may be primary (adrenal) or secondary (hypophy-
seal). The typical signs are listed in Table 52.2.
Cushing’s disease may also include hepatic steatosis,
disease of the gallbladder, pulmonary insufficiency,
osteoarthitis, proteinuria, increased hemoglobin con-
centration, and immune incompetence.

Systemically applied corticosteroids at a dose
above the daily production of endogenous cortisol
(more than 20 mg) usually lead to a clinical picture
identical to endogenous hypersecretion. The clini-
cal appearance is indistinguishable without data on
the medical history. 

Diseases due to topical corticosteroid
overdosage
Following long-term application of topical glucocorti-
coids striae distensae, thinning of the skin, teleangiec-
tasias and – in the face – a rosacea-like dermatitis may
occur (Figure 52.4). These unwanted side-effects are
inseparably connected to the anti-inflammatory
effects of glucocorticoids. They are always more pro-
nounced in the face than in other areas of the body,
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Table 52.2 Clinical signs in Cushing’s disease

Epidermis Dermis Blood vessels Skin appendages Subcutis

Atropic, Flaccid, Hematomas, Increasing vellus Increase 
smooth, anelastic, ecchymoses, hairs, general of fat in cheeks,
translucent, vulnerable, teleangiectasias hypertrichosis, neck: ‘moon 
wound defective immune frontal alopecia, facies’, ‘buffalo
healing reactions, altered hump’
defective striae pigmentation

distensae
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since they increase the degradation of collagen and
elastic fibers induced by sunlight. Thus aging skin is at
higher risk than younger skin. 

One of the aims of the continuing development of
topical steroids is to improve the anti-inflammatory
and immune suppressive effect by avoiding stronger
side-effects. However, as yet the ideal steroid has not
been found. Such a steroid should permeate well
through the stratum corneum and penetrate the skin,
but without leading to raised concentrations in the
blood serum. In order to reach this goal, the lipid sol-
ubility of steroids was increased by esterification,
however, other changes in the molecular structure
which resulted in an improvement in the efficacy
mostly also caused more pronounced side-effects.
Examples of typical compounds are betamethasone-
dipropionate and clobetasol-propionate. Novel
steroids such as budesonide, mometasone-furoate,
prednicarbate, 17,21-hydrocortisone-aceponate,
hydrocortisone-17-butyrate-21-propionate, methyl-
prednisolone-aceponat, alclometason-dipropionate,
and fluticasone-propionate have a good anti-inflam-
matory effect and lower side-effects.15

Dehydroepiandrosterone

The quantitatively largest secretory product of the
adrenal gland is the esterified dehydroepiandros-

terone-sulfate (DHEAS). In young men, the serum
concentration amounts to 5000 ng/ml or more,
decreases constantly throughout life. It is one of the
few serum parameters which correlates with age. In
severe diseases, in particular in diseases of the car-
diovascular system, the decline is more pronounced.
Smokers, however, have higher mean levels. From
these data, a causative role of low DHEAS levels
and cardiovascular disease was inferred, and the
compound was used as a drug. DHEAS was assumed
to be a ‘youth hormone’, which should also exert
improvement on skin function. From controlled
studies, however, no such effects could be concluded
(Table 52.3).

The effect of DHEAS at the cellular level is
unclear. Receptor-like structures were not found in
any of the studies. In an experimental study on
human fibroblasts, an influence on the extracellular
matrix was demonstrated.18 This may indicate a
benefit of DHEAS application to skin aging. After
systemic (oral) application of DHEAS its serum lev-
els increase, as do the levels of testosterone and
estradiol. As a consequence, virilization may take
place in women. An alteration of the serum lipid
profile was also observed.19

Diabetes mellitus

Diabetic dermopathy
Skin diseases in diabetes mellitus are the conse-
quence of several influences, dependent on the
duration of diabetes and the quality of insulin
therapy:

1. The skin of the patient with diabetes is charac-
terized by the risk for bacterial and mycotic
infections. If such diseases occur frequently in
aging men, the exclusion of diabetes mellitus is
mandatory. The frequency of skin diseases in
diabetic patients is illustrated by the following.
By dermatologic investigation of 500 diabetic
outpatients, Wozniak and Bar20 found obesity in
54% (273 persons), and in 83.6% (418 persons)
they observed lesions on the skin or mucous
membranes. Signs of infection are erythema,
warmth, tenderness, swelling, and abscess.21
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Figure 52.4 Topical overdosage of corticosteroids.
Following long-term application the development of
teleangiectasias and a rosacea-like dermatitis may occur,
in particular in the face.
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2. The diabetic microangiopathy originates from
the modification of blood flow characteristics.
Histologically, capillaries and arterioles show
thickening of the intima, focal deposits of PAS-
positive material, and extravasation of erythro-
cytes and leukocytes. The metabolism of the
vascular walls is altered due to changes in the col-
lagen types and the decreased water-binding
capacity. The permeation of granulocytes
through the vascular wall is inhibited, and the
phagocytic activity of leukocytes is decreased.
Subsequently, wound healing is also impaired.
Diabetic dermopathy is often associated with
angiopathy of other vascular areas.22 Screening
for vascular disease includes peripheral pulses,
skin temperature, skin thickness, and skin color.21

3. Neuropathy leads to decreased pain sensations
and to changes in pressure and temperature sen-
sation. Screening for diabetic neuropathy
includes a detailed history and physical exami-
nation (vibration, pressure, pain, and tempera-
ture sensation), and may result in a quantitative
signs score.21

The diabetic foot
The main focus of skin diseases is the feet (Figure
52.5). The diabetic foot occurs in both types of dia-
betes and involves up to 10% of diabetic patients.
Skin defects and subsequent ulcers result from an
interaction of a number of causes. The vulnerability

of the diabetic skin promotes infection. Peripheral
vascular disease appears to be more frequent in type
2 diabetes, and the risk increases with the duration
of the disease. Neuropathy is present in over 80% of
patients with foot ulcers; it promotes ulcer forma-
tion by decreasing pain sensation and perception of
pressure as well as by causing muscle imbalance. 

Bacterial infections are mostly caused by
Staphylococcus aureus, and also by enterococcae and
E. coli to a lesser degree. It is not unusual that mul-
tiple bacterial species are found, in a number of
cases no common antibiotic is available. In up to
80% of severe infections anaerobic bacteria are
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Table 52.3 Effects of DHEA application for 6 months in controlled studies

Morales et al16 Baulieu et al17

Body weight No change No change
Body mass index No change
Lean body mass No change
Well-being Improvement No change
IGF-1 levels Increase
Testosterone levels No change
Bone metabolism No change
Skin lipids and humidity No change
Sexual functions No change

IGF-1, insulin-like growth factor-1.

Figure 52.5 The diabetic foot: chronic inflammation
of the skin with defects and subsequent ulcer, showing
recurrent infection.

Lunenfeld-ch-52.qxd  8/23/2007  5:32 PM  Page 667



found; they may be accompanied by general symp-
toms (‘Diabetic foot flu’). Treatment should be
related to the bacterial species and sensitivity.
Wound debridement is mandatory. Topical treat-
ment is allowed only in slight or moderate infec-
tions, in all other cases, which are risk, for a possible
amputation (cellulitis, lymphangitis, deep ulcera-
tion, necrosis, gangrene, osteomyelitis), only sys-
temic antibiotics should be used. Foot infections
and ulcers are risk factors for subsequent amputa-
tions. Osteomyelitis is frequent in diabetic feet; in
particular, those patients in whom bone is visible in
the ulcer are jeopardized. 

In order to prevent ulcers the rules for foot care
in diabetes should be strictly followed (Table 52.4).
If foot care education in patients is sufficient and
skin changes are intensively treated, patients have a
significantly lower incidence of disease. Training of

the health personnel also significantly improved
skin health in the diabetics under observation.23,24

The incidence of tinea and onychomycosis in
the diabetic foot is increased. The treatment is oral
antimycotics, which are well tolerated and without
diabetes-specific side-effects. They are far more
effective than topical antimycotics, even if the nail
substance is mechanically reduced.25

Necrobiosis lipoidica diabeticorum
The pathogenesis of Necrobiosis lipoidica diabeti-
corum (NLD) is not known. Immuno histologic
studies suggest the involvement of immunologic
mechanisms. The extent of the association of dia-
betes mellitus and NLD is under debate. In one
study,22 only 10% of 171 patients did not have dia-
betes when NLD was observed. In rare cases, NLD
occurs as part of a syndrome. 
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Table 52.4 Diabetic foot care

Disease Risks Treatment Prevention

Pruritus Scratching, Ointments Avoiding skin 
skin defects dryness and fissure

vulnerability Skin defects, Bandage, warm and Accurate cleaning, 
infections comfortable footwear accurate drying

after washing,
no barefoot
walking

Poor wound Ulcers Avoid dents Accurate filing of 
healing nails, band aid

also in small
wounds

Tinea Bacterial Antimycotics Avoid constricting
(onychomycosis) infections clothes and shoes,

avoid cooling 
Bacterial Sepsis, Due to antibiotic Avoid
infections osteomyelitis, testing, topical dents and clavus, 

amputation, treatment only in no sharp-edged 
cave MRSA, slight to moderate instruments
anerobics infection,

wound
debridement

Diabetic Sepsis, Systemic Avoid
ulcers osteomyelitis, antibiotics, dents, soft 

amputation amputation sandals, shoe-lifts
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The lesion in NLD begins as a dark red, elevated
nodule with an irregular border. Later, the skin
becomes atropic. The lesion becomes yellowish-
brown, only the margin maintains the red color
(Figure 52.6). The epidermis is thin and shows
geringe scaling. Enlarged vessels may be seen
through the translucent skin. New lesions of NLD
may be observed as a Koebner phenomenon.
Subjective sensations are not reported. No suffi-
cient treatment is known; corticosteroids and
cryotherapy with liquid nitrogen are applied.
Systemic application of small doses of ASS was
assumed to be successfull.

Adverse skin reactions to insulin
Insulin itself may have side-effects on the skin.
Local itching, edema, stinging, pain, or warmth and
redness at the injection site may occur, as well as
generalized urticaria. Lipatrophy and lipohypertro-
phy are frequently seen. They may be caused by
altered kinetics of the injected insulin. The risk
increases if the injection site is not frequently
changed. Rapidly resorbed insulins may decrease
the risk, but a regular change of injection site is
mandatory. Liposuction of the altered fat deposits is
not effective. There may also be allergic con-
stituents of insulin medications.26

Estrogens

Estrogen deficiency
Estrogens are essential for the structure and func-
tion of normal skin. The decrease in circulating
estrogens in the female climacteric leads to specific
alterations. Estrogen levels also decrease in the
aging male, but it is unknown whether similar alter-
ations are also due to a lack of estrogens:27

• The lifespan of keratinocytes declines. 
• The epidermal water loss increases. 
• The activity of sebaceous glands and sweat

glands declines.
• The epidermis becomes atropic and wrinkles

arise (‘aging skin’).
• The skin becomes more irritable to temperature,

moisture, and mechanical trauma.

• The water-binding capacity of the cutis declines,
the skin loses tone.

• The collagen content of the cutis decreases by
1% per year of age.

• The collagen fibers disentangle; the skin
becomes flaccid, thin, and translucent. 

• Skin fold thickness declines. This effect is
increased when diabetes is present.

• The amount and complexity of elastic fibers
decline.

Gynecomastia
Gynecomastia is the consequence of increased
estrogen action in the male. The male breast tissue
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Figure 52.6 Necrobiosis lipoidica: yellowish-brown
lesions with a red margin. The epidermis is thin and
shows little scaling; ulceration is common.
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is estrogen sensitive, as in women. In this respect,
not only are enhanced estrogen levels significant,
but an altered relationship of testosterone to estro-
gens is also of relevance. 

Gynecomastia appears at different ages with dif-
ferent frequencies. At the age of 14, about 40% of
boys have gynecomastia, this figure rises to 60% in
aging men.28 Usually, in both groups gynecomastia is
associated with obesity, but a particular cause has
not been found. The risk of gynecomastia is
enhanced in several groups: 

• men using drugs with an estrogen-like action or
promoting the aromatization of androgens

• tumors from the testis or from other organs pro-
ducing human chorionic gonadotropin

• hyperprolactinemia induced by prolactinoma or
by dopamin-inhibiting drugs.

The clinical appearance of gynecomastia in the range
of a palpable tumor under the areola up to a large
pendulous breast with a significant submammary fold
is independent of the pathogenesis (Figure 52.7). In
the development of gynecomastia often pressure pain
is the first symptom. The areola is enlarged to more
than 2.5 cm and hyperpigmented. The differential
diagnosis from male breast carcinoma is essential,
although its incidence is only 1% of the incidence of
breast cancer in women. One-sided gynecomastia is
suspicious, it should be clarified using mammography
and fine-needle puncture. 

The therapy of choice in gynecomastia, in partic-
ular if no endocrine or pharmacologic causes are
found, comprises surgical intervention. Usually, the
skin is opened by a circular incision along the mar-
gin of the areola and then the gland is removed or
extracted by suction. The intervention is simple to
perform. A relapse may occur, if the cause of the
gynecomastia is still active. In male breast carci-
noma, a radical excision including axillary lymph
nodes is necessary.

Glucagonoma syndrome

Glucagonoma syndrome is a rare disease resulting
from a nearly always malignant pancreatic tumor.

As a skin disease, the necrolytic migratory erythema
is often one of the first presenting symptoms (Figure
52.8). Cutaneous eruptions occur mainly in the
groin, extremities, thighs, buttocks, and perineum.
They begin as erythematous papules or plaques.
Central clearing then occurs, leaving bronze-col-
ored, indurated areas centrally, with blistering,
crusting, and scaling at the borders. The affected
areas are often pruritic and painful. Skin biopsies
obtained from the edges of the lesions reveal super-
ficial necrolysis with separation of the outer layers
of the epidermis and perivascular infiltration with
lymphocytes and histiocytes. Also the mucous
membranes are affected, resulting in glossitis, angu-
lar cheilitis, stomatitis, and blepharitis.29 The
patients also suffer from weight loss and diabetes
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Figure 52.7 Gynecomastia: a large pendulous
breasts with significant submammary folds in a patient
with Klinefelters’ syndrome.
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mellitus (75%) and normochromic anemia (90%).
Further symptoms are thromboembolism (30%) and
neuropsychiatric disorders. Gastrointestinal symp-
toms include diarrhea or constipation, which may
lead to the development of vitamin B deficiencies
and aggravation of the dermatosis.30 Finally,
glucagonomas may produce multiple hormones in
addition to glucagon, including VIP, gastrin, sero-
tonin, insulin, calcitonin, pancreatic polypeptide,
and ACTH.

The diagnosis is established by typical clinical
findings in association with hyperglucagonemia.31

However, a serum glucagon concentration below
500 pg/ml does not exclude a glucagonoma, because
pathologic molecular weight forms of glucagon may
not be measured by the immunoassays used. On the
other hand, concentrations above 1000 pg/ml are
virtually diagnostic of glucagonoma. The underly-
ing tumor has to be diagnosed by specific imaging
procedures.

The therapy consists of surgical removal of the
pancreatic tumor. Near complete resolution of the
skin disease is often seen only one week after
surgery. However, since the glucagonoma is a malig-
nant tumor, further growth of the tumor and recur-
rence of the necrolytic migratory erythema is not
unlikely.32

Growth hormone

Growth hormone (GH)-regulated gene expression
contributes to many of the effects of GH on cellular
metabolism, growth, and differentiation. Studies of
model systems have revealed several mechanisms by
which GH regulates gene expression and transcrip-
ton factors. Several genes are also sexually dimor-
phically expressed. GH-regulated STAT 5 has also
been implicated in the regulation of other physio-
logically important genes, including those encoding
components of the IGF-1 axis and insulin.33

The IGFs form a family of ligands with specific
binding proteins and receptors. They are important
in both the development of the organism and the
maintenance of the normal function of many cells.
The system also has powerful anti-apoptotic effects.
Specific signaling pathways emanating from the

IGF-I receptor affect cancer cell proliferation, adhe-
sion, migration, and cell death.34

Hypersecretion of growth hormone induces the
disease acromegaly (Table 52.5, Figure 52.9). The
pasty edema of the skin is a consequence of a
increased levels of glycosaminoglycans and collagen
in the dermis. The water storage is also increased
due to the increase in hydrophilic compounds of the
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Figure 52.8 Necrolytic migratory erythema in
glucagonoma: bronze-colored, indurated areas with
blistering, crusting, and scaling at the borders.

Figure 52.9 Acromegaly: thickening an pasty
consistency of the skin, thickening of skin folds,
thickening of lips and eyelids, hypertrichosis, bushy
eyebrows, growth of bones, enlargment of the ears,
protrusion of zygoma, mandible, and chin.
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dermal matrix. The epidermis and the skin
appendages become hyperplastic. As a consequence
of the concomitant hypersecretion of melanocyte-
stimulating hormone, hyperpigmentation occurs.
Sweating in heat and under physical stress is
reduced. Patients with acromegaly describe a sense
of decreased well-being in controlled studies; the
questionnaires indicated a decreased quality of life.

The secretion of growth hormone and IGF-1
decrease with age, as does IGF, which is produced
under the influence of growth hormone. An
administration of hGH in aging men therefore
appears to be plausible. This has already been per-
formed in several studies, and regulation of dys-
function to a certain extent was observed. However,
uncontrolled treatment was often started without
first proving a lack of growth hormone secretion. In
these cases, the physiologic levels were often
exceeded, and side-effects were observed. These
side-effects were, particularly in elderly and obese
patients, hyperinsulinemia, sodium and water
retention, weight gain, edema in the lower extrem-
ities, carpal tunnel syndrome, increase in intracra-
nial pressure, papillary edema, arthralgies, and
myalgies. As the most severe side-effect, a growth
enhancement of malignant tumors was observed.35

All the side-effects were reversible once growth
hormone application was stopped.

Due to the side-effects described, uncritical use
of growth hormone as a ‘youth hormone’ should be
urgently discouraged.

Thyroid hormones

Hypothyroidism (myxedema)
The thyroid hormones thyroxine (T4) and tri-
iodothyronine (T3) are important for the growth
and function of most tissues. Transport to the hor-
mone target organs requires binding to thyroid-
hormone-binding globulin (TBG) in the blood. In
the cell there are binding proteins for T4 and T3 in
the cytosol, which transport the hormones to the
DNA-bound thyroid hormone receptor. Receptors
of an α- and a β-type were identified in many cells.
They express three major functional domains, one
binding DNA, one binding ligand, and two major
domains regulating RNA transcription.36

In the general deficiency of thyroid hormones
the skin changes to the characteristic myxedema.
The skin is pasty and voluminous and shows a non-
impressible edema, which is not position dependent
(Figure 52.10). The skin is dry, cool, and pale. This
appearance is the consequence of the decreased vas-
cular flow and the decreased reaction to heat. Also
the mucous membranes become dry and the tongue
becomes fissured. The epidermis is thin, raspy, and
hyperkeratotic (shark skin). The texture of the
cornea is altered. The hairs are dry, fragile, and
raspy. Sometimes localized alopecia or a diffuse
effluvium occurs. The nails grow slowly and become
brittle. Wound healing slows down.

Myxedema is a consequence of the storage of
large amounts of proteoglycans, which are also
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Table 52.5 Clinical signs in acromegaly

Skin Skin appendages Pigmentation Skeleton

Thickening, pasty Widening of follicle Moderate Growth of bones 
consistency, ostia, thickening hyperpigmentation and cartilage,
thickening of and hardening of of all skin areas, elongation of 
skin folds, the nails, increased numerous the nose, enlargement 
thickening secretion of eccrine skin tags of the ears, 
of lips and and apocrine sweet protrusion of 
eyelids glands, acne inversa, zygoma,

generalized mandible, and 
hypertrichosis, chin
bushy eyebrows
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responsible for the yellowish color. After substitu-
tion of the thyroid hormones the pathologic proteo-
glycan deposits are quickly mobilized again.37

Hyperthyroidism
In hyperthyroidism, which may result from
autochthonal hyperfunction of the gland or from
increased stimulation by pituitary TSH, the skin is
warm, tender, and wet with a soft turgor, resembling
infantile skin. This originates from peripheral
vasodilation with increased blood flow, particularly
in the face. The patients have a tendency to
increased sweating, especially in plantae and pal-
mae. The hairs are thin and tender, the nails have a
normal appearance. Pigmentation is unaltered.

Hyperthyroidism may also be caused by stimula-
tion of the TSH receptors by antibody-like proteins
(Graves’ disease, Basedow’s disease38). Autoimmune
thyroid disease may be associated with other dis-
eases of the immune system, e.g. with chronic
urticaria. Its prevalence is quoted to be between
12% and 29% of urticaria cases. If thyroid antibod-
ies are demonstrated in chronic urticaria, the func-
tional status of the thyroid gland should be
analysed. Most patients are euthyroid. If hypothy-
roidism is diagnosed, a substitution should be per-
formed. Improvement of chronic urticaria is
achieved best with L-thyroxin in euthyroid patients.
The blood levels of thyroxin should be monitored
in order to avoid hyperthyroidism, in particular in
elderly patients.38

Vitamin D

Vitamin D (‘soltriol’) is a phylogenetically ancient
steroid hormone with effects on multiple organs and
organ systems. The effect on bone metabolism and
the maintenance of calcium homeostasis of the
body is its most important function, but it is also
indispensable in reproduction, in the parathyroid
gland, in skin, in the differentiation of muscle cells,
and in cancer growth.

Provitamin D is formed from 7-dehydrocholes-
terol in the skin under the influence of sunlight.
Wavelengths of the UV spectrum at about 300 nm
are particularly effective.39 Once formed, vitamin
D3 is metabolized in the liver to 25-hydroxyvitamin
D3 and then in the kidney to its biologically active
form, 1,25-dihydroxyvitamin D3. The melanocytes
of the skin play an important role in the synthesis of
vitamin D. It is well known that men with dark skin
color have a higher BMD than Caucasians, and
they have a lower calcium excretion. 

1,25-Dihydroxyvitamin D3 binds, similarly to
other steroid hormones, to the so-called vitamin D-
responsive elements (VDREs) of the DNA, thus
influencing the transcription of certain genes.
Among others, the activity of phospholipase D1 is
specifically enhanced. This leads to the hydrolysis
of phospholipids, whereby lipids as second messen-
gers are formed, e.g. diacylglycerin (DAG). DAG
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Figure 52.10 Myxedema: pasty and voluminous
skin, non-impressible and position-independent edema.
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again activates several protein kinases, which are of
relevance in the terminal differentiation of the ker-
atinocytes.40 In this way the effects of vitamin D in
psoriasis may be explained.41 The metabolite cal-
cipotriol is less effective in calcium metabolism
than the original vitamin D. Calcipotriol is possibly
effective in all skin diseases with abnormalities of
keratinocyte differentiation.

Vitamin D deficiency is a consequence of too low
uptake and too low sun exposure. Vitamin D defi-
ciency has been associated with increased risks of
deadly cancers, cardiovascular disease, multiple
sclerosis, rheumatoid arthritis, and type 1 diabetes
mellitus. Although chronic excessive exposure to
sunlight increases the risk of non-melanoma skin
cancer, the avoidance of all direct sun exposure
increases the risk of vitamin D deficiency, which
can have serious consequences.42

Vitiligo and melanocytes 

Vitiligo describes a local loss of skin pigmentation
due to the malfunction or loss of melanocytes.
Vitiligo is a frequent disease, worldwide about 0.5%

of men suffer from it. The causes are unclear –
genetic factors, autoimmunity to melanocytes, toxic
compounds, nerve disorders, and defective
melanocyte growth factors have been considered.43

Huang et al44 interpreted vitiligo as a manifestation
of apoptosis. This is more likely than necrosis of
melanocytes, which is rarely observed. Apoptosis
may be induced by UV light, by cytokines from the
keratinocytes, or by environmental pollutants, e.g.
hydroquinone. Since corticosteroids and other
immuno supressants are able to influence apoptosis,
it is plausible that these compounds have a certain
effect in vitiligo.

However, there is no specific treatment for
vitiligo. In the literature trials have been reported,
using UV-B (narrowband 311 nm), UV-A in combina-
tion with 5-methoxypsoralen, topical corticoids, and
topical calcineurin antagonists (tacrolimus and pime-
crolimus). Randomized controlled studies are not
available; the application was not controlled and
used in only few cases (Figure 52.11). Surgical meth-
ods have also been applied, including autotransplan-
tation of blister skin or cultivated melanocytes. In
expanded vitiligo decoloration of the pigment
residues is advisable. After unsuccessful therapy, cam-
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Figure 52.11 Vitiligo: local
loss of skin pigmentation due to
the malfunction or loss of
melanocytes. After 3 months’
treatment with tacrolimus,
lesion size has decreased.

pretreatment

posttreatment
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ouflage (make-up) should be recommended. In each
case reliable sun protection is essential. 

A similar mechanism to vitiligo is assumed to be
the basis of depigmentation in malignant melanoma,
which is suggested to be a good prognostic sign.
Insight into humoral and cellular immune reactions
affecting normal and malignant melanocytes could
lead to strategies for therapeutic modalities in
vitiligo as well as in melanoma.45

α-melanocyte-stimulating hormone (α-MSH)
stimulates the production of melanin, predominantly
the eumelanin as well as the dendricity of
melanocytes. The hormone is secreted by the inter-
mediate lobe of the pituitary gland. The melanocytes
themselves and other epidermal cells of the skin
also produce MSH. It is part of the so-called pro-
opiomelanotropincorticotropin (POMC) peptide.
Melanocytes express the melanocortin 1 receptor
(MC1-R). Mutations of MRC-1 are not infrequent;
these melanocytes do not respond to α-MSH stimula-
tion, and they are highly sensitive to UV irradiation.
The loss-of-function mutations are associated with
red hair and an increased risk of skin cancer.46

Melanocytes secrete a number of compounds
into their cellular environment, such as signaling
molecules, cytokines, POMC peptides, cate-
cholamimes, and nitric oxide. By these secretions
they influence the function of keratinocytes, lym-
phocytes, fibroblasts, mast cells, and vascular
endothelial cells. This may in part explain the sup-
pression of immune reaction by UV irradiation.47

The application of α-MSH or related peptides could
offer a treatment option for inflammatory, autoim-
mune, or allergic diseases.48
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CHAPTER 53

Skin disease caused by changes in the
immune system and infection
Isaak Effendy and Karen Kuschela

Zoster

Zoster (shingles, Latin cingulus = belt; Zoster, Greek
Zostrix = belt) is a secondary infection with vari-
cella zoster virus (VZV) usually in adults, while
Varicella (chicken pox) provides the primary infec-
tion mostly in children. The primary infection with
VZV leads to immunity, but the virus remains
behind in neural ganglia which in the elderly or in
immunosuppressed individuals, can be reactivated
by certain local factors, e.g. trauma, radiation ther-
apy, leading to involvement of a single sensory
nerve and its dermatone.

The crucial factor is immunosuppression, e.g.
leukemia, lymphoma, or chemotherapy. However,
in general the only risk factor is increasing age, and
no certain triggering factor has been identified.
Moreover, zoster does not provide a reliable marker
of underlying malignancy in the normal elderly
population.

Clinically, the patient experiences pain without
any skin changes. Over a period of days, tense clear
blisters develop in the erythematous ground area
and new lesions spread throughout the involved
dermatome. The stable blisters may remain for 3–5
days before breaking followed by adherent crusts.
Disseminated zoster reflects an immunosuppressed
patient. Beside the intense acute pain, there may be
persistent pain, known as postherpetic neuralgia,
which may last for months to years and which may
be disabling. 

Up to 30% of elderly patients develop some
degree of postherpetic neuralgia. Motor involve-
ment may also be seen, as well as involvement of
the muscles of ocular motion. The following clini-
cal variants of zoster may occur: 

• Ophthalmic zoster, associated with keratitis,
uveitis, and muscle paralysis. Ophthalmologic
consultation is mandatory.

• Otic zoster (Ramsey–Hunt syndrome), involving
the tympanic membrane or the ear canal, with
severe pain. Up to 30% of the patients may suf-
fer from permanent hearing loss.

Figure 53.1 Zoster on scalp involving N. trigeminus
(first branch)
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• Oral zoster: oral lesions may appear in the hard
palate and maxilla (second branch) or tongue
and mandible (third branch), when both
branches of the Nervus trigeminus are involved. 

VZV is much less sensitive to acyclovir than her-
pes simplex virus, so that a minimum regimen requires
800 mg five times daily for 1 week. However, the gas-
trointestinal absorption rate of acyclovir is rather low,
hence, today oral valacyclovir or brivudine are more
appropriate. However, intravenous therapy with acy-
clovir (375–500 mg three times daily) is required in
elderly patients to ensure antiviral efficacy. Topica1
drying agents, e.g. zinc oxide lotion, the antibiotic
ointment to prevent bacterial superinfection and
loosen the crusts may also be helpful. 

WHO guidelines should be followed on the use
of analgescis to treat acute pain. Gabapentin and
other analgesic agents are recommended for weeks
or months for postherpetic neuralgia. Topical treat-
ment may not be useful in this case, as postherpetic
neuralgia involves true nerve impairment.

Yeast infections

Candida species, particularly Candida (C.) albicans,
are the main pathogenic yeasts. Candidosis is an
infection with Candida species, mostly affecting
moist skin areas (interdigital, anogenital, under the
breasts). However, C. albicans may also be part of
the normal flora in man, usually of the oral cavity,
gastrointestinal tract, and external genitalia.
Hence, the clinical correlation is essential for the
diagnosis: if erythema and other inflammatory signs
are present, the fungus is pathogenic. The identifi-
cation of yeast in the blood reflects a sepsis.

The clinical types of candidosis are classified
according to location:

• Oral candidosis. Immunosuppressed patients
in particular may suffer from acute candidosis.
Angular cheilitis or perlèche commonly occurs
in children, and in older individuals who drool,
whether from a stroke or poorly fitting dentures. 

• Genital candidosis. Almost every woman has
at least one attack of vaginal candidosis in her

lifetime. In contrast, men are less often infected.
Nonetheless, in bed-ridden older individuals or
in diabetic patients, candidal balanitis is a fre-
quent problem.

• Interdigital candidosis. In certain web spaces,
retention of sweat, soap, and water leads to irrita-
tion and then secondary infection with C. albicans. 

• Candidal intertrigo. Intertriginous areas, espe-
cially the groin, axillae, and beneath the breasts,
are often secondarily affected by C. albicans.
Immobile and overweight individuals are more
frequently infected.

• Diaper candidosis. Secondary infection of diaper
dermatitis occurs with C. albicans. Like infants,
incontinent elderly patients are at high risk.

• Candidal sepsis. In immunosuppressed patients,
particularly those undergoing chemotherapy
or extensive antibiotic treatment, a candidemia
may develop. Moreover, candidal sepsis should
always be taken into account in the differential
diagnosis of catheter-associated sepsis.

Individuals with acquired or inherited defects
in cellular or humoral immunity usually associated
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Figure 53.2 Oral Candidosis caused by Candida
albicans.
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with endocrinopathy may develop chronic mucocu-
taneous candidosis, a very rare type. C. albicans can
easily be identified by culture within 24–48 hours.
Other Candida species can be identified on the basis
of biologic assimilation and fermentation tests.

Topical treatment for candidosis is achieved
by the application of a polyene (nystatin, ampho-
tericin B) as a cream, ointment, paste, or powder.
Topical azoles (modern broad-spectrum antimy-
cotics) are also applicable for candidosis. Both poly-
enes and azoles are available as troches and rinsing
solutions for treating oral lesions. In contrast, dyes
gentian violet are less effective and no longer rec-
ommended. Reducing moisture and addressing pre-
disposing factors are still major measures alongside
the specific antifungal therapy.

The most widely used oral antifungal drug for
candidosis is fluconazole. A single dose of 150 mg is
usually effective for vaginal candidosis, other candi-
dosis may need a longer treatment. The drug is also
used for antifungal prophylaxis in HIV/AIDS
patients. However, fluconazole resistance has been
known and is a major concern in certain patient
groups. 

Onychomycosis

Nail fungal infection (Tinea unguium) is the most
frequent nail disorder in man, primarily in the
elderly. It is mostly caused by the most common
dermatophyte: Trichophyton (T.) rubrum. However,
other dermatophytes, like T. mentagrophytes var.
interdigitale and Epidermophyton floccosum can also
be responsible for the infection. In addition, yeasts,
e.g. Candida tropicalis, and non-dermatophyte
moulds, e.g. Scopulariopsis brevicaulis, Hendersonula
toruloidea, and Scytalidium hyalinum, can occasion-
ally affect the nails. The last-mentioned dimorphic
fungi are rather unsusceptible to treatment, as they
seem not to respond to azoles.

Toenails are far more often affected than finger-
nails, and elderly individuals are far more frequently
infected than children or youths. Tinea pedis – and
tinea manus – may be the real source of the infec-
tion. The fungi grow under the nail plate, mostly at
the distal part, and eventually involve the nail bed. 

There are several different types of onychomycosis:

• Distal and lateral subungual onychomycosis
(DLSO), the most frequent type.

• Proximal subungual onychomycosis (PSO),
rather rare in general, but much more frequent
in HIV/AIDS patients.

• Superficial white onychomycosis (SWO), quite
rare, and only seen on the toenails and usually
caused by T. mentagrophytes var. interdigitale.

• Endonyx onychomycosis, isolated clumped fungal
elements under the nail plate, which can hardly
be reach by antifungal substances, explaining
some treatment failures. 

• Total dystrophic onychomycosis (TDO), the
final stage of most nail fungal infection with
extensive nail destruction, producing thickened
discolored crumbly nail plates. Otherwise, TDO
comprises the typical nail changes in chronic
mucocutaneous candidosis.

Treatment for onychomycosis should best be
chosen by the clinical type and extension of the nail
involvement. Only minor distal subungual onych-
moycosis and SWO can effectively be cured by top-
ical agents alone, the rest of the infection, needs
oral or combination antifungal therapy. For topical
treatment, a modern antifungal nail lacquer, e.g. 5%
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Figure 53.3 Total dystropic onychomycosis due to
Trichophyton rubrum; a final stage of fungal nail
infection
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amorolfine, 8% ciclopirox, is appropriate. Surgical
nail removal is rather obsolete, because of the
potential matrix damage resulting in permanent
dystrophic nails and other shortcomings. Instead,
the thickened infected nail plates can be removed
atraumatically by nail abrasion an using electrical
grinder or by mechanical removal employing urea
paste 40% for days. For oral treatment, terbinafin,
itraconazole, and fluconazole are applicable. Oral
terbinafin (250 mg/day) seems to be the best sub-
stance for onychomycosis, so far. Griseofulvin is
no longer recommended for treatment in adults,
because of its limited efficacy. A sufficient topical as
well as oral therapy for onychomycosis takes at least
3–6 months, depending on the course of healing in
the patient. 

Irritant dermatitis

Irritant contact dermatitis is far more common than
allergic contact dermatitis. Irritant (non-allergic)
dermatitis (ID) is caused by skin exposure to agents
that impair the skin barrier function. This can be
induced by one exposure to a highly toxic agent
(TCA and other acids) or by repeated exposure to
agents of low toxicity (intense wet work or a high
frequency of daily hand washing). On the other
hand, a chronic dry skin condition impairing the
barrier function of the skin can also cause ID, and
this is mostly seen in the elderly.

Irritant dermatitis may be divided into three
major groups:

• Acute irritant contact dermatitis. This is a
mandatory skin reaction of any individual to a
toxic substance. It occurs in due to contact with
many work places, physical agents (UV radiation,
heat, cold, and mechanical factors) or chemical
agents (alkaline and acid solutions). Thus this
skin disease is mostly seen in young people.
However, retired older individuals may also
suffer from the disease, since toxic substances
can also occur in the home and garden (acetone,
soaps, detergents, croton oil, foodstuffs, airborne
irritants (dust, plants). The typical toxic skin
reaction is tissue necrosis from a concentrated

acidic or basic solution within a minute. Topical
corticosteroids are useful for the acute reaction
for a short time, in order to reduce the skin
inflammation (erythema, swelling, and blisters)
following by skin care ointments.

• Cummulative irritant contact dermatitis. This is
a chronic dermatitis resulting from repeated
exposure to irritant agents mostly in work places,
e.g. water, cutting oils, chemica1s, and many
others. So, occupational chronic hand dermatitis is
a typical example of this  skin disease – mostly seen
in hea1th-care workers, bakers, hairdressers,
gardeners, cleaners etc., However, housewives are
also at risk because of repeated exposure to water,
soaps, soiled diapers, etc. (‘housewives’ dermatitis’).
Not least, predisposing intrinsic factors, such as
atopic diathesis, may promote chronic hand
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Figure 53.4 (a) Irritant contact dermatitis,
typically located on back hand, due to repeated
exposure to irritant agents in daily works (b) Dry
skin eczema, usually on legs and arms.
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dermatitis. In the elderly, other types of irritant
dermatitis may occur which are associated with
age-related problems (e.g. incontinence, etc.) such
as diaper dermatitis, perianal dermatitis, intertrigo,
and stomal dermatitis.

• Chronic irritant non-contact dermatitis. This
form occurs mostly in the elderly because of the
age-related skin dryness. Moreover, many older
individuals are no longer able to take care of
their skin, resulting in diffuse dryness with fine
scaling (xerosis), and later in dry skin eczema
(asteatotic dermatitis, exsiccation eczema),
particularly in their legs. Eczema craquelé
provides a typical localized lesion of the
dermatitis: the larger scales of deep inflamed
fissures display the craquelé work seen on glazed
china. In general, the appropriate treatment for
chronic irritant dermatitis is the removal and
subsequent avoidance of the irritant agents. In
cases of irritant dermatitis caused by moist skin
conditions (diaper dermatitis, intertrigo), drying
measures are mandatory. After bathing or
showering, the gentle use of a hairdryer is better
than rubbing the skin dry. Dry skin eczema can
be avoided by regular moisturizing skin care.
Initially, a short-term topical corticosteroid can
rapidly reduce the skin inflammation, and this
should be followed by the regular use of
protecting agents (e.g. zinc oxide paste) in the
intertriginous area or moisturizing agents (e.g. a
urea-containing cream or lotion).

Psoriasis

Psoriasis is one of the most common skin diseases,
with a prevalence of 2% in European populations.
Onset of disease is usually from the second to the
fourth decade. Psoriasis is primarily caused by a
genetic predisposition rendering an imbalance in
the immunologic network of the skin leading to an
activation of T-cells.1,2 As consequence, prolifera-
tion and maturation of epidermal keratinocytes are
enhanced, causing the clinical appearance of
intense desquamation.

There are various clinical features of psoriasis.
The chronic stationary plaque type is most frequent

and characterized by erythematosquamous plaques
on the whole integument, but mainly in predisposed
areas such as the elbows, knees, trunk, and scalp. As
an autoimmune, genetic disorder, psoriasis is not
limited to skin lesions but can induce severe arthri-
tis. Most commonly the distal joints of fingers and
toes are involved. The symptoms range from
swelling and pain in the affected joints to incapaci-
tating mutilations.3

Endogenous and exogenous factors have a great
influence on the clinical course of psoriasis. In our
clinical experience most patients who are hospital-
ized with severe psoriasis are in the age range of
40–70 years. This may be caused by an accumula-
tion of trigger factors found in this age group, e.g.
alcohol,4 stress,5 smoking, chronic bacterial infec-
tions (chronic streptococcal and staphylococcal
infections such as tonsillitis),6 and drugs (beta-
blockers, lithium, and chloroquin).7

Psoriatic lesions can be accompanied by intense
pruritus. The mechanical irritation caused by
scratching itself can induce new lesions. This is
known as the koebner phenomenon. Thus, pruritus
should be taken seriously and treated with antihist-
amines if necessary. Topical treatment consists of
desquamative agents (salicylic acid or urea prepara-
tions), vitamin D, analogon (e.g. calciprotriol), or
dithranol paste. Corticosteroids should only be
applied for intense inflammative lesions on a short-
term basis. Ultraviolet light is another cornerstone
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Figure 53.5 Psoriasis, the chronic plaque type.
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of psoriasis  therapy. UVA and narrow band UVB
(311 nm) may be applied, as well as balneopho-
tochemotherapy (psoralen + UVA).8

In severe cases unresponsive to topical therapy
systemic treatment has to be addressed. Most sys-
temic drugs are immunosupressive – with potential
liver or renal toxicity. Thus a careful, individual
choice has to be made regarding the patient’s med-
ical condition, disease severity, and patient compli-
ance. Retinoids, methotrexate, cyclosporine,
fumaric acid esters, and TNF-alpha inhibitors (bio-
logicals) are used.9,10 Psoriatic arthritis is treated
with non-steroidal anti-inflammatory drugs,
methotrexate, leflunomide, and TNF-alpha
inhibitors.11

Bullous diseases

Bullous diseases are a group of autoimmune der-
matoses with the common feature of autoantibodies
to components of the skin that lead to discontinua-
tion of different skin layers. As a clinical conse-
quence blisters develop. This section reviews the
four most common diseases that are most likely to
be encountered in elderly male patients are
reviewed.

Bullous pemphigoid 
Bullous pemphigoid (BP) is the most common of all
autoimmune blistering diseases. The incidence
ranges between 7 and 10 cases per one million.
There is an equal gender distribution with a
medium onset in the sixth to seventh decade.12–14

Two different major antigens have been identified,
which are corresponding hemidesmosomal glyco-
proteins.15 Those antigens (BP 180 and BP 230) can
be detected in the patients sera and in skin biopsies
by means of direct immunofluorescence. BP might
be triggered by drugs such as betablockers and
diuretics.16 However, the correlation is controver-
sial, since elderly BP patients have a high probabil-
ity of being treated with such drugs. On the basis of
clinical studies there is no correlation between BP
and malignancies.17

Clinically tense blisters arise on either erythema-
tous or normal-appearing skin accompanied by

pruritus. Susceptible sites are the flexor surfaces of
the extremities. As a consequence of ruptured blis-
ters, erosions and blood-tinged crusts might be pre-
sent as well. Erythema or urticarial lesions, and
sometimes intense itch, might precede blisters for
months. Mild or localized cases can be effectively
treated with topical high potency steroids only or in
combination with antibiotics (tetracycline, doxycy-
cline or erythromycin) and nicotinamide.2,3 Topical
tacrolimus may also be helpful.18 Blisters should be
aspirated and covered with a topical antibiotic-
soaked gauze. In severe case, oral prednisolone
(0.5–1 mg/kg/day) is applicable steroids, if necessary
in combination with azathioprine in term to reduce
the dose of oral.13

Mucous membrane pemphigoid 
Mucous membrane pemphigoid (MP) is a disease of
the elderly, with a predominance for the female gender
and an incidence of one case per million. There are
different target antigens of various components of the
basal membrane. However, BP 180 provides the most
common detectable antigen. In addition there seems
to be a genetic predisposition for people expressing the
HLA-DRQB*10301 allele.18 Unlike bullous pem-
phigoid the histology might be non-specific. 

Blisters that heal by scarring may appear on every
mucous membrane and in 25% of the cases, on the
skin as well. The oral cavity is most commonly
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Figure 53.6 Bullous pemphigoid, tense blisters in
initially nornal appearing skin.
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involved, followed by the conjunctiva, nose,
pharynx, genitalia, larynx, and esophagus. Ocular
disease can result in symblepharon and trichiasis
(scratching of eyelashes against the cornea), fol-
lowed by corneal ulceration and blindness. Other
complications of scarring include stricture of larynx,
pharynx, and urethra as well as sexual dysfunction.19

When the oral mucosa alone is involved it may
respond to topical steroid treatment only. With ocu-
lar, nasal or genital involvement a high dose of oral
prednisolone (1–2 mg/kg/day) should be initiated.
In severe cases, additional treatment with oral or
intravenous cyclophosphamide might be necessary.
Due to the chronic course of the disease steroid-
sparing agents such as azathioprine or mycopheno-
latmofetil may have to be introduced with
long-term medication.20

Dermatitis herpetiformis 
The incidence of dermatitis herpetiformis (DH)
varies between different populations being the
highest in northern europe with 100 cases per mil-
lion. Males are more often affected than women.
The medium age of onset lies between the second
and the fourth decade.3 All patients with DH have
celiac disease. Whereas only about 10% of patients
with DH experience clinical symptoms of celiac dis-
ease, in all cases serum antibodies to gliadin and
tissue transglutaminase are detectable.21

The major characteristic symptom is intense pru-
ritus and a burning sensation at the affected areas.
Erythematous papules, plaques, and small tense blis-
ters that are sometimes arranged in a herpetiform
fashion typically arise at extensor sites of the arms
and the lower back. DH is strongly associated with
a number of other autoimmune diseases such as
type-1 diabetes, autoimmune thyroiditis and gastri-
tis, vitiligo, and lupus erythematosus.22

The treatment of choice is diaminodiphenylsul-
fone (DAPDS). With oral DAPDS given in a
dosage of 1.5 mg/kg/day improvement in skin
lesions and pruritus usually occurs after only a few
days. Since DAPDS can cause methemoglobinemia,
hemolysis, and agranulocytosis, methemoglobin
levels and blood counts have to be closely moni-
tored. Glucose-6-dehydrogenase deficiency has to
be ruled out before initiating DADPS therapy. In

addition patients should be advised to follow a
gluten-free diet, which has a positive effect on skin
lesions and reduces the required DADPS dose.

Pemphigus vulgaris 
Pemphigus vulgaris (PV) is a intraepidermal blister-
ing disease with an overall incidence of 1–5 cases
per million, that occurs with a higher prevalence
in Mediterranean and Jewish people. The mortality
rate of 5–10% is the highest among all aquired
autoimmune blistering diseases.12 There is an equal
gender distribution and medium onset of disease lies
between the fourth and sixth decades. PV patients
express antibodies directed against desmoglein 3
and 1. Desmoglein proteins are adhesion molecules
that are connected throughout the extracellular
space of skin and mucosal epithelial tissue to ensure
epidermal stability. As result of loss of cohesion
between desmoglein proteins, intraepidermal blis-
tering occurs.16

The first symptoms of the disease are often very
painful erosions of the oral mucosa. Later fragile
blisters that easily turn into erosions are seen
mainly on the trunk. The mucosal tissue of the
nose, larynx, genitalia, and anus might be involved
as well. Because of the loss of large epidermal areas,
patients are prone to skin infections and even sep-
sis. The disease can also be induced by drugs or
hematologic malignancies such as non-Hodgkin’s
lymphoma, chronic lymphatic leukemia or
macroglobulinemia Waldenstrom. Drugs that cause
PV are penicillamine, ACE inhibitors, piroxicam,
penicilline, cephalosporines, pyrazolone derivates
and rifampicine.14 PV has a chronic course in about
two-thirds of cases. Those patients might need life-
long immunosuppressive medication, which raises
the possibility of developing either serious infec-
tions or neoplasms.

Treatment consists of high-dose oral pred-
nisolone (2 mg/kg/day), usually combined with
steroid sparing agents such as azathioprine or
cyclophosphamide. In unresponsive cases, intra-
venous steroid and cyclophosphamide pulse treat-
ment or intravenous immunoglobulins might be
neccesary.23 An innovative therapy might be the
TNF-alpha- inhibitor infliximab, but the effective-
ness suggested by case reports still has to be
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evaluated in randomized studies.24 Topical treatment
of PV lesions is antiseptic to lower the risk of bacterial
superinfection.

Cutaneous lymphoma

Cutaneous lymphomas are a rare group of malignan-
cies consisting of more than 20 different entities
with an estimated annual incidence of 1 in
100 000.25 Cutaneous lymphomas can be divided
into T-cell and B-cell derived malignancies, with T-
cell lymphoma being far more common. Only the
five most common lymphoma types that account for
more than 95% of all clinical cases will be discussed
here. The gender distribution shows a significantly
higher percentage of males with T-cell lymphoma.25

Cutaneous T-cell lymphoma

Mycosis fungoides 
Mycosis fungoides (MF) is the most common type
of cutaneous T-cell lymphoma (CTCL). It is

characterized by monoclonal proliferation of T-
lymphocytes that accumulate in the epidermis. This
phenomenon is known as epidermotropism. The
median age at diagnosis is 55–60 years. The male-
to-female ratio is 2:1.

The disease progresses through three clinical
stages: patch, plaque, and tumor. In the first stage
atropic, squamous small patches that can eczema
show mainly on the lateral trunk and flexural sides
of the upper arms and thighs. MF is known to have
a very wide range of possible clinical presentations
including every kind of cutaneous efflorescence.
Due to its relatively benign course, progression to
the next stage can take years or even decades.
Histologic changes in the very early stages of the
disease are often non-specific and several biopsies
taken over a period of months or years might be
necessary to confirm the diagnosis.26

In the second stage more infiltrated plaques
appear. The plaques are seperated by small spots of
healthy skin known as nappes claires. The tumor
stage is characterized by rapidly growing, often
ulcerated tumors in combination with the above
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Figure 53.7 (a) Cutaneous T-cell lymphoma (CTCL) in combination with Hodgkin’s disease.
(b) Cutaneous T-cell lymphoma (CTCL). A close up.
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mentioned lesions. Disseminated tumors without
any other skin lesions are atypical and suggest other
types of malignancies but usually in the plaque or
tumor stage of MF, lymph nodes and internal organs
may rarely become involved.

In the patch stage the treatment of choice
consists of balneophotochemotherapy and topical
steroids. Aggressive treatment like systemic
chemotherapy is not recommended and might even
result in faster progession of the disease. In the later
stages of MF combined treatment scedules are
favored, including interferon-alpha, retinoids,
extracorporal photopheresis, polychemotherapy,
and radiotherapy.26,27 The prognosis of MF is good
due to the slow progression.

Primary cutaneous CD30 +
lymphoproliferative disorders 
This group accounts for 30% of CTCLs. It includes
lymphomatoid papulosis (LP) and primary cuta-
neous anaplastic large cell lymphoma (PCALCL).25

LP is characterized by disseminated papules and
nodules that either spontaneously resolve or
become necrotic and leave scars. The median age of
onset is in the fourth to fifth decade. 

The clinical course is chronic with occasional
exacerbations over years or decades. Rarely LP
patients develop other malignant lymphomas such
as Hodgkin’s disease or MF,28 hence clinical staging
should be performed at regular intervals. PCALCL
presents with a solitary or only a few reddish nodu-
lar tumors that tend to ulceration. This group
affects mostly elderly people or children. 

LP responds well to psoralen + UVA (PUVA),
often in combination with low-dose27 methotrex-
ate. PCALCL lesions can be excised or treated by
radiotherapy. The prognosis of both diseases is
excellent, with a 95% 5-year survival.24

Sezary syndrome 
Sezary syndrome (SS) accounts for only 3% of
CTCLs, but ranks in third position of the most
common ones.25 It is a disease of the elderly with a
median onset in the sixth to seventh decade. SS is
characterized by the clinical triad: T-cell leukemia
with typical cerebriform sezary cells, generalized

lymphadenopathy and erythrodermia. However,
pruritus is one of the most disturbing symptoms.26

Treatment consists of PUVA combined
with interferon, methotrexate, total skin electron
beam irradiation, and chemotherapy with
CHOP cyclophosphamide hydroxydoxomibicin
(AdriamycinR) vincristine (OncovinR).26 The prog-
nosis is poor, with a median survival of 2 to 4
years.25,28,29

Cutaneous B-cell lymphoma
Primary cutaneous B-cell lymphomas (PCBLs) are
extremely rare. In most cases histologically proved
cutaneous B-cell lymphoma lesions represent cuta-
neous infiltrations of a systemic disease. As a con-
squence a thorough staging has to be performed,
including chest X-ray, abdominal ultrasound, bone
marrow biopsy, and immunoelectrophoresis. 

If systemic B-cell lymphoma can be excluded
twice within 6 months the diagnosis of PCBL can be
made.29 PCBL follows an indolent clinical course,
with the exception of diffuse large B-cell lymphoma
of the leg, and the 5-year survival is close to 100%.25

Primary cutaneous follicle center 
lymphoma 
Primary cutaneous follicle center lymphoma
(PCFCL) accounts for 11% of all primary cutaneous
lymphomas and occurs in elderly people.25 Red,
livid nodules and plaques with surrounding infil-
trated erythema, sometimes only solitary lesions,
develop on the susceptible sites of the head and
neck.25 If the anatomic position allows, surgical
excision should be attempted. Other options are
radiotherapy, CHOP chemotherapy, and systemic
or intralesional application of the CD20 antibody
rituximab.30,31

Primary cutaneous marginal zone B-cell
lymphoma
Seven percent of primary cutaneous lymphomas are
primary cutaneous marginal zone B-cell lymphomas
(PCMZLs). An association of the disease with bor-
reliosis in European populations has be shown.25

Clinically, reddish, round nodules appear on the
arms and trunk. The treatment is similar to that of
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PCFCL. In case of positive borrelia serology an
antibiotic therapy should be administered, before
seeking other options.25,30

Cutaneous drug reactions

Around 5–15% of patients on a permanent medica-
tion experience adverse cutaneous drug reactions.32

The clinical presentation of these reactions is
diverse and can mimic a variety of idiopathic skin
diseases. Drugs that frequently cause adverse skin
reactions are antibiotics, mainly betalactames and
sulfonamides, non-steroidal anti-inflammatory
drugs, anticonvulsants, and cardiovascular drugs.33

The underlying immunologic mechanisms can
be either classic allergic reactions or pseudoallergic
in nature. Allergic reactions are categorized in to
four types after the classification of Coombs and
Gell,34 with types I, III, and IV causing skin
changes. Type I reactions are mediated by specific
IgE antibodies leading to angioedema, generalized
urticaria, and anaphylactic shock usually within
minutes after allergen exposure. Type III reactions
cause vasculitis by binding of antigen–antibody
complexes to vascular basal membranes. Vasculitis
lesions develop within days after allergen intake.
Type IV or delayed-type hypersensitivity is caused
by sensitized T-cells that produce proinflammatory
cytokines upon allergen encounter. As a clinical
correlate, eczema or exanthema occurs usually
within 2 to 3 days.35 This classification is a simpli-
fied model. Thus clinical presentation and onset of
reaction might widely vary, not fitting into any of
the described tyes of allergy. 

Pseudoallergy is a term used for reaction
patterns similar to those of type I allergies that are
not mediated by specific antibodies or T-cells.
These reactions are dose-dependent and some-
times only occur during periods of intense activa-
tion of the immune system, such as bacterial or
viral infections. Pseudoallergic reations can often
be observed after use of non-steroidal anti-inflam-
matory drugs, with acetyl salicylic acid being the
most common trigger.36

There are some distinguishing clinical features of
the cutaneous drug reaction:

• Maculopapular rash: this usually starts and is
most intense on the trunk, but tends to general-
ize, accompanied by pruritus and fatigue.
Antibiotics typically cause this type of drug
reaction.

• Stevens–Johnson syndrome (SJS)/toxic epider-
mal necrolysis (TEN): SJS starts with a general-
ized maculopapular exanthema that progresses to
an erythrodermic condition with widespread for-
mation of blisters on the skin and mucosal tissues
resembling second-degree burns. Primary lesions
might also be annular, as the target lesions in
erythema multiforme. If more than 30% of the
body surface is covered with blisters a diagnosis
of TEN has to be made.37 TEN is a life-threaten-
ing condition; patients should be referred to a
specialized burn unit immediately. The lethality
of SJS is approximately 6%, but rises to 45% in
TEN.36

• Angioedema/urticaria: this is characterized by
swelling of the face and extremities and can
become a life-threatening condition when the
tongue and larynx become involved. Patients
taking ACE inhibitors (ACEIs) can develop
recurrent angioedema, which is most probably
not an immunogenic effect, but rather a side-
effect of its mechanism of action.38 Angiotensin-
II receptor blockers (ARBs) are commonly used
to replace ACEIs in case of angioedema or other
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Figure 53.8 Adversed skin reaction to drug:
Maculopapular rash, Frequently after antibiotics.
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drug reaction. After a few years of clinical expe-
rience with ARBs it seems that they have a sim-
ilar profile regarding drug reactions and should
therefore not be used as replacement for
ACEIs.39

• Fixed drug eruption: this is a localized form of
drug reaction and occurs on the same area of
skin for a prolonged or repeated period of time.
The clinical appearance can vary from erythema
to bullae or eczema.

• Lichenoid exanthema: pruritic lichenoid papules
and plaques delvelop in a localized or generalized
fashion over a prolonged period of time without
sites of predilection. Other lichenoid dermatoses
such as lichen ruber planus have to be ruled out.
Lichenoid drug eruptions are rare and mainly
caused by beta-blockers, penicillamine, gold,
and quinine.40

• Vasculitis: this drug reaction presents as dissem-
inated petechial lesions, most prominent at the
extremities. Vasculitic changes can involve not
only the skin but also other internal organs. As
a consequence, hepatic or renal failure may
occur.41

The patient’s medical history is usually not suffi-
cient to make a diagnosis of drug allergy. In any case
allergic tests including cutaneous-vascular testing
and a double-blind placebo-controlled provocation
are recommended.

All drug reactions are self-limiting diseases as
long as the causative agent is withdrawn.
Identifying the causative drug might be difficult,
especially in elderly patients with several medica-
tions. Furthermore, adequate replacement treat-
ment could prove difficult. Thus a thorough clinical
investigation and the exclusion of other dermatoses
should be undertaken, before medications are
changed.

Mild cases of drug eruptions can be treated with
topical steroids only, but severe cases might require
systemic steroid use. Blisters should not be surgically
removed, but aspirated with preservation of the blis-
ter roof to minimize epidermal loss. As stated above,
TEN is an emergency situation. These patients need
to be managed in the intensive care unit.

Complications of antineoplastic
drug therapy

Skin changes in patients suffering from neoplastic
diseases are quite common. The symptoms can be a
direct effect of the underlying disease or can be
related either to infections of the mostly immuno-
suppressed patients or to adverse reactions of the
antineoplastic treatment, which is mostly con-
ducted in elderly patients.

It can be very difficult to determine the cause of
skin changes. In the case of suspected adverse drug
reactions the physician often faces the dilemma of
whether to reduce the dosage, change, or discon-
tinue the necessary medication. These issues are
considered here and the most common skin changes
resulting from antineoplastic therapy are reviewed.

Hyperpigmentation 
Hyperpigmentation is a harmless, but often disturb-
ing and disfiguring skin change. Numerous cytosta-
tic and immunosuppressive agents can induce
hyperpigmentation not only of the skin, but also of
the mucosal tissue, nails, and hair. The following
list of causative substances includes only the most
common drugs and should not regarded as com-
plete: bleomycin, busulfan, carmustin, cisplatin,
cyclophosphamide, daunorubicin, fluorouracil,
hydroxyurea, methotrexate, paclitaxel, procar-
bazine, and vinca alkaloids.42,43

Hyperpigmentation usually occurs approximately
one month after initiation of treatment and fades
about 6 months after discontinuation. Sun screens
and topical steroids can help to shorten the process.44

Neutrophil eccrine hidradenitis 
Reddish infiltrated papules and plaques develop on
the dish upper half of the trunk and face in neu-
trophil eccrine hidradenitis (NEH). The diagnosis
is usually made through a skin biopsy, showing a
neutrophilic infiltrate surrounding eccrine sweat
glands and sweat gland necrosis.45 The disease
occurs mostly in patients with hematogenic malig-
nancies who receive chemotherapy. The disease
onset is 2 days to 3 weeks after application of the
cytostatic drug. NEH is self-limiting, but can recur
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after each new therapy cycle. Non-steroidal anti-
inflammatory drugs may have an ameliorating
effect. Oral  DADPS (dapson) 100 mg daily is used
as a prophylaxis in recuring disease.45

Palmar plantar erythrodysesthesia
The so-called hand–foot syndrome constitutes a
toxic, dose-dependent reaction to various cytostat-
ics, mainly doxorubicin, cytarabin, docetaxel, and
5-fluorouracil. The incidence ranges from 6 to 64%
depending on the treatment regimen. Clinically
patients experience dysesthesia and a prickling sen-
sation on palms and soles. Later blisters and desqua-
mation accompanied by strong pain occur. In severe
cases a dose reduction or even change of chemother-
apy has to be considered.46 Therapeutically, vitamin
B6 100–300 mg daily and topical application of
DMSO along with analgestic medications is used,
but without consistent effects.46

Oral mucositis 
Oral mucositis (OM) is another cytotoxic side-
effect of chemotherapy and occurs in up to 40% of
patients during the first days of treatment. It is often
complicated by secondary candida or herpes infec-
tions. Antiseptic and analgestic mouth wash solu-
tions are applicable, but treatment is mostly
frustrating.43 Experimental treatment options such
as glutamine, keratinocyte growth factors, filgras-
tim, and TGF-beta3 are promising and are currently
being evaluated in clinical studies.47

Hypersensitivity reactions
Type I allergic reactions with generalized urticaria,
angioedema, and sometimes even anaphylactic shock
are a common complication of asparginase, pacli-
taxel, and docetaxel chemotherapy. Similar symptons
can be caused by a pseudoallergic mechanism as is
known to occur with taxanes and platin derivatives.
Prophylactic intravenous application of steroids and
antihistamines 30 minutes before starting the
chemotherapy is recommended in these cases.48

Skin reactions after radiation therapy
Some cytostatic agents can enhance the reaction to
radiotherapy both in a positive sense of a better
antineoplastic effect, but also in a negative sense of

more severe side-effects such as radiodermatitis.
This phenomenon is known to occur with
bleomycin, cisplatin, doxorubicin, fluorouracil,
hydroxyurea, and methotrexate.

Another remarkable reaction is the radiation
recall phenomenon. Upon administration of various
cytostatic drugs an acute toxic dermatitis can occur
at previously irradiated skin areas. The underlying
mechanisms of this reaction are not fully under-
stood yet. Nevertheless, cessation of the chemother-
apeutic agent is not warranted as its benefits probably
outweigh its risks. The dermatitis can be effectively
treated with topical potent steroids.49

Extravasation
Extravasation of extremly toxic cytostatic agents is
a common and severe complication of chemother-
apy. Some reactions consist of self-limiting erythema
that heals with scarring and hyperpigmentation.
Other substances cause blisters, ulcerations, and
skin necrosis with little healing tendency – these
include doxorubicin, daunorubicin, taxanes, and
mechlorethamin to name just a few. As soon as
extravasation is noted the arm should be placed in a
high position and should be cooled. Only after
extravasation of vinka alkaloids should warmth be
applied. If an antidote for the specific cytostatic
agent is available, it should be injected immediately.
However, all these measures can only aim at
minimizing the tissue damage.50

Hydroxyurea-induced ulceration
Hydroxyurea can cause extremly painful, chronic
leg ulcerations that do not respond to any kind of
wound treatment. The only therapeutic option in
this case is discontinuation of the therapy.51
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CHAPTER 54

Skin changes caused by
venous diseases
Eberhard Rabe and Feliztas Pannier

Introduction

Chronic venous diseases like varicose veins and
post-thrombotic syndrome are very common in the
general population.1 In earlier studies reported
prevalences for varicose veins ranged from 1 to
73% in females and 2 to 56% in males and for
chronic venous insufficiency from 1 to 40% in
females and from 1 to 17% in males.1–4 The results
vary according to different geographic region, and
also by the methods used for evaluation. In
Western countries varicose veins are present in
25–33% of female and 10–20% of male adults. The
incidence of varicose veins per year in the
Framingham study was 2.6% in women and 1.9%
in men.5 The prevalence of skin changes was
reported to vary between 3 and 13% in the popula-
tion, and the prevalence of active and healed ulcers
to vary between 1 and 2.7%.1

Chronic venous disorders are classified according
to the CEAP classification.6 This classification con-
sists of different parts including clinical (C), etio-
logic (E), anatomic (A), and pathophysiologic (P)
information (Table 54.1). The majority of the dis-
eases are in the stages C1–C3. In the Bonn Vein
Study,7 telangiectases and reticular veins as the
most severe finding were present in about 59% of
the general population, almost equally in men and
women. Varicose veins without skin changes and
without edema were present in 12.4% of the male

and 15.8% of the female population. C3, pitting
edema caused by venous diseases, was present in
11.6% of the male and 14.9% of the female popula-
tion. Skin changes start in stage C4a with eczema
and pigmentation. Clinical stage C4b is defined by
white atropy or dermatoliposclerosis. In C5 healed
and in stage C6 active ulcer is present. 

Definitions

Skin changes were defined in a consensus confer-
ence of the Union Internationale de Phlébologie in
2003 and adopted by the CEAP committee.6,8

Table 54.1 CEAP classification6

C0 No visible or palpable signs of venous disease
C1 Telangiectasies or reticular veins
C2 Varicose veins; distinguished from reticular

veins by a diameter of 3 mm or more.
C3 Edema
C4 Changes in skin and subcutaneous tissue

secondary to CVD, now divided into
2 subclasses to better define the 
differing severity of venous disease: 

C4a Pigmentation or eczema
C4b Lipodermatosclerosis or

atrophie blanche
C5 Healed venous ulcer
C6 Active venous ulcer
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Eczema is erythematous dermatitis, which may
progress to blistering, weeping, or scaling eruption of
the skin of the leg. It is most often located near vari-
cose veins, but may be located anywhere in the leg.
Usually seen in uncontrolled chronic venous disorder
(CVD), but may reflect sensitization to local therapy. 

Edema in chronic venous disease is defined by a per-
ceptible increase in the volume of fluid in the skin
and subcutaneous tissue, characteristically indented
with pressure. Venous edema usually occurs in the
ankle region, but may extend to the leg and foot.

Corona phlebectatica is a fan-shaped pattern of
numerous small intradermal veins on the medial or
lateral aspects of the ankle and foot. It is commonly
thought to be an early sign of advanced venous dis-
ease. Synonyms include malleolar flare and ankle
flare (Figure 54.1).

Pigmentation is defined as a brownish darkening of
the skin, resulting from extravasated blood. It usu-
ally occurs in the ankle region, but may extend to
the leg and foot (Figure 54.2). 

White atropy is localized, often circular, whitish and
atropic skin areas surrounded by dilated capillaries
and sometimes hyperpigmentation. It is a sign of
severe CVD, not to be confused with healed ulcer
scars. Scars of healed ulceration may also exhibit
atropic skin with pigmentary changes, but they are
distinguishable by a history of ulceration and their
appearance from white atropy, and are excluded
from this definition (Figure 54.3).

Lipodermatosclerosis (LDS) is defined as a localized
chronic inflammation and fibrosis of the skin and
subcutaneous tissues of the lower leg, sometimes
associated with scarring or contracture of the
Achilles tendon. LDS is sometimes preceded by dif-
fuse inflammatory edema of the skin, which may be
painful and which is often refered to as hypodermi-
tis. LDS must be differentiated from lymphangitis,
erysipelas, or cellulitis by their characteristically dif-
ferent local signs and systemic features. LDS is a
sign of severe CVD (Figure 54.4).

Venous ulcer is a full-thickness defect of skin, most fre-
quently in the ankle region, that fails to heal sponta-
neously and is sustained by CVD (Figure 54.5).

The clinical stages C3–C6 are defined as chronic
venous insufficiency. This term was first used in
1957 by van der Molen.9 He summarized clinical
changes like edema, skin changes, corona phle-
bectatica paraplantaris, and skin ulcers caused by
chronic venous diseases under the term chronic
venous insufficiency. 

Chronic venous insufficiency
and gender

The risk for varicose veins is higher in the female
population, with an odds ratio of 1.5 and a confi-
dence interval of 1.25–1.79, whereas chronic
venous insufficiency in the stages C4–C6 is almost
equally distributed between men and women.7
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Figure 54.1 Corona phlebectatica.
Figure 54.2 Pigmentation.
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Chronic venous insufficiency
and age

The most important risk factor for venous disorders and
also for chronic venous insufficiency is higher age. This
has already been shown in different epidemiologic
studies wordwide.1,2,4 In the Bonn Vein Study the odds
ratio for age as a risk factor increased to 15.5
(9.67–24.96) for varicose veins and up to 23.3
(12.26–44.24) for chronic venous insufficiency. Higher
age is the most important risk factor for these diseases.

Skin changes such as pigmentation, dermatoli-
posclerosis, and venous ulcers increase severely with
age (Table 54.2). As shown in the Bonn Vein Study,

clinical stage C3 with edema starts to have a preva-
lence of more than 10% (12.9%) at the age of 40,
increasing up to 25.6% in the 70–79 age group.
Stage C4 shows a significant increase in prevalence,
starting at the age of 50. Before this age, skin
changes like eczema and white atropy are only
present in less than 1% of the population. The
prevalence rises from 3.4% in the 50–59-year-old
population up to 8.5% in the 70–79 age range.
Venous ulcers show an even later increase, from a
prevalence less tan 1% at ages below 60 years, and
increasing up to 2.4% in the 70–79 age range. The
stages C4 to C6 show an equal distribution in preva-
lence between men and women.7
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Figure 54.3 White atropy. Figure 54.4 Lipodermatosclerosis.

Figure 54.5 Venous ulcer.
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Treatment

The majority of the population with CVD have
varicose veins with a prevalence of 23% whereas a
minority have post-thrombotic syndrome after deep
venous thrombosis with a prevalence of 1.1%. The
basic treatment of skin changes due to chronic
venous insufficiency concerns physical measures
like walking and leg elevation, and compression
therapy with compression bandages or medical
compression stockings.10

Radiofrequency treatment is a kind of endove-
nous procedure as is endovenous laser treatment.11–16
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CHAPTER 55

Aging of hair
Ralph Trüeb and Rolf Hoffmann 

Introduction

The appearance of hair plays an important role in
people’s overall physical appearance and self-per-
ception. As early as can be traced in the history of
human civilization, mankind has shown an inter-
est to please by means of the natural ornament
hair, given that its appearance is a feature of the
body over which, unlike other hairy land mam-
mals, we exert direct control. Hair length, color,
and style play an important role in people’s physi-
cal appearance and self-perception. We modify
them according to how we wish to appear. The
condition and style of hair play a role in how we
discern the people we encounter, and how we are
perceived by those we come upon. Our ancient
preoccupation with hair is further heightened as
our increasing life expectancy fuels our desire to
preserve youthfulness. In today’s world, physical
appearance and the notion of looking young and
energetic play a greater role than ever. Hair is not
only intended to invoke male recognition of fem-
inine appeal and desirability, but it has even
become a predicate upon which social success and
career opportunities are based. The hair care
industry has become aware of this, and also more
capable to deliver active products that are
directed towards meeting this consumer demand.
The discovery of pharmacologic targets and the
development of safe and effective drugs also indi-
cate strategies of the drug industry for mainte-
nance of healthy and beautiful hair in the young
and aged.

The different types of hair aging
Hair aging comprises weathering of the hair shaft,
and aging of the hair follicle. The former involves
progressive degeneration of the hair fiber from the
tip to the root, while the latter manifests as a
decrease in melanocyte function or graying, and a
decrease in hair production in androgenetic and
senescent alopecia. The scalp is also subject to
intrinsic or physiologic aging, and extrinsic or pre-
mature aging due to external factors. Intrinsic fac-
tors are related to individual genetic and epigenetic
mechanisms with interindividual variation.
Prototypes are familial premature graying, and
androgenetic alopecia. Extrinsic factors include
ultraviolet radiation, air pollution, smoking, nutri-
tion, and lifestyle. Experimental evidence supports
the hypothesis that oxidative stress plays a major
role in premature skin and probably also hair aging.
It is the aim of this chapter to review the manifes-
tations and management of aging hair.

Hair weathering

Weathering represents the wear and tear that
mainly affects the free end of the growing hair fiber.
Once the hair shaft leaves the skin and grows longer
it undergoes some degree of degeneration depend-
ing on the extent of environmental and cosmetic
damage. Since scalp hair has the longest hair grow-
ing phase, it is subject to more damage than hairs of
other body sites. Given a hair growth rate of
approximately 1 cm/month, the part of the hair
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fiber that is 12 cm from the scalp will reveal the
accumulated physical and chemical trauma of one
year of growth! In normal hair the damage is most
prominent only near the tip of scalp hair, that often
appears lusterless and paler than the more proximal
growth, with varying degrees of split ends (trichop-
tilosis). The hair fiber with its normal surface struc-
ture of overlapping cuticular cells is potentially
susceptible to friction damage from excessive comb-
ing and brushing, particularly when wet. Associated
procedures may cause additional damage, in partic-
ular excessive heat ‘blown’ or from curling irons
applied to the hair.

Chemical treatment of hair, i.e. bleaching, color-
ing, perming, and straightening, is a major cause of
exaggerated hair weathering, since the cuticle
becomes raised and softened in the course of these
procedures, becoming more vulnerable to mechani-
cal abrasion. Loss of cuticle leads to longitudinal fis-
sures between exposed cortical cells, ultimately
resulting in hair fractures at these sites.1

Abnormal hairs with inherent weakness are
susceptible to excessive weathering. An example
is pili annulati, a disorder characterized by air-
filled spaces at regular intervals within the hair
shaft. In these cases, hair fragility manifests itself
after the onset of androgenetic alopecia, and tri-
chorrhexis nodosa-like fracturing is exclusively
limited to the androgenetic region. Thus, patients
with androgenetic alopecia may be at special risk
for developing the more severe weathering pat-
tern. Besides minimizing chemical and physical
trauma to the hair and special hair care measures
(see below), specific and early treatment of andro-
genetic alopecia using appropriate systemic and/or
topical therapy (see below) is of additional bene-
fit for these patients.

Care of aging hair
While shampoos have been the most common form
of cosmetic hair treatment, primarily aimed at
cleansing the hair and scalp, today’s consumer
expects more options. With the cosmetic market
being consumer driven, the industry has become
aware of this, and at the same time capable to
deliver active compounds towards meeting this con-
sumer demand. The result are dermocosmetic agents

that achieve cosmetic benefits by some degree of
physiologic action. Current hair-care products are
tailored to the variations associated with age, gen-
der, hair quality, hair care habit, and specific prob-
lems related to the superficial condition of the scalp.
Problems frequently associated with aging hair are
hair thinning, dryness, and damage.

The mechanics of taking care of thin hair can be
rewarding. The first thing to be recommended is to
shampoo frequently, especially when hair is greasy.
This will leave the hair fluffy and give the illusion
of thicker hair. A parting in the hair should be
avoided if possible, since it makes thin hair look
more sparse. Individuals with thin hair should also
avoid too-long hair styles, since the weight of the
hair will drag it down. Permanent waves can make
hair feel thicker and impart more body. Also, gray
hair that has become thinner will feel thicker with
hair color on it. Another technique is to get a hair
cut that is layered. This technique cuts the hair on
the top of the head shorter than the hair on the
bottom. 

Dry hair is hair which does not have enough
moisture. It is difficult to style and has lost its shine.
This is usually because the cuticle has become heav-
ily weathered and porous, in damaged hair usually as
a consequence of repeated cosmetic procedures.
The hair cortex is exposed and cannot retain
humidity. Treatment of dry and damaged hair con-
sists of intensive conditioning. Conditioners protect
the edges of the cuticle scales, although they cannot
cure broken hairs where the cortex fibers have burst
out (trichorrhexis and split ends). Hair-care prod-
ucts (conditioning shampoos, hair conditioners)
designed for dry or damaged hair contain large mol-
ecules that collect on the edges of the damaged
scales of the cuticle, helping to smooth over and fill
in the fractures and fissures.2 To dry hair they impart
softness, easier grooming, and luster. To damaged
hair they give back smoothness, gloss, and manage-
ability. Cationic polymers, hydrolyzed proteins, and
silicones, such as dimethicone, are useful in this
process. In addition, panthenol is absorbed into the
shaft and acts as a humefactant by providing mois-
ture. Constant research to find new formulas is at
the base of the progress achieved in the develop-
ment of effective hair-care products. The recent
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identification of different amino acid profiles in
normal and weathered hair, and the development of
a system of amino acids lost from the hair shaft in
the course of weathering and capable of being deliv-
ered from cosmetic formulations, is an example.3

Graying

Hair graying (canities) is a natural age-associated
feature. The hair graying trait correlates closely
with chronologic aging and occurs to varying
degrees in all individuals. While the normal inci-
dence of hair graying is 34 ± 9.6 years in
Caucasians and 43.9 ± 10.3 years in Africans, it has
been reported that, by 50 years of age, 50% of peo-
ple have 50% gray hair. This graying incidence
appears irrespective of sex and hair color. In men
graying usually begins at the temples and in the
sideburns.  Gradually, the gray works its way back
through the top, sides, and back of the hair. The
rate at which an individual turns gray depends on
genetics. It is not uncommon to observe kinships
with marked early graying throughout. Hair is said
to gray prematurely if it occurs before the age of 20
in Caucasians and before 30 in Africans. While
premature canities more commonly appear without
underlying pathology, presumably inherited in an
autosomal dominant manner, it has also been asso-
ciated with a similar cluster of autoimmune disor-
ders as occuring in vitiligo (e.g. pernicious anemia,
autoimmune thyroid disease) and several rare
syndromes with premature aging (e.g. Werner’s
syndrome).

Although graying is understood as a loss of pig-
ment in the shaft, its cellular and molecular origins
are incompletely understood.4 The color of hair
mainly relies on the presence or absence of melanin
pigment. Skin and hair melanins are formed in cyto-
plasmic organelles called melanosomes, produced by
the melanocytes, and are the product of a complex
biochemical pathway (melanogenesis) with tyrosi-
nase being the rate-limiting enzyme. It has been
shown that gray hair has undergone a marked reduc-
tion in melanogenically-active melanocytes in the
hair follicle.5 The net effect of this reduction is that
fewer melanosomes are incorporated into cortical

keratinocytes of the hair shaft. In addition, there
appears also to be a defect of melanosome transfer, as
keratinocytes may not contain melanin despite their
proximity to melanocytes with remaining
melanosomes. This defect is further corroborated by
the observation of melanin debris in and sometimes
around the graying hair bulb. This anomaly is due to
either defective melanosomal transfer to the cortical
keratinocytes or melanin incontinence due to
melanocyte degeneration. Eventually, no melanogenic
melanocytes remain in the hair bulb. This decrease of
melanin synthesis is associated with a decrease in
tyrosinase activity, as indicated by a reduced DOPA
reaction. Ultrastructural studies have shown that
remaining melanocytes not only contain fewer
melanosomes, but the residual melanosomes may be
packaged within autophagolysosomes. This removal
of melanosomes into autophagolysosomes suggests
that they are defective, possibly with reactive melanin
metabolites. This interpretation is supported by the
observation that melanocytes in graying hair bulbs are
frequently highly vacuolated, a common cellular
response to increased oxidative stress. The extraordi-
nary melanogenic activity of pigmented bulbar
melanocytes, continuing for up to 10 years in some
hair follicles, is likely to generate large amounts of
reactive oxygen species via the hydroxylation of tyro-
sine and the oxidation of DOPA to melanin. If not
adequetly removed by an efficient antioxidant system,
an accumulation of these reactive oxidative species
will generate significant oxidative stress. It is possible
that the antioxidant system becomes impaired with
age, leading to damage to the melanocyte itself from
its own melanogenesis-related oxidative stress. Since
mutations occur at a higher rate in tissue exposed to
high levels of oxidative stress, and these accumulate
with age, the induction of replicative senescence with
apoptosis is likely to be an important protective
mechanism against cell transformation. 

Possibilities for reversal of hair graying
Temporary hair darkening has been reported after
ingestion of large doses of p-aminobenzoic acid or
PABA. Sieve6 gave 100 mg three times daily to 460
gray-haired individuals and noted a response in
82%. Darkening was obvious within 2–4 months
of starting treatment. The hairs turned gray again
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2–4 weeks after stopping therapy. Side-effects
(gastrointestinal upset) at this high dosage of
PABA limit its use. The mechanism of action has
remained unclear.

In the absence of a natural way to reverse hair
graying, hair colorants are the mainstay of covering
lost hair color. Whether a person decides to color
his hair depends on many factors. The first is
whether the person is really too young to feel com-
fortable with premature gray hair; a second factor is
whether the gray hair affects an individual’s career
opportunity; a third is cosmetics: gray hair may be
unbecoming to a person’s complexion, especially if
he is pallid or sallow. There are several choices open
to a person with gray hair: 

• If hair is less than 10% gray, to pluck out the
grays. 

• To apply blond streaks to some of the hair, a pro-
cedure called highlightening. 

• To color only the gray, especially in the begin-
ning when the gray in men affects only the tem-
ples, or the perimeter in women. 

• To color about half the hair by wrapping it with
a lighter shade, producing a natural look. 

• Finally, to color the entire head of hair, usually
going two shades lighter than a person’s natural
color to prevent a harsh look.

The following major types of hair colors are cur-
rently used: temporary (textile dyes), natural color-
ing (henna), semipermanent (low molecular weight
direct dyes), and permanent (aromatic amines).
Temporary hair colorants consist of large complex
organic structures that do not penetrate the cuticle.
The colors are not intense but are capable of cover-
ing gray hair in a subtle way. This may be a good way
for an individual to experiment with the coloring
idea. The colorant washes out with the next sham-
poo. Henna, obtained form the plant Lawsonia alba,
is a naturally occuring hair colorant. Its use dates
back to ancient Egypt. Although the color can add
red highlights to hair, occasionally on gray hair it
may come out looking orange. Semipermanent col-
orants consist of small molecules that penetrate the
cuticle. These compounds color gray hair very
nicely, are easily applied in a lotion or foam at

home, and last for six to ten shampoos. The most
frequently used hair colorant is permanent hair dye.
In permanent hair coloring the formation of colored
molecules from their precursors occurs inside the
hair fibers as a result of oxidation by hydrogen per-
oxide. The advantage of permanent color is that the
color withstands normal hair washing. Because new
growth comes out, the roots need to be touched up.
Such products are used in a very gratifying manner
and safely by millions of individuals worldwide.
There have been studies that raised the possibility
that long-term usage of permanent hair dyes (par-
ticularly black dyes) may be associated with an
increased risk of developing certain cancers.
However, taken together the evidence is insuffi-
cient to state with certainty whether there is a link
between using hair dye and cancer. Nevertheless, it
is recommended by Harvard Health Online7 that
those who use dark hair coloring and want to ‘play
safe’ should try to use it as infrequently as possible,
wear gloves when applying the dye, not leave it on
the scalp any longer than necessary, and rinse the
scalp thoroughly after using it. A small number of
users may develop irritative and allergic contact
reactions (commonly due to p-phenylenediamine)
that may result in dermatitis and even hair loss.

Antrogenetic alopecia

The clinical hallmark of androgenetic alopecia
(AGA) in men is a patterned decrease in scalp hair
density. As a rule AGA may start to develop with
the onset of puberty in both men and women,
although men tend to develop AGA earlier than
females. AGA is distinct from the age-dependent
thinning of scalp hair (senescent balding) that
occurs in both sexes by the seventh or eighth decade
of life. The first sign of AGA in men is usually a
bitemporal recession, which can be seen in nearly all
sexually mature Caucasian males, including those
men not destined to develop further hair loss.
However, balding of the vertex or diffuse thinning of
hairs may also be seen. The prevalence of progressive
AGA approaches 50% of Caucasian men beyond
the age of 40, whereas in Asian, native American,
and African-American men the prevalence is lower
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and AGA is less severe. All the hairs in an affected
area may be involved in the miniaturization process
and over the time the region may be covered with
fine, hardly visible vellus hairs. Along with hair
miniaturization the production of pigment ceases.
There is still a controversy whether the total num-
ber of hair follicles decreases during AGA. However,
it can be assumed that some hairs in AGA are
definetely lost, but the majority of hair shafts are still
present as tiny, barely visible vellus hairs.

Psychologic aspects of hair loss
The loss of hair is often trivialized, but hair loss may
have profound effects on a patient´s well-being and
quality of life.8 Studies about the psychosocial
impact on hair loss have shown that younger men
are often concerned, at the onset of hair loss, about
how they will look in the future, and virtually all
men regard hair loss to be an unwanted, distressing
experience that interferes with their body image.
Physicians should therefore recognize that AGA
goes well beyond the mere physical aspects of hair
loss in the patient´s own perception. At times these
symptoms may be exaggerated and it is essential to
remember that a small but important minority of
patients may have dysmorphophobia regarding their
appearance.

Diagnosis and differential diagnosis
Only exceptionally are laboratory tests or scalp
biopsies needed to confirm the diagnosis of AGA.
The clinical assessment of AGA is largely a matter
of common sense and practice. Therefore a thor-
ough clinical examination and history is very
important and will nearly always establish or
exclude the diagnosis of AGA. In cases of doubt,
histopathologic examination of scalp biopsies and
some laboratory investigations are useful.

Pathogenesis
While the genetic involvement is pronounced but
poorly understood and the changes within the
androgen receptor have only recently been shown
to be important for early-onset AGA in men, major
advances have been achieved in understanding
principal elements of the androgen metabolism
involved in the pathogenesis of AGA.9–11

Androgen-dependent processes are predominantly
due to the binding of dihydrotestosterone (DHT) to
the androgen receptor (AR). 

More than 60 years ago Hamilton observed that
men who were castrated did not develop AGA.12

Therefore it was conlcuded that the growth of hair
follicles is in some areas androgen-dependent. At
present it is unknown how androgens exert their
paradoxic effect on the growth of hair follicles in
different body sites, and which genes are involved.
However, Hamilton had already shown that AGA
can be triggered in castrated men by injecting
testosterone. The androgen-dependent nature of
AGA is furthermore demonstrated by the lack of
frontal recession in androgen-insensitive men who
lack functional androgen receptors and by the
inducibility of AGA in the stump-tailed macaque
by testosterone. DHT-dependent cell functions
depend on the availability of weak androgens, their
conversion to more potent androgens via the action
of 5α-reductase, low enzymatic activity of andro-
gen-inactivating enzymes, and functionally active
ARs present in high numbers. The predisposed
scalp exhibits high levels of DHT, and increased
expression of the AR. Conversion of testosterone to
DHT within the dermal papilla plays a central role,
while androgen-regulated factors deriving from
dermal papilla cells are believed to influence growth
of other components of the hair follicle.

No or minimal beard growth or AGA is seen in
pseudohermaphrodites who lack 5α-reductase, indi-
cating that DHT, the 5α-reduced metabolite of
testosterone, is the principal mediator of androgen-
dependent hair loss. Interestingly, 5α-reduced
metabolites of testosterone are increased in balding
areas of the human scalp as well as in the scalp of
the stump-tailed macaques. It is not yet clear
whether DHT is derived from the local metabolism
or from the circulation, but it can be assumed that
under the influence of DHT hair loss is character-
ized by a shortening of the anagen phase and minia-
turization of the hair follicle, which results in
thinner and shorter hair. 

Since many extrinsic hair growth-modulatory fac-
tors, such as androgens,13 apparently operate at least
in part via the dermal papilla, research is currently
also focused on identifying androgen-regulated
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factors deriving from dermal papilla cells. Of the
several factors that have been suggested to play a role
in hair growth, so far only insulin-like growth factor
(IGF-1) has been reported as altered in vitro by
androgens,14 and stem cell factor (SCF) has been
found to be produced in higher amounts by andro-
gen-dependent beard cells than in control non-bald-
ing scalp cells, presumably also in response to
androgens.15 Since SCF is the ligand for the cell sur-
face receptor c-kit on melanocytes, this may also play
a role in hair pigmentation. The limited success rate
of treatment of AGA with hair growth promoters or
modulators of androgen metabolism means that fur-
ther pathogenic pathways may be taken into account. 

The implication of microscopic follicular inflam-
mation in the pathogenesis of AGA has emerged
from several independent studies.16,17 An early study
refered to an inflammatory infiltrate of activated T-
cells and macrophages in the upper third of the hair
follicles, associated with an enlargement of the fol-
licular dermal sheath composed of collagen bundles
(perifollicular fibrosis), in regions of actively pro-
gressing alopecia. Horizontal section studies of scalp
biopsies indicated that the perifollicular fibrosis is
generally mild, consisting of loose, concentric layers
of collagen that must be distinguished from cicatri-
cial alopecia. The term ‘microinflammation’ has
been proposed, because the process involves a slow,
subtle, and indolent course, in contrast to the
inflammatory and destructive process in the classi-
cal inflammatory scarring alopecias. An important
question is how the inflammatory reaction pattern
is generated around the individual hair follicle.
Inflammation is regarded as a multistep process
which may start from a primary event. The observa-
tion of a perifollicular infiltrate in the upper follicle
near the infundibulum suggests that the primary
causal event for the triggering of inflammation
might occur near the infundibulum. On the basis of
this localization and the microbial colonization of
the follicular infundibulum with Propionibacterium
sp, Staphylococcus sp, Malassezia sp, or other mem-
bers of the transient flora, one could speculate that
microbial toxins or antigens could be involved in
the generation of the inflammatory response.

Alternatively, keratinocytes themselves may
respond to chemical stress from irritants, pollutants,

and UV irradiation, by producing radical oxygen
species and nitric oxide, and by releasing intracellu-
larly stored IL-1α. This pro-inflammatory cytokine
by itself has been shown to inhibit the growth of iso-
lated hair follicles in culture.18 Moreover, adjacent
keratinocytes, which express receptors for IL-1, start
to engage the transcription of IL-1 responsive genes:
mRNA coding for IL-1α, TNFα, and IL-1α, and for
specific chemokine genes, such as IL-8, and mono-
cyte chemoattractant protein-1 (MCP-1) and
MCP-3, themselves mediators for the recruitment
of neutrophils and macrophages, have been shown
to be upregulated in the epithelial compartment of
the human hair follicle. Besides, adjacent fibroblasts
are also fully equipped to respond to such a pro-
inflammatory signal. The upregulation of adhesion
molecules for blood-borne cells in the capillary
endothelia, together with the chemokine gradient,
drive the transendothelial migration of inflamma-
tory cells, which include neutrophils through the
action of IL-8, T-cells and Langerhans cells at least
in part through the action of MCP-1. After process-
ing of localized antigen, Langerhans cells, or alter-
natively keratinocytes, which may also have
antigen-presenting capabilities, could then present
antigen to newly infiltrating T lymphocytes and
induce T-cell proliferation. The antigens are selec-
tively destroyed by infiltrating macrophages, or
natural killer cells. On the occasion that the causal
agents persist, sustained inflammation is the result,
together with connective tissue remodeling, where
collagenases, such as matrix metalloproteinase
(also transcriptionally driven by pro-inflammatory
cytokines), play an active role. Collagenases are sus-
pected to contribute to the tissue changes in peri-
follicular fibrosis. The significance of these findings
has remained controversial. However, morphomet-
ric studies in patients with male pattern AGA
treated with minoxidil showed that 55% of those
with microinflammation had regrowth in response
to treatment, in comparison to 77% in those
patients without inflammation and fibrosis.

Treatment
The treatment of AGA is obscured by myths. Many
products or procedures are advertized for the treat-
ment of AGA, such as vitamins, trace elements,
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exotic herbs, amino acids, ‘soft laser’, scalp massage,
etc. Most of these techniques or substances have
never been verified in sound clinical trials. Because
of the psychosocial impact of hair loss, it is impor-
tant to explain the evaluation to the patient and to
inform them on what they may expect in terms of
continuing hair loss, and that response to any ther-
apy may be slow and may include hair regrowth or
only retardation of further thinning. A decision to
have no treatment may be an appropriate option for
certain patients. Nevertheless, patients with hair
loss will often seek inappropriate or unproven ther-
apies that are available in non-medical settings,
that may be rather costly. This review will not list
substances with doubtful efficacy but focus on
proven medical treatment options. Surgical
approaches or the detailed description of special
wigs are beyond the scope of this review. 

The aim of AGA treatment is to reverse or to
stabilize the process of hair follicle miniaturization.
This can be accomplished either by modifiers of the
androgen signal transduction cascade or by other
hair growth promoters. The first strategy tries to
antagonize the androgen-induced processes within
the hair follicles and is therefore a causative
approach, whereas the latter strategy ignores the
pathogenetic events leading to AGA. 

Androgen receptor blockers
(anti-androgens)

Anti-androgens are, in contrast to pure enzyme
inhibitors, substances that prevent androgens from
expressing their activity at target sites. They com-
pete with DHT or testosterone for the specific AR,
thus inhibiting androgen-mediated processes. AR
blockers are used in the treatment of various dis-
eases such as cancer of the prostate. Because AGA
is an androgen-mediated process, AR blockers are a
rational approach for treatment. For obvious rea-
sons, however, this type of treatment is contraindi-
cated in men. 

Type 2 5α-reductase inhibitors

The first agent used for this purpose is finasteride,
which is an orally active type 2 5α-reductase

inhibitor. Clinical studies conducted to treat benign
prostatic hyperplasia established the excellent
safety profile of this drug. In theory, finasteride
could be applied topically, but it should be noted that
all lipophilic drugs will be absorbed. Dose-finding
studies conducted to compare the efficacy of 5 mg
versus 1 mg 0.2 mg and 0.01 mg finasteride to treat
AGA in men indicated that 1 mg finasteride daily
can be regarded as a safe and efficient approach for
treatment. These preliminary data led to large-
scale, phase III, placebo-controlled, cross-over
designed clinical trials comprising 1879 men which
showed that a 2-year trial of oral finasteride
1 mg/day promotes new hair growth in 66%
(placebo 7%) and prevents further hair loss in 83%
of patients.19

Finasteride 1 mg/day is well tolerated and is a 5α-
reductase inhibitor which has in vivo a much
higher affinity for the type 2 than the type 1 isoen-
zyme. In vitro, finasteride and testosterone appear
to compete for the same binding site of 5α-reduc-
tase, but finasteride has no direct effect on the bind-
ing of testosterone or DHT to the androgen
receptor. Even a single dose of 12.5 mg finasteride
will lower systemic DHT levels by 56% for 72 hours.
Hence it is understandable that finasteride 1 mg/day
lowers DHT concentrations in the prostate and in
the scalp. The serum DHT concentrations are low-
ered by approximately 68% with an associated
slight increase in serum testosterone and estradiol
levels, which is still within the normal range and is
therefore clinically irrelevant. Finasteride does not
influence the hypothalamic–pituitary–testicular
axis, nor has it a significant effect on serum levels of
prolactin, sex hormone-binding globulin, aldos-
terone, or cortisol.

Young rats fed with 20 to 80 mg/kg per day of
finasteride first showed mild to moderate decreases
in fertility after 12 weeks of treatment, whereas
mature males (given only 80 mg/kg per day) did not
show a similar decrease during 24 weeks of treat-
ment. Finasteride in a dosage of 1 mg/day for men
was not associated with any changes in sperm motil-
ity, morphology, or total sperm number. As a result
of a diminished function of seminal glands the total
volume of the ejaculate was slighly reduced but still
within the normal range. Neither serum lipid levels

703

Aging of hair

Lunenfeld-ch-55.qxd  8/23/2007  5:35 PM  Page 703



nor bone metabolism are affected by finasteride.
Finasteride 1 mg/day does, however, reduce slightly
the mean prostate volume and PSA levels. Serum
PSA levels higher than 40 ng/ml are suggestive of a
cancer of the prostate and men harboring an unrec-
ognized prostate cancer may, by taking 1 mg/day
finasteride, lower their PSA levels, thus disguising
their cancer in the serum test. Therefore, some
authors suggest that in older men PSA levels should
be monitored before finasteride is taken. Finasteride
has no or only little effect on body hair; 7.7% of
finasteride versus 7% of placebo recipients reported
mild to moderate treatment-related adverse events
(1.4% and 1.6%, respectively, withdrew). This dif-
ference was not statistically significant. The events
reported more frequently on finasteride as compared
to placebo treatment were decreased libido (1.8% vs
1.3%), ejaculation disturbances (1.2% vs 0.7%),
and erectile dysfunction (1.3% vs 0.7%). These dif-
ferences were slightly statistically significant but it
should be noted that these effects resolved in most
men still on drug therapy, and in all men who dis-
continued the treatment because of the adverse
events.

Minoxidil

Minoxidil is a drug commonly leading to hypertri-
chosis in approximately. 70% of patients treated sys-
temically. This is apparent after a few weeks of
systemic treatment and the hair will fall out 2
months after discontinuation of the drug. At pre-
sent minoxidil is the only drug out of the list of
drugs inducing hair that has been used topically to
induce hair growth in AGA, and it was the first
drug to be approved for the indication of AGA in
both men and women. Minoxidil is a pyrimidine
derivative (2,4-diamono-6-piperidinopyrimidine-3-
oxyde) initially developed as a potent antihyperten-
sive agent. In addition to being a direct-acting
vasodilator, it was unexpectedly found to stimulate
hair growth in vivo, and this side effect led to its
clinical use in AGA. It is so far unclear why minox-
idil induces hair growth. It stimulates a time-depen-
dent increase in 3[H]-thymidine and 35[S]-cysteine
incorporation in mouse vibrissa follicles and it has
been suggested that this effect is mediated via the K+

channels and that a sulfated metabolite of M exerts
this effect20 via M-sulfotransferase, which is present
in hair follicles. One study showed that cutaneous
blood flow increased after application of minoxidil,
although a causal relationship has not been proven.
Minoxidil has been shown to prolong anagen hair
growth in vitro and some authors have considered
that it may act via the inhibition of lysine hydroxy-
lase, or via prostaglandin synthase-1.

Clinical trials of topical 2% and 5% minoxidil in
male and female hair loss have all shown remark-
ably rapid increase in hair growth, measured by hair
counts or hair weight.21–27 The increase is evident
within 6–8 weeks of treatment and has generally
peaked by 12–16 weeks. However, topical minoxidil
has not been studied in the specific perspective of
aging and senescent alopecia. In an recent analysis
of clinical trial data in 636 males a therapeutic ben-
efit of topical 2 and 5% minoxidil solution was com-
pared to age, duration of balding, and diameter of
balding vertex area in males.28 Age was found to be
the denominator for predicting treatment success.
The younger subjects experienced better efficacy
than the older subjects, although clear treatment
effects were noted also in the older age group. There
was also an inverse relationship between effect and
duration of balding. Males with duration of bald-
ing < 5 years showed a significantly better effect
than those with duration of balding > 21 years. The
diameter of vertex balding in men showed an
inverse relationship with efficacy of minoxidil.
Males with < 5 cm diameter vertex balding area
showed a better effect of treatment than subjects
with diameters > 15 cm. Finally, duration of hair loss
less than 1 year compared to more than 10 years at
onset of treatment resulted in a significantly more
effective treatment with respect to stabilization of
alopecia and new hair growth.

In sum, the treatment of AGA with minoxidil is
able to induce some hair regrowth in a considerable
number of patients. The exact rate of success is,
however, controversial. Minoxidil treatment can be
regarded as a safe therapy with side-effects restricted
to local irritation and a rather low incidence of
allergic contact dermatitis. Minoxidil must be used
for life, because after discontinuation all regrown
hair will be lost. 
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Autologous hair transplantation
Beside pharmacologic treatments, surgical proce-
dures are becoming more and more popular. Ever
since the invention of autologous hair transplanta-
tion, the transplants have become smaller and
smaller to the stage that single hairs or follicular
units are presently grafted. This delicate procedure
produces very good clinical results, provided a tal-
ented hair surgeon undertakes the operation and a
well-trained team cut the scalp tissues in a precise
manner.

Senescent alopecia

Senile involutional or senescent alopecia has been
defined as non-androgen-dependent hair thinning
found in those over 50 years of age.29 Much like
AGA, it involves a progressive decrease in the num-
ber of anagen follicles and hair diameter. It frequently
occurs together with AGA, further complicating its
delineation from the latter. Some authors have pro-
posed that senescent alopecia may result from cumu-
lative physiologic degeneration of selected hair
follicles. In healthy murine skin they described clus-
ters of perifollicular macrophages as perhaps indicat-
ing the existence of a physiologic program of
immunologically controlled hair follicle degenera-
tion by which malfunctioning follicles are removed
by programmed organ deletion.30 On the other hand,
in his original description, Kligman proposed a pro-
nounced inflammatory component in AGA (see
above), but not in senescent alopecia. Moreover,
Price et al31 did not identify any ‘drop-out’ of follicles
in senescent alopecia upon staining biopsies for
elastin, whereas there was less 5α-reductase enzyme
activity in comparison to AGA. Nevertheless, some
forms of primary fibrosing alopecia may represent
pathologic exaggeration of immune-mediated, pro-
grammed organ deletion, resulting in a follicular
lichenoid reaction pattern, specifically post-
menopausal frontal fibrosing alopecia,32 and fibrosing
alopecia in a pattern distribution.33

In their study on aging and hair cycles over an
exceptionally long duration of 8 to 14 years, Courtois
et al34 found a reduction in the duration of hair
growth and in the diameter of hair shafts, and a

prolongation of the interval separating the loss of a
hair in telogen and the emergence of a replacement
hair in anagen (latency phase). These phenomena
resembled those observed in the course of AGA,
although their development was less marked, sug-
gesting AGA is a premature aging phenomenon.
This aging process was evidenced by a reduction in
the number of hairs per unit area and a deterioration
in the quality of scalp hair. The reduction in density
was manifested to different degrees in different indi-
viduals. It amounted to less than 10% in 10 years in
the individuals with the least alopecia, and was much
more pronounced in the balding subjects. The maxi-
mal length of hair diminished as the subjects aged,
and in parallel the hairs became finer. However,
among non-balding subjects there was a tendency for
the proportion of thicker hairs to increase. Finally,
aging did not appear to follow a perfectly regular
course over time. Periods of stability, or even partial
remission, alternated with periods of more marked
evolution, reflecting perhaps the influence of indi-
vidual factors such as the subject’s general health,
lifestyle, and risk factors for accelerated aging. 

Role of smoking and ultraviolet 
radiation
Besides being the single most preventable cause of
significant morbidity and an important cause of
death in the general population, tobacco smoking
has been associated with adverse effects on the
skin. Smoke-induced premature skin aging has
attracted the attention of the medical community,
while only recently an observational study indi-
cated a relationship between smoking, graying of
hair, and alopecia.35 The mechanisms by which
smoking causes hair loss are multifactorial, and
probably related to effects of cigarette smoke on the
microvasculature of the dermal hair papilla, a
smoke genotoxicants causing damage to DNA of
the hair follicle, a smoke-induced imbalance in the
follicular protease/antiprotease systems controling
tissue remodeling during the hair growth cycle,
pro-oxidant effects of smoking leading to the
release of pro-inflammatory cytokines resulting in
follicular microinflammation and perifollicular
fibrosis, and finally increased hydroxylation of
estradiol creating a relative hypoestrogenic state.
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The fact that cigarette smoke-associated hair loss is
of the androgenetic type again indicates that
genetic factors contribute. Of course, variances
between individuals also may result from patterns
of conduct, in as much as persons exposed to one
risk factor (smoking) are often exposed to others as
well, such as intake of androgens and their precur-
sors (such as DHEA in anti-aging protocols!),
excessive ultraviolet exposure (see below), and
stress, all of which have been implicated in one way
or another in the pathogenesis of alopecia.

In view of the psychologic effects of hair loss on
affected men, increasing public awareness of the
association between smoking and alopecia offers an
opportunity for health education against smoking,
that may be more effective than the link between
smoking and facial wrinkles or gray hair, since the
latter can be effectively counteracted by current
esthetic dermatologic procedures, while treatment
options for AGA have their limitations.

Progressive thinning of scalp hair in AGA results
in a gradual decline in the natural protection of the
scalp from ultraviolet radiation (UVR). While the
consequences of sustained UVR on the unprotected
scalp are obvious and well appreciated, specifically
photocarcinogenesis and solar elastosis, the effects
of UVR on hair loss have been widely ignored.
However, clinical observations and theoretic con-
siderations suggest that UVR may have negative
effects:36 acute telogen effluvium from UVR has
been described,37 and the production of porphyrins
by Propionibacterium sp. in the pilosebaceous duct,
with photoactivation of porphyrins38 leading to
oxidative tissue injury, may contribute to follicular
microinflammation operative at the level of the fol-
licular stem cells. Histopathologically elastosis is
regularly found in scalp biopsies, especially in
alopecic conditions. A recent study demonstrated a
relationship between the degree of scalp elastosis
and severity of AGA:39 the scalp dermis was signifi-
cantly thicker in AGA than in unaffected control
subjects. The difference was due to severer elastosis
in baldness. The earliest signs of solar elastosis pre-
ceded hair thinning. When elastosis was thicker
than 0.2 mm, a negative exponential correlation
was found between the hair diameter and severity of
solar elastosis.

As a consequence of increased leisure time with a
growing popularity of outdoor activities and holidays
in the sun, awareness of sun protection has become
imperative. Topically applied chemicals that act as
sun protectors are widely utilized and offer the most
convenient means of protecting the glabrous skin
against acute (sunburn) and chronic pathologic
effects of UVR. Out of cosmetic reasons their use on
the hair-bearing scalp is problematic, unless com-
plete baldness is present. Although hats provide the
best protection of the scalp from UVR, not all
patients find it convenient or acceptable for this pur-
pose. While protection of the hair against photo-
damage has been extensively studied, there are no
data on photoprotection of the hair-bearing scalp. It
has been found that hair dyes may protect hair
against photodamage.40 Cinnamidpropyltrimonium
chloride, a quaternized UV absorber, delivered from
a shampoo system, has been reported to be suitable
for photoprotection of hair, while simultaneously
providing an additional conditioning;41 and solid
lipid nanoparticles have been developed as novel
carriers of UV blockers for use on skin and hair,
while offering photoprotection on their own by
reflecting and scattering UVR.42

Finally, systemic photoprotection has been the
focus of more recent investigation, in as much as
this would overcome some of the problems associ-
ated with the topical use of sunscreens. Preclinical
studies have illustrated the photoprotective proper-
ties of supplemented antioxidants, particularly beta-
carotene (provitamin A), alphatocopherol (vitamin
E), and L-ascorbate (vitamin C). However, clinical
evidence that these prevent, retard, or slow down
solar skin damage is impending. The same applies to
topical melatonin, which has been found to suppress
UV-induced erythema and UV-induced reactive
oxygen species in a dose-dependent manner.43

Nevertheless, these results suggest the probable util-
ity of combining these compounds with known sun-
screens to maximize photoprotection.

Development of topical anti-aging 
compounds
Recent advances in the care of aging hair and scalp
are topical anti-aging compounds. Due to water dilu-
tion and short contact time, neither topical hair
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growth stimulants nor anti-aging compound have
any significant effect in shampoos. Antioxidants in
shampoos, such as vitamins C and E, protect fatty
substances in the shampoo from oxidation, and not
the scalp. The rationale for the development of topi-
cal hair growth stimulants in the form of leave-on
products is: effect on androgen metabolism (e.g. inhi-
bition of 5α-reductase), effect on sebum production
and microbial flora,44 effect on microinflammation
and fibrosis, and effect on vascularization and VEGF
(e.g. minoxidil). Topical anti-aging compounds of
current interest are green tea polyphenols, selenium,
copper, phytoestrogens, melatonin, and as yet
unidentified substances from Traditional Chinese
Medicine and Ayurveda.

Future directions

There is an increasing interest in the hair follicular
route for delivery of active compounds affecting the
hair. Current research activities focus on using topi-
cal liposome targeting to selectively introduce
melanins, genes, and proteins into hair follicles for
therapeutic and cosmetic modification of the hair.45

For example, selective delivery of topical liposome
to hair follicles has demonstrated the ability to color
hair with melanin. Another line of research in the
quest of new treatments for hair loss is tissue engi-
neering cells of hair follicular origin with inductive
properties.46 Keeping in mind that thus far all med-
ical treatments have only had limited success rates
and that autologous hair transplants are time-con-
suming and costly, the use of adult hair follicle stem
cells will be a future goal to treat androgenetic or
senile balding.47 By this approach hair follicle spe-
cific stem cells are isolated, grown in vitro, and
injected into the scalp. This procedure works well in
animal models and the future will show whether this
becomes a treatment option for human hair loss.
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CHAPTER 56

Hormone treatments and 
preventative strategies in
aging men: whom to treat,
when to treat, and how to treat
Louis JG Gooren, Alvaro Morales, and Bruno Lunenfeld

Introduction

The field of hormonal alterations in the aging male
has attracted the interest of the medical community
and the public at large. The potential role of hor-
mone replacement in the aging male is still a mat-
ter of debate and it will take many more years before
hormone replacement therapy (HRT) will find its
proper definitive place. It requires large-scale long-
term studies, which are difficult to fund and execute
but are in the planning stage. Apart from that, the
attitude towards hormone replacement in the
elderly has changed following the publication of
the outcome of HRT in postmenopausal women of
the Women Health Initiative study, which found an
excess of breast cancer and cardiovascular disease in
the treatment group versus placebo.1 Even though
many methodologic questions still await answers,
the approach to postmenopausal HRT has become
more critical.2 The approach to HRT in aging men
has always been more cautionary than to HRT in
women, and the outcome of the Women Health
Initiative study has added to this.1,3 It is further rec-
ognized that the endocrinologic changes associated
with aging, in both men and women, are not lim-
ited to sex hormones alone. Indeed, profound

changes occur in other hormones such as growth
hormone, dehydroepiandrosterone (DHEA), mela-
tonin, while insulin levels tend to rise with aging.
Plasma cortisol levels do not fall but the ratio to the
catabolic corticosteroids to the anabolic androgens
increases, with potentially deleterious effects. In
patients receiving glucocorticoid treatment, simul-
taneous administration of testosterone appeared to
ameliorate the catabolic effects of glucocorticoids
on bone and muscle.4

The controversy over whether men show a
decline in testosterone (T) levels with aging has been
resolved. Several methodologically sound longitudi-
nal studies in healthy men have shown that T, but
particularly free or bioavailable levels of T, do decline
with aging, though there is considerable interindivid-
ual variation and certainly not all aged men become
hypogonadal. (For a review see reference 5.) 

It is increasingly realized that androgens have a
large number of non-reproductive effects; they are
important anabolic factors in the maintenance of
muscle mass and bone mass, glucose and lipid
metabolism as constituents of the metabolic syn-
drome, and also in non-sexual psychologic func-
tioning. The latter actions are important constituents
of well-being in old age. 
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There is now growing consensus on the termi-
nology of the age-related decline in testosterone.
The suggestion of a male menopause was promptly
dismissed by most scientists. Andropause might be a
more acceptable term to describe the process of age-
related changes in men, but as a term it is not very
clear what it stands for. (Partial) androgen defi-
ciency of the aging male has for a long time domi-
nated the terminology, but has now been replaced
by late onset hypogonadism.6,7

A small proportion of secreted androgens in the
male are aromatized to estrogenic hormones. There
are recent insights that these estrogens fulfill a sig-
nificant role in the male body with regard to the
state of the bones, the cardiovascular system, and the
brain. Not only androgen production declines with
aging, but also the secretion of growth hormone and
adrenal androgens diminishes. The biologic actions
of androgens and growth hormone are largely inter-
twined. Some anabolic effects of androgens have
growth hormone-related factors as intermediaries. 

Strategies have to be devised to allow the aging
male get the benefits from new medical insights into
the aging process.8,9 The track record of medical
care for the aging male has been a poor one.10 Up to
the present day there is a considerable misuse of
hormonal preparations in the medical care of aging
men. The following contribution will address a
number of pertinent issues in this area.11,12 Only on
the basis of sound scientific data will a consensus be
reached on these controversial issues.

Quantitative aspects of the decline
of androgen levels in aging 

Several studies document that androgen levels
decline with aging (for a review see reference 5).
Longitudinal studies have documented a statistical
decline of plasma testosterone by approximately
30% in healthy men between the ages of 25 and 75
years.5 Since plasma levels of sex hormone-binding
globulin (SHBG) increase with aging, plasma
testosterone not bound to SHBG decreases even
more – by about 50% – over that period.5 Studies in
twins have shown that genetic factors account for
63% of the variability in plasma T levels, and for

30% of the variability in SHBG levels.13 In addition,
systemic diseases, increasing with age, are a cause of
declining plasma levels of T.5 While it now has been
shown, beyond doubt, that plasma T, and in partic-
ular bioavailable and FT, declines with aging, it
remains uncertain what percentage of men actually
becomes T deficient with aging in the sense that
they will suffer the clinical consequences of T defi-
ciency. Stringent criteria to diagnose T deficiency
have not been formulated, either in the young or in
the elderly male population. In a study of 300
healthy men between the ages of 20 and 100 years,
Vermeulen,14 defining the reference range of total T
to be between 11 and 40 nmol/l, found one man
with subnormal T in the age group between 20 and
40 years, but more than 20% above the age of 60
years, while 15% of men above the age of 80 years
still had T values above 20 nmol/l. The implication
is that only a certain proportion of men has lower
than normal T values in old age. It is a group that is
difficult to identify since symptoms of aging mimic
symptoms of T deficiency.6,7

It has not become clear whether, for aging men,
other criteria for T deficiency should be established
than for younger men. Testosterone has a number of
physiologic functions in the male. In adulthood it is
responsible for maintenance of reproductive capac-
ity and of secondary sex characteristics, it has posi-
tive effects on mood and libido, anabolic effects on
bone and muscle, and it affects fat distribution and
the cardiovascular system. Threshold plasma values
of T for each of these functions are becoming estab-
lished, but it remains uncertain whether these
threshold values change over the life-cycle.
Theoretically, it is possible that in old age androgen
levels suffice for some but not for all androgen-
related functions. Male sexual functioning in adult-
hood, for instance, can be maintained with lower
than normal values,15,16 especially in the younger
adult. However, there are indications that the
threshold required for behavioral effects of T
increases with aging.17 Bhasin et al18 analyzed the
dose – response relationships between plasma T and
biologic effects, and showed that low to mid normal
plasma levels of T suffice for most of its biologic
actions. An exception is between plasma T and
muscle mass, which shows a linear relationship.18
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For androgen deficiency it is difficult to rely on
clinical symptoms, particularly in elderly men. In
adult persons who have previously been eugonadal,
symptoms of T deficiency emerge only gradually. So,
only the effects of long-standing T deficiency will
be clinically recognized.

The laboratory reference values of T and FT show
a wider range than those for most other hormones (for
instance thyroid hormones), which makes it difficult
to establish whether measured values of T in patients
are normal or abnormal. Is a patient whose plasma
levels of T fall from the upper to the lower range of
normal (a drop of as much as 50%) T deficient? Levels
may well remain within the reference range but may
be inappropriate for that particular individual. In thy-
roid pathophysiology plasma TSH proves to be a bet-
ter criterion of thyroid hyper/hypofunction than
plasma T4 or T3, but it is uncertain whether plasma
LH is a reliable indicator of hypogonadism in the
elderly man.5–7 With aging there are reductions in LH
pulse frequency and amplitude. Several studies have
found that LH levels are elevated in response to the
decline of T levels with aging, but less so than is
observed in younger men with similarly decreased T
levels.5 This may be due to a shift in the setpoint of
the negative feedback of T on the hypothalamic/pitu-
itary unit resulting in an enhanced negative feedback
action, which consequently leads to a relatively lower
LH output. Alternatively, it may be that the aging
hypothalamus and pituitary fail to respond adequately
to the feedback mechanisms.

Another variable that might be significant to
assess the androgen status in old age is plasma levels
of SHBG. Its levels increase even with healthy
aging, possibly due to a decrease in growth hormone
production and an increase in the ratio of free estra-
diol over FT.5

There are still a number of questions to be
answered. Can reliable criteria of androgen deficiency
in old age be formulated? Are there unequivocal lab-
oratory criteria, such as levels of total and non-bound
T, SHBG, and maybe LH? If yes, do we know thresh-
old values for the diverse biologic actions of T, more
specifically in elderly men? (For a review see reference
5.) On top of these questions there is the problem that
measurements of serum T vary considerable from one
laboratory to the other.19–21 

Target tissues of androgens
in aging men

While it can be shown statistically that plasma T
levels drop with aging, the actual decrease is often
only moderate and does not affect all men to the
same degree. Set against the characteristics of aging
reminiscent of androgen deficiency, such as loss of
muscle and bone mass, deterioration of sexual func-
tioning and vitality, plasma levels of androgens are
often not correspondingly low. It must be remem-
bered that the plasma level of a hormone merely
provides information on the strength of the signal
and not about receptor and postreceptor events, in
other words how this hormonal signal will be trans-
lated into biologic action. It could be hypothesized
that aging is associated with a decrease in androgen
action through changes in receptor properties
and/or postreceptor events, while plasma androgen
levels remain rather normal or decline only margin-
ally. A significant decrease in both T and dihy-
drotestosterone (DHT) concentrations has been
found in different tissues with aging,22 which may
support this assumption. Aging might result in a
reduction in androgen effect through a loss of sensi-
tivity of target tissues to T via, for instance, alter-
ations in receptor number or affinity, or in
postreceptor mechanisms. The androgen receptor
number and affinity are decreased in many organs of
the aging rat.23 In human pathophysiology a certain
parallel might be drawn with X-linked spinal and
bulbar muscular atrophy (Kennedy’s disease), which
is an abnormality of the androgen receptor. This
genetic error of the androgen receptor manifests
itself usually not earlier than the age of 20–40 years,
but sometimes as late as 60. Patients frequently also
show glucose intolerance or diabetes mellitus. The
number of CAG triplets coding for glutamines in
the androgen receptor, normally from 11–33, is
approximately doubled in patients suffering from
this condition.24 That properties of the androgen
receptor may be involved in the age-related decline
of plasma androgen levels was recently documented.
It could be demonstrated that the CAG repeat
length was significantly associated with plasma T,
albumin-bound T, and FT, when controlled for age,
baseline hormone levels, and anthropometrics.
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Follow-up levels of androgen measurements were
inversely correlated with the number of CAG
repeats.25 In another study, certain types of age-
related changes in aging men were associated with
the length of the androgen receptor gene CAG
repeat, suggesting that this parameter may play a
role in setting different thresholds for the array of
androgen actions in the male.26

If target organ sensitivity to androgens were to
diminish with age, this would limit the potential ben-
efit which androgen supplementation in aging men
could have. Whether higher than normal dosages of
androgens would be effective, as is the case in partial
androgen sensitivity,27 remains to be investigated. 

The questions remain: Do plasma levels of
androgens reliably reflect a subject’s androgenic sta-
tus, particularly in old age? Is there an impairment
of the accumulation of androgens in target tissues or
of the transcription of androgen action? Do the
threshold levels for androgen to exert biologic
effects change with aging?

A pragmatic approach to the
issue of androgen deficiency
in elderly men 

The above has outlined the many unresolved ques-
tions as to the verification of deficiencies in the bio-
logic action of androgens in old age and what
plasma T levels conclusively represent androgen
deficiency. Consequently, a pragmatic approach to this
issue must be taken in order to let aging androgen-
deficient men benefit from replacement therapy
while these questions are resolved by clinical data.
The question has received serious attention in the
past years.28,29 Vermeulen30 argues that there is no
generally accepted cut-off value of plasma T for
defining androgen deficiency, and in the absence of
convincing evidence for an altered androgen
requirement in elderly men, he considers the nor-
mal range of FT levels in young males to be also
valid for elderly men. In his healthy male, non-
obese, population aged 20–40 years (n = 150), the
mean of log transformed early morning T levels was
21.8 nmol/l (627 ng/dl); the mean minus 2 SD was
12.5 nmol/l (365 ng/dl) and the mean minus 2.5 SD

was 11 nmol/l (319 ng/dl). For FT, measured by
equilibrium dialysis or calculated from T and SHBG
levels,14 the mean was 0.5 nmol/l (14 ng/dl), minus 2
SD 0.26 nmol/l (7.4 ng/dl), and minus 2.5 SD
0.225 nmol/l or 6.5 ng/dl. If one takes as the lower
normal limit and threshold of partial androgen defi-
ciency a conservative value of 11 nmol/l for T and
0.225 nmol/l for FT, which represent the lower 1%
values for healthy young males, then it appears that
more than 30% of men over 75 years have subnor-
mal (F)T levels. It should be mentioned that direct
FT assays using a T analog do not yield a reliable
estimate of FT.31 The age-associated decline in (F)T
levels has both a testicular (decreased Leydig cell
number) and central origin, the latter being charac-
terized by a decrease in the amplitude of LH pulses
in elderly men. Hence, many elderly men have nor-
mal LH levels and an increase in LH levels is
unlikely to be required for the diagnosis of hypogo-
nadism in elderly men.5

As already mentioned, in the absence of a reli-
able, clinically useful biologic parameter of andro-
gen action these criteria of hypogonadism in the
aging man are somewhat arbitrary but, for the time
being, the best to provide guidance.6,7

Treatment should aim at restoring hormone lev-
els to the normal range for young adults and, more
importantly, at alleviating the symptoms associated
with a diagnosis of hormone deficiency. The ulti-
mate goals, however, are to maintain or regain the
highest quality of life, to reduce disability, to com-
press major illnesses into a narrow age range, and to
add life to years. A large number of authoritative
reviews on the potentiality of T deficiency, the
choice of a suitable T preparation, and the pitfalls of
T replacement in aging men have appeared.5–7,28–34 If
the laboratory outcome is ambiguous but the clini-
cal symptomatology is convincing, to initiate a 3–6-
month trial of T treatment. This may provide the
answer as to whether a man will benefit from restor-
ing his T levels to normal.35

Cardiovascular aspects

The higher frequency of cardiovascular disease in
men than in premenopausal women has usually been
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attributed to the atherogenic effects of androgens. It
has become clear that both endogenous and exoge-
nous T account for the lower high-density lipopro-
tein (HDL) cholesterol levels in men compared to
women. However, this view turns out to be too nar-
row; both androgens and estrogens exert a wide
range of favorable and unfavorable effects on labo-
ratory variables related to cardiovascular disease,
such as plasma endothelin, clotting factors, insulin
sensitivity, homocysteine, and lipolysis (for review
see references 36 and 37). There is no longer reason
to believe that estrogen administration is a priori
cardioprotective. The available evidence does not
suggest that T exposure shortens the lifespan in
either gender. Effects of androgens on biochemical
variables related to cardiovascular disease do not
explain the gender difference in age-specific cardio-
vascular death rates. It cannot be excluded that
androgens are a factor in an earlier start of the ath-
erosclerotic process in men compared to women,
with a subsequent similar progression in men and
women.38 In cross-sectional studies of men rela-
tively low levels of T appear to be associated with
coronary disease and myocardial infarction.39 A lon-
gitudinal study confirmed this observation. In a
follow-up study over 13 years of 66 men, aged 41–61
years, the decline in endogenous T was associated
with an increase in plasma triglycerides and a
decrease in HDL cholesterol in multivariate analy-
sis controling for obesity and other lifestyle covari-
ates.40 There is some evidence that administration
of androgens to middle-aged obese men improves
their cardiovascular risk profile.36,37,41

Prostrate disease and androgen
supplementation in old age

A large number of authoritative reviews on the
potentially harmful effects of T administration to
the aging male have appeared.28,42–45 An immediate
concern of androgen supplementation in old age is
whether there will be a development and/or pro-
gression of prostate diseases such as benign prostate
hyperplasia (BPH) and prostate carcinoma. It is
widely accepted that both conditions do not
develop without T exposure early in life, up to early

adulthood. The present position of experts in the
field is that androgens do not truly cause BPH or
prostate carcinoma but that they have a ‘permissive’
role, evidenced by the beneficial effects of treat-
ment aiming to reduce the biologic effects of andro-
gens on both conditions.46 Several studies have
found that the prevalence of microscopic prostate
cancer and its precursor lesions increases strongly
with aging, with a prevalence of 33–50% found in
men between 60 and 70 years of age.46–48 However,
only a small subset of these men (4–5%) will go on
to develop clinically detectable carcinomas.46 The
results of the Massachussets Male Aging Study
showed convincingly that sex steroids only account
for 11% of our current understanding of prostate
cancer risks; 30% is related to nutrition and 40% to
other factors largely not subject to change, such as
height, weight, and family history.49

There is presently no evidence that those who do
go on to develop carcinomas have higher androgen
levels, but there is a great deal of controversy on
this issue.50 While the prevalence of microscopic
prostate cancer is similar in different parts of the
world, the progression to clinical cancer varies
strongly, with the highest prevalence in those parts
with a Western lifestyle.51 Thus it is probable that
lifestyle factors, such as nutrition, might play a
role.52 With regard to BPH, there is no evidence
that androgen administration to hypogonadal or to
eugonadal men increases the incidence of BPH over
that observed in control eugonadal men. A number
of studies of androgen supplementation in elderly
men who were not hypogonadal have shown that,
in the short term, there is only a modest increase in
size and in levels of prostate-specific antigen
(PSA).53,54 So, it would seem that non-obstructive
BPH is no contraindication for androgen adminis-
tration, but obstructive BPH is. 

Tissue concentrations of T and DHT in the
prostate are substantially higher than serum con-
centrations; it could be that a modest increase in
androgens in the peripheral circulation, as would be
the aim of androgen supplementation in old age,
has no large effect on prostate androgen levels. As
to how far an androgen that can be aromatized to
estradiol, but cannot be reduced to DHT by 5a-
reductase, signifies progress with regard to safety for
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the prostate remains to be determined.55,56 Thus,
even if there are no reasons for immediate concern,
T should be administered to aging men with cau-
tion. Recommendations for responsible administra-
tion of androgens to elderly men have been
published.5–7,28,54

Other potential side-effects of
androgen administration

The stimulatory effect of T on erythropoiesis is
well documented. A moderate increase in hemat-
ocrit in elderly males is possibly beneficial, but
hematocrit values should not go above 51%, which
is the case in some studies. Available data suggest
that the frequency of this side-effect is related to
supraphysiologic T levels.57–59

Oral or transdermal patches yield T levels within
the normal range; this may explain the reported lower
frequency of polycythemia with this form of treat-
ment, but polycythemia is still a possibility.59 Whereas
sleep apnea has been reported as a side effect of testos-
terone treatment,60,61 none of the reports on actual T
supplementation in elderly males mentioned the
development of sleep apnea, which itself is often asso-
ciated with visceral obesity and lower testosterone
levels.62 Nevertheless, it is safe to consider obstructive
pulmonary disease in overweight persons or heavy
smokers as a relative contraindication.

As already discussed, T supplementation in
physiologic doses does not seem to induce an
atherogenic lipid profile, but, as mentioned, T also
has non-lipid-mediated effects on the cardiovascu-
lar system which might even be beneficial.36,37

Water and sodium retention generally do not cause
a problem, except in patients with cardiac insuffi-
ciency, hypertension, or renal insufficiency.
Gynecomastia is a benign complication of andro-
gen supplementation, perhaps more frequent in
elderly obese men than in young hypogonadal men.
It is the consequence of the aromatization of T into
estradiol in peripheral fat and muscle tissue.63 A
rare, but absolute contraindication is mammary
carcinoma in the male as well as a prolactinoma, as
their growth may be stimulated by testosterone and
its aromatization products.64

Hepatotoxicity is rare, even after the long-term
use of relatively high oral doses of testosterone
undecanoate (TU),65 but is relatively frequent when
synthetic 17-alpha-alkylated anabolic-androgenic
steroids are used.

Suitable testosterone preparations

If it turns out that some men benefit from androgen
supplements, are there suitable T preparations
available to treat them? The androgen deficiency of
the aging male is only partial and consequently only
partial substitution will be required. High doses of
exogenous T will suppress the gonadotropin output
of the hypothalamo-pituitary unit, but ideally T
administration should leave the residual testicular
androgen production intact. 

Parenteral testosterone preparations
Conventional parenteral T preparations are from far
ideal, even for young hypogonadal males. Plasma T
levels fluctuate strongly following administration.
The most widely used pharmaceutical forms are the
intramuscularly administered hydrophobic, long-
chain T-esters in oily depot, enanthate and cypi-
onate, at a dose of 200–250 mg/2 weeks. They yield
transient supraphysiologic levels the first 2–3 days
after injection, followed by a steady decline to sub-
physiologic levels just prior to the next injection.66

These fluctuations in T levels are experienced by
some of the patients as unpleasant and accompanied
by changes in energy, libido, and mood. The tran-
sient supraphysiologic levels might increase the fre-
quency of side-effects.66

Parenteral TU is a new treatment modality for
androgen replacement therapy. Several studies have
documented its use in hypogonadal men.67,68 In short:
after two loading doses of 1000 mg TU at 0 and 6
weeks, repeated injections at 12-week intervals are
sufficient to maintain T levels in the reference range
of eugonadal men.67,68 It has been argued that this
preparation is less suitable for initiation of T treat-
ment of aging men.5 It is thought that the long dura-
tion of action might constitute a problem in case a
prostate malignancy is diagnosed. Experienced
urologists, however, reason that the delay between
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diagnosing prostate cancer and its treatment is
usually much longer than 12 weeks, without an
adverse effect on the outcome.69,70 In addition, cur-
rent recommendations advocate initial follow-up at
3-month intervals for the first year, which fits very
well into the schedule of TU injections. In the highly
hypothetic situation that a tumor is discovered, fur-
ther treatment would be discontinued and the use of
an anti-androgen might be considered. So, certainly
after the first uneventful year of androgen adminis-
tration, it seems reasonable to administer long-acting
T preparations to elderly men.

Oral testosterone undecanoate

TU is T esterified in the 17β position with a long
aliphatic sidechain, undecanoic acid, dissolved in oil
and encapsulated in soft gelatin. Of the 40 mg cap-
sule, 63% (25 mg) is T. After ingestion its route of
absorption from the gastrointestinal tract is shifted
from the portal vein to the thoracic duct.71 For its ade-
quate absorption from the gastrointestinal tract it is
essential that oral TU is taken with a meal that con-
tains dietary fat.72 Without dietary fat the resorption
and the resulting serum levels of T are minimal.69

Maximum serum levels are reached 2 to 6 hours after
ingestion. To increase shelf-life the preparation was
recently reformulated and the oil in the capsule is
now castor oil. Studies show that there is dose propor-
tionality between serum T levels and the dose range
of 20–80 mg.72 With a dose of 120–240 mg per day
over 80% of hypogonadal men showed plasma T lev-
els in the normal range over 24 hours.72

TU, also on the basis of its flexible dosing, is
probably best suited to supplement the reduced, but
still present, endogenous testicular T production in
the aging male with lower than normal, but not
deeply hypogonadal, levels of T.72,73 Long-term use
has been proven to be safe, as demonstrated in a 10-
year observation.65

Transbuccal testosterone administration
Transbuccal administration of T provides a means of
oral administration of T. The resorption of T through
the oral mucosa avoids intestinal absorption and sub-
sequent hepatic inactivation of T. Two studies have

assessed the efficacy of transbuccal administration of
T;74,75 both found that administration of 30 mg of T
formulated as a bioadhesive buccal tablet twice daily
generated plasma T and DHT levels in the normal
range in hypogonadal men.74–76 Gum irritation was
noted in approximately 3% of men.

Transdermal delivery
Testosterone can be delivered to the circulation
through the intact skin, both genital and non-
genital.77 Transdermal administration delivers T at a
controlled rate into the systemic circulation avoid-
ing hepatic first pass and reproducing the diurnal
rhythm of T secretion, without the peak and trough
levels observed in long-acting T injections.

Transdermal patches 
Scrotal patches were first designed to deliver T
through the scrotal skin, where the permeability is
5 times greater than for other skin sites. It required
weekly scrotal shaving, and was difficult for some
patients to apply and maintain in position for
24 hours. Transdermal scrotal T administration is
associated with high levels of DHT as a result of
high concentrations of 5α-reductase in the scrotal
skin.71 The patch may be irritating and its use is not
feasible if the scrotal surface is not adequate. To
overcome these limitations, non-scrotal skin patches
have been developed. These patches have a reser-
voir containing T with a permeation-enhancing
vehicle and gelling agents.78,79 Improvements have
been reported in sexual function, libido, energy
level, and mood.79

The most common adverse effects are local skin
reactions. Fifty percent of men participating in a
clinical trial reported transient, mild to moderate
erythema at some time during therapy. However,
most of these reactions were associated with the
application of a patch over a bony prominence or
on parts of the body that could have been subject to
prolonged pressure during sleep or sitting.

Testosterone gel
Testosterone gel is also used for replacement ther-
apy; it is hydro-alcoholic. Between 5 and 10 g of a
1% gel (10 mg T per gram gel) are administered per
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day, amounting to between 50 and 100 mg T.80 The
pharmacokinetics of T gel has been extensively
studied. It was reported that serum T levels rose 2–3
fold 2 hours after application, and rose further to
4–5 fold after 24 hours. Thereafter serum T
remained steadily in the upper range of normal and
returned to baseline within 4 days of termination of
the application of the gel. Mean DHT levels fol-
lowed the same pattern as T and were at or above
the normal adult male range. Serum estradiol (E2)
levels rose and followed the same patterns as T.
application of the T gel at either one site or four
sites did not have a substantial impact on the phar-
macokinetic profile.81 Later studies showed that
9–14% of the T administered is bioavailable.
Steady-state T levels are achieved 48–72 hours after
the first application. Serum T and FT are similar on
days 30, 90, and 180 after the start of administra-
tion. The formulation of the T gel allows easy dose
adjustments (50–75–100 mg T).71,81–84

The clinical efficacy of transdermal T gel on var-
ious androgen-dependent target organ systems has
been very well documented.80 The safety profile
showed that PSA levels rose in proportion to the
increase in T levels, but did not exceed normal val-
ues. Skin irritation was noted in 5.5% of patients in
the study.81–83 Later studies with a 2.5% T gel
showed that 5 g of this gel achieved physiological
serum T levels in men whose endogenous T produc-
tion was pharmacologically suppressed. These levels
were reached after approximately 10 days. Serum
DHT and E2 did not exceed normal levels.
Remarkably, washing of the site of application 10
minutes after application of the gel did not affect
pharmacokinetic profiles.85 Transfer from one per-
son to another was found to be insignificant. No
increase of serum T was found after intense skin
contact with persons whose endogenous testos-
terone levels had been suppressed.85

Recently, a new formulation of T gel has been
introduced.82,86 

Estrogens in men 

Traditionally conceptualized as ‘female hormones’,
estrogens appear to have significant effects in the

male biologic system. Favorable effects have been
noted on bone, brain, and cardiovascular physiology,
while a potential role in the prostate pathology of the
aging male has been seriously suspected (for review
see references 87 and 88). Estrogens in the male are
predominantly the products of peripheral aromatiza-
tion of testicular and adrenal androgens. While the
testicular and adrenal production of androgens
declines with aging, levels of total plasma estradiol
usually do not. This is to be ascribed to the common
increase in fat mass with aging (the substrate of
peripheral aromatization) and an increased aromatase
activity with aging. But free or bioavailable estrogens
may also decline due to an increase in SHBG. 

Estrogens produce significant beneficial effects on
skeletal growth and bone maturation. In old age
estrogens are better predictors of bone fractures than
androgens. Estrogens exert effects on the brain: on
cognitive function, co-ordination of movement,
pain, and the affective state, and may protect against
Alzheimer’s disease. Estrogenic effects on the cardio-
vascular system include those on lipid profiles, fat
distribution, endocrine/paracrine factors produced
by the vascular wall (such as endothelins, nitric
oxide), blood platelets, inflammatory factors, and
coagulation. Men who are devoid of estrogenic
actions show severe signs and symptoms of the meta-
bolic syndrome. 

There may be potentially adverse effects of estro-
gens on the prostate due to a shift in the
estrogen/androgen ratio with aging.88

Sources of estrogens in men are endogenous
androgens or, in the case of androgen deficiency,
exogenous androgens. Dietary phytoestrogens or
selective estrogen receptor modulators may be sig-
nificant as well. There is almost never an ‘estrogen
deficiency syndrome’ in men. In other words,
plasma levels of E2 below which there are signs and
symptoms of estrogen deficiency occur very rarely,
mainly in men who are underweight and have too
little fat mass to aromatize androgens to estrogens.88

Adrenal androgens

While it is now well documented that serum levels
of adrenal androgens decline strongly with aging, it
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has not been definitively established whether this
impressive fall of adrenal androgens has any
(patho)physiologic significance. Theoretically, it
could be a meaningful mechanism of adaptation to
aging. There is no doubt that strong correlations
can be established between the declining levels of
adrenal androgens and ailments of aging, but
whether these statistical associations are causally
and pathophysiologically interrelated remains to be
established. One way of establishing whether there
is a relationship between the two is via intervention
studies. Suppressing or elevating levels of adrenal
androgens and monitoring the subsequent biologic
effects could provide clues as to whether the falling
levels of adrenal androgens with aging are a cause
for concern. The effects in laboratory animals are
impressive. Beneficial effects on processes such as
atherosclerosis, type 2 diabetes, obesity, immune
function/cancer prevention, and brain function
have been reported, but it has to be remembered
that laboratory animals, such as rats and rabbits, do
not physiologically produce adrenal androgens in
the quantities that the human species does. 

So far, studies in humans are limited. While
some studies have found correlations between cir-
culating levels of adrenal androgens and age-
related ailments, others have not. Intervention
studies present an equally sober picture. One study
has found a positive effect on well-being.89 The
effects of DHEA replacement on indices of sexual
functioning in men and women with complete
adrenal insufficiency, who are virtually devoid of
adrenal androgens, are convincing.90 It would seem
that a total absence of adrenal androgens has nega-
tive effects on a woman’s well-being and sexuality.
A positive effect on self-esteem and perhaps on
well-being was also found in men whose own
adrenal androgen production was almost nil,91 and
this argues more in favor of an independent effect
of DHEA on the brain, since the men were not
testosterone deficient. Another group that might
benefit from replacement with DHEA is men who
receive glucocorticoid treatment and whose
ACTH levels are suppressed and therewith their
own production of both cortisol and adrenal andro-
gens.92 A consequence of the conversion of DHEA
to androgens and estrogens is that the effects of

DHEA administration are not necessarily harmless.
They may influence hormone-sensitive diseases
such as breast or prostate cancer. So far there are no
reports in the literature of any side-effects from self-
administration of DHEA, which occurs on a mas-
sive scale with DHEA sold as a health product.
Well-designed studies, investigating the effects of
the deficiency of adrenal androgens and the results
of replacement therapy in humans, are required to
resolve the long-term effects of levels of adrenal
androgens.93

A few studies published on the relevance of
DHEA in endothelial function offer a perspective
for potential benefits.94–97

Growth hormone

Signs associated with aging show a striking similar-
ity with features observed in adults who are GH
deficient, and therefore speculation has arisen that
(some of the) features of aging must be ascribed to
the age-related decline in GH, and can potentially
be remedied with GH replacement (for review see
reference 97). 

The interrelationship between sleep and the
somatotropic axis is well documented. This rela-
tionship is relevant since most aging subjects expe-
rience a deterioration in their sleep. During aging,
slow-wave sleep and GH decline concurrently, rais-
ing the possibility that the age-related decline of
GH is also a reflection of age-related alterations in
sleep–wake patterns.

Unlike the situation in androgen physiology, it
is much more difficult to establish who is GH defi-
cient in adulthood. The pulsatile nature of GH
secretion and the large number of factors determin-
ing circulating levels of GH complicate the matter
considerably in the sense that a single measure-
ment of GH does not provide meaningful informa-
tion. A single measurement of insulin-like growth
factor 1 (IGF-1) is a reasonable first indicator of
GH status. In subjects over the age of 40 years an
IGF-1 value of 15 nmol/l or higher excludes a defi-
ciency of GH. The problem lies among patients
with values below this level. Surprisingly, some
patients with proven GH deficiency (on the basis
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of extensive testing such as insulin hypoglycaemia,
GHRH, and L-dopa stimulation tests) still have
normal IGF-1 levels. Another useful index of the
GH status is IGF-binding protein-3. For the time
being, the combination of signs and symptoms
potentially attributable to GH deficiency and an
IGF-1 level and IGF-binding protein-3 in the low-
est tertile provides a reasonable first indication of
(relative) GH deficiency.98 To confirm the diagno-
sis, a provocation test with growth hormone releas-
ing hormone in combination with arginine or
synthetic growth hormone releasing substance
(GHS) is highly desirable.97

The starting dose of GH administration is not
well established, but a dose of 0.05–0.1 U/kg subcu-
taneously seems reasonable. Once placed on GH
administration, the patient’s individual dose titra-
tion must be done on the basis of the IGF-1 levels
resulting from GH administration and the occur-
rence of side-effects. The aim is to produce IGF-1
levels in the normal or only slightly above normal
range (0–1 standard deviations above mean levels of
IGF-1).98 Secondly, if side-effects occur (flu-like
symptoms, gynecomastia, myalgia, arthralgia, carpal
tunnel syndrome, edema, impairment of glucose
homeostasis) GH dosage is reduced in steps of 25%.
Contraindications for GH use include type 1 dia-
betes, active (or a history of) cancer, intracranial
hypertension, diabetic retinopathy or carpal tunnel
syndrome, and severe cardiac insufficiency. 

It seems there is a place for GH administration in
aging subjects at this point in time, primarily to
gather information as to whether there are groups
that might benefit from its supplementation. In
view of the narrow dose limits and potential side-
effects, treatment should be reserved for patients
with proven GH deficiency and it is not advisable at
present to administer GH to aging patients outside
the framework of a clinical trial that provides inten-
sive guidance and safeguards to patients.99

Another important consideration is that the
question has been raised whether the increase of
rIGF-1 following GH administration might acceler-
ate the development of neoplasia. Studies have
found that high normal IGF-1 levels are associated
with significantly increased risks of prostate99 and
colon cancer.99

Melatonin 

Melatonin is a hormone produced in the pineal gland.
It is synthesized from the amino acid tryptophan
(derived from serotonin) by the enzyme 5-hydroxyin-
dole-O-methyltransferase. Normally, production of
melatonin by the pineal gland is inhibited by light
and permitted by darkness. Melatonin and the pineal
gland play a role in regulating sleep–wake cycles (cir-
cadian rhythms). Residents of nursing homes or oth-
ers who are not exposed to daylight may experience
sleeping problems on the basis of a disturbed
light/dark cycle with an associated impaired mela-
tonin rhythm.100 Beta-blockers decrease nocturnal
melatonin release and might have a negative effect on
sleep.

In recent times, melatonin has become available
as a medication and a dietary supplement. Because
it does not have to be prescribed and is in the pub-
lic domain, there have been few clinical trials con-
ducted to determine its effectiveness in treating
sleep disorders. Whether melatonin has some use
against insomnia, jet lag, and other types of mis-
alignments in circadian rhythms is still under
debate. A recent meta-analysis found that mela-
tonin is not helpful in treating sleep disorders or
improving symptoms of jet lag,101 but it was found to
be safe, at least in the short term. However, other
studies report more favorable effects.102,103

Melatonin is practically non-toxic and exhibits
almost no side-effects, except for the occurrence of
somnolence in most of the population at higher
doses and sensations of chilliness due to its effects
on thermogenesis. Individuals who experience
orthostatic intolerance may experience a worsening
of symptoms when taking melatonin. Exogenous
melatonin normally does not affect the endogenous
melatonin profile in the short or medium term. 

The recommended dose is not well defined, but a
dose of 0.3 mg was reported to be efficacious with-
out side-effects.102 Over-the-counter doses of mela-
tonin can cause severe headaches, mental impairment,
and mood changes. Melatonin pills sold as supple-
ments contain 3 to 10 times the amount needed to
produce the desirable physiologic nocturnal blood
melatonin level for enhancement of night-time
rest. It is at these elevated levels produced by
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typical over-the-counter dosage units that studies
have found mental impairment and resultant
headaches. 

Oral melatonin has a short half-life and transder-
mal patches are being developed to prolong its
action. 

Thyroid disease in elderly men

The clinical presentation of thyroid disease in the
aged differs from the typical clinical manifestation
in the younger population. Further, laboratory test
results should be interpreted with the age of the
patient in mind. The use of drugs and the frequent
occurence of non-thyroidal disease in the elderly
are factors in these age-related changes in labora-
tory parameters of thyroid function. The treatment
of thyroid dysfunction in old age also requires more
caution than in younger patients (for review see ref-
erence 104). 

In elderly subjects there is a decrease in the pro-
duction of T4 with a concomitant decrease in T4
clearance, so circulating levels do not change signif-
icantly. Since serious disease is not infrequent in old
age, a thyroid hormone pattern may be present
which has become known as the ‘non-thyroid ill-
ness’ (NTI), consisting of lowered T3 levels, and an
insignificant reduction in T4. 

Drugs may alter the profiles of thyroid hormone
levels, which is relevant since the elderly subjects
often take some form of medication over long peri-
ods. Long-term therapy with lithium may lead to
hypothyroidism and patients should be screened for
this complication. The iodine-containing cardiac
drug amiodarone may produce both hyperthy-
roidism and hypothyroidism. Glucocorticoids
inhibit the conversion of T4 to T3. Conversely, a
state of hyperthyroidism or hypothyroidism affects
the half-lives of certain drugs. In hypothyroidism
the plasma half-lives of digoxin, morphine, gluco-
corticoids, and insulin are increased, with the con-
sequence of a lower than normal maintenance
dosage of these drugs. The reverse pattern is
observed in hyperthyroidism.105 

Hypothyroidism may be overlooked in the
elderly since the symptoms may be less apparent.106

The symptoms themselves are often attributed to
the aging process with its associated asthenia,
effects of drug use, and loss of agility. These symp-
toms range from weakness, chronic fatigue, and
decreased heart rate, to dry skin, hoarseness, and
slower tendon reflexes. Intolerance to cold and
weight gain may be less pronounced in the elderly.
Hypothyroidism should be suspected if there are
occurences of unexplained high levels of cholesterol
and creatinine phosphokinase, severe constipation,
congestive heart failure with cardiomyopathy, and
unexplained macrocytic anemia. Loss of weight due
to anorexia may occur. Lethargy, memory loss, and
depression may be the presenting symptoms. Long-
term hypothyroidism will result in irreversible psy-
chic symptoms.

The prevalence of hypothyroidism in the elderly
lies somewhere between 1 and 7% for the fully-
fledged disease and 5 and 16% for subclinical
hypothyroidism.106 Patients who have been treated
surgically with radioactive iodine may tip over to
hypothyroidism later in their lives. 

The best diagnostic test for primary hypothy-
roidism is an increased serum TSH level, although
TSH levels in the elderly who have hypothyroidism
are lower than in younger patients with the same
disease. Levels of both T4 and free T3 are a less
helpful indicator, since they are lower in cases of
non-thyroidal illness.

Treatment of hypothyroidism in the elderly
involves substitution with levothyroxine, the guid-
ing principle being the normalization of TSH levels.
An abrupt increase in circulating levels of T4 may
provoke cardiac symptoms, therefore replacement
should be carried out in a stepwise fashion.

Hyperthyroidism in the elderly may have a dif-
ferent presentation than in younger hyperthyroid
subjects.105 Patients with atrial fibrillation should be
suspected of hyperthyroidism since the likelihood of
thyroid hyperfunction is approximately 3 times
higher. Conventional treatment of cardiac disease is
less successful if hyperthyroidism lies at the basis of
cardiac symptoms. Another complication of long-
standing hyperthyroidism is osteoporosis. Bone
resorption is increased, particularly in subjects with
other etiologic factors. Unexplained osteoporosis
must be a reminder of possible hyperthyroidism. 
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Erectile problems

Aging is the most robust factor predicting erectile
difficulties. It is obvious that aging per se is associ-
ated with a deterioration of the biologic functions
mediating erectile function: hormonal, vascular,
and neural processes. This is often aggravated by
intercurrent disease in old age, such as diabetes mel-
litus, cardiovacular disease, and use of medical
drugs. There is still uneasiness with the aging popu-
lation when it comes to discussing sexual dysfunc-
tion. It is essential that physicians make sexuality a
conversation topic in their interaction with aging
patients and provide an opportunity for patients to
discuss the quality of their sex lives. It is a fact of life
that lots of physicians themselves are not comfort-
able with bringing up these issues in their contact
with patients and this conspiracy of silence is non-
verbally communicated to patients. If embarrass-
ment arises in a conversation on sexuality the
doctor must give the patient ‘permission’ to use ver-
nacular expressions to describe sexual complaints. 

The availability of a highly efficacious and rela-
tively safe compound such as the phosphodiesterase
(PDE) type 5 inhibitor sildenafil has had a profound
impact on diagnosis and treatment of erectile dys-
function (ED). Once the domain of the urologist
attempting to define the precise etiology, ED is now
largely treated by first-line physicians, without much
of a diagnostic work-up. Despite the simplicity and
safety of the present therapy of ED, approximately
50% of patients discontinue treatment. The reasons
for discontinuation lie for a large part in an incomplete
evaluation of the sexual problem. Hypogonadism, ejac-
ulatory dysfunction, lower urinary tract symptoms
(LUTS), depression, and, last but not least, partner
issues may all be components of the sexual dysfunc-
tion of the patient, and apparently restoration of
erectile function does not necessarily imply restora-
tion of a happy sex life.107 Nevertheless, the introduc-
tion of the PDE5 inhibitors has substantially enlarged
the therapeutic options for ED.

The pharmacologic action of PDE5 inhibitors
manifests itself only when a person is sexually
aroused, which distinguishes this class of drugs from
intracavernosal injections. This also important
information for the user.108

There are presently three PDE5 inhibitors avail-
able for prescription: sildenafil, vardenafil, and
tadalafil. All are efficacious, but there are differ-
ences in pharmacokinetic profile, interactions with
food and drugs, and possibly side-effects. Taking
nitrate medications is an absolute contraindication
to the use of PDE5 inhibitors since the latter
increase the potential for excessively low blood
pressure. Low blood pressure, though to a lesser
degree, has also been observed with PDE5 inhibitors
in men taking alpha-adrenoreceptor antagonists,
which are used as antihypertensive agents or for
symptomatic relief of LUTS, such as doxazosin, pra-
zosin, terazosin, alfuzosin, or tamsulosin. The latter
is relevant since sexual dysfunction is not rare in
men with LUTS, both significantly increasing with
age, and maybe sharing etiologic factors.109

Sildenafil and vardenafil work best if no (fatty)
food has been taken within the last 2 hours, while
tadalafil can be used without regard to food.
Common adverse effects, attributable to vasodila-
tory effects, include headache, flushing, stuffy nose,
stomach pain, back pain (tadalafil), and indiges-
tion. Visual problems (for example, blurred vision,
increased sensitivity to light, bluish haze, or tempo-
rary difficulty distinguishing between blue and
green) may occur, more often with sildenafil since
the latter is less selective in inhibiting phosphodi-
esterease 6 in the retina. 

The prescribed tablet strength is swallowed
30–60 minutes before sexual activity. Tadalafil has a
longer duration of increased sensitivity for develop-
ing an erection (up to 24–36 hours) compared with
sildenafil and vardenafil (up to 4–12 hours). There
is no convincing evidence that the three available
PDE5 inhibitors differ significantly in their clinical
efficacy. For sildenafil (50 and 100 mg) and tadalafil
(10 and 20 mg) there is a dose–response relation-
ship, which is not so much the case for vardenafil
(10 and 20 mg).110 In general, it is recommended to
start with the lowest dose of PDE5 inhibitors. 

The feature that distinguishes the three PDE5
inhibitors is their pharmacokinetic profile, which
impacts on their clinical use in terms of the initia-
tion of optimal pharmacologic effect and duration
of pharmacologic action (for review see reference
111). The time to maximal plasma concentration
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(in minutes) is on average 60 (variation 30–120) for
sildenafil, 120 (variation 30–720!) for tadalafil, and
60 (variation 30–120) for vardenafil. These are sta-
tistical data and individual patients may experience
a faster onset of action. This information lets
patients plan prospective sexual action. Another
significant pharmacokinetic variable is the half-life
of the drug, which provides an indication to how
long the drug can be expected to be pharmacologi-
cally active after ingestion. The half-life of silde-
nafil 100 mg is 3–4 hours, for tadalafil 20 mg 17
hours, and for vardenafil 20 mg 3–6 hours. This
information lets the patient make reasonable
assumptions about the expected duration of the
pharmacologic activity of the ingested compound. 

It is not rare that patients wish to ‘experiment’ with
the available PDE5 inhibitors to find the drug that
suits them best. Patients do have distinctly different
sexual habits with regard to timing of sexual activity.
Another consideration is the ‘readiness’ of the patients
when sexual activity is initiated by the partner. 

Naturally, patients starting treatment with a
PDE5 inhibitor will experience some anxiety about
whether the new drug will indeed induce an erec-
tion. Anxiety may reduce sexual arousal, which is a
necessary condition for the desired pharmacologic
action of PDE5 inhibitors. Therefore, in cases
where the patient recognizes this as a potential
problem, it may be advisable to test the efficacy of
the drug first with masturbation. 

When the first PDE5 inhibitor sildenafil was
introduced there was great concern about the car-
diovascular safety of this class of drugs. In many
patients the etiology of ED is (also) based on vascu-
lar disease. The availability of the drug prompted
patients to resume sexual activity after prolonged
periods of inactivity. The pharmacologic action of
PDE5 inhibitors is vasodilatory. Fears arose that
these elements would lead to myocardial ischemia
or infarction when intercourse was attempted.
Fortunately, these concerns have remained unsub-
stantiated. Placebo-controlled studies fail to show a
higher cardiovascular morbidity/mortality in
patients using PDE5 inhibitors.112 Naturally, before
starting PDE5 inhibitors, the cardiovascular risks of
the patient must be assessed. A rule of thumb indi-
cator is whether a patient can walk one kilometer in

10 minutes without cardiac symptoms, an equivalent
of the physical exertion of sexual intercourse.112

Although it has been convincingly established
that the main effect of androgens on male sexual
functioning is on the central nervous system, addi-
tional evidence now suggests that they also affect
nitric oxide synthase in the corpus cavernosum
(nitric oxide induces smooth muscle relaxation of
the penile vasculature, essential for penile erection)
and that androgen administration may be helpful in
men who respond poorly to treatment of ED with
PDE5 inhibitors.113 So there seems to be a point in
treating men with low or low normal plasma T, who
do not respond well to PDE5 inhibitors, with T. It
has also been recommended and widely accepted
that all men investigated for ED should have a
serum T determination. To reserve this assessment
to those who failed first-line treatment prevents
many men from pursuing further evaluation and
treatment of the dysfunction.

A fulfilling sex life is part of a good life. We
need to educate our patients that, like any other
human endeavor, human sexuality is not exempt
from problems for which solutions must and often
can be found. We have to tell our patients that
aging has its impact on life and on sexuality, but it
should not and need not defeat men. Erection and
ejaculation become less dependable but there are
also non-coital forms of sexual expression provid-
ing enjoyment and satisfaction. Sexual creativity
is a must! The latter requires an open and playful
relationship with one’s own sexuality and one’s
sexual partner. 

As indicated above, erectile potency is physio-
logically a complex interaction of vascular, neural,
metabolic, endocrine, and, last but not least, psy-
chologic factors. Erectile difficulties often provide a
window into to the presence of pathology of these
areas. However, precisely the advent of successful
treatment modalities of erectile difficulties has led
to a concept of erectile failure as an entity in itself
rather than an expression of underlying pathology
of its constituents. In other words: it has opened
the door to view diagnosis and treatment of under-
lying pathology of erectile failure as a redundancy.
A holistic approach to the aging male requires,
however, that all aspects of health are addressed
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and complaints of erectile difficulties provide an
opportunity for a more thorough work-up of health
problems of the aging man in question, who will
find motivation to work on these health issues if the
reward is an improvement in his sex life.

Nutrition and the epidemic
of obesity

In industrialized countries outright nutritional defi-
ciencies are rare nowadays unless in cases of severe
gastrointestinal pathology or psychiatric distur-
bance. The oldest old may show deficiencies in
intake of calcium, vitamin D, or iron. There is cer-
tainly room for improvement in the intake of water,
fiber, and antioxidants, and for a larger consump-
tion of fruit, etc. A simple rule for healthy eating is
to ensure that the meal size is commensurate with
energy expenditure, that fats, in particular animal
fat, are avoided in the diet, and that there is a sub-
stantial fiber and fruit content to the daily food
intake. A major problem is the management of
overweight. Obesity is a condition that is reaching
epidemic proportions in both the developed and the
developing world.114 In the USA, 63% of men and
55% of women are classified as overweight. Of
these, 22% are deemed grossly overweight, with a
body mass index above 30 kg/m2, and the conse-
quences of this rapid increase are serious.
Approximately 80% of obese adults suffer from at
least one, and 40% from two or more of the diseases
associated with obesity, such as type 2 diabetes,
hypertension, cardiovascular disease, gallbladder
disease, cancers, and diseases of the locomotor sys-
tem, such as arthrosis. 

A significant role in the development of obesity
is played by genetics, with studies in identical twins
showing that 60–70% of overweight can be ascribed
to genetic factor 5, with just 30–40% attributable to
environmental influences.115 The pathophysiology
of obesity is poorly understood. In simple terms,
obesity is a discrepancy between food intake on the
one hand and energy expenditure on the other.
However, the physiologic mechanisms involved,
and how these can be influenced to redress obesity,
are much more difficult questions. 

The treatment of obesity and overweight is far
from simple. Even more difficult is the mainte-
nance of a reduced weight in the long term, after a
successful weight loss. It is evident that a combina-
tion of reduced caloric intake and an increase in
energy expenditure will lead to a reduction in
weight. However, when placed on a calorie-
restricted diet, the body responds by developing
countermeasures to minimize the loss of weight, a
system which evolved to enhance an individual’s
chance of survival during prolonged times of
famine. Recent studies indicate that a weight loss
of just 5–10% leads to clinically significant reduc-
tions in the risk factors associated with obesity,
even if ‘ideal’ weight is not reached.116 A reduction
in weight of 10% in 6 months to 1 year can be con-
sidered good progress; however, it is estimated that
over 80% of those who lose weight will gradually
regain it. The addition of various pharmacothera-
pies to a weight-reducing diet can increase the
degree of success.117 However, it is difficult, even
with pharmacotherapy, to achieve a weight reduc-
tion of more than 6–8% of initial body weight.
Considering the amount of investment and expen-
diture directed towards weight reduction each year,
the fight against obesity is largely unsuccessfull.
Indeed, it may be a difficult, if not impossible bat-
tle to win in the setting of clinical medicine. Eating
patterns are very resistant to change.118 Sometimes
environmental clues may be helpful.119 It will
require extensive public health campaigns educat-
ing populations to eat sensibly and to be more phys-
ically active, from an early age on.120,121 The food
industry may play a significant role in view of the
increasing consumption of convenience food.
Marketing techniques of healthy food may have a
large impact.

The current lack of success in the battle against
obesity can lead to frustration for both patients and
physicians alike. The medical profession has little to
offer to the obese patient in terms of efficacious
treatment. The physician is then inclined to leave
the full responsibility for the loss of weight to the
patient himself, implying more or less that the
patient lacks willpower. Even if patients lack will
power, the battle against the epidemic of obesity
cannot be won.
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Exercise and physical fitness

Technologic and socioeconomic developments have
made a quantum leap in recent history in relation to
the amount of physical exercise and energy expendi-
ture required from our bodies on a daily basis. There
are strong parallels with the situation of nutrition in
modern times. These developments are very appeal-
ing to almost all people and must be considered as
irreversible, durable products of Western civiliza-
tion. The inevitable consequence is that many peo-
ple are overfed and physically unfit. The outlook for
an easy solution is not bright. Men should be advised
to undertake regular physical exercise (aerobic exer-
cise for maintaining cardiac function as well as
anaerobic exercise targeted to specific muscle groups
as well as stretching).121,122 These exercises should be
performed on a regular basis and tailored to the ‘bio-
logic age’ and condition of the person.123 Similar to
the situation of overweight and restricted diet, peo-
ple are of good will but lack the stamina to imple-
ment physical exercise in their daily lives far beyond
a period of initial determination. In the lives of most
people there are apparently too many intervening
circumstances to allow regular exercise. The
demands of daily life cause fatigue, which could in
fact be remedied by recreational exercise if only peo-
ple could muster the energy to do it. Again, similar
to the situation with obesity, education seems to be
a major factor and small steps must be encouraged.124

Working out, albeit moderately, in the work place or
with a group of friends may bolster tenacity of pur-
pose. Nutrition and physical exercise with fitness as
an outcome are pivotal for the health situation of
the aging male and his quality of life, and therefore
deserve a more prominent place in the medical cur-
riculum. Their implementation can be left to health
workers with a focused education exploring individ-
ual motivations and opportunities for a healthier
lifestyle for which there is no substitute.125

Conclusions

Physicians who are educated about the value of pre-
ventative health care in prolonging lifespan and
quality of life will be more likely to participate in

health screening and become gate keepers for aging
males. Men are not likely to consult a doctor until
they have an (acute) illness. When a man comes to
see his physician for a minor ailment the physician
should, starting with the family history, body consti-
tution, lifestyle, and risk factors, advise the patient
on preventative strategies or refer him to consult the
appropriate specialist. It is to be hoped that the next
few years will enrich us with new evidence which
will clarify the state of our present knowledge and
will permit us to recognize some of the missing links
and provide the tools and methodology to design
and plan ways to understand the aging process of
men. This will then permit us to improve their qual-
ity of life, prevent the preventable, and postpone
and decrease the pain and suffering of the inevitable.
For the time being, we have only unattractive advice
to offer: healthy eating and exercise. 
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