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Preface

 

Food is essential to life. Absent adequate nutrition, depletion in both fat and fat-free
mass leads to detrimental effects on an individual’s health, ultimately progressing
to death. Moreover, coexisting disease causes catastrophic effects on nutritional
health, and poor nutritional health leads to acute and chronic disease. The magnitude
of nutritional depletion from any cause depends to a large extent on the nutrient
reservoir accumulated over time in each individual. In our increasingly older popu-
lation, nutritional health is more marginal and the magnitude of the effect on nutri-
tional health is amplified.

In this comprehensive text, normal nutrition, pathological nutrition, and optimal
nutrition are carefully examined by a group of outstanding experts in the field. From
these experts, a substantial difference in nutritional health in older individuals com-
pared to younger persons emerges. The strategies to improve nutritional health in
older individuals require unique approaches, are often frustrating, and require sen-
sitivity to each individual’s needs and belief system.

We commend to you the work of the authors of this book. We believe that you
will both find basic knowledge and explore exciting new ideas in this volume, just
as we did in reading the chapters. The text and chapters have been expanded and
clarified with the aim to produce a state-of-the-art review of current nutritional
thinking. To all of those who deal with nutritional health, whether as family, nutri-
tional educators, dietitians, gerontologists, or geriatricians, we anticipate that this
book will be useful in furthering our understanding of nutrition in older persons.

 

David R. Thomas
John E. Morley
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1

 

The Aging Society
and Nutrition 
Epidemiology

 

Shailaja Pulisetty, M.D.
John E. Morley, M.B., B.Ch.

 

CONTENTS

 

References.................................................................................................................. 8

Both the number and proportion of older persons are growing in all countries; the
trends worldwide are likely to continue unabated. Issues in geriatric nutrition are
inextricably linked to broader issues facing the aging population. This chapter sets
the stage for this volume’s discussion of geriatric nutrition by providing an overview
of some of these broader issues facing the aging population.

There are 380 million people aged 65 years and above, and by the year 2020,
the over-65 population is projected to increase to more than 690 million.

 

1

 

 The number
of persons aged 60 years or older is projected to grow to almost 2 billion by 2050.

 

2

 

For the first time in human history, the population of older persons will be larger
than the population of children (0 to 14 years).

 

2

 

 This trend has been amplified by
fall in mortality and increased life expectancy. The increasing demands on national
health budgets and other resources are a matter of considerable future concern. The
oldest old (80+) make up 12% of the population aged 60 years or older. Table 1.1
depicts the percentage of population aged 60 years and older in selected countries.

In 2000, approximately 10% of world’s population was 60 years old or older.
This figure is expected to rise to 20% by 2050. This means that 400 million older
people will be living in the developed countries and over 1.5 billion in the less
developed world.

 

3

 

The demographic transition from predominantly young to predominantly mid-
dle-aged or old populations is taking place, and this epidemiological transition is
changing the pattern of morbidity dominated by infectious diseases to chronic
diseases and disabilities. Many of the diseases suffered by older persons are a result
of dietary factors operating from infancy and physiological changes occurring with
the aging process.

 

4,5

 

 The leading cause of death in older people worldwide is
vascular disease and associated chronic conditions.

 

6

 

 There exists a great potential
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2

 

Geriatric Nutrition

 

for prevention of these diseases through exercise, nutritious diet, and avoidance of
smoking. Nutrition intervention holds the promise of mitigating the growing burden
of chronic disease and disability and improving the quality of life of the rapidly
growing older population.

Table 1.2 and Table 1.3 depict life expectancies at birth for males and females
in various countries. For both men and women the Japanese have the longest-lived
population. For reasons that are not entirely agreed upon, women have an advantage
of higher life expectancy at birth and at older ages in both developed and most
developing countries. This pattern has significant consequences for the health of
these older women. The longer life span of women, combined with the fact that men
marry younger women and that widowed men remarry more often than widowed
women, means that there are more widows in the world than widowers. Women in
many countries rely on men for economic resources, making them at risk for depen-
dency, isolation, neglect, and poverty.

 

3

 

Table 1.4 shows that of the total 182 million men over 65 years, 9 million are
85+. Numbers for women over 65 are 237 million, of which 19 million are 85+.
Table 1.5 shows that Japan has the longest life expectancy at age 60 for both men
and women.

Whether the increase in life expectancy means more health or more years of
sickness is one of the most difficult questions for health planners and politicians
trying to allocate funds.

 

TABLE 1.1
Percentage of Population Aged 60+ Years (2004)

 

Country Percentage

 

Japan 25.6
San Marino, Italy 25.3
Germany 24.8
Sweden 23.0
Greece 22.9
U.K., Spain, Switzerland 21.0
Canada 17.5
U.S. 16.5
Ireland 15.0
Chile 11.3
China 10.8
Jamaica 10.1
India 7.8
Pakistan 5.8
Kuwait 3.0

 

Source: Abstracted from World Health Organization, 

 

The World Health
Report 2006

 

, Geneva, 2006.
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3

 

The percentage of the population aged 60 or above is currently much higher in
more developed countries, but the pace of aging is more rapid in the developing
regions.

 

2

 

 In 1975 about 52% of all persons aged 60 and over lived in developing
countries, and this proportion is expected to reach nearly 72% by 2005 (http://www.
un.org/esa/socdev/ageing/ageipaal.htm).

 

TABLE 1.2
Life Expectancy at Birth in Years for Males

 

Country Age (years)

 

Japan, Iceland 79
Australia, Canada, Israel, Italy, Monaco 78
Andorra, Greece, Norway, New Zealand 77
Netherlands, Spain, Singapore 77
Austria, France, Germany, U.K. 76
Belgium, Cuba, Denmark, U.S., Finland 75
Chile 74
Mexico 72
China, Bosnia 70
Philippines 65
India, Nepal, Mongolia 61

 

Source: Abstracted from World Health Organization, 

 

The World Health
Report 2006

 

, Geneva, 2006.

 

TABLE 1.3
Life Expectancy at Birth in Years for Females

 

Country Age (years)

 

Japan 86
Monaco 85
Italy, San Marino 84
Andorra, Australia, France, Spain 83
Austria, Germany, Greece, Israel, Norway 82
Cuba, Denmark 80
Mexico, Bosnia 77
U.K., Romania, Bulgaria 76
U.S., Equador, Mauritius, Sri Lanka 75
China, Brazil, Jamaica, Saudi Arabia 74
India, Pakistan, Bangladesh 63
Nepal 61

 

Source: Abstracted from World Health Organization, 

 

The World Health
Report 2006

 

, Geneva, 2006.
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An older person’s energy requirement per kilogram of body weight is reduced
due to decline in lean body mass and basal metabolic rate with aging. Although
total energy intake declines with age, nutrient requirements go up to maintain
organ systems with declining functionality. Moreso, the nutritional requirements
in the older population are not very well defined. The elderly in tropical regions
of the third world may have greater or lesser nutrient requirements than their
peers in Europe and North America, as lifestyle, lifelong environmental and
dietary exposures, parasites, and foods can condition the uptake or utilization of
nutrients.

 

7

 

The operation of the multiple risk factors is modified by the country of origin,
beginning with genetic and ethnic makeup of the population and extending to cultural
assumptions about aging and the access of individuals to health care resources.

 

8

 

 The

 

TABLE 1.4
Number of Men and Women 65 and Older 
Worldwide by Age Group, 2000 (in millions)

 

Age (years) 85+ 75–84 65–74

 

Male 9 48 125
Female 19 72 146

 

Source: World Health Organization, 

 

Gender, Health and Ageing

 

,
http://www.int/gender/documents/en/gender_ageing.pdf.

 

TABLE 1.5
Life Expectancy at Age 60 in Selected Countries (2000–2005)

 

Country Women (years) Men (years)

 

Japan 27 22
Switzerland 26 21
France 26 20
Italy, Canada, Australia 25 21
Iceland 25 22
Spain 25 20
Germany, Netherlands 24 19
U.S., Chile 24 20
U.K. 23 20
China 20 17
India 18 16
South Africa 18 14
Nepal 17 15

 

Source: http://unstats.un.org/unsd/demographic/products/indwm/ww2005/tab3a.htm.
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5

 

ability to purchase, prepare, consume, and absorb food is dependent on multiple
factors, as listed in Table 1.6. With aging there is reduced absorption of iron and
some micronutrients. Visual impairments associated with aging impede self-feeding
and food preparation. Poor dentition and difficulty with chewing can cause inade-
quate nutritional intake. As chewing becomes difficult, older persons often choose
soft foods that are high in sugars and carbohydrates over fresh vegetables and meats.
People with dementia are at risk for malnutrition because they often forget to eat,
cannot make proper judgments about type of foods to eat, or become too impaired
to feed themselves.

In the developing world, the percentage of gross domestic product expended
on health is often lower than in developed countries and health ministries are

 

TABLE 1.6
Risk Factors for Undernutrition in Elderly

 

Physiological

 

Declining absorption
Reduced visual, olfactory, taste acuity
Food intolerance
Anorexia

 

Physical

 

Poor dentition
Chewing difficulty
Impaired mobility

 

Psychological

 

Depression
Loneliness
Dementia
Food likes/dislikes

 

Social and Economical

 

Poverty
Transportation availability
Lack of knowledge of nutrition
Inadequate cooking knowledge (men)

 

Cultural beliefs

 

Availability of familiar foods
Availability of transportation

 

Others

 

Prescribed diets
Medication side effects
Alcoholism
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underfinanced.

 

8

 

 It will not take much of an increase in the older population to make
the funding for health even more precarious.

 

8

 

 Whereas statistics show that most of
the world’s elderly live in the developing world, most of the research pertaining to
nutrition in older persons has been carried out in developed countries. The results
of studies on developed countries are not transferable to developing countries, as
the older people in these countries are old at a chronologically younger age and
are likely to have reached their old age after a lifetime of suboptimal nutrition and
poor health.

 

9

 

 There exists a significant need for geriatric nutrition research in the
developing world. Additionally, the systems of home care nurses, geriatric special-
ists, nursing homes, senior nutrition programs, and senior centers do not exist in
most of developing countries.

 

10

 

Table 1.7 illustrates per capita food consumption globally and regionally. Patterns
of increasing dietary excess are seen in higher-income Central and South America
and most of the Caribbean, where intake of animal products and fat has increased,
with a decline in intake of fruits and vegetables.

 

11

 

 Asian nations showed a decline
in the availability of complex carbohydrates and an increase in total fats.

 

12

 

 In Brazil,
obesity is prevalent among even the least-income sector.

 

13

 

 The per capita energy
supply has declined from both animal and vegetable sources in the countries in
economic transition, while it has increased in the developing and developed coun-
tries. The per capita supply of animal protein is three times higher in developed
countries and the supply of vegetable protein is higher in developing countries. The
highest consumption of fat is in parts of North America and Europe, and the least
consumption is in Africa.

Fish consumption is highest in Japan, Iceland, and some small island states. Fish
consumption is associated with a decrease in atherosclerotic cardiovascular disease.

 

14

 

A recent study based on data from 36 countries reported that fish consumption leads
to reduced risk of death from all causes as well as cardiovascular deaths.

 

15

 

 The lowest
fat consumption is recorded in Africa, and the highest consumption occurs in North
America and Europe. In South Africa, there has been increased consumption of fat
and reduction in carbohydrate intake.

 

16

 

 In China, there is a greater fat intake from
both animal and vegetable sources.

 

17

 

 Similarly, in India a large community-based
survey showed higher intake of fat in higher socioeconomic groups than in lower-
income groups and the prevalence of heart disease was higher in high-income groups
than in lower-income groups. The dietary changes combined with growth of the
aging population suggest an escalating epidemic of diabetes, obesity, and heart
disease in the developing countries.

Obesity also makes direct contributions to risk of chronic disease, and in
parallel with dietary changes, there is rapidly increasing prevalence of obesity
worldwide. Latin America and the Caribbean have a high prevalence of obesity
currently. In the developing countries, factors associated with obesity are urban-
ization, increased life expectancy, mechanization and lower-energy-expending
labor, television and other sedentary activities, and consumption of a higher-energy
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dense diet.
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 In Chile, from 1988 to 1997, prevalence of obesity increased by 9%
in women and by 10% in men.

 

19

 

 In China, obesity is associated with higher income
in both rural and urban regions.

 

20

 

There are considerable challenges to research on the nutritional status of the
elderly in developing countries. Due to incomplete information in nutrient databases,
particularly in regard to the nutrients of concern in the elderly, such as vitamins B6,
B12, D, and E, folate, and carotenoids, dietary intake remains difficult to assess in
many regions.

 

21

 

 Micronutrient deficiencies are very common among the elderly
population in the developing world, and they have been linked to chronic diseases.
Vitamin B12 has been associated with neurologic and cognitive function.

 

22

 

 Vitamins
B6 and B12 and folate are required to prevent elevation of homocysteine, which in
turn is linked with risk of vascular disease.

 

23

 

 Calcium and Vitamin D are also
important nutrients in the elderly, as the requirements increase with aging. The low
calcium and vitamin D intake in developing countries suggests osteoporosis risk is
an increasingly major problem. The requirements for vitamin A are lower in the
elderly due to reduced hepatic clearance.

Some countries have taken initiatives in improving the nutritional status of the
aging population. In Chile, individuals over 70 who are registered at primary health
clinics receive a powdered mixture (2 kg/month) providing 400 kcal/100 g as well
as array of micronutrients.

 

9

 

More research is needed to assess the nutritional status of the aging population
in developing nations. Additionally, international dietary guidelines for older indi-
viduals are needed to guide community awareness and interventions.

 

TABLE 1.7
Global and Regional Per Capita Food Consumption

 

Region

Calories
(kcal/day),
1997–1999

Meat
(kg/year)

Milk
(kg/year)

Vegetables
(kg/year)

Fat
(g/day),

1997–1999

 

World 2803 36.4 78.1 101.9 73.0
Developing countries 2681 25.5 44.6 98.8 —
Sub-Sahara Africa 3006 13.4 29.1 52.1 45.0
Near East, North Africa 2195 21.2 72.3 — —
Latin America 2824 76.6 110.2 — 79.0
East Asia 2921 58.5 10.0 — 52.0
South Asia 2403 11.7 67.5 116.2 52.0
Industrialized countries 3380 100.1 212.2 112.8 100.1
Transition countries 2906 60.7 159.1 — 60.7

 

Source: Abstracted from World Health Organization

 

, Global and Regional Food Consumption Patterns
and Trends

 

, Geneva, 2003; FAOSTAT, 2003.
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Gerontological research has made great strides in recent years in understanding how
we age.1 Aging is a biological process that occurs at the molecular, cellular, and
systems levels. These levels are both interdependent and independent. As molecules,
cells, and systems change with age, the capacity of an organism to regulate itself
declines. One of the hallmarks of the aging process is this decreased regulatory
capacity in the face of external stressors.2 It ultimately leads to death. This research
has provided new support for some theories of aging. Other theories now seem less
useful or have been merged with others.

Nutritional research has also made great strides in understanding the beneficial
effects of food components at the molecular level. Some food components have the
capacity to increase mean life span (vitamin E). Some food manipulations (dietary
restriction) have the capacity to increase maximal life span in animal studies. Other
food components (polyphenols) may have beneficial effects on specific tissues, such
as the brain. We can now study these food components and food manipulations in
light of biological aging to better understand their beneficial effects.

The purpose of this chapter is to briefly present theories of aging and their
interaction at the molecular, cellular, and systems levels. At each level we will discuss
some nutritional interventions suggested by these theories. In general, these will be
interventions with the significant experimental support in model systems. Most of
the experimental studies will involve rodent models of aging, although there will be
a few references to roundworms and flies. Where they exist, studies in tissues and
isolated cells will also be cited. Hopefully, this review will provide a basis for
understanding current human studies and for proposing new human interventions.

2.1 AGING AT THE MOLECULAR LEVEL: FREE RADICALS

2.1.1 THE FREE RADICAL THEORY OF AGING

The major biochemical components of cells are proteins, nucleic acids (DNA and
RNA), and lipids. There is experimental evidence, particularly in animal models of
aging, that these components become altered with time to the point that their molec-
ular function is compromised. The main driving force behind these molecular alter-
ations is thought to be free radicals in the form of highly reactive oxygen and nitrogen
compounds. The free radicals themselves are generated by such things as energy
production by the cell and the activity of certain cellular enzymes. These molecular
alterations lead to alterations in cell function, which in turn lead to alterations in
tissue function. Altered tissue function ultimately leads to aging and death of the
whole organism.3 In its broadest form, this has come to be known as the free radical
theory of aging. This concept dominates much of the present thinking about the
biology of aging.

A number of experimental correlations in animals support the free radical theory.4

First, oxidative damage to DNA, protein, and membrane lipids increases with age.
Second, species longevity is directly related to the efficiency of its repair mecha-
nisms. Third, a high metabolic rate generates more free radicals and is associated
with a shorter life span. Finally, organisms such as roundworms, fruit flies, and mice
that are engineered to have higher antioxidant defenses live longer.
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2.1.1.1 Scope of the Free Radical Theory

Because of these correlations, the free radical theory has gradually expanded to
include previous theories of aging. The rate of living theory, proposed years ago,5

states that a high metabolic rate is associated with a shorter life span. Since a higher
metabolic rate would be expected to produce more free radicals, this is now inter-
preted in terms of increased free radical damage.

The error catastrophe theory predicted that as proteins became damaged with
age they would produce more damaged proteins.6 The protein machinery that made
proteins from messenger RNA would itself become dysfunctional, leading to even
more errors in protein synthesis. However, there do not appear to be large changes
in the numbers or amounts of proteins in a given tissue with age. Rather, the changes
in proteins tend to be more subtle, with proteins being oxidized or nitrosylated with
age. This, in itself, can have dramatic effects. It can lead to decreased protein
degradation and to proteins aggregating in unhealthy ways (i.e., beta-amyloid).
Another theory involving the modification of existing proteins is the glycation theory.
Glycation is the progressive attachment of sugar groups to certain proteins with the
passage of time. Since glycation is speeded up by free radicals, this too has become
a component of the free radical theory.

The DNA damage theory of aging has focused on the chemical modifications
that take place in the individual bases that make up the DNA double helix.7 Most
of the DNA damage is the result of free radical reactions. If not repaired, these
modifications can lead to DNA strand breaks, chromosomal rearrangement, aberrant
DNA replication, and altered transcription of genes. At the cellular level, this can
lead to cell death or uncontrolled cell growth.

Finally, the membrane theory of aging stresses the importance of the lipid
membranes that compartmentalize the cell.8 The cellular plasma membrane encloses
the cell and is involved in the transport of nutrients and in cell-to-cell recognition.
The mitochondrial and nuclear membranes delineate their respective subcellular
organelles and regulate transport. The endoplasmic reticulum/golgi membranes are
involved in protein synthesis and export. There is evidence that the elasticity (fluidity)
of these membranes may change with age, affecting their function as part of the
cell. These elasticity changes are due to lipid oxidation, which is a result of free
radical generation.

2.1.1.2 Predictions of the Free Radical Theory

In addition to the experimental correlations listed previously, the free radical theory
also makes testable predictions. It predicts positive effects from (1) slowing down the
rate of radical formation, (2) increasing protection against free radicals, or (3) repairing
free radical damage. These effects may be in delaying the start of aging or in slowing
down the rate of aging. This results in an increase in maximal life span or at least an
increase in functional life span. In this regard, the free radical theory has been the
inspiration for many nutritional interventions in the aging process (see below).

One cellular location where many components of the free radical theory come
together and perhaps synergize is in the mitochondria. Mitochondria generate the
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energy for the cell adenosine triphosphate (ATP) via the process of oxidative phos-
phorylation. Oxidative phosphorylation, although critical to cell function, itself gen-
erates free radicals. The mitochondria contain attractive targets for free radical
attack—an outer and inner lipid membrane, circular DNA, and proteins, including
those proteins involved in oxidative phosphorylation. Because of all these potential
interactions, it has been proposed that age-related changes in mitochondria may
account for many of the features of cell and tissue aging—the mitochondrial theory
of aging.9 Because mitochondria are attractive targets for nutritional intervention,
we will consider mitochondrial aging separately (see below).

2.1.2 NUTRITIONAL INTERVENTIONS BASED ON THE FREE RADICAL 
THEORY

As mentioned above, the free radical theory predicts that slowing down the rate of
radical formation, or increasing protection against free radicals, or repairing free
radical damage should have positive effects on functionality and longevity. From a
nutritional standpoint, this has most often been attempted by (1) feeding vitamins
with antioxidant properties, (2) feeding foods rich in phytochemicals such as caro-
tenoids, flavonoids, and polyphenols, or (3) feeding natural foods high in antioxidant
activity. We will discuss examples of each of these strategies. These examples and
their actions are summarized in Table 2.1.

TABLE 2.1
Interventions Based on the Free Radical Theory

Action Experimental System Reference

Vitamin E
Blocked oxidative stress due to hypoxia or inflammation Young rats 11, 12
Blocked lipid peroxidation and inflammation (with ascorbate) Old rats 13
Maintained long-term potentiation and reversed oxidative 
stress

Old rats 14

Reversed sensitivity to oxidative stress Brain slices from old rats 15
Blocked toxicity and oxidative stress from amyloid Cultured rat neuronal cells 16
Enhanced immune function Old mice 17, 18

Ginkgo biloba
Increased survival time under hypoxia Young mice 22
Reduced lipid peroxidation and increased antioxidant 
pathways in brain

Young rats 23

Increased cell survival after oxidative stress Cultured rat neuronal cells 24, 25
Blocked toxicity of amyloid peptide Cultured rat neuronal cells 26, 27

Fruit Polyphenols
Retarded age-related cognitive decline Aging rats 29
Reversed behavioral deficits and improved neuronal 

function
Old rats 30

Prevented memory deficits in Alzheimer’s disease model Mice overproducing amyloid 31
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2.1.2.1 Antioxidant Vitamins: Vitamin E

The antioxidant vitamins include vitamins E, C, and A. Vitamin E (alpha-tocopherol)
is lipid soluble and protects membrane lipids by functioning as an antioxidant. It
functions to break the chain of free radical reactions that result in lipid peroxidation.
Vitamin C (ascorbate) is a water-soluble free radical scavenger that may help to
inhibit lipid peroxidation. Vitamin A (carotinoids) has many diverse actions on
systems, such as the immune system, in addition to being an antioxidant.

Vitamin E has been one of the most studied of the antioxidant vitamins. There is
evidence from animal studies that it extends mean (average) life span, but there is
controversy as to whether it extends maximal life span.10 However, it does have
beneficial effects in a number of experimental models relevant to aging. One of these
models is the simulation of hypoxia and the resulting oxidative damage in young rats.11

Organs such as the brain and kidneys with a high oxygen requirement may be partic-
ularly susceptible to hypoxia with age. In this rat model of hypoxia, vitamin E sup-
plementation prevented the oxidative damage seen with inadequate oxygen availability.

In another model of oxidative stress, lipopolysaccharide (LPS) was used to
induce an inflammatory response that resulted in oxidative stress in young rats.12

Many age-related diseases, such as Alzheimer’s disease, are thought to have an
inflammatory component. Vitamin E administration prior to LPS injection reduced
a number of biochemical parameters related to oxidative stress.

With regard to aging itself, the protective effects of vitamin E have been studied
in the brain tissue of aging rats. One study compared several biochemical markers
in the brain cortex from young and old rats.13 It found that markers for lipid
peroxidation and inflammation were higher in the old rats. These elevated markers
were not observed in old animals fed a diet of vitamin E and ascorbate for 12 weeks.

The capacity of rats to sustain long-term potentiation (LTP) is impaired in old
rats.14 LTP is a biochemical process in the brain that may be related to long-term
memory. There are also increases in lipid peroxidation and inflammation in old
animals that may be related to increased oxidative stress. Feeding the aged rats
vitamin E reversed the markers for oxidative stress and restored the ability of the
animals to sustain LTP.

The effects of vitamin E have also been studied in isolated brain preparations.
Brain striatal slices from young and old rats were studied directly in perfusion
chambers.15 Neurotransmitter release from these slices is sensitive to agents that
produce oxidative stress. Slices from old animals were more sensitive to oxidative
stress than slices from young animals. However, preincubation with vitamin E
reversed the sensitivity to oxidative stress. This suggests that the old striatum has
decreased antioxidant capacity compared to the young, but that this capacity can be
boosted by exogenous antioxidants.

One factor in the pathogenesis of Alzheimer’s disease in humans may be increased
oxidative stress with age. The peptide molecule that may play a major role in Alzhe-
imer’s disease, amyloid beta-protein, may also contribute to this oxidative stress.
There is evidence for this from cell culture studies. For example, culturing primary
rat embryonic hippocampal neurons with the full-length peptide (Abeta(1-42)) results
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in increased protein oxidation, oxygen radical formation, and neurotoxicity.16 These
effects of Abeta(1-42) were blocked by the presence of vitamin E.

In addition to possible protective effects in the brain, dietary vitamin E has been
shown to be beneficial to the immune system. Feeding vitamin E for 6 weeks boosted
the immune response of aged mice to that seen in young mice.17 This action of
vitamin E may be mediated by suppression of prostaglandin synthesis. In a direct
test of immune function, old mice were challenged with influenza virus.18 Those
mice fed a diet containing vitamin E for 6 months prior to the challenge had
significantly lower viral titers and were able to maintain their body weight compared
to control animals. These effects of vitamin E may be independent of its antioxidant
properties, since other antioxidants had no effect in the same study.

2.1.2.2 Phytochemical Supplements: Ginkgo biloba

Phytochemicals are a group of natural substances with variable phenolic structures.
Flavonoids are the most widely occurring group.19 Some common flavonoids are
quercetin (found in onions, apples, broccoli, and berries), the flavanones (found in
citrus fruit), the catechins (found in green and black tea and red wine), and the
anthocyanins (found in strawberries, grapes, wine, and tea).20 Curcumin, a yellow
curry spice used in India, is another well-known flavonoid. Traditionally, the bene-
ficial effects of the flavonoids have been attributed to their ability to act as antiox-
idants by neutralizing free radical compounds. However, recent studies have indi-
cated that flavonoids can also modulate cell signaling pathways independent of their
antioxidant properties.21

The most well studied of the phytochemical-rich supplements is Ginkgo biloba
extract. The standardized Ginkgo extract preparation, EGb761, contains 24% fla-
vonoids. In intact mouse studies, this preparation was found to considerably prolong
the survival time of mice undergoing lethal hypoxia.22 This parallels the effect of
vitamin E in the hypoxia model discussed previously.11 Interestingly, the nonflavone
fraction of the Ginkgo preparation was reported to be the source of the antihypoxia
activity in this study. In a study in normal rats, treatment with EGb761 was found
to reduce lipid peroxidation but also to increase the activity of some antioxidant
enzymes in the brain.23 This is evidence that EGb761 has biochemical effects in
addition to its antioxidant properties.

The actions of Ginkgo have also been studied in cell culture models. In one
study using rat cerebellar neurons, pretreatment with Ginkgo extract increased the
survival of cells subsequently challenged by oxidative stress induced by hydrogen
peroxide.24 In a similar experiment, two different Ginkgo extracts increased the
survival of cultured neurons challenged by oxidative stress from hydrogen peroxide
and iron.25 Likewise, EGb761 blocked the toxicity of Abeta(1-42) in primary hip-
pocampal cells in part by blocking the accumulation of free radicals.26 A similar
effect was demonstrated in a rat nerve cell line, perhaps by interacting with Abeta
itself.27 This action is similar to the ability of vitamin E to block the toxicity of
Abeta fragments, discussed earlier.
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2.1.2.3 Natural Foods: Fruit Polyphenols

A number of epidemiological studies have suggested that diets rich in fruits and
vegetables have positive effects in older persons. This has led to the study of the
possible benefits of fruit and vegetable polyphenolic compounds. Extracts of fruits
and vegetables have been studied extensively by Joseph et al.28 In initial studies, the
ability of extracts to retard age-related cognitive changes was studied. Rats were fed
diets containing 1 to 2% extracts of strawberry or spinach from 6 to 14 months of
age.29 These diets were successful in retarding the age-related declines in learning
and memory seen in these animals. These behavioral changes correlated with retar-
dation of age-related changes in brain biochemical function. The spinach extract had
the most beneficial effect, but the strawberry extract was also effective. These results
prompted the question of whether fruit extracts could reverse already existing defi-
cits. The effects of strawberry, spinach, and blueberry extracts were studied in old
rats with behavioral deficits.30 When these extracts were fed for 8 weeks, they
reversed these behavioral deficits along with improving biochemical parameters
related to neuronal function.

Blueberry supplementation has also been studied in an Alzheimer’s disease
model.31 Mice engineered to overproduce beta-amyloid and develop amyloid plaques
show memory deficits by 12 months. Blueberry supplementation started at 4 months
prevented these deficits. Interestingly, it did so without reducing the beta-amyloid
burden. However, the blueberry diet stimulated hippocampal signaling pathways in
ways associated with improved memory. This suggests that fruit polyphenols may
have specific effects in the brain not related to their antioxidant properties. These
effects may include increasing receptor sensitivity, improving ion buffering, and
reducing premature death of neuronal cells.28

2.2 AGING AT THE CELLULAR LEVEL: MITOCHONDRIA

The mitochondria are subcellular organelles delineated by an inner and outer mem-
brane. The inner membrane is the site of the proteins involved in the electron
transport that generates ATP. Mitochondria also contain circular DNA that codes for
specific proteins not coded for by the nuclear chromosomal DNA. Some of these
proteins are components of the mitochondrial electron transport chain. Mitochondria
perform many other functions in the cell in addition to generating energy, such as
regulating intracellular calcium and participating in apoptotic pathways. As a by-
product of their ATP generation via electron transport, they also generate free radical
compounds. To counteract this, they have their own antioxidant defenses, such as
mitochondrial superoxide dismutase (SOD).

2.2.1 MITOCHONDRIAL AGING

Mitochondria show a number of changes with age that may be related to free radical
generation and oxidative damage. These include an increase in oxidized lipids and
alteration in membrane fluidity.8 There is also an increase in mitochondrial DNA
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mutations and oxidized proteins with age.32,33 This leads to functional changes such
as decreased mitochondrial membrane potential, decreased ATP production, and
increased free radical production with age.34,35

2.2.2 NUTRITIONAL INTERVENTIONS BASED ON MITOCHONDRIAL 
AGING

The concept of improving mitochondrial function by nutritional means has been
extensively explored by Liu and Ames.36 Their idea has been to reduce age-related
“mitochondrial decay” and thereby ameliorate cognitive dysfunction, Alzheimer’s
disease, and Parkinson’s disease. This group proposes several ways by which nutri-
ents may have a positive effect on mitochondrial function: (1) protecting and enhanc-
ing mitochondrial enzymes, (2) increasing antioxidant defenses, (3) reducing oxidant
stress by reducing free radical production, and (4) repairing mitochondrial structural
damage. Three dietary compounds that may have one or more of these effects are
L-carnitine, lipoic acid, and coenzyme Q. Their actions are summarized in Table 2.2.

2.2.2.1 L-Carnitine

L-Carnitine is needed to transport fatty acids into and out of mitochondria as part of
their ATP synthesizing function.36 The derivative acetyl-L-carnitine (ALCAR) is used
in nutritional studies because it enters cells and crosses membranes more easily. Its
benefits include antioxidant activity, improved mitochondrial energy production, and
stabilization of intracellular membranes.37 ALCAR has been used to treat a number of
neurological disorders and to prevent ischemic damage. Liu and coworkers showed

TABLE 2.2
Interventions Based on Mitochondrial Aging

Action Experimental System Reference

L-Carnitine
Reduced mitochondrial oxidative damage and partially 
reversed memory loss

Old rats 9, 38

Reduced toxicity of amyloid peptide Cultured neuronal cells 39

Lipoic Acid
Reduced mitochondrial oxidative damage and partially 
reversed memory loss

Old rats 9, 38

Reduced age-related oxidative stress in heart Aging mice 41
Improved age-related memory loss in mouse model SAMP8 mice 42
Reduced toxicity of amyloid peptide Cultured neuronal cells 43

Coenzyme Q
Improved tolerance to pacing stress in myocardium Old rats 45
Reduced age-related oxidative stress in heart Aging mice 41
Neuroprotective effect Mouse model of ALS 46
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that feeding ALCAR to old rats for 7 weeks ameliorated mitochondrial oxidative
damage and dysfunction.9 In addition, the same feeding schedule partially reversed
memory loss in old rats.38

The effects of ALCAR have also been studied in vitro in neuronal cell cultures.39

When Abeta(1-42), the peptide associated with Alzheimer’s disease, is added to
neuronal cells, it causes oxidative damage and cell death. However, pretreatment of
cells with ALCAR reduced the oxidative damage and toxicity of Abeta(1-42) expo-
sure. In these studies, ALCAR increased levels of glutathione, an endogenous anti-
oxidant, and heat shock proteins, which are important stress response proteins. This
suggests that ALCAR may directly increase cellular antioxidant defenses in addition
to its effect on mitochondria.

2.2.2.2 Lipoic Acid

R-Alpha-Lipoic acid (LA) is a coenzyme involved in mitochondrial metabolism and
is a mitochondrial antioxidant.36 It has been proposed as a therapy for diseases involving
oxidative stress and has proven effective in the treatment of diabetic neuropathy.40 Liu
and coworkers showed that feeding LA to old rats for 7 weeks ameliorated mitochon-
drial oxidative damage and dysfunction.9 These were the same feeding experiments
that showed a similar effect of ALCAR. In the parallel studies of memory loss in old
animals, LA partially reversed memory, as did ALCAR.38 In general, the effects of LA
were similar to those of ALCAR, although in some cases feeding LA and ALCAR
together had an even greater effect on some of the parameters measured. In a study
of LA effects in the heart, feeding LA starting at 14 months in mice produced alterations
in gene expression consistent with reduced oxidative stress.41 LA had no effect on
longevity in these studies. Finally, in a mouse model of age-related memory loss,
giving LA for 4 weeks improved the cognition of 12-month-old SAMP8 mice.42 LA
also reversed indices of oxidative stress in the brain.

As with ALCAR, the effects of LA have been studied in neuronal cell cultures.43

In these studies, primary hippocampal cells were challenged with Abeta(25-35) and
iron/hydrogen peroxide. Pretreatment with LA significantly increased survival in the
face of this oxidative challenge. Interestingly, when LA was added simultaneously
with the oxidants, it potentiated cell death and increased free radical production.
The authors interpreted this in terms of the fact that LA can also serve as a pro-
oxidant. In this case it may be interacting with the iron to increase oxidative stress.

2.2.2.3 Coenzyme Q10

Coenzyme Q10 (CoQ10), or ubiquinone, performs at least three functions in mito-
chondria. It serves as a mitochondrial antioxidant, it carries electrons as part of the
electron transport chain generating ATP, and (somewhat paradoxically) it is a major
source of oxygen radical generation.44 Coenzyme Q10 has been reported to improve
stress tolerance in the myocardium of senescent rats.45 Senescent rats who were
given CoQ10 daily for 6 weeks showed the same positive cardiac response to pacing
stress as young rats. This is consistent with a more recent report in mice that feeding
CoQ10 produced gene alterations consistent with reduced oxidative stress in the
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heart.41 Likewise, CoQ10 has been reported to have neuroprotective effects in a
mouse model of amyotropic lateral sclerosis (ALS).46

However, a long-term feeding study of CoQ10 started at 3.5 months in mice
found no effect on life span.44 This is consistent with a study that found no effect
of CoQ10 started at 14 months on life span.41 More difficult to interpret, however,
was the fact that the long-term feeding study found no detectable effect of CoQ10
on antioxidant defenses or pro-oxidant generation (since it can also generate free
radicals) in old animals.44 There was no difference despite the fact that dietary
supplementation did boost endogenous CoQ10 levels in mitochondria. It may be
that the effects of CoQ10 are more evident when older animals are stressed rather
than in longitudinal aging studies.

2.3 AGING AT THE SYSTEMS LEVEL: CALORIC 
RESTRICTION

Free radicals are generated at the molecular level and cause damage to proteins,
lipids, and nucleic acids. At the cellular level, the mitochondria are both a source
and a target for free radicals. This results in decreased energy production for the
cell. In addition, the fate of the cell itself may lie in part with mitochondria, since
they play a role in cell death, cell senescence, and apoptosis. As cellular function
and cell cycles change with age, the regulatory systems of which they are a part also
change. This results in the decreased capacity of an organism to regulate itself in
the face of external stressors.2

2.3.1 AGING AT THE SYSTEMS LEVEL

There are several homeostatic systems that are especially important with regard to
aging and nutrition. These include the glucose/insulin system, the growth hor-
mone/insulin-like growth factor (IGF) system, the neuroendocrine stress response
system, and the immune system.1

2.3.1.1 The Glucose/Insulin System

Interest in the glucose/insulin system has been stimulated by studies in mice showing
that inactivating the insulin receptor in fat tissue leads to an increase in longevity.47

These animals have normal food intake and reduced fat mass. In addition, increased
longevity is associated with low insulin and glucose levels and increased sensitivity
to insulin, such as in dwarf mice.48

2.3.1.2 The Growth Hormone/IGF System

Related to the glucose/insulin system is the growth hormone/IGF system. Dwarf
mice, which lack growth hormone and therefore have low levels of IGF-1, have
increased longevity.48 Support for the importance of this pathway in aging also comes
from gene inactivation studies. When the gene for the growth hormone receptor/bind-
ing protein is disrupted in mice, they live significantly longer.49 Likewise, partially
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inactivating the IGF-1 receptor has been reported to increase maximal life span in
male and female mice, although the increase was not significant in the males.50

Inactivating the insulin-like signaling systems in roundworms and fruit flies also
increases life span, suggesting that this is a fundamental regulatory pathway.

2.3.1.3 The Neuroendocrine/Stress Response System

The neuroendocrine stress response system has long been implicated in the aging
process.51 Glucocorticoids, which are the adrenal steroids secreted in response to
stress, can be beneficial in the acute response to stress. However, long-term exposure
to high glucocorticoid levels may have negative effects on the nervous system,
including neuronal degeneration.52 Glucocorticoid levels have been shown to rise
with age in rats, making them suspects in the aging of the nervous system.53

2.3.1.4 The Immune System

Changes in the immune system with age have been well documented.54 These
changes include the involution of the thymus gland, lower numbers of T cells, a
decrease in cell-mediated immunity, and decreased response to vaccines.55 An age-
related decline in spleen cell proliferation has been seen in rats,56 and a decline in
antibody production in response to influenza has been seen in mice.57 Both of these
findings were linked to a decrease in naïve T cells with age. It has been argued that
the aging of the immune system may be due in part to chronic stress and elevated
glucocorticoids.55

2.3.2 CALORIC RESTRICTION

Dietary restriction is the experimental manipulation of feeding animals significantly
less than they would eat on their own (ad libitum). It has been known for many
years that this significantly increases mean and maximal life span in rodents.58 A
number of studies have shown that the key component that needs to be restricted in
order to extend longevity is total calories. Hence, this experimental manipulation,
the only one that consistently increases longevity in mammals, is referred to as
caloric restriction (CR). In addition to increasing longevity, CR retards the onset of
many age-related diseases, as well as many of the physiological manifestations of
aging. CR also works in lower animals, such as roundworms and fruit flies. In lower
organisms, the effect of CR is even more pronounced than in rodents, indicating that
some basic biological mechanism may be at work.

2.3.3 POSSIBLE MECHANISMS OF CALORIC RESTRICTION

Since its effects are triggered by withholding calories, CR is an important nutritional
phenomenon. It has been proposed that CR occurs when “an organism’s perception
of a reduced energy supply elicits a coordinated set of transcriptional regulatory
events leading to increased protection against a variety of stressors and the damage
they cause as well as the maintenance of reserve capacity.”59 In general, it has been
thought that CR works by modifying the rate of aging rather than just delaying the

3815_book.fm  Page 21  Friday, March 23, 2007  9:28 AM



22 Geriatric Nutrition

time at which aging begins.58 However, this interpretation has sometimes been
called into question.60 Although CR is a relatively simple experimental maneuver,
it causes profound effects at the molecular, cellular (mitochondrial), and systems
levels. Historically, almost every theory of aging has been invoked to explain the
mechanism of CR.58

2.3.3.1 Free Radical Mechanisms

At the molecular level, there is much evidence that CR slows the increase in oxidative
damage to molecules with age.4 This could be due to (1) decreased generation of
free radicals, (2) increased free radical defenses, or (3) increased repair of oxidative
damage. The effect of CR on free radical defenses has been unclear. Some studies
show an increase in enzymatic activity associated with free radical defenses in some
tissues. Other studies show no effect or even a decrease. With regard to repair of
oxidative damage, there are studies indicating a positive effect of CR on DNA repair.

2.3.3.2 Mitochondrial Mechanisms

The effect of CR on the generation of free radicals has focused on mitochondria,
the major site of free radical production. Most studies, but not all, have reported that
CR decreases free radical production by isolated mitochondria.60 However, care must
be taken in extrapolating this finding to intact tissue due to the possibility of artifacts
in mitochondrial isolation. It has been more difficult to see an effect of CR on free
radical generation at the cellular level. The decreased oxidative damage that is
generally seen in CR animals may be due to a combination of decreased free radical
production and increased antioxidant defenses. This combination may vary with
tissue and species.

2.3.3.3 Systems Mechanisms

Finally, the effects of CR have been explained as alterations in homeostatic systems.58

CR reduced plasma insulin and glucose levels when measured over the whole life
span of the rat.61 The authors proposed that these results could be explained in part
by increased sensitivity to insulin. These changes in the glucose/insulin system are
similar to those seen in long-lived dwarf mice.48

CR also markedly lowered levels of IGF-1, suggesting an effect on the growth
hormone/IGF-1 system.62 However, arguing against this is the fact that the life span
of long-lived dwarf mice, which have low levels of growth hormone and IGF-1, can
be further extended by CR.63 This suggests separate mechanisms for the life extension
effects of dwarfism and CR.

The effects of CR on the neuroendocrine/stress response system are paradoxical.
CR increases stress in rodents,53 and yet they live longer.64 These findings may be
related to the concept of hormesis (see below).

Finally, the effects of CR have also been interpreted in terms of the immune
system. The age-related decline in naïve T cell levels were blunted by CR in both
rats56 and mice.57 This leads to improved immune function in old CR animals.
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2.3.4 NUTRITIONAL INTERVENTIONS BASED ON CALORIC RESTRICTION

2.3.4.1 Caloric Restriction Mimetics

As summarized above, CR is the most reproducible manipulation that extends life
span in mammals. It has beneficial effects at the molecular, cellular, and homeostatic
systems levels in rodents. Ongoing studies in nonhuman primates have suggested
that CR has similar beneficial effects at the systems level in monkeys.65 These primate
studies have been too brief to see an effect on longevity. All of this makes CR a
potentially attractive nutritional intervention for humans. However, the restrictedness
of the diet and its composition would make it impractical as a general intervention
in a food-conscious Western society. This has led to the search for CR mimetics,
dietary or pharmacological compounds that mimic the biological effects of CR
without restricting diet itself.66

Information on many CR mimetic studies is minimal due to the proprietary
nature of the work. However, there have been some reviews of noncommercial
strategies.59 The first candidate mimetics have targeted energy metabolism, since this
appears to be a fundamental trigger of the CR response. The first compound to be
tested was 2-deoxyglucose, a glycolytic inhibitor. In one study, the effects of feeding
2-deoxyglucose were compared to the effects of intermittent feeding, a type of dietary
restriction, over a 6-month period in young rats.67 Feeding 2-deoxyglucose decreased
blood pressure, heart rate, and serum and insulin levels in a manner similar to
intermittent feeding. Both treatments also raised stress hormone levels.

In addition to glucose metabolism, lipid metabolism may also be a target for
CR mimetics.59 The compounds alpha-lipoic acid and carnitine have been discussed
previously in the context of antioxidants (see above). However, in addition to being
antioxidants, they also have effects on fatty acid oxidation in mitochondria. Ulti-
mately, a combination of compounds may be required to mimic the many effects of
CR. Feeding a diet composed of vitamins, minerals, herbs, and antioxidants has been
reported to extend longevity in mice.68

2.3.4.2 Hormesis

Masoro defines hormesis in the context of aging research as “the beneficial action
resulting from the response of an organism to a low-intensity stressor.”58 Masoro
has argued that CR is a low-intensity stressor. It increases stress hormone levels even
as it increases life span and improves physiological functioning. In the context of
brain aging, this has been referred to as the glucocorticoid paradox of CR. In their
review of the literature, Patel and Finch64 concluded that the positive neuroprotective
effects of CR outweighed the increase in glucocorticoids that it also produced.
However, Masoro proposes that the increase in glucocorticoids itself may be bene-
ficial, perhaps by reducing inflammation.58

In addition to CR, other stressors that may work through hormesis include pro-
oxidants, irradiation, heat shock, and exercise.69 From a nutritional standpoint, the
most interesting of these is dietary pro-oxidants. As an example, curcumin, an
antioxidant derived from turmeric, a curry spice, also induces heat shock proteins,
a stress response.70 This compound has been cited as contributing to the reduced
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incidence of Alzheimer’s disease in India. This raises the interesting possibility that
dietary intake of small amounts of compounds normally considered harmful may
induce antioxidant defenses and have long-term beneficial effects.

2.4 SUMMARY

This review has highlighted our knowledge of aging at the molecular level and its
interaction with nutrition. Recent studies suggest why certain nutrients may be
beneficial and also suggest new strategies. Some of the nutritional interventions are
very familiar, such as the antioxidant vitamins. However, even here there are some
surprises, as antioxidants such as vitamin E seem to have specific actions in cells
that go far beyond their antioxidant properties. These multiple actions are also seen
in studies of the Ginkgo preparation EGb761. In recent years, it has become clearer
how fruit polyphenols may have beneficial effects at the molecular level. These
studies are exciting because this class of compounds is found in fruits such as
strawberries, spinach, and blueberries.

Studies of mitochondrial aging have suggested new nutritional interventions such
as L-carnitine and lipoic acid. These compounds appear to have specific effects on
mitochondrial energy production and antioxidant capability. They have not yet been
demonstrated to have an effect on longevity, but they do have an effect on cognitive
function in old animals. This would have important implications if they were found
to have the same effects in humans.

Finally, recent studies suggest that a mechanism exists in rodents, probably in
nonhuman primates and possibly in humans, that responds to caloric stress. This
provides a new target for nutritional intervention. This target is particularly attractive
since the response to caloric stress is so robust. It may be that true caloric mimetics
will be found given the great commercial interest. On the other hand, caloric stress
may be just one of broader classes of stress responses. Activating these by nutritional
means could potentially give the benefits of an enhanced stress response while
minimizing the unpleasant side effects (i.e., hunger) of the stressor itself.
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Disease prevention can be divided into primary, secondary, and tertiary prevention.
Primary prevention occurs when steps are taken before the disease has developed
to prevent its occurrence, e.g., the use of influenza vaccine to prevent influenza
epidemics or the institution of good sanitary practices in food handling to prevent
food poisoning. Secondary prevention is the early detection of a disease that may
remain occult for a period of time before manifesting itself. Secondary prevention
can also be included in aggressive early treatment of disease, e.g., treating influenza
with rimantidine or oseltamivir to ameliorate the development of serious complica-
tions. Under tertiary prevention is included the rehabilitation process, such as when
an elderly patient is admitted to a geriatric evaluation unit for a period of physical
therapy and nutritional support before being discharged home.

Nutritional interventions can clearly be applied at the primary, secondary, and
tertiary levels of disease prevention. However, in developing an understanding of
the role of nutrition in the prevention of age-associated diseases, it is important to
realize that these interventions are unlikely to make major changes in life expectancy.

3815_book.fm  Page 29  Friday, March 23, 2007  9:28 AM



30 Geriatric Nutrition

In the U.S., since the beginning of the 20th century, life expectancy has risen from
45 to 77.4 years. From 1970 to 2001, life expectancy in persons over 65 years of
age increased by 2.9 years, or 0.1 year of age for each calendar year. This has
occurred during a period when food intake has increased and the U.S. has become
the most obese nation in the world. Some of this can be explained by the effects
of protein and micronutrients on fetal development. For example, large babies at
birth have stronger grip strength at 70 years of age, and higher weight at 10 years
of age is inversely related to ischemic heart disease, systolic blood pressure, and
glucose intolerance. Poor nutrition during phases of accelerated growth may also
have an effect, as suggested by a Japanese study showing that those age 5 to 20
years during World War II, when there were multiple nutritional shortages, have
an increased mortality from diabetes mellitus and ischemic heart disease. Other
factors associated with the decline in atherosclerosis have been the improvement
in food processing, i.e., elimination of animal infections and thermal processing of
food, which leads to decreased infections for the initiation of atherosclerosis.
Improvement in water quality has resulted in a decrease in peptic ulcers and gastric
cancer. Increased food intake is related to decreased risk of atherosclerotic heart
disease. This may be due to increased ingestion of antioxidants in food. Poor food
intake may be related to borderline immune deficiency and decreased ability to
inhibit the development of cancers.

For these reasons, it becomes increasingly important to measure the impact of
nutritional intervention programs on morbidity. Small changes in morbidity can have
a major impact on the quality of life. For example, as shown in Figure 3.1, the world
record for the 1-mile run has improved by 1% every 7 years. In real terms, this is
a 1% improvement in an international-class athlete that would put him or her 7 years
ahead of other competitors. This would almost certainly guarantee an Olympic gold
medal, or in the case of a professional football player, could represent the difference
between being a millionaire or a street person. The impact on quality of life of a
95-year-old who does not fracture a hip when falling because of nutritional (calcium
and vitamin D) and exercise interventions is immeasurable. Interventions that pre-
vented the development of a nonfatal stroke would likewise have a major effect in
compressing morbidity and improving quality of life.

Thus, it is reasonable to explore the available evidence that nutritional intervention
can modulate either life expectancy or morbidity. The focus of this chapter is on the
effect of nutritional manipulation in late life, that is, in humans over the age of 70
years. It should be stressed that there is no nutritional manipulation that comes close
to abstaining from cigarette smoking in its power to ameliorate disease. Thus, it makes
no sense to accede to requests for a dietary change in patients who persist in smoking.

3.1 PRIMARY PREVENTION

3.1.1 NUTRITION AND HYPERTENSION

Hypertension is an extremely common problem in older individuals, with the
National Health and Nutrition Examination Survey (NHANES) finding that 44% of
whites and 60% of blacks aged 65 to 74 years have a blood pressure in excess of
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160/95 mmHg.1 The prevalence of hypertension is increasing with the increasing
prevalence of obesity, and this increase was particularly noticeable from 1990 to
2000.2 Both the Framingham Study and the Chicago Stroke Study have shown that
untreated hypertension in older individuals is strongly associated with an increased
risk of stroke and cardiovascular disorders.3 Studies such as the Systolic Hyperten-
sion in the Elderly Program (SHEP) have shown that lowering blood pressure has
decreased the occurrence of stroke.4 Thus, nutritional interventions that would lower
the prevalence of hypertension in older individuals could have a major impact on
the health status of this group.

In younger patients, being overweight has been linked to hypertension, and with
age there is an increase in body fat. Malnourished patients in nursing homes often
display a marked amelioration of preexisting hypertension. These findings suggest
that excess weight could contribute to hypertension in older individuals.

Epidemiologic studies have long suggested a relationship between hypertension
and salt intake. Luft et al.5 suggested that 25 to 30% of individuals over 40 years
of age may display sodium-sensitive blood pressure responses. A difference of 100
meq/day in sodium intake is associated with a 3- to 6-mm difference in systolic
blood pressure.6 It has been suggested that older individuals (mean age, 85 years)
are especially sensitive to the effects of a high-salt diet on blood pressure.7 This
increased sensitivity may be secondary to the reduced rate of urinary sodium excre-
tion in older individuals. It would appear prudent to suggest that most elderly should

FIGURE 3.1 Pictorial representation of the world record for the 1-mile run.
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avoid adding table salt to their food and should not use excessive salt for cooking.
Some drinking water is particularly high in salt; tap water should not exceed 20 mg
of sodium per liter. When the sodium content of tap water is particularly high,
consideration should be given to drinking and cooking with bottled water. However,
severe sodium restriction should be avoided wherever possible in older individuals,
as it can result in unpalatable food and the development of malnutrition. It also can
lead to severe postural hypotension.8 There is some evidence that long-term use of
very low sodium diets may actually lead to an increased mortality.9

Low calcium intake has been associated with increased arterial pressure,10 and
high calcium intakes ameliorate systolic hypertension.11 A meta-analysis found that
many older individuals have a suboptimal calcium intake. In view of the putative
protective effects of high calcium intake on bone (vide infra), it seems reasonable
to liberalize calcium intake to 1 to 1.5 g in subjects 50 years of age or older in the
hope that it will also result in a lower blood pressure.

Both low potassium and magnesium are associated with increased blood pres-
sure, and administration of these ions produces a small decrease in blood pressure.12,13

Insulin resistance is associated with hypertension, and persons with insulin resistance
have increased salt sensitivity.14 Consuming one or two alcoholic drinks a day is
associated with a lower blood pressure than seen in persons who do not drink.15

Greater consumption of alcohol is associated with hypertension. A meta-analysis
showed that 3.7 g of fish oil produced a small reduction in blood pressure.16

Overall, geriatric hypertension appears to have a relatively strong relationship
to diet; a lifetime of moderate salt and caloric intake, as well as an adequate calcium
intake, appears to be a prudent preventive medicine approach. The Trial of Non-
Pharmacologic Intervention in the Elderly (TONE) showed that over a 4-year period
of sodium reduction and weight loss, 23% of patients did not need medications to
control their blood pressure compared to 7% in the usual-care group.17 In view of
the high cost of antihypertensive medications, careful dietary intervention in older
subjects (mild salt restriction or added calcium intake) may represent the most
prudent approach to the management of borderline elevations in blood pressure. This
approach is particularly relevant in the “stroke belt” of the southern U.S., where
NHANES III showed this region to have the highest salt and lowest potassium,
calcium, and magnesium intakes.18

3.1.2 OSTEOPENIA

The development of osteoporosis and subsequent fractures is a major cause of
morbidity in postmenopausal Caucasian females. Clearly, the first approach to pre-
vention is measurement of bone mineral density and appropriate bisphosphonate
therapy in severely osteopenic persons. In addition, there is reasonable epidemiologic
evidence linking the development of type II (age-related) osteopenia to lifetime
calcium intake.19 Studies in Hong Kong have suggested that subjects with a calcium
intake below 400 mg/day are particularly at risk for the development of osteoporosis
and hip fractures.20 Osteoporosis is more prevalent in subjects with lactose intoler-
ance, which leads to poor intake of dairy products and thus calcium, and in subjects
with malabsorption syndromes, again suggesting a role for dietary calcium in bone
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protection. For these reasons, it seems appropriate to suggest a total calcium intake
of the order of 1 to 1.5 g/day.

The role of vitamin D deficiency in the pathogenesis of hip fractures in individ-
uals over 70 years of age is rapidly emerging.21 A number of factors make older
individuals at risk for developing vitamin D deficiency. These include decreased
dietary intake, decreased sun exposure, the use of sunscreen to prevent recurrent
skin cancer, impairment of the ability of ultraviolet light to produce cholecalciferol
in older skin, decreased conversion of 25(OH) vitamin D to 1,25(OH) vitamin D by
the kidney, and decreased intestinal reception for vitamin D. Studies from Israel
have suggested that even elderly subjects living in high-sun-exposure areas can
develop vitamin D deficiency.22 A longitudinal study over 14 years showed that even
very healthy older persons living in New Mexico had declines in their 25(OH)
vitamin D levels.23 Elderly in institutions appear to be particularly vulnerable to
developing vitamin D deficiency, which increases their chances of having a hip
fracture. For this reason, all institutionalized older subjects should receive 800 IU
of vitamin D daily. If this is given, calcium levels need to be checked regularly to
avoid the development of unrecognized hypercalcemia. A placebo controlled study
of 3270 healthy ambulatory women aged 84 ± 6 years who were supplemented with
1.2 g of elemental calcium and 800 IU of vitamin D daily for 18 months produced
a 43% decrease in hip fracture.24 Recent studies have supported the need to have
vitamin D levels of at least 30 mg/dl.

3.1.3 CHOLESTEROL

Is it rational to have embarked on a national campaign to lower cholesterol? McCor-
mick and Skrabanek25 have argued that future generations will look back at the era
of population interventions to reduce coronary artery disease with disbelief and
contempt for the epidemiologic analysis that supported these political actions. Alter-
natively, Fries et al.,26 although accepting that cholesterol reduction is unlikely to
reduce mortality, have cogently argued that, at least in some populations, reduction
in cholesterol may compress morbidity by reducing morbid cardiovascular events.
Thus, in the Helsinki Heart Study trial, for example, there was a 37% reduction in
nonfatal coronaries.26 In addition, it is possible but not proven that such prevention
may reduce medical expenditures. Thus, it would appear still reasonable to pursue
cholesterol reduction vigorously in high-risk groups, such as those with a previous
myocardial infarction or those subjects with a strong family history of atherosclerotic
heart disease. The cholesterol level at which intervention should begin is uncertain,
although values above 300 mg/dl would certainly warrant attention. For the best
overall mortality target, levels of cholesterol should probably be in the range of 200
to 220 mg/dl in subjects under 65 years of age. One study suggested that, even in
subjects with a mean age of 82 years, a total cholesterol greater than 250 mg/dl and
a high-density lipoprotein cholesterol less than <35 mg/dl remain indicators of
subsequent coronary events.27 However, in other studies a high total cholesterol was
associated with longevity,28 and in a study of 3572 men aged 71 to 93 years, persons
with the lowest quartile had a higher all-cause mortality than those in the highest
quartile.29 However, there is no evidence that routine intervention in subjects over
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65 years of age has any benefit on mortality or mental or function status.30 In addition,
the Women’s Health Initiative could show no major health benefits of a low-fat
diet.31–33 It is now recognized that small, dense low-density lipoprotein (LDL) is
easily absorbed and oxidized by blood vessels. This is in contrast to large, foamy
LDL, which is not atherogenic and found in high amounts in many centenarians.
Treatment of elevated cholesterol levels in older persons requires understanding that
all LDL is not bad. In view of these facts—that major interventions in diet in older
subjects may result in malnutrition—it seems reckless to attempt to alter the cho-
lesterol content of diets in the populations over 70 years of age. In addition, animal
and human studies have suggested that lowering cholesterol may result in cognitive
impairment.34,35

3.1.4 FISH AND FISH OILS

Greenland Eskimos, despite their high fat intake, have a low prevalence of athero-
sclerosis and develop acute myocardial infarction at 10% the rate of Danes or North
Americans. The difference is explained by the quality of fats ingested, with the
Eskimos ingesting high qualities of omega-3 fatty acids derived mainly from seals
and whales, whereas the other populations eat more saturated fats and omega-6
fatty acids.

These epidemiologic findings have led to the suggestion that polyunsaturated
fatty acids, such as eicosopentanoic and docoscipentanoic acid, may decrease cor-
onary artery disease both by decreasing platelet adhesiveness and by lowering tri-
glycerides and, to a lesser extent, low-density lipoprotein cholesterol.36 As these fatty
acids are the predominant fat in fish, eating a high-fish diet may also prove protective
against heart disease. Population studies have suggested that eating fish regularly
may reduce atherosclerotic disease.37 Mortality from coronary artery disease was
50% lower among those who consumed fish than among those who did not. At
present, no large population trials showing the efficacy of raw fish oils over a
prolonged period have been published. Because of the increased bleeding tendency
produced by fish oil ingestion, intake of excess fish oil should be avoided in older
subjects. However, there would appear to be minimal risk and potentially some
benefit of increasing fish consumption to three or four times per week. Other poly-
unsaturated fatty acids, as seen in the Mediterranean diet, may be equally effective.

3.1.5 CANCER

Approximately half of all the new cancers in the U.S. can occur in individuals over
the age of 65 years. Gastrointestinal, prostate, and breast cancer are responsible for
over half the cancers in patients over 60 years of age. Although the cancer incidence
rises with age, it begins to decrease in those 85 to 90 years of age. The concept that
diet can modulate the prevalence of cancer is not a new one. In 1933, Morison and
Orr38 suggested that cancer in betel nut chewers was less prevalent in those with
high vitamin A intake. In the same year, Stocks and Karn39 found that high intake
of whole-meal bread, vegetables, and fresh milk was associated with a decrease in
cancer incidence at multiple sites.
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Animal studies have suggested that food restriction reduces the cancer rate.40

Further, feeding high-fat diets to animals induces breast and colon cancers. Human
epidemiologic studies support the increased occurrence of carcinoma of the colon
and breast in subjects on high-fat diets.41 However, recent large prospective studies
have considerably weakened the support for a major role of fat intake independent
of calories as a major pathogenic factor in breast and colon cancer.42 There is stronger
evidence to support a relationship between aggressive prostate cancer and fat intake.43

There is a 15% increase in colon cancer for each 100-g increase in red meat44 and a
30% increase in prostate cancer in high-red-meat eaters.45 This may be due to N-
nitrose compounds formed from nitrogenous residues in red meat. Vegetarian groups,
such as the Seventh Day Adventists, have a low occurrence of carcinoma of the colon,
which could be related to low fat intake, the effect of lack of meat, or, most likely,
the increased fiber in the diet. Numerous animal and human studies have supported
the protective effect of dietary fiber against the development of colon cancer.

Iron deficiency has been associated with hypopharyngeal cancers in women.46

Iodine deficiency predisposes to thyroid cancer.47 Aflatoxin, from Aspergillus flavus,
is a contaminant of peanuts and cereals in some situations and has been associated
with hepatoma.48 In Japan, eating bracken fern is associated with a five-fold increase
in esophageal cancer.49

Epidemiologic studies have suggested a decrease in lung cancer in subjects with
high intakes or serum levels of beta-carotene or vitamin A.50 Vitamin A ingestion
can lead to hypercalcemia by cathespin D activation and release of parathormone.
For this reason, supplementation with vitamin A is never recommended. In the Alpha-
Tocopherol Beta-Carotene (ATBC) trial, there was no association with lung cancer
but a 34% lower incidence of prostate cancer in heavy smokers.51 Long-term use of
folate supplementation reduced the risk of colon cancer by approximately 40%.52

Low selenium levels in the blood have been associated with an increase in cancer
incidence.53 The combination of low selenium and low vitamin E levels seems to be
highly predictive of increased risk, especially for gastrointestinal cancers.54 Countries
with high selenium levels in the soil, such as Venezuela, have much lower colon
carcinoma rates than do those with lower selenium levels in the soil, such as the
U.S. Overall, there is mounting evidence that selenium deficiency may predispose
to the development of cancer.

Unfortunately, diets that protect against some cancers are associated with an
increase in prevalence of cancers at other sites. For example, cereal cultures, such
as those of Japan and Southeast Asia, have a high prevalence of stomach and
esophageal cancer, whereas the incidence of breast, colon, and prostate cancers is
decreased. Meat-eating cultures, such as the U.S., show exactly the opposite cancer
pattern. Table 3.1 summarizes some of the known dietary influences on cancer.

3.1.6 EXERCISE

There is mounting evidence that moderate exercise can prolong the life span.55

Exercise is associated with salutary effects on the cardiovascular system, bone, and
muscle. The strengthening of muscle and bone may decrease the incidence of hip
fracture. In addition, evidence in both animal56 and human57 studies suggests that
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exercise is associated with a decrease in cancer. Recent studies have shown that
exercise produces an acute increase in nature killer (NK) cell activity, most probably
secondary to the release of beta-endorphin from the pituitary gland.58 NK cells are
responsible for scavenging circulating tumor cells. Thus, there is now a biochemical
basis for the cancer-protective effect of moderate exercise.

Overall, it would seem that mild to moderate exercise can produce myriad ben-
eficial effects when introduced at almost any age. This includes decreased brain
atrophy, improved memory, and decreased depression. In older individuals, the exer-
cise program should be tailored to the individual’s capacity. All exercise programs
should consist of endurance, resistance, balance, flexibility, and posture elements.

3.1.7 LIFE EXTENSION

Since Ponce de Leon set out from Puerto Rico in search of the fountain of youth,
only to discover Florida instead (in view of the senior migration to Florida, he might
be considered to have been at least partially successful in his quest), many humans
have craved a magic potion that would prolong their life span. Books and magazines
on life extension have proved to be particularly successful with the lay public.
Although clearly this author joins with Fries59 in feeling that we should spend more
time searching for ways to compress morbidity, it is nevertheless appropriate to
review briefly dietary studies on life extension.

Numerous animal studies in many species from Drosophila to rodents have
demonstrated that dietary restriction leads to a prolongation of life span.60 Dietary
restriction seems to be most effective when calories are restricted by approximately
25%. However, dietary restriction is not capable of extending life in rotifers.61 No
single macronutrient appears to be specifically responsible for the life span extension.
The mechanism by which mild caloric deprivation enhances life span is uncertain,
with theories ranging from a reduction in free radical generation or tissue glycation
to a delay in thymic involution. There is relatively strong support for the growth

TABLE 3.1
Potential Dietary Influences on Cancer

Cancer Effects of Nutrients

Lung Decreased prevalence with increased beta-carotene, vitamin A, carrots, and green 
leafy vegetable intake

Esophageal Increased rates with high bread or bracken from consumption
Stomach Increased risk with dried salty fish consumption; decreased risk with vegetable and 

fruit consumption
Pancreas Increased risk with butter, fried and grilled meal; decreased risk with raw fruits, 

vegetables, and vitamin C
Colon Increased risk with pasta, rice, and cereals; decreased risk with vegetables, fiber, 

selenium, and vitamin C
Hypopharyngeal
skin cancers

Increased risk with iron deficiency; decreased risk with selenium consumption
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hormone/insulin-like growth factor 1 (IGF-1) hypothesis. Caloric restriction appears
to work by increasing the silent information regulator 2 (SIR2) or its mammalian
ortholog (Sirt).62 SIR2 is an NAD-dependent deacetylase. Besides altering histone
deacetylation, Sirt also suppresses p53 and Foxo medicated apoptons and inactivates
the proapoptotic factor, BAX. Sirt1 also decreases insulin, growth hormone/IGF-1,
and leptin and increases adiponectin. It should be realized that such studies as these
can be interpreted as demonstrating that overnutrition is not good for an animal,
rather than demonstrating an effect of undernutrition per se. There is an attempt to
develop caloric restriction mimetics, such as 2-dioxyglucose, to produce the bene-
ficial effects of caloric restriction.63

Attempts to prove that the spartan existence increases life span led to searches
for long-lived human populations. Three such populations were putatively identi-
fied—the Georgians in Russia, the Afghans in the Khyber Pass, and the people of
Villacabamba in Ecuador. After much excitement concerning the ability of these
individuals to live high-quality lives on a frugal diet, it rapidly becomes obvious
that the great ages attained by these individuals were more closely linked to their
inability to count correctly, rather than to their dietary and exercise habits. The
longest-documented human life span is 122 years in a French woman. The most
long lived population in the U.S. is in Hawaii, hardly a group of people who follow
a spartan nutritional existence. Caloric restriction in rhesus monkeys lowers body
temperature and energy expenditure, but also causes an increased loss of bone from
the hip.64–66 Attempts at caloric restriction in humans show a decrease in body
temperature, oxidative stress, cholesterol, triglycerides, fasting glucose and insulin,
c-reactive protein, and carotid artery intema media thickness.67–69

One theory of aging proposes that the generation of free radicals causes tissue
damage and ultimately death. If this is true, then one would expect that intake of
free radical scavengers, such as selenium or vitamin E, or antioxidants would result
in a prolongation of life span. It is important to recognize that in these situations
vitamins are used as pharmacological agents and not as nutritional supplements.
Unfortunately, this question has been addressed in very few animal studies, and the
paucity of data makes it impossible to make any conclusive comments on this issue.
In one retrospective analysis, vitamin C ingestion slightly prolonged life in males
but not in females.70 There is some evidence in rodents that alpha-lipoic acid reduces
oxidative metabolism and extends life.

Overall, it would appear that at present there is no dietary fountain of youth and
that the best advice is to partake of a balanced diet that maintains weight around
that of the population average.

3.2 SECONDARY PREVENTION

Much of the approach to the early detection and treatment of nutritional diseases
is reviewed in detail in other sections of this book. For this reason, approaches to
secondary prevention are reviewed only briefly here. The development of classical
nutrient deficiencies, such as pellagra or scurvy, is extremely rare in the older
populations of developed countries. More commonly, some older individuals who
are suffering from intercurrent illnesses may develop borderline deficiency states.
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For example, an older patient with type II diabetes mellitus may be losing zinc in
the urine. He then develops a leg ulcer and has recurrent urinary tract infections,
resulting in anorexia and decreased intake. His leg ulcer heals slowly because he
has now developed a zinc deficiency that impairs wound healing. Zinc replacement
eventually allows the full healing of his ulcer. Many patients in nursing homes are
at particular risk for the development of borderline vitamin and tract mineral
deficiencies and, as such, should be carefully monitored for signs and symptoms
of these deficiencies.

Numerous drugs that are commonly used in older individuals interfere with
nutrient bioavailability. Diuretics can cause magnesium, potassium, and zinc defi-
ciency. Tuberculosis therapy with isoniazid can lead to vitamin B6 deficiency.
Epileptic treatment with phenytoin or phenobarbitone can result in folate deficiency.
Laxative abuse with mineral oil can result in deficiency of vitamins A, D, and K.
For these reasons, it is important for older patients receiving medications to be
monitored carefully for nutrient deficiencies. In addition, the older person’s need
for the variety of drugs he is receiving should be assessed carefully. Not only does
polypharmacy increase the likelihood of drug interactions, but it also increases the
possibility of nutrient deficiencies. For the elderly, it is just as important that they
learn to “just say no to drugs” when they are inappropriate as it is for our younger
population.

Protein-energy malnutrition (PEM) is reaching endemic proportions among older
Americans. In the prevention of this disease, primary prevention programs, such as
meals at senior citizen centers and Meals on Wheels, can play an important role. In
addition, the development of bereavement squads who visit an older person a week
after a spouse dies and bring food with them may reduce the protein-energy malnu-
turition commonly associated with a spouse’s death. In the long-term care setting,
ensuring sufficient money to prepare attractive food and hire a dietitian is the major
primary prevention need.

Because the onset of PEM is often insidious, early detection is of paramount
importance. Many older subjects present with a marasmic picture, with weight loss
rather than hypoalbuminemia dominating the situation. Weight loss needs to be
pursued vigorously in older individuals and treatable causes, such as occult depres-
sion, carefully excluded. Patients at risk for malnutrition include those who are
unable to shop for themselves. In a diagnosis-related group (DRG)-driven world,
the physician needs to be particularly aware that many older patients admitted with
infection have occult malnutrition. If the patient is discharged home too quickly, he
may be too weak to prepare meals, resulting in a vicious cycle of worsening mal-
nutrition, further impairment of the immune system, and subsequent hospital read-
missions for infection. It is important to realize that, in many cases, the best result
that can be obtained from tube feeding is a maintenance of body weight at the level
prevailing at the time of tube insertion. For this reason, if successful secondary
prevention of PEM is to occur, it is necessary that tube feedings are begun earlier,
rather than later, with the expectation that the tube may be removed as soon as
weight stabilization occurs.

Diabetes mellitus is an extremely common disease, occurring in up to 18% of
individuals over 65 years of age.71 Yet in approximately half of these individuals,

3815_book.fm  Page 38  Friday, March 23, 2007  9:28 AM



The Role of Nutrition in the Prevention of Age-Associated Diseases 39

the diagnosis is not made. Regular screening programs for diabetes mellitus in seniors
should be undertaken using glucose or fructosamine levels. Not only does diabetes
mellitus cause retinopathy, neuropathy, and nephropathy, but there is also increasing
evidence that it may result in premature aging and accelerated atherosclerosis.

3.3 TERTIARY PREVENTION

Exercise therapy and aggressive nutritional therapy are the cornerstones of the ability
of the frail elderly person to return to the community.

Patients with well-established PEM often require prolonged hospitalization or
admission to a skilled nursing facility. Carefully designed swallowing therapy programs
may be necessary to allow the patient to eat again. When the patient fails to respond
to routine measures, heroic therapy, such as the use of the anabolic growth hormone,
may be indicated. Restoration of the severely malnourished patient requires a maxi-
mum effort by all the members of the interdisciplinary team. The ability of handicapped
or frail elderly to eat can be greatly improved by the use of specialized eating utensils
that have been developed to aid patients with strokes or amputations (Figure 3.2).

FIGURE 3.2 Examples of utensils used to improve food intake in handicapped elderly: (A)
Side-cutter fork with sharpened edge, which allows cutting and eating with one hand. (B)
Flow-restricted cup in a cup holder. Cup can be used with or without a straw. Spout is large
enough for thick soups. (C) Weighted spoon for use by patients with Parkinson’s disease or
other tremors. (D) Rocker-bottom knife allows for meat cutting with one hand by rocking
back and forth. (E) Scoop dish. One side is elevated, allowing for easier scooping by moving
food against the edge. (F) Soft built-up fork used by a person with limited grip.
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Where specifically indicated, strengthening exercises are usually carried out
under the supervision of a physiatrist or physical therapist. However, many patients
who are recovering from a prolonged illness can benefit from a nonspecific exercise
program. Exercise programs should be provided for all patients in rehabilitation or
geriatric evaluation wards, as well as for those in nursing homes. Special attention
should be paid to strengthening leg muscles in the hope of preventing future falls.

3.4 CONCLUSION

Our knowledge concerning nutritional prevention of age-associated diseases is sim-
ilar to that of the two blind men, one at the trunk and one at the tail of the elephant.

TABLE 3.2
Nutritional Approaches to Prevention of Age-Associated Diseases

Primary Prevention Secondary Prevention Tertiary Prevention

Highly Recommended

No added salt—hypertension Screening for weight loss Exercise
Calcium supplementation—bone and 
hypertension

Screening for diabetes 
mellitus

Vigorous treatment of 
PEM—early tube 
feeding

Increased fish intake—cardiovascular disease No megavitamin use—
hypercalcemia

Specialized eating 
utensils

Avoidance of very high fat diets—cancer Use of indicated drugs 
only—decrease 
drug–nutrient interactions

PEM

Moderate exercise—cancer, cardiovascular 
disease, bone

Meals at senior citizen centers
Meals on Wheels—PEM
Vitamin D—hip fracture

Possibly Recommended

Weight reduction—hypertension and diabetes 
mellitus; uncertain value over 60 years

Cholesterol reduction—cardiovascular 
morbidity

Selenium supplementation in low-soil-
selenium areas—cancer

Vitamin and mineral supplementation to 
prevent infection attack rates

Uncertain Value

Cholesterol reduction—total mortality
Dietary restriction—life extension
Free radical scavengers—life extension

Note: PEM = protein-energy malnutrition.
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We have made an excellent start in understanding the nutritional bases of some of
these diseases, but the lack of a full understanding makes it difficult to be absolutely
certain that any recommendation will be proven to be correct. Table 3.2 summarizes
the potential nutritional approaches to prevention. As we embark on the exciting
field of health promotion and disease prevention in older individuals, we need to be
exquisitely sensitive that the programs we institute do no harm. It should be remem-
bered that, in many healthy older individuals, the less we intervene, the more likely
they are to survive.
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4.1 SUMMARY

 

Increased body fat, redistribution of body fat to the abdomen, and loss of muscle
mass (sarcopenia) are all problems in old age, which are increasing in frequency.
Decreased physical activity and decreased energy expenditure with aging predispose
to fat accumulation and fat redistribution. The risks of obesity in old age are dependent
on the distribution of the fat, increasing with a predominant visceral distribution; prior
weight history; and associated sarcopenia. The use of the body mass index (BMI;
kg/m

 

2

 

) to assess obesity in the elderly may be misleading. An increased BMI has a
smaller effect on overall and cardiovascular mortality in the elderly, although it is
associated with decreased mobility. Overall mortality is more likely to increase when
the BMI decreases. Waist circumference is a more useful measure since intra-abdom-
inal fat is clearly related to increased morbidity and mortality. Increased physical
activity is a preferable management strategy to diet-induced weight loss, other than
in those with predominantly obesity-related mobility disorders, and also has beneficial
effects on muscle strength, endurance, and overall well-being. Those exercise regi-
mens that include strength training have benefits over and above those focusing on
endurance training alone. An active lifestyle should be promoted early and maintained
through adulthood to prevent substantial weight gain and obesity with age.

 

4.2 AGE-RELATED CHANGES IN BODY COMPOSITION

 

On average, body weight increases until approximately age 60 to 65 and decreases
in approximately 60% of the population thereafter. The contribution of fat mass to
the weight loss that occurs in the elderly is small and seen predominantly in women
over the age of 70 years.

 

1,2

 

 In general, fat mass increases with increasing age

 

3

 

 and
tends to be redistributed viscerally, in both genders.

 

4

 

 Muscle mass and strength
decrease by approximately 15 and 30%, respectively, between the second and
seventh decades.

 

3

 

In the SENECA study (Survey in Europe on Nutrition and the Elderly; a Con-
certed Action), a longitudinal assessment of changes in body composition that
occurred between the ages of 65 to 70 and 80 to 85 in Europeans from nine towns,
stature decreased by 1.5 to 2 cm and average body weight increased by 5 kg in 13%
of men and women and decreased by 5 kg in 23% of men and 27% of women. In
contrast, waist circumference increased by 3 to 4 cm.

 

5

 

 A U.S. study followed a group
of men and women age over 60 at enrollment. In men, overall body weight did not
change significantly, fat mass increased by approximately 1.2 kg, and total appen-
dicular skeletal muscle decreased by approximately 0.8 kg. In women, both body
weight and fat mass were reduced by about 0.8 kg and appendicular skeletal muscle
mass decreased by about 0.4 kg.

 

6

 

 In another study, the oldest subjects had a thinner
body frame and malnutrition was present in 5% of both genders. Waist circumference
and waist:hip ratio values were higher for the youngest men than for the oldest men,
whereas in women the waist:hip ratio values were higher in the oldest women,
suggesting that visceral redistribution in old age predominantly affects females.

 

7
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4.3 MECHANISMS RESPONSIBLE FOR THE CHANGES 
IN BODY COMPOSITION WITH AGING

4.3.1 C

 

HANGES

 

 

 

IN

 

 E

 

NERGY

 

 E

 

XPENDITURE

 

Energy expenditure decreases by around 165 kcal/decade in men and 103 kcal/decade
in women, primarily due to changes in voluntary physical activity and, to a lesser
extent, a decrease in resting metabolic rate (RMR).

 

8

 

 

 

In a population-based cohort
of 33,466 men age 45 to 79 years in central Sweden, total daily physical activity
was found to decrease by approximately 4% between ages 45 and 79. Obese men
reported 2.6% lower physical activity than normal-weight men. Men with self-rated
poor health had –11.3% lower levels of physical activity than those reporting very
good health.

 

9

 

 Data from cross-sectional studies show that after the age of 40 there
is a progressive decline is resting metabolic rate, which is explained by both a loss
of fat-free mass and a decrease in physical activity. Up to 30% of community-
dwelling older persons have diets deficient in at least one major nutrient.

 

10

 

4.3.2 C

 

HANGES

 

 

 

IN

 

 N

 

UTRIENT

 

 I

 

NTAKE

 

In a cross-sectional study of 15,266 healthy men age 55 to 79 years, total energy
and energy from fat, but not from other nutrients, increased linearly with increasing
BMI. BMI increased by 0.53 and 0.14 kg/m

 

2

 

 for every 500 kcal of fat and total
energy consumed, respectively.

 

11

 

 While many elderly people consume adequate
amounts of protein, many older people have a reduced appetite and consume less
than the protein Recommended Dietary Allowance (RDA), likely resulting in an
accelerated rate of sarcopenia. In very old men and women, the use of a protein-
calorie supplement was associated with greater strength and muscle mass gains, and
an increased protein intake enhances the response of muscle to resistance exercise
in the elderly.

 

12

 

4.3.3 C

 

HANGES

 

 

 

IN

 

 F

 

AT

 

 M

 

ETABOLISM

 

Changes that occur with aging that increase the propensity to the accumulation of
fat include a decrease in whole body fat oxidation (0.5 g/year from age 30 to 70)
associated with the decrease in fat-free mass, a diminished ability to use fat as a
fuel during exercise,

 

13

 

 reduced adipose tissue lipoprotein lipase activity,

 

14

 

 and
catecholamine

 

13

 

 and leptin

 

14

 

 resistance. In women, both aging and the menopause
transition are associated with a number of changes in fat metabolism, which may
contribute to the accumulation of body fat after menopause.

 

15

 

4.3.4 C

 

HANGES

 

 

 

IN

 

 M

 

USCLE

 

 M

 

ETABOLISM

 

In muscle there is a disproportionate atrophy of type II (fast-twitch) muscle fibers and
a decrease in the number of functional motor units accompanied by irregularity of
motor unit firing. There is also a decrease in muscle protein synthesis, mitochondrial
oxidative enzyme activity, muscle capillarization, myosin heavy-chain synthesis, and
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a decline in mitochondrial function.

 

16

 

 Factors that may be responsible for, or are at
least associated with, these changes are decreased physical activity, inadequate
nutrition, vascular disease, increased activity of inflammatory cytokines, and
decreased levels of anabolic hormones.

 

17,18

 

4.4 ASSESSMENT OF OBESITY IN THE ELDERLY

 

Body mass index (BMI) calculated as kg/m

 

2

 

, which is used as an approximation of
fat mass in adults, reaches a maximum in the fifth decade in both males and females.
The 75th year of age is a turning point for BMI.

 

7

 

 At different ages, however, the
same levels of BMI correspond to different amounts of fat and fat-free mass. Some
individuals with low BMI have as much fat as those with high BMI.

 

19

 

 BMI is
therefore of limited use to evaluate the prevalence of overweight and obesity in the
elderly unless very high.

 

20

 

 Waist circumference is a good index of visceral fat mass
at all ages

 

19,20 

 

and relates well to obesity-related health risks in the elderly.

 

21

 

The accurate identification of a combination of low muscle mass with increased
fat mass (sarcopenic obesity) requires precise methods of simultaneously measuring
fat and lean components, such as dual-energy X-ray absorptiometry.

 

20

 

 The measure-
ment of the waist:hip ratio may serve clinical purposes; it relates particularly well
to the risk of diabetes mellitus and cardiovascular disease (CVD).

 

22,23

 

4.5 PREVALENCE OF OBESITY IN THE ELDERLY

 

Studies of the prevalence of obesity in the elderly have most frequently been based
on standard BMI criteria.

 

 

 

In elderly Italians age 65 to 95, the prevalence of obesity
in 1985, which was 28% in women and 13% in men, increased to 16% in men in a
little over a decade, while remaining unchanged in the women.

 

7

 

 In a more recent
analysis (2004), 38.8% of Italian women were overweight and 13.8% obese. Age-
and sex-standardized prevalence of overweight or obesity was 36.0% for more
educated subjects and 54.0% for less educated ones.

 

24

 

 Among 4009 community-
living men and women over the age of 60 in Spain, the prevalence of overweight
and obesity in men was 49 and 31.5%, respectively. The corresponding percentages
in women were 39.8 and 40.8%. The prevalence of central obesity was 48.4% in
men and 78.4% in women. The prevalence of obesity was highest in the uneducated,
particularly among women, where the prevalence of central obesity was 80.9% in
those with no education.

 

25

 

 In urban Mexican women (mean age, 71.6), the propor-
tions of overweight and obese women were 60.7, 36.2, and 76.5% in urban, rural,
and marginal areas, respectively.

 

26

 

 In a representative sample of elderly Mexicans
from five Southwestern states in the U.S., 23% of men and 35% of women were
obese.

 

27

 

 In elderly Taiwanese subjects, the prevalence of overweight was 27.3% in
men and 34.9% in women, and that of obesity was 3.2% in men and 6.4% in women.

 

28

 

The Dutch nutrition survey of 539 apparently healthy, independently living elderly
age 65 to 79 years found an overall prevalence of obesity of 13%.

 

29

 

Among residents over 50 years in a defined area in Jerusalem, the prevalence
of obesity standardized by age and sex was 21% in 1970 and 25% in 1986, although
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the increase was statistically significant only in men.

 

30

 

 Analysis of data from the
Longitudinal Study of Aging and the Assets and Health Dynamics of the Oldest Old
Survey showed that the prevalence of obesity, over time, increased among those 70
and older.

 

31

 

 Data from male participants of the Normative Aging Study showed that
new cases of obesity, defined on the basis of BMI, increased over time, while the
numbers of subjects classified as lean and intermediate decreased. Among oldest
subjects, both the lean and obese had slight but significant decreases in mean BMI.
Among the lean, only the young showed consistent increments.

 

32

 

4.6 CONSEQUENCES OF OBESITY IN THE ELDERLY

4.6.1 O

 

VERALL

 

 M

 

ORTALITY

 

The relative contribution of increased fat mass to mortality may be less pronounced
in elderly people. There is some variability between studies. In 2032 subjects (999
men, 1033 women; mean age, 80 years) recruited by random sampling of the Old
Age and Disability Allowance Schemes in Hong Kong, stratified by sex and 5-year
age groups from 70 years onward, overall mortality was negatively associated with
body mass index and participation in physical activity, after adjusting for age and
sex.

 

33

 

 In another study, older men and women at a BMI range of 25 to less than 32
kg/m

 

2

 

 were shown to have no excess mortality.

 

34

 

 The BMI range of 25 to 27 has also
been reported not to be risk factor for all-cause and cardiovascular mortality among
elderly persons, whereas overweight (BMI 

 

≥

 

 27) was a significant prognostic factor
for all-cause and cardiovascular mortality among 65- to 74-year-olds, and there was
also a significant positive association between overweight and all-cause mortality
among those 75 years or older. Overall, it is clear that higher BMI values are associated
with a smaller relative mortality risk in elderly persons than in young and middle-
aged populations. The standardized mortality rate increases with increasing BMI, but
within each BMI group, the standardized mortality rate decreases with age.

 

35

 

A high waist circumference (in nonsmoking men) may be a better predictor of
all-cause mortality than high BMI.

 

19

 

 In a prospective cohort study of 31,702 healthy
Iowa women age 55 to 69 years, the waist:hip ratio was the best anthropometric
predictor of total mortality.

 

36

 

 In men and women age 67 to 78, the waist circum-
ference and supine sagittal abdominal diameter are most closely related to CVD
risk factors.

 

37

 

In 1996, a health survey was mailed to all surviving participants 65 years or
older from the Chicago Heart Association Detection Project in Industry Study (1967
to 1973). The response rate was 60%, and the sample included 3981 male and 3099
female respondents. Compared with normal-weight people, both underweight and
obese older adults reported impaired quality of life, particularly worse physical
functioning and physical well-being. These results reinforce the importance of nor-
mal body weight in older age.
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The elderly at greatest risk are those who are simultaneously sarcopenic and
obese.

 

17

 

 Low BMI and weight loss in the elderly are both strong and independent
predictors of subsequent mortality, and low BMI better predicts mortality than low
waist circumference.
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 Prior weight history has also been shown to be important in
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predicting risk. Older heavier people who gained more than 10% of mid-life body
weight or thinner older people who had lost 10% or more of body weight show high
risk compared with thinner people with stable weight.
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 Using data from a large,
population-based California cohort study, the Leisure World Cohort Study, it has
been shown that in the elderly obesity has been associated with increased mortality
only among persons under age 75 years and among never or past smokers. In
addition, being overweight or obese in young adulthood and underweight or obese
in later life increases the risk of premature mortality in the elderly.
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In the elderly, as in younger individuals, although there have been health improve-
ments in a number of areas, chronic and obesity-related diseases are increasing. For
example, in Manitoba, Canada, the prevalence of diabetes, hypertension, and demen-
tia increased substantially over a 14-year period in approximately 50,000 individuals
over the age of 65.
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4.6.3.1 Mobility-Related Disability

 

Among 2714 women and 2095 men, 65 to 100 years, there was a positive association
between fat mass and disability at baseline. Moreover, fat mass was predictive of
disability 3 years later, independent of low fat-free mass, age, physical activity, or
chronic disease.
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 Data from the U.S. National Health and Nutrition Examination
Survey (NHANES) I (1971 through 1987) showed that high BMI is a strong predictor
of long-term risk for mobility disability in older women and that this risk persists even
to very old age. In the English Longitudinal Study of Ageing, a national population
sample of 1030 women and 888 men age 55 to 74 years, body mass and shape were
major determinants of disability. Increased waist circumference was the best predictor
for most disability outcomes.
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 Sarcopenic obesity at baseline is particularly predictive
of independent activities of daily living (IADL) disability at follow-up after 8 years.
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Large population-based studies have shown that obesity is a significant indepen-
dent predictor for older persons being homebound
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 or losing independence, partic-
ularly when associated with an unhealthy diet and physical inactivity.
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 A paradoxical
increase in risk in disability has been associated with weight loss in very elderly
women.
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 Moreover, the Women’s Health Initiative Observational Study undertaken
in 40 U.S. clinical centers and involving 40,657 women age 65 to 79 at baseline and
3 years of follow-up showed that both obesity and underweight were strongly
associated with the development of frailty.
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4.6.3.2 Impaired Glucose Tolerance and Type 2 Diabetes 
Mellitus

 

The prevalence of type 2 diabetes increases progressively with age, peaking at 16.5%
in men and 12.8% in women age 75 to 84 years. Over age 65, diabetes or glucose
intolerance was present in 30 to 40% of Framingham Study subjects.
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 Among 1972
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male participants in the Department of Veterans Affairs Normative Aging Study cohort,
there was a prospective relation between abdominal adiposity and the risk of diabetes.
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An age-associated increase in total adiposity is a major contributor to impaired glucose
tolerance in middle-aged and older men. Increased body fatness and increased abdom-
inal obesity, rather than aging per se, are thought to be directly linked to the greatly
increased incidence of type 2 diabetes mellitus among the elderly.
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 Nevertheless, there
is evidence that insulin secretion decreases with age even after adjustments for differ-
ences in adiposity, fat distribution, and physical activity.
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4.6.3.3 Hypertension and Cardiovascular Disease

 

Data from the Honolulu Heart Program show that obesity and high blood pressure
continue to be highly correlated even in old age.
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 Furthermore, the Veterans Admin-
istration Normative Aging Study showed that abdominal accumulation of body fat,
apart from overall level of adiposity, was associated with both increased blood
pressure and an increased risk of hypertension.
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Fat and distribution in the middle appear to be the dominant predictor of cardio-
vascular risk in the elderly. Body mass index has been shown to be an important risk
factor for fatal coronary heart disease (CHD), and its prognostic significance remains
after up to 30 years of follow-up.
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 Moreover, for individuals with no cardiovascular
risk factors, as well as for those with one or more risk factors, those who are obese
in middle age have a higher risk of hospitalization and mortality from CHD, cardio-
vascular disease, and diabetes in older age than those who are normal weight.
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4.6.3.4 Fatty Liver

 

The prevalence of fatty liver has been reported to be 3.3% in male and 3.8% in
female nonobese and 21.6% in male and 18.8% in female obese elderly individuals,
and was shown to be an independent correlate of coronary risk factors.
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4.6.3.5 Pulmonary Function

 

Among 1094 men and 540 women from the Baltimore Longitudinal Study of Aging
there was a strong inverse association of waist/hip ratio (WHR) with FEV(1) and
FVC in men but not women.
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 In a cross-sectional evaluation, the effects of fat
distribution and body composition on lung function were determined in 2744 men
age 60 to 79 years from towns in Britain. All men were free of cardiovascular disease
and cancer. Total body fat and central adiposity were found to be inversely associated
with lung function. Increased fat free mass (FFM) reflecting increased muscle mass
was associated with better lung function and lower odds of low FEV1:FVC with
aging.
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 Weight loss has been shown to improve static lung volume, not dynamic
pulmonary function, in moderately obese, sedentary men.
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4.6.3.6 Autonomic Nervous System Dysfunction

 

Abdominal-to-peripheral fat distribution explains a significant portion of the variance
in a number of autonomic-circulatory functions attributable to aging.

 

60
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4.6.3.7 Cognitive Function

Obesity is defined by BMI and waist circumference is associated with poorer cog-
nition in the elderly.61 Moreover, obesity at midlife is associated with an increased
risk of dementia and Alzheimer’s disease (AD) later in life, and clustering of vascular
risk factors increases the risk in an additive manner.62 A larger WHR may be related
to neurodegenerative, vascular, or metabolic processes that affect brain structures
underlying cognitive decline and dementia.63

4.6.3.8 Other Adverse Effects of Obesity in the Elderly

Obesity is independently associated with the presence and severity of urinary
incontinence64 and lower limb joint pain.65 Obesity also increases the risk of overall
cancer, non-Hodgkin’s lymphoma, leukemia, multiple myeloma, and cancers of
the kidney, colon, rectum, breast (in postmenopausal women), pancreas, ovary,
and prostate.66

4.7 MANAGEMENT OF OBESITY IN THE ELDERLY

4.7.1 BENEFITS AND RISKS OF WEIGHT LOSS

For overweight individuals in good health, there is no good evidence to show that
mortality rates are reduced with weight loss. Even among overweight persons with
one or more obesity-related health conditions, specific weight loss recommendations
may be unnecessary.67 Modifiable behavioral factors (physical activity, smoking, and
obesity) and cardiovascular risk factors (diabetes, HDL cholesterol, and blood pres-
sure) are associated with maintenance of good health in older adults.68 Many obesity-
related health conditions (e.g., hypertension, dyslipidemia, insulin resistance, glucose
intolerance) can be ameliorated independently of weight loss.67 While the benefits
of weight loss in the elderly have been the subject of considerable uncertainty, it
has been shown that it is feasible for self-selected obese older women to achieve a
moderate weight loss and increase in physical activity resulting in short-term
improvements in laboratory, physical performance, self-reported function, vitality,
and life quality outcomes.69 Nevertheless, in well-functioning elderly people, the
functional consequences of past weight change depended on the type of weight
change, intentionality, and current measured body weight. For example, unintentional
weight loss in the previous year has been associated with increased risk for mobility
limitation regardless of weight status, and in the overweight (but not obese) elderly,
intentional weight and weight fluctuation with any intention increased the risk for
mobility limitation.70 Similarly, data from another cohort have also shown that
change in weight is associated with worse health-related quality of life among the
older adults, principally women, and therefore it is desirable to prevent weight gain,
especially among the obese, and weight loss, especially among the nonobese.71

The North American Society of the Study of Obesity has taken the position that
weight loss therapy improves physical function, quality of life, and the medical
complications associated with obesity in older persons. Therefore, weight loss ther-
apy that minimizes muscle and bone losses is recommended for older persons who
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are obese and who have functional impairments or medical complications that can
benefit from weight loss.72

4.7.2 SPECIFIC MODALITIES FOR INDUCING WEIGHT LOSS

4.7.2.1 Calorie Restriction

Thinness and weight loss (regardless of initial BMI) are associated with increased
mortality rates in humans, independent of smoking or weight loss resulting from
subclinical disease. In general, it is not appropriate to advise caloric restriction in the
elderly as the primary modality to induce weight loss, although it may be appropriate
where the major problem is mobility or when part of a balanced eating plan, of modest
degree, of adequate protein content and combined with appropriate physical activity.
It is generally appropriate, however, to advise a reduction in saturated fat intake, to
increase fiber, and to ensure that the diet contains sufficient micronutrients.

4.7.2.2 Physical Activity

Regular exercise is the best predictor of successful weight maintenance. An increase
in physical activity leads to an improved insulin sensitivity and glucose tolerance,73

and a reduction in all-cause and cardiovascular mortality.67 Endurance training
increases fatty acid oxidation, leads to a reduction in visceral fat, and increases, or
attenuates, the decline in RMR.74 Beginning 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.75 Resistive training has
particular benefits and improves quality and function of skeletal muscle, decreases
total and intra-abdominal fat, improves insulin action, and lowers blood pressure.76,77

Improvements in fitness have been shown to attenuate age-related increases in
adiposity. People who exercise regularly have a lower risk of cardiovascular disease75

and appear to accumulate less adipose tissue in upper, central body regions as they
get older, potentially reducing the risk for the metabolic disorders associated with
upper-body obesity.78

4.7.2.3 Pharmacotherapy

Most clinical trials exclude older patients, and little is known about benefits of diets
or drugs inducing weight loss in these age groups.

4.7.2.4 Bariatric Surgery

Bariatric surgery can be safely performed in patients above age 70 with the same
benefits as for younger subjects. Laparoscopically performed Roux-en-Y gastric
bypass (LRYGBP) in patients >60 years of age is associated with significant weight
loss, resolution of obesity-associated comorbidities,79–81 reduction of medication
needs, and very large cost savings.80 Although there is a higher morbidity and
mortality, the risk–benefit ratio is considered acceptable.
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. . . for wasting which represents old age (sarcopenia) and wasting that is secondary to
fever (cachexia) and wasting that is called doalgashi (starvation).

—Maimonides (1135–1204)

Sarcopenia can be defined as severe loss of muscle mass that is related to aging.
Cachexia, on the other hand, is excessive weight loss associated with disease. The
other major causes of weight loss in older persons are anorexia and dehydration. All
causes of weight loss can lead to frailty and a decline in muscle strength.

5.1 SARCOPENIA

The age-related loss of muscle mass commonly occurs in older persons. In addition
to the loss of muscle mass, aging is associated with increase in intramuscular fat.
This has been called myosteatosis. Sarcopenia has been defined as a decline in
muscle mass that is two standard deviations less than the muscle mass of young
individuals age 20 to 40 years. Overall, the prevalence of sarcopenia is approximately
13% of 60-year-olds and about half of 80-year-olds.1 Sarcopenic individuals have a
marked increase in having disability, and the increased cost of sarcopenia among
older persons has been estimated in the order of $18.4 billion in the U.S.2,3

An important subset of sarcopenic persons are those who are obese but have
lost excessive muscle mass. These older persons have been characterized as the “fat
frail” or having sarcopenic obesity. In the New Mexico Aging Process Study sar-
copenic obesity was found to be longitudinally the best predictor of future disability
and mortality.4 In distinction from these obese, persons who have an appropriate
muscle mass have better outcomes than normal-weight older persons.

The causes of sarcopenia are multifactorial (Table 5.1). In the Hertfordshire
Cohort Study grip strength was shown to correlate with birth weight but not weight
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at 1 year of age, suggesting that in utero factors or genetics play a role in the
subsequent development of sarcopenia.5 There is emerging evidence that genetic
factors, such as the different alleles of the angiotensin-converting enzyme, may play
a role in late-life sarcopenia.

To understand the pathogensis of sarcopenia it is important to realize that muscle
is a dynamic tissue that is in a continuous state of both anabolism and catabolism
(Figure 5.1). Whenever a muscle contracts, muscle injury is created (Figure 5.2).
Mechanoreceptors (such as titin and dystroglycan) recognize, then stimulate, the
production of muscle growth factors, which lead to muscle repair through satellite
cells and protein synthesis. This results in muscle regeneration and improved func-
tion. With aging, this system is impaired, resulting over time in an impaired fiber
number (especially type II fibers), leading to a decline in strength and power. Muscle
anabolism involves both hypertrophy and regeneration, whereas catabolism involves
atrophy and apoptosis. Besides age, predictors of the decline in muscle mass and
strength with aging include energy intake, physical activity, insulin-like growth factor
1 (IGF-1), and testosterone.6 It is important to recognize that muscle mass gain is
not always associated with enhanced muscle strength and power in older persons.

Testosterone levels in males decline with aging at the rate of 1% per annum beyond
30 years of age.7 Testosterone replacement therapy in older males increased muscle
mass and strength.8–10 Testosterone stimulates mesenchymal stem cells to produce sat-
ellite cells and inhibits the production of pre-adipocytes. The satellite cells are respon-
sible for repair of muscle tissue during regeneration. In addition, testosterone stimulates
muscle protein synthesis and inhibits muscle protein turnover by direct effects on the
cellular death chamber, i.e., the ubiquitin–proteasome pathway. These effects of tes-
tosterone appear to involve the Wnt pathway indirectly by stimulating beta-catenin,

TABLE 5.1
The Putative Factors Involved in the Pathogenesis of Sarcopenia

1. Genetic, e.g., angiotensin-converting enzyme polymorphism
2. Congenital—low birth weight
3. Testosterone
4. Vitamin D
5. DHEA
6. Growth hormone
7. ICG-1
8. Mechanogrowth factor
9. Ghrelin

10. Creatine
11. Myostatin
12. Cytokines
13. Insulin resistance
14. Anorexia
15. Lack of physical activity
16. Motor neuron activity
17. Atherosclerotic vascular disease
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which results in decreased adipogenesis and increased cell cycling and myogenesis
(Figure 5.3). Because androgens have effects that may be considered less desirable in
older men, e.g., effects on prostate and libido, there have been and are being developed
a number of selective androgen receptor molecules (SARMs). Available steroid SARMs
include nandrolone, oxandrolone, and oxymethalone. Under development are nonste-
roidal SARMs related to 2-quinolones, coumarins, and bicalutamide. There are very
preliminary data suggesting that testosterone will also increase strength in older women.

FIGURE 5.1 The ying and yang of muscle survival. Muscle mass and strength is a balance
between anabolism and catabolism.

FIGURE 5.2 The effects of aging on the exercise muscle injury and repair cycle. MGF =
mechanogrowth factor;  = increased with aging;  = decreased with aging.
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A longitudinal study of 25(OH) vitamin D levels has shown that they fall in
older persons even when the persons are highly healthy and living in a sunny
climate.11 Hypovitaminosis D is associated with declines in muscle strength and
reported disability.12 Low vitamin D and high parathyroid hormone levels are asso-
ciated with sarcopenia.13 Low vitamin D levels are an independent predictor of falls.14

Vitamin D and calcium supplementation improves strength and performance only
in older persons with low vitamin D levels.15

DHEA is a steroid hormone that has been called the mother hormone. A yearlong
study of DHEA at 50 mg daily in males and females age 60 to 70 years failed to
show an effect on muscle strength or muscle and fat cross-sectional areas.16

Growth hormone and ICG-1 levels decline with aging.17 Growth hormone
increases nitrogen retention, produces weight gain, and increases muscle mass but
fails to increase muscle strength. ICF-1, which is predominantly produced in the
liver, is under growth hormone regulation. IGF-1 increases protein synthesis but has
no effect on satellite cells and muscle repair.

Mechanogrowth factor (MGF) is an alternative splicing variant of IGF-1 that is
produced in muscle. MGF levels are increased during mechanical overload, and this
increase declines over the life span. In older persons, MGF levels increase with
resistance training and growth hormone has no effect on basal levels. However,
growth hormone will synergize with resistance training to further increase MGF

FIGURE 5.3 The putative molecular mechanism by which testosterone regulates muscle
mass and strength in older persons.
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levels. MGF enhances satellite cell proliferation. Localized MGF transgenic expres-
sion sustains hypertrophy and regeneration in senescent skeletal muscle.18

Creatine is an amino acid supplement that is essential for muscle function. Creatine
is found mainly in meat in the diet. Chrusch et al.19 demonstrated that in older men
creatine supplementation increased lean mass and knee extension/flexion power.

Myostatin is a powerful inhibitor of satellite cells and muscle regeneration.
Myostatin gene deletion in a human was associated with a marked increase in muscle
mass.20 Animal studies using antibodies to myostatin have shown muscle hypertro-
phy. Antibodies that inhibit myostatin have been developed and are entering clinical
trials for the treatment of sarcopenia.

Cytokins, such as interleukin-1, interleukin-6, and tumor necrosis factor (TNF) alpha,
have been shown to potentially increase the turnover of the atrogin–ubiquitin–proteasome
pathway, resulting in loss of muscle mass. Excess cytokines are associated with a decline
in handgrip strength, physical performance scores, disability, and death.21

The metabolic or insulin resistance syndrome is associated with an increased
accumulation of fat in muscle and decreased muscle function. Accumulation of
triglycerides in muscle attenuates the orderly phosphorylation of the insulin receptor
sulstrate, and thus the ability of the muscle cell to appropriately respond to insulin.
With aging there is an increase in mitochondrial deletions, which can lead to an
intracellular increase in triglycerides, as the mitochondria can no longer adequately
utilize lipids as their energy source.22 This explains, in part, the decrease in muscle
function and increased falls in older diabetics.23

Motor neuron nerve units deteriorate with aging. Lack of continuous neuronal
electrical impulses results in loss of muscle mass as well as poorly coordinated
muscle contraction. There is some evidence that the ciliary neurotrophic factor, which
declines with aging, may be responsible for the decreased motor neuron activity
associated with aging.

Peripheral vascular disease is a common concomitant of aging. Decreased blood
flow to muscles and decreased tissue oxygenation can result in marked muscle atrophy.

Finally, while obvious, it needs to be stressed that the major factor involved in
the development of sarcopenia with aging is the lack of physical exercise. Resistance
exercise is the centerpiece of the management of sarcopenia. Increasing spontaneous
physical activity by getting an older person to leave the house on a daily basis is an
important component of the prevention of frailty.

5.2 CACHEXIA

Cachexia involves severe loss of muscle and adipose tissue mass. Cachexia was
named from the Greek Kakos, meaning bad, and kexis, a condition. Cachexia is very
common, with over 5 million persons in the U.S. alone suffering from this condition.
It is usually associated with anorexia and is associated with illness. It is most
commonly, if not universally, associated with a marked excess production of cytok-
ines. Suggested criteria for the diagnosis of cachexia are listed in Table 5.2.

Excessive productions of cytokines, such as TNF alpha and interleukin-6, have
multiple effects that lead to the cachexia syndrome23 (Table 5.3). Cytokines have
direct effects on muscle, activating NF-kappa beta, resulting in decreased protein syn-
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thesis and activation of the ubiquitin–proteasome system leading to muscle catabolism.
The available amino acids then are transported to the liver and used to produce acute
phase reactants, such as CRP and serum amyloid protein. Cytokines also lead to insulin
resistance, thus making increased glucose available for vital organs, such as the brain.
Cytokines decrease protein synthesis in the liver and also cause third spacing of albumin
into the extravascular space. The latter is the reason for the rapid decline in albumin in
sick persons admitted to the hospital. Cytokines produce lipolysis, leading to increased

TABLE 5.2
Suggested Diagnostic Criteria for Cachexia

1. Loss of weight (at least 5%)
2. Body mass index

<20 in those under 65 years
<22 in those older than 65 years

3. Albumin < 35 g/l (3.5 g/dl)
4. Low fat-free mass (lowest, 10%)
5. Evidence of cytokine excess, e.g.,  C-reactive protein

TABLE 5.3
The Role of Cytokines in the Pathogenesis of Cachexia

I. Muscle
Decreased protein synthesis
Increased activity of the ubiquitin–proteasome system
Catabolism
Decrease NF-kappa beta

II. Liver
Decreased albumin synthesis
Decreased lipoprotein lipase activity
Hyperlipidemia
Increased acute phase—proteins, e.g., CRP and serum amyloid protein

III. Fat
Increased lipolysis
Hypertriglyceridemia
Increased circulating free fatty acids

IV. Gastrointestinal tract
Decreased gastric emptying
Decreased intestinal motility

V. Central nervous system
Anorexia
Cognitive dysfunction
Sickness behavior

VI. Adrenal
Increased epinephrine
Increased cortisol
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circulating triglycerides and free fatty acids. In the liver, cytokines decrease the activity
of lipoprotein lipase, resulting in hyperlipidemia. Cytokines decrease gastric emptying
and intestinal motility. Effects of cytokines on the central nervous system include
anorexia, memory disturbance, and sickness behavior. Sickness behavior leads to
decreased voluntary energy utilization. Cytokine activation of the adrenal medulla leads
to increased epinephrine release into the circulation, resulting in an increased resting
metabolic rate. The cytokine effect to increase cortisol by activating the hypothalamic
(CRF)–pituitary (ACTH)–adrenal axis leads to further muscle protein wasting.

Cachexia occurs in all diseases of major organs, e.g., heart (cardiac cachexia),
kidney, chronic obstructive pulmonary disease, multiple infections, and cancer. In
these conditions cachexia appears to be an independent predictor of poor outcome.
Anker et al.24 demonstrated that cardiac cachexia (defined as a weight loss of greater
than 7.5%) predicted survival independently of peak VO2, left ventricular ejection
fraction, New York Heart Association class, sodium, and age.

In cancer, other factors besides cytokines have been implicated in the pathogen-
esis of cachexia. These include lipid-mobilizing factor (a zinc alpha2 glycoprotein),
proteolysis-inhibiting factor, lactate, increased circulating tryptophan, which leads
to anorexia by increasing central nervous system serotonin, ciliary neurotrophic
factor, prostaglandins, and zinc deficiency. In addition, depression can play a major
role in producing anorexia in these patients; as demonstrated in Figure 5.4, there
are numerous possible treatment options for the cancer–anorexia syndrome.

FIGURE 5.4 Treatment options for the cancer–anorexia syndrome.
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In renal failure, malnutrition has been divided into two types: type I, or starvation
type, which is reversed by adequate dialysis and nutritional support, and type II, which
is considered a cachectic type associated with elevated resting energy metabolism and
an increased oxidation stress and is resistant to increased dialysis and nutritional
support.25 Type II malnutrition in renal failure is associated with the MIA syndrome.
In this syndrome, malnutrition is associated with inflammation and accelerated ath-
erosclerosis. Besides cytokines, causes of malnutrition in renal failure patients include
inadequate dialysis, dietary restrictions, depression, zinc deficiency, medications, met-
abolic acidosis, insulin resistance, and nutrient losses during peritoneal dialysis.

AIDS is the classical cachexia syndrome of the modern age.23 Wasting syndrome in
AIDS is highly predictive of death. In seniors, there has been a marked increase in AIDS
in the U.S. from 1981–1987, when only 1413 older persons had AIDS, to 2000, when
8373 persons had AIDS. In older persons the most common presentations of AIDS are
wasting syndrome and pneumocystes pneumonia. In AIDS wasting, besides cytokine
malabsorption and diarrhea, testosterone deficiency and hyperlactemia associated with
nucleoside analog reverse transcrystase inhibitors play a role in its pathogenesis.

At present the drugs most utilized to treat cachexia include megestrol acetate,
dronabinol, eicosapentanoic acid, thalidomide and its newer derivatives, and corti-
costeroids. The nanocrystal form of megestrol acetate can be absorbed better in the
absence of food, making it an atheoretically useful drug for cachectic/anorectic
patients. Megestrol is a “bastard” drug with a combination of progestational, corti-
costeroid, and anabolic properties. It is more effective in females.

5.3 CONCLUSION

In the approach to the management of the four major causes of weight loss in older
persons, it is essential that the different forms are distinguished from one another. In

TABLE 5.4
Comparison of Anorexia, Sarcopenia, Cachexia, and Dehydration

Anorexia Sarcopenia Cachexia Dehydration

Weight loss Moderate Mild Severe Mild to moderate
Fat-free mass Decreased Moderate decrease Severe decrease Unchanged
Body fat Decreased May be increased Severe decrease Unchanged
Resting metabolic
rate

Decreased Decreased Increased Unchanged

Physical activity Decreased Decreased Decreased Decreased
Food intake Marked decrease Unchanged Decreased Unchanged
Proteolysis Decreased Increased Marked increase Unchanged
Insulin resistance No No Yes No
Triglycerides Decreased Unchanged Increased Decreased
Serum creatinine Low Low Low to high May be increased
Blood urea nitrogen Low Low Low to high Elevated
Cytokines Minimal change Mild increase Marked increase Unchanged
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this chapter, two of these causes—sarcopenia and cachexia—have been discussed in
detail. Table 5.4 compares the major features of the four common causes of weight
loss in older persons. Other causes for weight loss in older persons include malab-
sorption and increased metabolism, e.g., hyperthyroidism and pheochromocytoma.
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According to the U.S. Census Bureau, there were 31 million of the population age
65 and older in 1990, and by the year 2050, there will be about 80 million of this
population. For the oldest old population (>85 years), that would be a five-fold
increase. Parallel to this drastic rise in the elderly population is the significant
increase in health care expenses due to the increased risk of infection, cancer, and
other diseases in the aged group. This population is also at greater risk of contracting
more severe and longer-lasting infections, particularly respiratory infections. More-
over, they are more prone to develop invasive

 

 Staphylococcus aureus

 

 infections

 

1

 

and waning immunity to tetanus,

 

2

 

 thereby increasing their susceptibility to diph-
theria.

 

3

 

 Furthermore, the aged population is known to have poor responses to
influenza vaccination

 

4,5

 

 and also has a higher incidence of infections and sepsis
after a traumatic injury than their younger counterparts.

 

6

 

 Despite increased health
care expenses spent in research development and clinical intervention, death due
to cancer and infection remains significant. In the population 65 years and older,
death due to cancer is the second most common, while that due to influenza or
pneumonia stays the fifth most common cause (Table 6.1). An age-related decline
in immunity has been implicated as the cause for these clinical cases. This has been
extensively studied over the past few decades with the common conclusion of
dysfunction of the cell-mediated immunity and impaired delayed hypersensitivity
reaction to antigens.

Dietary intake plays a major role in a person’s health and disease. Elderly persons
are particularly at risk of inadequate intake due to various factors, i.e., medical
diseases, poor taste, physical disability, chewing and swallowing problems, living
condition, polypharmacy, and limited income. Based on the National Health and
Nutrition Examination Survey (NHANES) III data evaluating the impact of diet on
health and diseases, elderly people were found to have total energy intake below the
recommended level. Older age and lower energy intake have been shown to be
independent risk factors for nosocomial infections.

 

7

 

 Furthermore, nutrition, measured
by serum albumin, has been known to be a major contributing factor in mortality and
morbidity outcomes in hospitalized elderly,

 

8–10

 

 in recovering patients after discharge,

 

9

 

TABLE 6.1
Leading Causes of Death among Those Age 65 and Older (Year 2002)

 

Leading Causes Number Percentage of Total Deaths

 

1. Diseases of the heart 576,301 31.8
2. Malignant neoplasms 391,001 21.6
3. Cerebrovascular diseases 143,293 7.9
4. Chronic lower respiratory diseases 108,313 6.0
5. Influenza and pneumonia 58,826 3.2
6. Alzheimer’s disease 58,289 3.2
7. Diabetes 54,715 3.0

 

Source: U.S. National Center for Health Statistics, 

 

Vital Statistics of the United States

 

, annual;

 

National Vital Statistics Report

 

, Vol. 53, No. 17, March 7, 2005.
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as well as in apparently healthy community-dwelling elderly.

 

11,12

 

 Evident in different
parts of the world where areas were ravaged by famine, the mortality rate rises
significantly in the very young and old age groups due mainly to dysentery/diarrheal
diseases (Ireland’s Great Famine, 1840s), malaria (famine in tropical countries), and
AIDS (areas of famine in Africa). This provides additional evidence of the important
impact of nutritional status on the body’s immune defense. Due to multiple medical
comorbidities, poor nutritional status, frailty, and a weakened immune system, the
elderly are more likely to harbor frequent infections with higher degree of severity
than the younger population. These infections are common and include pneumonia,
influenza, urinary tract infections, skin and soft tissue infections, diverticulitis, and
zoster (shingles).

 

13

 

This chapter will first provide a general review of the immune system and its
components. Then it will address the changes in the immune system associated with
the aging body, common features of the immune components in healthy elderly vs.
frail and undernutrition individuals, and the possible mechanisms, and will examine
the clinical evidence of nutritional intervention and supplementation to improve
immune response.

 

6.1 OVERVIEW OF THE IMMUNE SYSTEM

 

The immune system is designed to protect the body from foreign organisms. It
discriminates self from nonself and eliminates foreign invasion. It is crucial for
survival of the host body. Not only does the immune system protect its host from
external factors, but it also fends against internal aberrations that give rise to cancer
and autoimmune diseases. There are two levels of response against external threat,
an 

 

innate system (natural immunity) 

 

and an 

 

adaptive system (acquired immu-
nity)

 

. Innate immunity starts at birth and is 

 

nonspecific

 

. This includes the natural
barrier of the body, the skin, and the alternative complement system, acute-phase
proteins, natural killer cells, and cytokines. Cells of the innate system recognize
pathogen molecular motifs that are highly conserved among many microbes (i.e.,
bacterial endotoxin) and kill the pathogens directly or trigger a series of events and
activate the adaptive system. The adaptive system involves an intricate network of
exposure to foreign material (immunologic priming), immunologic memory specific
for the antigen, activation of lymphocytes, and elimination of the antigen. There
are two arms of the adaptive immune system: clearance of foreign particles via
direct killing by cytotoxic T lymphocytes 

 

(cellular immunity)

 

 and removal of
antigens via the chain of events mediated by antibodies produced by B lymphocytes

 

(humoral immunity)

 

.

 

6.2 ORGANS AND CELLS OF THE IMMUNE SYSTEM

 

The 

 

bone marrow

 

 gives rise to almost all cells of the immune system through
differentiation of pluripotent stem cells into lymphocytes, granulocytes, monocytes,
erythrocytes, and megakaryocytes. B lymphocytes undergo early maturation in the
bone marrow, whereas T lymphocytes are produced and differentiate in the 

 

thymus

 

.
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The bone marrow and the thymus are primary lymphoid organs. Secondary lymphoid
organs include the lymph nodes, spleen, and gut-associated lymphoid tissue. These
organs are interconnected by blood and lymphatic vessels. 

 

Lymph nodes

 

 form an
intricate network to defend the body against infection locally and prevent spread of
infection and contain mostly B and T lymphocytes. The spleen is but a giant lymph
node. It filters and processes the antigens. 

 

Gut-associated lymphoid tissues 

 

include
the tonsils, Peyer’s patches of the small intestine, and appendix. They function like
the spleen and the lymph nodes.

 

Monocytes 

 

and

 

 macrophages

 

 are derived from blood monocytes. They function
to phagocytize the antigen, then process and present the antigen to T lymphocytes.
Activated macrophages secrete proteolytic enzymes, oxygen radicals, cytokines
(interleukin (IL) 1, IL-6, IL-8), tumor necrosis factor (TNF), and others.

 

Dendritic cells

 

 are bone-marrow-derived antigen-presenting cells (APCs) such as
Langerhans’ cells and oligodendrocytes. These cells defend the body’s integrity at the
skin, respiratory, and gastrointestinal (GI) levels and transport the antigen to regional
lymphoid tissues. When bound to antigens, the dendritic cells release cytokines to
recruit other cells of the innate system and T and B cells of the adaptive system.

 

Lymphocytes

 

 play a major role in the adaptive immunity. Their function is specific.
They recognize specific antigen and process that for immunologic memory. About 75%
of the circulating blood lymphocytes are T lymphocytes (Table 6.2) and 10 to 15% are
B lymphocytes. The remaining lymphocytes are referred to as null cells. B and T
lymphocytes are distinguishable only by flow cytometry and immunophenotyping
through recognition of cell surface markers and clusters of differentiation (CD markers).

 

Null cells

 

 include different cell types, one of which is the 

 

natural killer (NK)
cells

 

. They have a membrane receptor for the immunoglobulin G (IgG) molecule
and act to destroy the antibody-coated foreign organism or cell

 

 (antibody-dependent

 

TABLE 6.2
T Cell Classes and Functions

 

CD8+ T cells Cytotoxic; lysis of virus-infected or foreign cells
CD4+ T cells Primary regulatory cells of T and B cells and monocyte function by producing 

cytokines and by direct cell contact
T

 

H

 

1-type
(helper T cells)

Subclass of CD4 cells; secrete IL-2, IFN-

 

r

 

, IL-3, TNF-

 

α

 

, GM-CSF, and TNF-

 

β

 

; 
promote production of opsonizing antibodies and induction of cytotoxic T cells 
and macrophage activation; mediate delayed hypersensitivity responses (HIV or 

 

M.

 

 

 

tuberculosis

 

)
T

 

H

 

2-type
(helper T cells)

Subclass of CD4 cells; secrete IL-3, IL-4, IL-5, IL-6, IL-10, and IL-13; help to 
regulate humoral immunity and isotype switching; help B cell with specific Ig 
production; help to regulate proinflammatory responses mediated by T

 

H

 

1 cells
CD4+ and CD8+
T regulatory cells

Control immune responses; produce large amount of IL-10; can suppress T and 
B cell responses; loss of these cells gives rise to organ-specific autoimmune 
disease in mice

 

Notes:

 

 IFN-

 

r

 

: interferon gamma; GM-CSF: granulocyte-macrophage colony stimulating factor; HIV:
human immunodeficiency virus; Ig: immunoglobulin; T

 

H

 

1: T-helper 1 subset.
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cell-mediated cytotoxicity)

 

.

 

 

 

Alternatively, NK cells can destroy virus-infected cells,
transplanted foreign cells, or tumor cells without antibody coating. Other functions
include nonspecific recognition of antigens without immunologic memory and reg-
ulation of cytokines.

 

Polymorphonuclear leukocytes (neutrophils) 

 

are granulocytes derived from
the bone marrow. They contain cytoplasmic granules filled with degradative enzymes
and superoxide radicals in acidic medium. They clear the foreign particles and
organisms by phagocytosis and process them through the reticuloendothelial system.

 

Eosinophils

 

 share many functions with neutrophils but are much less efficient
at phagocytosis. They often respond to inflammation and are key cytotoxic effector
cells in the defense against parasites. However, they can cause potential damage and
exacerbate a hyperresponsiveness of the immune system, as in the hypereosinophilic
syndromes, causing major organ system dysfunction of the heart, central nervous
system, kidneys, lungs, gastrointestinal tract, and skin.

 

Basophils 

 

and

 

 mast cells

 

 are central to both immediate and late-phase allergic
responses. They release many potent mediators (e.g., IL-4) that affect the vasculature
and mediate hypersensitivity responses.

 

6.3 INFLAMMATORY MEDIATORS

 

Inflammatory mediators include histamine, leukotrienes, prostaglandins, platelet-
activating factor, complement proteins, and cytokines, among others. They act to
modulate, mediate, or activate a chain of immunologic response that results in
elimination of the foreign particle or organism. In addition to activating cells of the
immune system, some 

 

cytokines

 

 function as growth factors and induce immunoglo-
bulin synthesis and acute-phase reactants. A subset of T cells was classified based
on the function of cytokines secreted by these T cells into the T

 

H

 

2 (humoral immune
response) or T

 

H

 

1 (cell-mediated immune response) class (Table 6.3).

 

6.4 HYPERSENSITIVITY IMMUNE RESPONSES

 

Type I

 

 is an anaphylactic or immediate hypersensitivity reaction that happens after
the binding of a previously exposed antigen to its specific IgE antibodies, and this
combination, once bound to the surface of a mast cell or basophil, triggers the release
of inflammatory mediators. The clinical manifestations are usually seen within 12
hours of exposure. Examples include anaphylactic shock, allergic rhinitis, allergic
asthma, and allergic drug reactions.

 

Type II

 

 hypersensitivity reactions are cytotoxic and involve IgG or IgM recog-
nition of antigen bound to the cell membrane. Upon antibody–antigen binding, the
complement cascade is activated, resulting in destruction of the antigen-labeled cell.
Examples of this type are immune hemolytic anemia and Rh hemolytic disease of
the newborn.

 

Type III 

 

reactions are immune complex mediated. Immune complexes (ICs) are
formed from antibody–antigen binding. These are then cleared from the circulation
by the phagocytic system. Deposition of ICs in the vascular endothelium can cause
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tissue injury by IC-mediated immune response involving complement activation,
mobilization of leukocytes, phagocytosis, and tissue injury. Clinical examples are
serum sickness and lupus nephritis.

 

Type IV

 

 reactions are also called delayed hypersensitivity reactions. Cellular
response to antigen is seen 48 to 72 hours after exposure. This reaction is similar to
type I, but the time to clinical response is delayed. It is mediated by T cells, interferon
(IFN)-

 

r

 

, IL-2, TNF-

 

α

 

-secreting T

 

H

 

1-type T cells, and macrophages. With exposure
to the antigen, local immune response causes an upregulation of endothelial cell
adhesion molecules to promote lymphocyte migration to the site. The antigen is
processed by dendritic cells and then presented to CD4+ T cells. Cytokines are
released by the APCs and induce a T

 

H

 

1 response. T

 

H

 

1 cells promote production of
opsonizing antibodies and induce cytotoxic T cells and macrophage activation. Acti-
vated macrophages fuse to form multinucleated giant cell infiltrate called granulo-
matous inflammation. Examples of this type of reaction are fungal infections (histo-
plasmosis), mycobacterial infections (tuberculosis (TB), leprosy), and chlamydial
infections (lymphogranuloma venereum).

 

6.5 IMMUNOSENESCENCE

 

: 

 

THE AGING IMMUNE 
RESPONSE

 

Older age has been associated with an increase in infection rate and mortality due
to infections, particularly influenza, pneumonia, urinary tract infections, skin infec-
tions, tetanus, and reactivation of latent infections such as herpes zoster and tuber-
culosis. For patients suffering from influenza, the mortality rate showed little change
among those age 65 to 84 years but increased among those 85 years and older in
the state of Wisconsin from 1980 to 2003.

 

18

 

 During flu seasons, a mortality rate as
high as 90% can occur in the elderly,

 

19

 

 and nursing home patients are at increased
risk of contracting the disease and have a high mortality rate from pneumonia despite
appropriate interventions of vaccination, amantadine administration, and infection
control measures.

 

20

 

 Aging is also associated with an increase in the prevalence of
diseases related to impaired or dysregulated immune systems, for example, increased
incidence of cancer with age, increased monoclonal immunoglobulins with age and
suboptimal health status,

 

21

 

 and increased autoantibody levels in an apparent healthy
study group age 95 and older.
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 While some level of immune component decreases
with aging, others increase with aging, such as IL-6.
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 This leads to a concept of
age-related immune dysfunction. However, some other causes of immune deficiency
in the elderly other than immunosenescence include comorbid illness, medication
use, depression, malnutrition, and sedentary lifestyle.
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Immunosenescence has been a topic of investigation for many decades and has
gathered much interest in recent years since nutrition was examined for a possible
link to decline in immune response in the elderly. It is well noted that older patients
do not manifest as vigorous an immune response as their younger counterparts,
especially in the setting of infections and sepsis. Many cardinal signs of immune
response were absent in the infected elderly, for example, fever and leukocytosis.
Many studies have based their data from apparently healthy elderly using the
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SENIEUR protocol of the European Community’s Concerted Action Program on
Ageing (EURAGE). This protocol gives the selection criteria for study subjects
who fit the apparently healthy elderly

 

25

 

 (Table 6.4) and designates young as 25 to
34 years old and aged as 65 years and above. Other investigators considered that
the SENIEUR protocol was not precise enough to exclude underlying infection or
inflammatory diseases and clinically hidden nutritional deficiencies. Lesourd et al.
added new exclusion criteria to select for the very healthy elderly
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 (Table 6.4).
With that in mind, the findings discussed below are from the very healthy and the
apparently healthy elderly.
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Cell-mediated immunity responses seem to be impaired with aging. This is evident
in impaired primary immunization with T-cell-dependent antigens such as tetanus
toxoid and delayed hypersensitivity responses to tuberculin skin test. As discussed
earlier, findings of immune impairment with aging may have contradicting results
due to uncertainties of study subjects’ underlying micronutrient deficiencies and
underlying inflammatory diseases not yet identifiable. Below are discussions of
general concensus on immune aging. Whenever strict criteria were applied to select
a very healthy elderly population, the results could be subject to selection bias of
choosing the best cohort with the possible best genetic pool.

 

6.5.1.1 Decrease in New T Lymphocyte Generation

 

Stem cells give rise to many cells of the immune system. The ability of stem cells
to undergo clonal differentiation decreases with age. T cells are generated from
hematopoietic stem cells in the bone marrow. These precursor T cells then migrate

 

TABLE 6.4
Criteria for Very Healthy Elderly

 

SENIEUR

 

 

 

criteria
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(apparently healthy)
1. In good health
2. No ongoing, developing, or degenerative diseases
3. Normal adult values for laboratory variables (leukocytes with 

differentials, blood glucose, SGOT, SGPT, urinalysis for protein, 
glucose sediment)

4. No drugs acting on the immune system
Additional criteria
for the very healthy

 

26

 

1. No disease in the past 5 years
2. No motor skill difficulties
3. Normal physical activity: >4-km walk/day
4. No drug treatment for cardiac, neurological, or psychotropic diseases 

(including depression)
5. Normal mental status (mini mental status of Folstein 

 

≥

 

 28/30)
6. Serum albumin 

 

≥

 

 3.9 g/dl
7. No low values for trace elements (Zn and Se) or vitamins (B

 

6

 

, folate, 
B

 

12

 

, A, and C)
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to the thymus for differentiation and maturation. Mature T cells (CD3+) then migrate
from the thymus to the periphery. Only about 5% of the mature T cells make it to
the periphery under optimal conditions.27 Thymus involution starts early in life and
by age 60 it is completed. This is a process where the thymus undergoes a progressive
reduction in size, resulting in loss of thymic epithelial cells and decrease in new T
cell production. And by age 60, new T lymphocyte generation is almost absent.26

Thymus tissue becomes atrophic and is then replaced by fat. This involution results
in decreased numbers of circulating naive T cells, impaired cell-mediated immunity,
and a higher number of immature T cells (CD2+CD4–CD8–). It has been suggested
by Lesourd et al.28 that these immature T cells are not produced in the thymus but
in another primary immune organ, probably the liver, where it has been shown in
aged mice as another lymphoid organ.

6.5.1.2 Changes in Peripheral Blood Lymphocytes

Total lymphocyte number in peripheral blood decreases with age.29 This change is
observed in the apparent healthy elderly 65 years and older (SENIEUR criteria) and
in the oldest old (85 years and older) of the very carefully selected healthy elderly
without any micronutrient deficiency (SENIEUR criteria with strict exclusions).28,30–32

Furthermore, there is a shift in the B cell subset from antibody production (B2 cells)
in response to foreign antigen to increase in autoantibody production (B1 cells). This
age-associated increase in B1 lymphocyte number and activity contributes to the
increased serum concentration of autobodies seen in the aging population.33

6.5.1.3 Changes in T Cell Subsets and Functions

Aged individuals are found to have reversal shifts of number and function in T cell
subsets. There are fewer mature T cells (CD3+) and more immature T cells
(CD2+CD3–)29 due to atrophic thymus. There is a decrease in the CD8+ subset, but
the CD4+ subset remains unchanged in the very healthy elderly. The observed
changes are minor and may not be able to explain any clinical state of immunode-
ficiency. Natural killer cells (CD57+) also seem to increase with age and may have
decreased cytotoxicity and decreased response to IL-2 stimulation.34,35 The changes
in NK cell activity may have contributed to longer-lasting infections and lower
defense against tumor cells by the elderly.

Another important change in T cell subset involves the switching of naïve
(CD45RA) T cells (before antigen recognition) to memory (CD45RO) lymphocytes
(after antigen contact). This change is more pronounced early in life until age 30 and
continues into later years but with a much lower rate.36 This is of immunologic impor-
tance since memory T cells are poor IL-2 secretors and have poor proliferative capacity.37

In addition, aging has been associated with an imbalance of TH1:TH2 function
(decreased or unchanged in TH1 function and an enhanced TH2 function). T cell
helper functions are assessed by the change in quantity of cytokines produced. TH1
cells produce IL-2, IL-12, and IFN-γ, resulting in T cell proliferation and macrophage
activation, features of cell-mediated immunity. In contrast, TH2 cells produce IL-4,
IL-5, IL-6, and IL-10, cytokines that augment antibody responses. Previous studies
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have shown that interleukin-2 secretion, a TH1 function, is decreased in the apparent
healthy elderly, but recent studies show that such decline is not significant in the
very healthy group except the oldest olds.26,38–40 Other cytokines studied to assess
TH1 function include interferon and IL-12. Interferon was reported as decreased or
unchanged in the very healthy elderly,41,42 and IL-12 release was found to be similar
to young adult values.43 These findings suggest that TH1 function does not decline
with age in the very healthy elderly, only in the very old population. And the observed
decreased TH1 function in the apparent healthy elderly reported in earlier studies
might in fact be due to diseases or nutritional deficiencies.

Interleukin-6 secretion, a function of TH2 subset, was found to be increased in
both the apparent healthy23,44,45 and the very healthy elderly.32 The increase in IL-6
starts in the middle age (36 to 59 years) and is more pronounced in the very old
(>85 years) than in the young old (75 to 84 years) and has been linked to an increased
mortality rate in the elderly.46 From the contradicting findings in the population study
based on the SENIEUR protocol and the strict SENIEUR criteria, it can be concluded
that most of what had been regarded as age-related immune changes may in fact be
the consequence of subclinical diseases or nutritional deficiencies that have been
previously overlooked. It also suggests the importance of micro- and macronutrients
on function of the immune system when more selective criteria were used to exclude
vitamin and mineral deficiencies in the study subjects. The decline in TH1 function
occurs only in the oldest olds but not in the healthy young elderly. The borderline
disequilibrium in TH1:TH2 function results in decreased CD8+ cytotoxic T cell
maturation and activation (TH1 function). However, CD4+ subset seems to be
unchanged in the elderly.47,32

Aging is also associated with an increase in CD28– T cells. The CD28 molecule
is expressed constitutively on T cells and its signal transduction results in IL-2
production. This molecule is expressed on more than 99% of human T cells at birth
(CD28+ T cells). With aging, the CD28– T cells progressively increase, particularly
within the CD8 T cell subset. This deficiency manifests as poor proliferative capacity
to signaling, shorter telomeres, and resistance to superantigen apoptosis. The increase
in CD28– T cells correlates with reduced antibody response to vaccination, increased
mortality in elderly person 80 years and older, and increased osteoporotic fractures
in the elderly.48,49

6.5.2 ANERGY AND DELAYED CUTANEOUS HYPERSENSITIVITY 
REACTION

Type IV hypersensitivity reaction measured by skin reaction to antigens was found
to be reduced in the independent-living healthy elderly compared to young controls50

when a multitest was performed with seven antigens. Anergy, defined as a lack of
response greater than 5 mm of induration when read at 48 hours to standard antigens,
is found more frequently in healthy elderly than in younger controls.51 The delayed
cutaneous hypersensitivity (DCH) reaction is mediated by TH1 response. T cells
sensitized by prior infection are recruited to the skin site where the antigen was
deposited and release cytokines. These cytokines induce induration by local inflam-
matory reaction, including vasodilatation, edema, fibrin deposition, and further
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recruitment of other inflammatory cells to the area.52 Anergy or decreased response
of the DCH reaction is due to impairment in cell-mediated immune system, namely,
changes in the TH1 subset and functions, cytokines produced, and changes in inflam-
matory cells as described. It was believed that anergy to skin test is common in the
elderly, but was found unlikely when five or more antigens were used.53

6.5.3 HUMORAL IMMUNITY: CHANGES WITH AGING

6.5.3.1 B Lymphocytes

There is impaired production of naïve B cells in the bone marrow, but B cell number
does not decrease with aging. This is due to peripheral production and self-renewal
at the lymph nodes and spleen. However, this production is under strict regulation
and is compromised by other processes, for example, medications, infections, and
chronic illnesses. Aging is associated with changes in B cell subsets with a shift
from antibody production specific to antigens from foreign to autologous (decreased
antibody response to vaccines but higher level of autoantibodies found in aged
individuals). Aging is also associated with increased B clonal expressions, giving
rise to monoclonal immunoglobulins and B cell neoplasms (multiple myeloma,
monoclonal gammopathy).33,54

6.5.3.2 Immunoglobulin (Ig) Levels

Although some study reported no difference in the Ig level when comparing the very
old and centenarians to young normal people,55,56 the general concensus was that
immunoglobulin serum levels in aged individuals seem to rise with age. The increase
was due mainly to serum IgG and IgA. The IgA increase in both serum and secretions
of elderly individuals is due to the IgA1 subclass, while IgA2 is significantly
decreased.57 Since IgA2 antibodies are produced in the mucosal defense against patho-
gens, the decrease in production of IgA2 may contribute to the high susceptibility and
incidence of pulmonary infection in this age group. Among the IgG subclasses, there
is a significant increase in IgG 1, 2, and 3 subclasses and no change in IgG4.58,59

Oligoclonal Ig was also found in the healthy centenarian subpopulation.58,60

6.5.3.3 Antibody Response

Antibody production in response to antigen or vaccination is reduced. The affinity
and specificity of the secreted antibody are also impaired, leading to less adapted
antibody responses.26 B cells from older individuals show impaired activation and
proliferation that may also be related to changes in stimulatory molecules. Both the
primary and secondary antibody responses to vaccination are impaired, and to a
greater extent, especially when the responses involve T cell activation. Based on the
data in the NHANES III study, immunity to tetanus declines starting at age 40 and
continues until only 20% of those age 80 and over are immune to tetanus.3 A
quantitative and qualitative study of primary antibody response to tetanus toxoid
was done in healthy aged subjects who had not been vaccinated. There was a lack
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of antibody response in general, and in those that mounted an antibody response,
the level was lower than in young healthy volunteers, even after a booster dose.
Response rate significantly improved only in those receiving the booster dose
enhanced with thymostimulin administration.61 Baseline diphtheria antibody levels
were found to be significantly lower in older adults than in younger individuals,
and among the elderly with detectable diphtheria antibodies, the higher the level,
the higher the response to conjugated pneumococcal polysaccharide vaccine.62 A
quantitative review of antibody response to influenza vaccine in groups of elderly
vs. younger adults shows a considerably lower antibody response in the elderly
group (Centers of Disease Control and Prevention (CDC) estimates of clinical
efficacy of 70 to 90% in young adults vs. 17 to 53% in the elderly).63,64 When
healthy elderly subjects who were vaccinated yearly with influenza vaccine were
compared to young subjects without previous history of vaccination, the serocon-
version rate was significantly higher in the younger group and much less in the
elderly group, even after booster immunization.65 The reason could be due to a
defect in antigen presentation or defective T–B cell interaction, as demonstrated
by defective IL-2 production by helper T cells in response to antigenic stimulation
(influenza vaccine)66 and an increase in CD28– T cells with aging, resulting in
decreased IL-2 production.48,49

6.5.4 INCREASED AUTOANTIBODY PRODUCTION

As mentioned earlier, autoimmunity was presumed to arise from changes in B cell
repertoire with age, i.e., an increase in the B1 lymphocyte subset, resulting in an
increased level of autoantibodies in the elderly,33 for example, pernicious anemia.
Another theory suggests that memory B cells accumulated over time and reactivated
later in life (recall memory) when reexposed to an antigen. This induces an autoimmune
memory response through molecular mimicry, leading to production of autoantibodies.
This concept is known as immune risk phenotype and is influenced by changes in
T cell subset and functions, the type of cytokines produced, defective immune
surveillance, and self-regulation and tolerance.67,68

6.5.5 INNATE IMMUNE CELLS

The number of blood monocytes is similar in both elderly and young subjects, but
there is evidence of a significant decrease of macrophage precursors as well as a
number of macrophages in the bone marrow of elderly subjects.19 Toll-like receptors
(TLRs) on macrophages recognize pathogen-associated molecular patterns and
respond by activating the cascade of production and release of proinflammatory
cytokines such as TNF- and IL-6 to initiate the response to eliminate the invading
organism. There seems to be a defect at the TLR expression and function with the
aged population.69 This reduced cytokine activation due to impaired TLRs may also
contribute to low cytokine response in the setting of infection. This may explain the
reason why elderly often fail to manifest classic signs and symptoms of infection
and fail to mount an adequate response to infection.
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Macrophages play an important role in wound repair, in the initial inflammatory
stages, and also in the growth phase by secreting angiogenic and fibrogenic growth
factors. A review of macrophage function on wound repair shows qualitative changes
that include enhanced platelet aggregation, delayed reepithelialization, delayed
angiogenesis, delayed collagen deposition, turnover and remodeling, delayed healing
strength, decreased wound strength, and delayed infiltration and function of mac-
rophages; and often, complete wound healing is suboptimal.19

The production of reactive oxygen species and nitrogen species is significantly
impaired in neutrophils and macrophages. Studies on polymorphonuclear (PMN)
leukocytes yielded conflicting results, but generally, aging seems to be associated
with impairment of microbactericidal and killing activity of PMNs (oxidative burst,)
but has little influence on other PMN functions (adhesion, chemotaxis, migration,
phagocytosis, etc.).40,70 Natural killer cells are also affected by the aging process.
For studies following the SENIEUR protocol, NK cells increase in number and have
more mature phenotype with advancing age. Yet they may have less cytolytic ability
and are unable to properly proliferate following IL-2 stimulation. NK cells are also
less able to destroy tumor cells,70 and the incidence of cancer increases in the
subpopulation with lower NK cytotoxic activity.71 The NK cell proliferative response
to IL-2 is decreased by 40 to 60% among the elderly.70,34

6.5.6 CYTOKINES

Aging is also linked to a low baseline increase in proinflammatory cytokines and acute-
phase proteins (TNF-, IL-6, soluble TNF receptors, C-reactive protein [CRP]). A
review on cytokines and their association with diseases and mortality finds that TNF-
and IL-6 elevation in the elderly was associated with increased risk of mortality
independent of comorbidities.72 Furthermore, TNF- was found to be an independent
prognostic marker for mortality in the very old (100 years and over).73 Cytokines are
generally classified based on the type of cells that produce them. Type 1 cytokines are
produced by the TH1 (T helper 1) and Tc1 (T cytotoxic 1) cells and are represented
by IFN- and TNF-.  Type 2 cytokines are characterized by IL-4 production from T
helper 2 (TH2) and cytotoxic 2 (Tc2) T cells. Aging has been associated with a shift
toward dominance of type 2 cytokines and a diminished role of type 1 cytokines.74,75

Much literature suggested that circulating levels of proinflammatory cytokines are
increased in the aged, and macrophages are presumed to be the primary producers of
these cytokines. Other studies have demonstrated that the low baseline elevation in
these cytokines is due to underlying inflammatory diseases and poor nutrition rather
than the natural aging process.70

In contrast to decreased IL-2 production in response to antigenic stimulation
in aged individuals, IL-10, a TH2 cytokine, has been reported to be increased. This
interleukin has suppressive effects on cell-mediated immunity by inhibiting IFN-
production and downregulates antigen-presenting cells’ function by inhibiting TH1
cytokine production, particularly IL-12, the cytokine responsible for initiation of
cell-mediated immunity (CMI).76
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Cytokine production in the elderly is generally decreased in response to immune
challenge, for example, vaccination. Decreased or impaired pro- and anti-inflamma-
tory cytokine secretion and a lesser increase in the acute-phase protein were
observed.59,77 This was shown to be predictive of frailty in old age and could be
associated with a genetic predisposition with the IL-10 promoter gene.78 In summary,
age-associated alterations in immune function may be linked to an imbalance in
production of several cytokines, rather than due to any particular cytokine derange-
ment. And this shift in cytokine balance likely accounts for the observed changes
in cellular differentiation and cell-to-cell signaling of the immune system.

6.6 IMMUNITY IN THE MALNOURISHED

While caloric restriction has been shown to prolong survival, as first demonstrated in
1935,79 the same conclusion cannot be substantiated in humans. Much evidence and
many observations link the importance of nutrition and its effects on immunity. In the
hospitals of the Warsaw ghetto in 1942, Jewish physicians noted that tuberculosis was
much more severe in the malnourished, the tuberculin skin test was impaired in
malnourished patients with TB, and allergic diseases improved spontaneously as mal-
nutrition worsened. In the two groups of British and Russian prisoners of war who
had similar food rations and living and working conditions, the British group received
daily food supplements from the Red Cross. There was a marked difference in the
incidence of tuberculosis in the two groups, with a lower incidence in the British group,
indicating the importance of nutrition on the immune response.80,81

Malnutrition is a common clinical entity found with increased prevalence in the
elderly population. Malnutrition can be caused by many different etiologies: physical
disability, medication-induced anorexia, anorexia of aging, restrictive diets, poor
dentition, chronic medical conditions, living situations, psychosocial issues, and
depression. All these factors lead to a common endpoint of malnutrition, worsening
function, and frailty.

6.6.1 CELL-MEDIATED IMMUNITY IN THE MALNOURISHED

In patients with impaired nutritional status, either lower serum albumin (3.0 to 3.9
g/dl) or normal albumin but lower micronutrient status, the changes in T cell subsets
(CD3+, CD8+, and CD4+) and function (decreased IL-2, IL-6 release) were marked
compared to the discussed changes with aging in the healthy aged population.28,32 In
addition, the immune responses of the elderly are very sensitive to nutritional influ-
ences, for example, folic acid deficiency. Even in the very healthy elderly group, minor
changes in folic acid level were found to result in decreased T cell subsets and lower
cell-mediated immune (CMI) responses, while young adults with low folic acid levels
do not exhibit a lower immune response.40 In ambulatory elderly individuals with
serum albumin less than 3 g/dl, the peripheral lymphocyte count was shown to be
suboptimal and CD4 T cells lower than 400/mm3, a level comparable to acute acquired
immune deficiency syndrome in human immunodeficiency virus infection.82
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In general, poor nutritional status exacerbates the already impaired function of
the aging immune system and resembles the same pattern as those discussed in the
immunosenescence section, but the degree of impairment is more marked.

Delayed cutaneous hypersensitivity (DCH) reaction declines significantly in
the elderly population at risk for nutritional deficiencies of vitamins,82 and when
replaced with nutritional supplement, the DCH reaction seems to improve.83 In
hospitalized elderly at risk for malnutrition84,85 and in idiopathic senile anorectic
elderly,86 the DCH reaction is significantly depressed. Anergy is also found to be
more prevalent in nursing home residents than in geriatric clinic patients (community
dwellers).87 Although elderly subjects with chronic diseases have a significantly
lower DCH reaction than young controls, only a small subpopulation show some
anergy to the common antigens.53 Deficiency of essential omega-3 fatty acids may
also contribute to cutaneous anergy in the malnourished elderly.88

6.6.2 MACROPHAGE–T CELL INTERACTIONS: CYTOKINE PRODUCTION

Undernutrition also affects cytokine production. Macrophages release cytokines in
response to stress. The decreased T cell functions in the frail elderly result in
decreased cytokine release from macrophages. These cytokines modify metabolic
functions and induce utilization of body reserves of nutrients, resulting in hypercat-
abolic syndrome (proteolysis, osteolysis, changes in protein synthesis in the liver,
decrease in insulin).40 The vicious cycle continues with further body reserve depletion
under longer stress reaction, and the elderly undergo accelerated aging when under
prolonged stress. The elderly recover in a more frail state and lower body reserve
(lower muscle mass), and thus exemplify the importance of nutrition on frailty
progression and accelerated aging. In idiopathic senile anorexia, there is increased
production of several cytokines, such as TNF-α, IL-1β, IL-6, and IFN-γ,86 and this
increase in proinflammatory cytokines may contribute to protein-energy malnutrition
(PEM), frequently found in chronic nonmalignant disorders.89

When undernutrition reaches the PEM state, all immune responses are decreased,
including macrophage cytokine synthesis. This leads to lower nutritional utilization
and impaired lymphocyte activation and results in longer duration of disease and
longer inflammatory response, leading to more decreases in body nutritional reserves,
a more profound malnourished state,40 and eventually to death.

6.6.3 MUCOSAL IMMUNE SYSTEM IN AGING AND MALNUTRITION

Mucosal immunity is primed after birth and develops throughout life via the inter-
action of microflora with the gut immune system (gastrointestinal-associated lym-
phoid tissue, or GALT). Any changes in the gut with aging affect the microenviron-
ment, and therefore the mucosal immune system. Mucosal defense utilizes innate
and adaptive immune cells. The innate immune cells, namely, monocytes, macro-
phages, NK cells, and dendritic cells, recognize the specific pathogen motif and
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mount an immediate immune reaction. Available studies show mucosal immune
deficits in the differentiation and migration of immunoglobulin A cells to the intes-
tinal lamina propria, and the initiation or regulation of local antibody production
with aging.90,91 This results in impaired secretory IgA responses, induction of anergy,
and suppression or tolerance to oral antigen in the elderly. Furthermore, GALT-
mediated responses are more susceptible to aging than are lymphoid tissues else-
where in the body. These changes may be due to the reduced size of Peyer’s patches
and decreased cytokine production and response.92

Nutritional deficiencies of vitamins and minerals pose different influences on the
immune system as a whole and play an important role in growth and diseases. Micro-
flora of the gut, respiratory tract, perineum, vagina, and distal urethra control the
homeostasis of the mucosal immune system. Malnutrition can shift the balance of
normal flora and result in increased susceptibility to infections and other derangements,
for example, coagulopathy and Clostridium difficile colitis. Studies have found some
benefits of probiotic bacteria effective against antibiotic-associated diarrhea, such as
C. difficile colitis. Probiotic lactobacilli can decrease tumor risk by neutralizing car-
cinogens and producing antitumor factors and by replacing microflora that produce
carcinogens and tumor promoters.93–97 Moreover, lactobacilli can be used to increase
a weak systemic immune response, even in an HIV-positive host.93,98

The route of nutrition delivery may greatly affect the mucosal immunity of the
intestine, liver, and lungs. It has been hypothesized that there is an immunologic
link between the gastrointestinal tract and respiratory tract via a common mucosal
immune system. Results from experimental and clinical studies in animals and
humans support the hypothesis that immune cells sensitized in the Peyer’s patches
of the intestine can migrate to other intestinal and extraintestinal sites and induce
specific mucosal immune responses at these sites. In animal models, mice fed
parenterally were found to have marked reduction of B and T lymphocytes in the
intestinal lamina propria and a significant shift of the CD4:CD8, ratio resulting in
decreased cytokines, specifically IL-4 and IL-10, which are important for B cell
switching to sIgA-producing plasma cells, and decreased IgA production. When
mice immunized with a respiratory virus were then fed parenterally, 50% of the
animals lost protection against the virus and had continued viral shedding 40 hours
after rechallenge; all animals fed via the gastrointestinal tract cleared the virus.
However, immunologic memory was restored with enteral refeeding.99,100 In human
trials, patients postoperatively were randomized to start enteral feeding vs. parenteral
nutrition; the enteral group was found to have significantly lower incidence of
pneumonia and trending to lower incidence of intra-abdominal abscess.101–103

Glutamine is an amino acid recognized for its role in modulating the immune
changes with parenteral nutrition. Adding glutamine to the parenteral preparation
improves intestinal lymphocyte number, preserves IL-4 function, increases intestinal
and respiratory tract IgA levels, and may partially reverse the impaired antiviral and
antibacterial immune response due to parenteral feeding.100
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6.7 IMMUNE RECONSTITUTION AND ENHANCEMENT

6.7.1 VACCINES

Faced with the deleterious consequences of declining immunity in the aged, vac-
cinations offer an effective intervention combating mortality and morbidity risks
in the elderly (Table 6.5). Vaccines are effective in preventing and reducing mortality
and morbidity associated with influenza A and B and pneumococcal pneumonia,
tetanus, and diphtheria. Although elderly patients have lower antibody titers to
vaccination, most healthy elderly achieve titers that are generally protective and
proven to be effective in reducing hospitalization rate due to influenza by at least
30%,104 as well as a 38% relative risk reduction for patients vaccinated with
pneumococcal vaccine.105 For the frail, chronically ill patients, instutionalized and
malnourished, it has been suggested that an additional booster dose may be required
to mount an adequate immune response.106 However, with influenza and bacterial
pneumonia among the top leading causes of death in the elderly, the percentage
vaccinated was disappointing, with the highest vaccination rate in Caucasians
(66.6%), African Americans (43.3%), and Hispanics (52.5%) among the Medicare
beneficiaries.107

6.7.2 NUTRIENT DEFICIENCIES AND INTERVENTION

Before the introduction of the SENIEUR protocol to standardize selection criteria
for a healthy population for the study of immunity in the aged, outcomes from these
earlier studies could be flawed due to selection bias. Study subjects were not tested
for micro- or macronutrient deficiency, and thus the findings from these earlier
studies might actually be due to nutritional deficiency. Animal and human studies
have shown that dietary modifications and supplements can be used to improve and
reverse the immune dysfunction caused by malnutrition. Clinical reviews on the
outcomes of these studies show improvement in CD4 T cell numbers, NK cell
activity, mitogenic responses, IL-2 release and expression, and enhanced DCH
responses, and clinically reduce the number of infectious illness days and antibiotic
use.24,43,108,109 However, caution must be taken with oversupplementation due to
potential risk of toxicity and increased mortality of some vitamins and minerals (i.e.,
vitamin A, vitamin E, zinc). Recent meta-analysis of vitamin E has shown that high-
dose supplementation with vitamin E daily may increase all-cause mortality110 and
impaired immune responses.111

TABLE 6.5
Available Therapies for Immune Enhancement in the Elderly

1. Vaccines
2. Intravenous immunoglobulin (only for special cases of immunodeficiency; quite costly)
3. Nutritional interventions
4. Exercise
5. Mental and social well-being
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6.7.2.1 Iron Deficiency

This is the single most common nutrient deficiency in the world. Its impact on the
immune system includes reduced intracellular killing of bacteria by phagocytes,
decreased T cell numbers, and proliferation before anemia develops. This dysfunction
is due to decreased activity of ribonucleotide reductase and myeloperoxidase.112

Uncorrected, iron deficiency is associated with low IL-2 production, leading to
impaired cell-mediated immunity.

6.7.2.2 Zinc

Zinc deficiency results in atrophy of the lymphoid organs that could have a pro-
longed lasting effect when it occurs in the fetus. Zinc acts as a cofactor in many
activation sequences for cell proliferation and plays an important role in cell-
mediated immunity through its interaction with thymulin, a hormone produced by
the thymus that regulates T cell differentiation. Thymulin has a higher affinity for
zinc than for other metals. When zinc intake is deficient, serum thymulin activity
decreases as well as IL-2 production and response, CD8 T cell cytotoxicity is
diminished,112 and lymphopenia is moderate.84 Supplemention with zinc signifi-
cantly improves the above biochemical parameters, increases DCH reaction, and
increases CMI responses.83 Yet, oversupplementation with zinc may cause a
decreased benefit in a dose–response pattern.113

6.7.2.3 Vitamin E

Vitamin E is an antioxidant important in prostaglandin E2 production (PGE2) and
has been found to be deficient in a significant percentage of the healthy elderly
population. PGE2 has been found to be elevated in human and animal models and is
associated with decreased proliferative capacity and IL-2 production and increased
IL-10 production. Vitamin E acts to inhibit PGE2 production. Supplementation
improves DCH response and IL-2 release, increases proliferative response, and
decreases PGE2 production. Higher dose supplementation, 200 to 800 mg/day, is
needed to boost antibody response to vaccines and decreases the self-reported infec-
tion rate.114–117 However, a recent trial tested the effect of a high-dose (200 mg/day)
supplement of vitamin E, 17 to 20 times the Recommended Dietary Allowance (RDA),
and showed no effect on incidence of infection, but rather increased several markers
of illness severity, namely, duration, number of symptoms, fever, and activity restric-
tion.118 A more recent double-blind, placebo-controlled trial confirms the significant
reduction of common colds and decreased incidence of respiratory infection among
elderly nursing home patients with a daily vitamin E supplement of 200 i.u.119

However, long-term antioxidant treatment with vitamins E and C in healthy elder
men has no effects on inflammatory markers TNF-α, IL-6, and CRP.120

6.7.3 NUTRITIONAL SUPPLEMENTATION AND CANCER PREVENTION

With increased awareness that supplementation of dietary nutrients improves immune
function, the role of each nutrient supplementation remains to be investigated.
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Observational study on high-vitamin C diets suggests protection of some cancers,121

and a low level of ascorbate was linked to increased all-cause mortality in older
people.122 In a large corhort of elderly age 67 to 105 years, reported use of vitamins
E and C was associated with decreased risk of all-cause mortality up to 42%, yet
reported use of vitamin C alone had no effect on mortality.123 Several studies were
conducted to investigate the possible cancer prevention role of antioxidants, but so
far scant evidence has been found for a beneficial effect. A recent review and meta-
analysis evaluating vitamins C and E on treatment and cancer prevention concluded
that were no benefits from the doses tested in the population studied.124

Other studies addressed the possible association of diets rich in beta-carotene
and reduced incidence of cancer. Due to their antioxidant properties, the carotenoids
(beta-carotene, lutein, and lycopene) seem to protect against DNA damage125 in
healthy elderly. Although their role in cancer prevention is unproven, common
findings in these trials show a beneficial effect of enhanced cell-mediated immune
responses.126 In another prospective cohort study, a relationship was established
between dietary intake of tocopherols and increased risk of gastric cardia cancer,
while dietary intake of fruits, vitamin C, tocopherols, and lycopene seemed to be
protective for gastric noncardia cancer.127 While some trials may show positive
effects, others fail to replicate the immune enhancement of beta-carotene and lyco-
pene in healthy study subjects.128,129

Dietary folate, a water-soluble B vitamin found in a variety of fruits and vege-
tables, has garnered much interest due to its role in DNA methylation and DNA
synthesis and repair. Various observational studies have been conducted to study the
role of folate in cancer prevention and have found that high dietary folate intake is
associated with decreased risk of bladder cancer,130 and may modify and inhibit
colorectal cancer development.131 There is an increased risk of breast cancer with
increasing alcohol consumption, but no association could be made with dietary intake
of folate and breast cancer.132 Furthermore, high folate intake was associated with
decreased lung cancer risk by 40% with an inverse dose–response relationship.133

Selenium and cadmium may also have important roles in prostate cancer risk
and modulation. While cadmium is carcinogenic for prostate epithelials by promoting
growth and malignant transformation, selenium in a randomized controlled trial has
been shown to be protective in prostate cancer risk.134 Another randomized trial
testing supplementation of antioxidants, selenium, and zinc showed significant reduc-
tion in prostate cancer incidence only in men with normal prostate specific antigen
(PSA) values.135 In the cancer prevention study, vitamin E use has no significant
reduction on prostate cancer risk and incidence of bladder cancer.136

In summary, there are many observational and epidemiologic studies that suggest
a beneficial role of dietary supplements, such as antioxidants, vitamins, and minerals,
for cancer reduction benefits, and more randomized controlled trials in progress or
planned to further assess the actual risk reduction of these supplements in cancer
prevention. One must not overlook the potential toxicity of these in high doses and
interactions between the supplements themselves. It is prudent to emphasize the
importance of a healthy and balanced diet consisting of a wide variety of plant-based
foods and fish, avoiding a high-fat diet or diet rich in advanced glycation end products
(fried, browned, baked, cooked, barbecued). A Mediterranean-type diet was proposed
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(higher intake of fruits, vegetables, fish, and olive oil, and a lower intake of sugar,
starch, and dairy products). Adherence to this diet has been shown to significantly
decrease all-cause mortality and death due to coronary heart disease and cancer.137

Results from observational studies at times are not concordant with those obtained
from randomized clinical trials; therefore, vitamin supplements are appropriate for
recognized deficiencies. However, evidence to support their benefits in cancer pro-
tection remains to be investigated.

6.7.4 ROLE OF PROBIOTICS OR PREBIOTICS?

Future prospectives to treatment and modification of impaired immune systems hold
great promise. Is there a role of probiotics or prebiotics as an adjunct or alternative
to treatment of certain clinical conditions to reduce mortality and morbidity? Pro-
biotics are live microorganisms, usually components of the normal human intestinal
flora, that when given in adequate dosage can promote health and prevent and cure
diseases. Probiotics given to patients on antibiotic therapy have been shown to reduce
the incidence of antibiotic-associated diarrhea in two large meta-analyses138,139 in
children and in adults and have been recommended for use in gastroenterology as
level 1A evidence.140 Recent reviews on probiotics found that specific strains of
lactic acid bacteria, such as Lactobacillus or Bifidobacterium species, have been

TABLE 6.6
Probiotics in Evidence-Based Medicine140

Grade A Recommendation (Level 1A Evidence)
Prevention of antibiotic-associated diarrhea
Treatment of lactose malabsorption

Grade A Recommendation (Level 1B Evidence)
Prevention of pouchitis and maintenance of remission
Prevention of postoperative infections

Grade B Recommendation (Level 2B Evidence)
Prevention of travelers’ diarrhea
Maintenance of remission of ulcerative colitis

Note: Grade A recommendations: Evidence with clinically proven benefits.

Grade B recommendations: Therapeutic option supported by level 2 evidence; recommendations could
change in the future.

Level 1A evidence: Evidence from high-quality randomized controlled trials with statistically significant
results and few limitations on the design, or by conclusions of systematic reviews of the trials.

Level 1B evidence: Evidence comes from single high-quality clinical trials with narrow intervals of
confidence and clear positive or negative results.

Level 2 evidence: Randomized controlled trials with some limitations or results and wide confidence
intervals.
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shown to increase phagocytic activity and receptor expression in granulocytes,
increase NK number and function, enhance antibody response to vaccines, and may
have an anticarcinogenic property.140 Furthermore, the immunomodulatory effect of
lactic acid bacteria differs with each strain of bacteria, is dose dependent, and exhibits
greater improvements in people older than 70 years than those younger.140 These
changes in T cell numbers and functions of CD4+ and activated T and NK cells are
more marked, especially in patients with poor pretreatment immune responses.141

However, other studies failed to show any modulatory effect of probiotics on phago-
cytic function.142,143 Commonly, probiotics are found in yogurt, drinks such as cow
milk, goat milk, and fruit juices, and commercially prepared supplement capsules,
tablets, or powders. Probiotics can be used in clinical conditions of malnourishment,
lactose intolerance, constipation, and antibiotic-associated diarrhea.

Prebiotics are a more recent concept developed in the past decade. They are
chemical compounds, usually oligosaccharides, that act as substrates for the probi-
otics and potentiate the growth of gut normal flora. Prebiotics are found naturally
in breast milk and certain vegetables, such as Jerusalem artichokes, onions, and
chicory, and are nondigestible. Synthetic prebiotics are oligosaccharides based on
fructose or galactose that can be added to foods or combined with a probiotic to
make a synbiotic. Other prebiotics, such as lactulose and inulin, act as dietary fiber
and can be used to treat constipation by acting as substrates for lactic acid bacteria
and bifidobacteria for catabolism and inducing an osmotic effect. Increased calcium
bioavailability was shown in two trials of prebiotics.144,145 This raises a possible role
of prebiotics in increasing calcium absorption and osteoporosis treatment or preven-
tion in the future. More research in the field of probiotics and prebiotics is warranted
to find new immunoadjuvants in the quest for modulating immune response in aging.

6.7.5 EXERCISE

Exercise has been frequently recommended to modulate diseases and improve
function and physical and mental wellness at all ages, including the elderly. Exercise
was shown to be an immune inducer, but much of the underlying interaction requires
further investigation. Previous evidence demonstrated clinical benefits with mod-
erate aerobic exercise, but strenuous exercise proved to be deleterious to the aging
immunity in the elderly. This is termed the inverted J hypothesis. The visually
inverted J delineates improvement of immune function with increasing intensity of
exercise until a threshold is reached, after which immune function starts to decline
precipitously.146 Furthermore, strenuous exercise induces a state of exhaustion and
immunosuppression in the host (Table 6.7) that usually lasts from 3 to 72 hours
postexertion, but may manifest clinical symptoms of upper respiratory tract infec-
tion in 1 to 2 weeks after heavy periods of training.147 Even though data from human
and animal studies imply a possible enhancement of immunity with exercise,
lifelong continuation of physical activity and positive lifestyle changes may be
needed to achieve a physical fitness before any benefit in the immune system can
be expected in the aged body.147
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Are nutritional supplements effective immune modulators in exercise-induced
inflammation and immunosuppression? Several studies have addressed the influence
of nutritional supplements, primarily zinc, dietary fat, vitamin C, glutamine, and
carbohydrate, on immune response after intense and prolonged exercise. None of
the nutrients or vitamin has proven beneficial except carbohydrate administration
during strenuous exercise. During exercise, the blood glucose level was found to be
reduced, and this was thought to be due to activation of the hypothalamic–pitu-
itary–adrenal axis, leading to increased catecholamine release, increased cortisol and
growth hormone, and decreased insulin level. Several studies have tested the hypoth-
esis that carbohydrate ingestion during exercise would maintain blood glucose level,
attenuate stress hormone release, and therefore lessen the changes in the immune
system. Results have shown that subjects that ingest carbohydrate drink during
exercise have higher blood glucose level, lower plasma cortisol and growth hormone,
decreased inflammatory markers IL-1 and IL-6, and less changes in peripheral
leukocyte counts and other immune response parameters.147

So, how do these findings translate to clinical outcomes in our elderly popula-
tion? A recent review on the clinical significance of exercise to modulate immune
changes with aging has concluded that long-term exercise seems to have the most
benefit to improve changes in immunosenescence, such as antibody response to
vaccines and novel antigens, T cell functions and subsets, and cytokine produc-
tion.148,149 Yet for a population of frail elderly nursing home patients, endurance and
resistance exercise intervention for 8 months showed no difference in immune
parameters and incidence of infections150 compared to placebo. In another population
of frail independent living elderly, a 4-month intervention of enriched food showed
no effect on the cellular immunity measured by the DCH reaction to seven antigens,
but exercise seemed to slow the decline in DCH response compare to the placebo
group.151 The immune modulatory effect of moderate exercise in the elderly popu-
lation may have to be lifelong to show clinical benefit. Nevertheless, moderate
exercise is an important recommendation to help improve other aspects of life, such

TABLE 6.7
Immunocompromised Host after Prolonged Strenuous Exertion147

1. Neutrophilia and lymphopenia induced by high plasma catecholamines, growth hormones, and 
cortisol

2. Increased inflammatory markers from granulocytes and monocytes
3. Decreased granulocyte oxidative burst activity
4. Decreased nasal neutrophil phagocytosis
5. Decreased NK cytotoxic activity
6. Decreased nasal mucociliary clearance
7. Decreased nasal neutrophil phagocytosis
8. Decreased mitogen-induced lymphocyte proliferation
9. Decreased DCH response

10. Increased pro- and anti-inflammatory cytokines
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as fall risk reduction, cardiovascular fitness, physical and mental wellness, and
preservation of function in the elderly, both frail and healthy.

6.7.6 PSYCHOSOCIAL WELLNESS

Social isolation, depression, and mental stress have been linked to poor outcomes in
the elderly. A recent study showed peak antibody response to influenza vaccine at 1
month in patients with bereavement in the year prior to vaccination, and also in
married couples and those with higher marital satisfaction. The response was more
evident in the younger half of the married sample.152 In the elderly depressed patients,
lymphocyte stimulation and T cell growth factor production, when stimulated with
phytohemagglutinin, are decreased, and the DCH reaction was also decreased.153

Moreover, the levels of proinflammatory cytokines TNF and IL-6 were found to be
increased and there was a decrease in suppressive IL-10 cells.154 In the elderly
caregiver wives of demented patients, levels of stress and depression showed a strong
association with impaired T cell proliferation, change in T cell subpopulation to
increased CD8+ T cells, and significant reduction in NK cells and CD56+ T cells,
a subset important in MHC-unrestricted cytotoxicity found increased in healthy
centenarians.155 However, a similar study was done on younger caregivers with the
same morbidity, and there was no significant change found in immune parameters
measured, indicating no degree of impairment with stress and depression.156 This
difference in immune response in the elder caregivers compared to the younger
caregivers, when subjected to stress and depression, could be due to immunosenes-
cence already in place in the elderly. However, improvement in physical activity and
modifications of psychosocial factors may help to modulate and improve immune
response in the elderly,148 leading to a better outcome.

Despite efforts at boosting immune responses by various methods, the best
proven, with significant reduction in all endpoints, is a healthy lifestyle. This includes
physical exercise and mental wellness, stress control, limited exposure to tobacco
and alcohol, and healthy nutrition to minimize risk and maximize successful aging.
A large study with a 10-year follow-up for patients adhering to the Mediterranean
diet, moderate alcohol consumption and physical activity, and no smoking was found
to be associated with significant risk reduction in all-cause mortality and mortality
from cardiovascular diseases, coronary heart diseases, and cancer.157,158

6.8 OVERNUTRITION AND IMMUNITY

Overnutrition also has its effects on the immune system. Obesity correlates with
higher respiratory morbidity and impairment of cell-mediated immunity, as well as
reduced NK cells and phagocytic activity. Studies that examined the effects of high
fatty acids in the diet on T-cell-mediated responses revealed reduced cytotoxic T cell
activity and reduced antibody responses to T-cell-dependent antigens. Macrophage
functions are also affected by high-fat diets. This includes reduced phagocytosis,
impaired activity against tumor cells, and decreased cytotoxic activity.159

The role of lipids in the age-related changes in immune responses involves
membrane fluidity. Variation in the fatty acid composition of membranes poses an
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important influence on lipid peroxidation, and consequently on the rate of aging and
life span determination. The products of lipid peroxidation are reactive molecules
that can cause damage to cellular structures and shorten life span. It is possible that
the reduced oxidative stress by caloric restriction changes fatty acid composition of
the membrane, making it more resistant to lipid peroxidation and explaining the
longer life span in some species.160 In humans, membrane lipid composition changes
during T cell proliferation induced by mitogens, and this change in aged individuals
correlates with a decrease in mitogenic response.161 It was observed that peripheral
lymphocytes of aged individuals have a higher membrane viscosity, and this change
is associated with a lower mitogenic response, i.e., lower proliferative ability of
lymphocytes.162 Changes in membrane viscosity are observed to be more pronounced
in the frail than in the healthy elderly. When treated in vivo with lipid-lowering drug
or dietary modification (low-fat diet), membrane viscosity was reduced and mito-
genic activity increased.161 This suggests that part of the altered lymphocyte prolif-
erative capacity in the elderly is due to increased membrane viscosity caused by
increased dietary lipid intake.

Leptin is a protein hormone produced by fat cells and functions to decrease food
intake and increase metabolic rate. Leptin levels correlate closely with fat mass and
decrease with decline in body fat as one ages. Leptin resistance has been implicated
in abnormal lipid metabolism and insulin resistance of the metabolic syndrome in
the elderly. Leptin also has a direct effect on T-cell-mediated immunity and promotes
lymphocyte survival in T and B cells. In a diet-induced obese mouse model of obesity
and leptin resistance, leptin receptor-mediated signaling in T cell is reduced.163

Peroxisome proliferator-activated receptor (PPAR)-alpha, a member of the nuclear
receptor family that regulates the expression of genes associated with lipid metab-
olism and adipocyte differentiation, is upregulated by hyperleptinemia. PPAR-alpha
activators (i.e., the fibric acid derivatives, thiazolidinediones) have been shown to
improve glucose utilization, insulin resistance, and lipid metabolism. Furthermore,
treatment with PPAR agonist results in decreased levels of spontaneous inflammatory
cytokines164,165 and induces a shift in cytokine secretion of human T cells by inhib-
iting IFN-γ  and promoting IL-4 secretion.166 Are the PPARs the next antiaging
agents? Much remains to be investigated.

6.9 CONCLUSION

As presented earlier, the immune system functions to defend its host from extrinsic
(bacteria, carcinogens) and intrinsic (self-repair, growth, tumor control) pathogenic
agents. As the immune system ages, its function is compromised, leaving the host
vulnerable to harm and diseases. Nutrition plays an important role in maintaining
the vigor of the immune system, since nutritional deficits and malnutrition further
aggravate the already weakened immune system in the elderly. Dietary supplements
have been studied over the years and have been found to improve immune responses
in malnourished individuals. However, extra supplements as means of antiaging or
cancer prevention in healthy individuals have no proven clinical benefits but can
potentially cause harm in high doses. Vessels to healthy and successful aging are
therefore a balanced diet and healthy lifestyle habits that include moderate exercise,

3815_C006.fm  Page 93  Thursday, April 12, 2007  10:07 AM



94 Geriatric Nutrition

limited intake of alcohol, no tobacco, and being happy. For chronically ill or insti-
tutionalized individuals, special attention should be directed to ensure proper nutri-
tion and supplements, yearly vaccination, and social interaction.
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7.1 INTRODUCTION

 

Food is essential to survival and health. Our ability to expend energy depends on
adequate intake of protein and calories. Aging itself is associated with a lower energy
intake. Hallfrisch et al.

 

1

 

 have shown a decline in total daily energy requirements
after age 40. Energy intake of older men (40 to 74 years old) is nearly a third less
(2100 to 2300 calories/day) than that of men age 24 to 34 years old (2700 calo-
ries/day). On average, persons over the age of 70 years consume one third less
calories than younger persons.

 

2

 

 Sixteen to eighteen percent of community-dwelling
elderly persons consume less than 1000 kcal daily.

 

3

 

By the seventh decade, total energy intake decreases by 1000 to 1200 kcal in
men and by 600 to 800 kcal in women. This results in concomitant decline in most
nutrient intakes. Ten percent of men and twenty percent of women have intakes of
protein below the Recommended Dietary Allowance (RDA); one third consume less
calories than the RDA. Lower food intake among the elderly has been associated
with lower intakes of calcium, iron, zinc, B vitamins, and vitamin E.

 

4

 

 Fifty percent
of older adults have a vitamin and mineral intake less than the RDA, while 10 to
30% have subnormal levels of vitamins and minerals.

 

5

 

Older adults tend to consume less energy-dense sweets and fast foods, and
consume more energy-dilute grains, vegetables, and fruits. The daily volume of foods
and beverages also declines as a function of age. Physiological 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, education, socioeco-
nomic status, diet-related attitudes and beliefs, and convenience, likely play a role
as well. Many age-related nutritional problems may be remedied to some extent by
providing nutrient-dense meals through home delivery or meal congregate pro-
grams.

 

6

 

 However, this low energy intake or low nutrient density of the diet may
increase the risk of diet-related illnesses. Thus, even when adequate calories are
available, nutritional deficiency diseases can occur.

Populations at high risk for inadequate vitamin intake include older persons,
vegans, alcohol-dependent individuals, and patients with malabsorption syndromes.

 

7.2 RECOMMENDED DIETARY ALLOWANCES

 

The U.S. (and other governments) has established minimum levels of nutrient
intakes. These levels are typically referred to as Recommended Dietary Allowances.
The Recommended Dietary Allowances program was begun in 1941 by the Food
and Nutrition Board. Nutrient requirements were expressed as a Recommended
Dietary Allowance (RDA). The Recommended Dietary Allowances were based on
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the minimal requirement for 95% of the population based on a reference male, age
25, 5 feet 10 inches tall, 150 pounds, with a normal body composition.

 

7

 

 No differ-
ential recommendations were made for persons older than 70 years due to higher
prevalence of chronic disease, insufficient data, and heterogeneity of the population.
Lower energy requirements were assumed for older persons, and adjustments for
differences in sex after age 51 years were made.

 

10

 

 The guidelines are revised every
10 years by the National Academy of Sciences as new evidence becomes available.
It is important to realize that the RDA is not intended to be regarded as a daily
requirement of a specific nutrient, since the body is able to store most nutrients.

The definition of a nutrient requirement depends to a great extent on the measured
outcome. A level of a nutrient required to prevent a dietary deficiency does not imply
that the level of intake is optimal. A minimum level aimed at preventing a deficiency
may differ from a level aimed at preventing a specific disease. Additionally, the
question of whether a supratherapeutic level of a nutrient may be beneficial is highly
controversial.

Recently, there has been a shift in emphasis from the individual to the population
group. As a result, the RDA has been replaced by Dietary Reference Intakes. The
intent is to present dietary data aimed at preventing disease rather than simply
preventing dietary deficiency. The Dietary Reference Intake (DRI) is based on four
assumptions. First, the amount consumed is the minimal value that will meet the
nutrient need of 50% of the population. Second, the level will prevent a deficiency
of the nutrient in 98% of the population. Third, for those nutrients that do not have
an RDA, an estimated Adequate Intake is presented. Finally, the Tolerable Upper
Limit, which includes all sources of the nutrient, whether natural or supplemental,
represents the estimated highest level of the nutrient that is likely to pose no risk to
98% of the population. Since the DRI is population based rather than individual
based, these values do not represent a daily consumption goal.

As data have become available for older populations, the Dietary Reference Intakes
have been updated to include older persons, and gender adjustments for persons older
than 51 years have also been reported. Table 7.1 shows the contrast between the
Recommended Daily Allowances for vitamins and minerals published in 1968 and the
current Dietary Reference Intake (1997 to 2001) for the older population.

Considerable change in the recommendations has occurred with the availability
of newer data. However, on the whole, the requirements for nearly all nutrients show
little change with age compared to younger persons, despite a lower energy intake
among older adults.

 

8

 

7.3 MACRONUTRIENTS

7.3.1 C

 

ALORIES

 

Daily caloric requirements range from 25 kcal/kg/day for sedentary adults to 40
kcal/kg/day for elderly patients under moderate stress (see Table 7.2). Various formulas,
including the Harris–Benedict equation, can be used to predict caloric requirements,
but controversy exists over accuracy in obese or severely undernourished individuals.

 

9

 

Other formulas have been adjusted for severely stressed hospitalized subjects.

 

10
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7.3.2 P

 

ROTEIN

 

Protein is the only nutrient containing nitrogen in addition to carbon, hydrogen,
and oxygen. Some proteins also contains sulfur and phosphorus. These elements
combine to form amino acids, the smallest molecular units of protein. Nine amino
acids cannot be synthesized by humans and are therefore considered essential.
These include histidine, leucine, isoleucine, lysine, methionine, phenylalanine,
threonine, tryptophan, and valine. Protein is responsible for repair and synthesis
of enzymes involved in cell multiplication, collagen and connective tissue synthe-
sis, and wound healing. Protein is a component of antibodies needed for immune
system function. Twenty to twenty-five percent of calories should be obtained from
protein sources.

The current Dietary Reference Intake in adults for protein is 0.8 g/kg/day.

 

11

 

However, some older persons are not able to maintain a positive nitrogen balance
at this level.

 

12

 

 For older persons under moderate stress, the requirement is likely to
be 1.0 to 1.2 g/day.

 

7.3.3 C

 

ARBOHYDRATES

 

Carbohydrates provide energy and prevent gluconeogenesis from protein stores. Car-
bohydrate calories should comprise 50 to 60% of the patient’s total caloric needs. An
inadequate supply of carbohydrates results in muscle wasting (when the body is forced
to convert protein stores for energy use) and loss of subcutaneous tissue. Complex

 

TABLE 7.2
Dietary Reference Intakes (DRIs): Recommended Intakes
for Individuals, Macronutrients

 

DRI (1997

 

–

 

2001)
Age 50

 

–

 

79
DRI (1997

 

–

 

2001)
Age >70

 

Total water 3.7 l males; 2.7 l females 3.7 l males; 2.7 l females
Carbohydrates 130 g 130 g
Fat ND ND
Protein

 

a

 

56 g male; 46 g female 56 g male; 46 g female
Fiber 30 g male; 21 g female 30 g male; 21 g female

 

Note: DRI = Dietary Reference Intake, based on the highest DRI by the Food and
Nutrition Board, Institute of Medicine, 1997–2001; ND = not determined, no adverse
effects from higher intake.

 

a

 

Based on 0.8 g/kg/day for adults.

Source: Adapted from 

 

Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat,
Fatty Acids, Cholesterol, Protein, and Amino Acids

 

 (2002). Copyright 2002 by the
National Academy of Sciences. Used with permission.
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carbohydrates are encouraged rather than simple sugars. Whole-grain breads, cereals,
legumes, fruits, vegetables, and milk are good sources of carbohydrate.

 

7.3.4 F

 

AT

 

Fat is the most concentrated source of energy and provides a reserve source of energy
in the form of stored triglycerides in adipose tissue. Fat calories should comprise
20 to 25% of the total calories. The amount and composition of fat for optimum
nutrition remain undefined and controversial. Lean meats, poultry, fish, low-fat dairy
products, and vegetable oils are preferred sources of fat.

 

7.3.5 F

 

IBER

 

Dietary fiber

 

 refers to nondigestible carbohydrates and ligin derived from plants.

 

Added fiber

 

 consists of nondigestible carbohydrates incorporated into foods because
they are thought to have a beneficial effect in humans. Total dietary fiber is the sum
of dietary fiber and added fiber.

Dietary fiber has been proposed to have a beneficial effect on health, especially
in prevention of heart disease, stroke, and some cancers. The evidence for this rests
solely on epidemiological associations. An inverse association between whole-grain
intake and risk of ischemic heart disease mortality was found in a survey of post-
menopausal women. The relative risk was 0.70 in the highest quintile of whole cereal
consumption (

 

p

 

 for trend = 0.02).

 

13

 

 A similar decrease in relative risk (RR) for
coronary heart disease was observed in the Nurses Health Study for women, who
reported a median fiber intake of 22.9 g/day, compared to women who reported a
median intake of 11.5 g/day, but diminished when adjusted for risk factors (RR,
0.77; 95% confidence interval (CI), 0.57 to 1.04). Among different sources of dietary
fiber (e.g., cereal, vegetables, fruit), only cereal fiber was strongly associated with
a reduced risk of coronary heart disease (RR, 0.63; 95% CI, 0.49 to 0.81) for each
5 g/day increase in cereal fiber.

 

14

 

The relationship of fiber from fruits and vegetables and heart disease has been
inconsistent. In persons age 44 to 64 years, followed for 11 years, whole-grain
intake was inversely associated with total mortality and incident CAD (

 

p 

 

for trend
= 0.02). An inverse association between fruit and vegetable intake and CAD was
observed among African Americans, but not among whites. The risk of ischemic
stroke was not significantly related to whole-grain, refined-grain, or fruit and veg-
etable consumption.

 

15

 

No similar observation has been observed for the effect of fiber on colorectal
cancer. In a pooled analysis of 13 prospective cohort studies, fiber intake from
cereals, fruits, and vegetables was not associated with risk of colorectal cancer, after
accounting for other dietary risk factors (RR, 0.94; 95% CI, 0.86 to 1.03).

 

16

 

Total
dietary fiber for adults is 38 g/day for men and 25 g/day for women. After age 50,
the dietary reference intake is decreased to 30 g/day for men and 21 g/day for women.
This amount of fiber is often difficult for older adults to ingest.
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7.4 VITAMINS

7.4.1 T

 

HE

 

 V

 

ITAMIN

 

 A 

 

AND

 

 C

 

AROTENOID

 

 F

 

AMILY

 

The carotenoids are a diverse group of more than 600 naturally occurring pigments.
Natural sources include yellow, orange, and red plant compounds, such as carrots
and green leafy vegetables. Humans cannot synthesize carotenoids and depend on
dietary intake exclusively for these micronutrients. Beta-carotene and lycopene are
the major dietary carotenoids. Lycopene is a natural pigment synthesized by plants
and microorganisms but not by animals. It occurs in the human diet predominantly
in tomatoes and processed tomato products. It is a potent antioxidant and the most
significant free radical scavenger in the carotenoid family. There is no known defi-
ciency state for carotenoids themselves and no Recommended Daily Intake. Beta-car-
otene can be converted to vitamin A, whereas lycopene cannot. All of the carotenoids
are antioxidants, and approximately 50 are considered vitamins because they have
pro-vitamin A activity. Vitamin A refers to preformed retinol and the carotenoids
that are converted to retinol. Preformed vitamin A is found only in animal products,
including organ meats, fish, egg yolks, and fortified milk. More than 1500 synthetic
retinoids, analogs of vitamin A, have been developed.

 

7.4.2 V

 

ITAMIN

 

 C

 

Vitamin C (ascorbic acid) is a water-soluble vitamin widely found in citrus fruits
and raw leafy vegetables, strawberries, melons, tomatoes, broccoli, and peppers.
Humans cannot synthesize vitamin C and a deficiency results in scurvy.

 

7.4.3 V

 

ITAMIN

 

 D

 

Vitamin D occurs naturally in animal foods as the provitamin cholecalciferol. This
requires conversion in the kidney to the metabolically active form, calcitriol. Vitamin D
is not a true vitamin, since humans are able to synthesize it with adequate sunlight
exposure. By photoconversion, 7-dehydrocholesterol becomes previtamin D3, which is
metabolized in the liver to 25-hydroxyvitamin D3, the major circulating form of vitamin
D. In the kidney, this is converted to two metabolites, the more active one being 1,25-dihy-
droxyvitamin D3. Food sources include fortified milk, saltwater fish, and fish liver oil.

 

7.4.4 V

 

ITAMIN

 

 E

 

Vitamin E occurs in eight natural forms as tocopherols (alpha, beta, gamma, and
delta) and tocotrienols (alpha, beta, gamma, and delta), all of which possess potent
antioxidant properties. Gamma-Tocopherol is the predominant form of vitamin E in
the human diet, yet most studies have focused on alpha-tocopherol, which is the
type found in most over-the-counter supplements. One reason for this is that
alpha-tocopherol is biologically more active than gamma-tocopherol. Vitamin E
deficiency is rare and is seen primarily in special situations resulting in fat malab-
sorption, including cystic fibrosis, chronic cholestatic liver disease, abetalipopro-
teinemia, and short bowel syndrome.
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7.4.5 B V

 

ITAMINS

 

The B-complex vitamins contain a number of different compounds. The B-complex
vitamins are found in brewer’s yeast, liver, whole-grain cereals, rice, nuts, milk,
eggs, meats, fish, fruits, leafy green vegetables, and many other foods.

 

7.4.5.1 Thiamine (B1)

 

Deficiency of thiamine is associated with beriberi, a disease that is characterized by
anemia, paralysis, muscular atrophy and weakness, and spasms in the muscles of
the legs. Neurological effects of thiamine deficiency include Wernicke’s encephel-
opathy, which causes lack of coordination, and Korsakoff’s psychosis, which affects
short-term memory. The mouth can also be affected by thiamine deficiency, increas-
ing the sensitivity of the teeth, cheeks, and gums, as well as fissures in the lips.
Thiamine deficiency is rare but often occurs in alcoholics, because alcohol interferes
with the absorption of thiamine through the intestines.

 

7.4.5.2 Riboflavin (B2)

 

A deficiency of riboflavin can cause seborrheic dermatitis, angular cheilosis, and
glossitis.

 

7.4.5.3 Niacin (B3)

 

Niacin, also known as nicotinic acid and nicotinamide, is needed for the metabolism
of food and the maintenance of healthy skin, nerves, and the gastrointestinal tract. A
deficiency of niacin causes pellagra. Historically, this disease was often associated
with the very poor and was also a major cause of mental illness. The symptoms of
pellagra are sometimes referred to as the three D’s—diarrhea, dermatitis, and demen-
tia—ultimately resulting in a fourth D, death. The mouth is also affected by pellagra,
which can cause the inside of the cheeks and tongue to become red and painful.

 

7.4.5.4 Pyridoxine (B6)

 

Pyridoxine, also known as pyridoxal phosphate and pyridoxamine, is needed for the
breakdown of carbohydrates, proteins, and fats, and is necessary for the production
of red blood cells. Due to the abundance of pyridoxine in many foods, a deficiency
is rare except in alcoholics. A pyridoxine deficiency causes dermatitis, glossitis,
peripheral neuropathy, incoordination, confusion, and insomnia.

 

7.4.5.5 Folate (B9)

 

Folic acid, also known as folacin and pteroylglutamic acid, interacts with vitamin
B12 for the synthesis of DNA and hemoglobin. Folic acid is essential to virtually
all biochemical reactions that use a one-carbon transfer and is produced by bacteria
in the stomach and intestines. A deficiency of folic acid causes anemia, poor growth,
and glossitis—all of which are similar to symtoms suffered by those with B12
deficiency. Folic acid is present in nearly all natural foods but can be damaged during
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cooking. Deficiencies are found mainly in alcoholics and persons who are unable
to absorb food due to topical sprue or gluten enteropathy.

 

7.4.5.6 Cyancobalimine (B12)

 

Vitamin B12 is necessary for processing carbohydrates, proteins, and fats, hemoglo-
bin synthesis, and maintenance of nerve sheaths. Vitamin B12 acts as a coenzyme
in the synthesis and repair of DNA. Vitamin B12 cannot be absorbed by the body
until it is combined with a stomach mucoprotein called intrinsic factor. Once the
B12 becomes bound to the intrinsic factor, it is able to pass into the small intestine
to be absorbed and used by the body.

Food-cobalamin malabsorption is caused primarily by gastric atrophy. Over 40%
of patients older than 80 years have gastric atrophy that may or may not be related
to 

 

Helicobacter pylori

 

 infection. Other factors that contribute to food-cobalamin
malabsorption in elderly people include antacids, including H2-receptor antagonists
and proton pump inhibitors, surgery or gastric reconstruction (e.g., bypass surgery
for obesity), intestinal bacterial overgrowth (which can be caused by antibiotic
treatment), long-term ingestion of biguanides (metformin), chronic alcoholism, par-
tial pancreatic exocrine failure, and Sjögren’s syndrome.

 

17

 

Vitamin B12 deficiency is sometimes seen in strict vegetarians who do not
take vitamin supplements. Enough B12 is stored in the liver to sustain a person
for about 3 years. A deficiency of B12 causes pernicious anemia. Pernicious anemia
is an autoimmune disease characterized by the destruction of the gastric mucosa,
especially fundal mucosa, by a primarily cell-mediated process. Gastric secretions
are neutral to slightly acidic even in the presence of gastrin (which normally
increases acidity) and contain little or no intrinsic factor. Pernicious anemia causes
anemia, peripheral neuropathy, and glossitis. B12 deficiency can produce cognitive
impairment.

Treatment of intake deficiency should include 1000 

 

µ

 

g intramuscularly for 1
month, followed by 125 to 500 

 

µ

 

g daily orally for dietary deficiency or 1000 

 

µ

 

g
daily orally for pernicious anemia.

 

18

 

7.4.5.7 Pantothenic Acid (B5) and Biotin (B7)

 

Pantothenic acid is used in the breakdown of carbohydrates, lipids, and some amino
acids, and also for the synthesis of coenzyme A. Biotin functions as a coenzyme in
carboxylation reactions (–COOH). Intestinal bacteria produce both pantothenic acid
and biotin. There is no known disorder associated with pantothenic acid deficiency.
The vitamin is found in abundance in meats, legumes, and whole-grain cereals. Large
doses of pantothenic acid can cause diarrhea.

A deficiency of biotin is rare but can cause a skin disorder called eczematous
dermatitis. Biotin deficiency may be found in individuals who eat large quantities
of egg whites. These contain avidin, which binds biotin. Biotin is found in beef liver,
egg yolk, brewer’s yeast, peanuts, cauliflower, and mushrooms.
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7.5 MICRONUTRIENT MINERALS

 

Minerals are soil elements that cannot be made by living organisms. Plants obtain
minerals from the soil, and most of the minerals in our diets come directly from
plants. Animals provide minerals indirectly from plants. Minerals may also be present
in a person’s drinking water. The content of minerals in plants, animals, or water
varies with geographic locale.

 

7.5.1 I

 

RON

 

Iron is an integral part of many proteins and enzymes and is necessary for the
synthesis of hemoblobin. Dietary iron exists in two forms: heme and nonheme. Heme
iron is found in animal foods that originally contained hemoglobin, such as red
meats, fish, and poultry. Iron in plant foods such as lentils and beans is arranged in
a chemical structure called nonheme iron. Nonheme iron is the form added to iron-
enriched and iron-fortified foods. Heme iron is absorbed better than nonheme iron,
but most iron in a diet is nonheme iron. Absorption of heme iron ranges from 15 to
35% and is not significantly affected by diet. Only 2 to 20% of nonheme iron in
plant foods such as rice, maize, black beans, soybeans, and wheat is absorbed.

The World Health Organization considers iron deficiency the number one nutri-
tional disorder in the world. As many as 80% of the world’s population may be iron
deficient, while 30% may have iron deficiency anemia.

 

19

 

 Iron deficiency anemia can
be associated with low dietary intake of iron, inadequate absorption of iron, or
excessive blood loss.

Supplemental iron is available in two forms: ferrous and ferric. Ferrous iron salts
(ferrous fumarate, ferrous sulfate, and ferrous gluconate) are the best absorbed forms
of iron supplements. The amount of iron absorbed decreases with increasing doses.
For this reason, it is recommended that most people take their prescribed daily iron
supplement in two or three equally spaced doses. For adults who are not pregnant, the
Centers for Disease Control and Prevention (CDC) recommends taking 50 to 60 mg
of oral elemental iron (the approximate amount of elemental iron in one 300-mg tablet
of ferrous sulfate) twice daily for 3 months for the therapeutic treatment of iron
deficiency anemia. Therapeutic doses of iron supplements, which are prescribed for
iron deficiency anemia, may cause gastrointestinal side effects such as nausea, vom-
iting, constipation, diarrhea, dark-colored stools, and abdominal distress. Excess
amounts of iron can result in toxicity and even death. Starting with half the recom-
mended dose and gradually increasing to the full dose will help minimize these side
effects. Taking the supplement in divided doses and with food also may help limit
these symptoms. Iron from enteric-coated or delayed-release preparations may have
fewer side effects, but is not as well absorbed and is not usually recommended.
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7.5.2 C

 

ALCIUM

 

Calcium is a major component of mineralized tissues and is required for normal
growth and development of the skeleton and teeth. In men and women 65 years of
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age and older, calcium intake of less than 600 mg/day is common. Furthermore,
intestinal calcium absorption is often reduced because of the effects of estrogen
deficiency in women and the age-related reduction in renal 1,25-dihydroxy vitamin
D production. Calcium insufficiency due to low calcium intake and reduced absorp-
tion can translate into an accelerated rate of age-related bone loss in older individuals.
Vitamin D insufficiency is common among the homebound elderly and residents of
long-term care facilities, and contributes to reduced calcium absorption. Calcium
intake among women later in menopause, in the range of 1500 mg/day, may reduce
the rates of bone loss in selected sites of the skeleton, such as the femoral neck.

The physiology of calcium homeostasis in aging men over 65 is similar to that
of women with respect to the rate of bone loss, calcium absorption efficiency,
declining vitamin D levels, and changes in markers of bone metabolism. It seems
reasonable, therefore, to conclude that in aging men, as in aging women, prevailing
calcium intakes are insufficient to prevent calcium-related erosion of bone mass.
Thus, in women and men over 65, a calcium intake of 1500 mg/day seems prudent.

 

21

 

Vitamin D metabolites enhance calcium absorption. 1,25-Dihydroxy vitamin D,
the major metabolite, stimulates active transport of calcium in the small intestine
and colon. Deficiency of 1,25-dihydroxy vitamin D, caused by inadequate dietary
vitamin D, inadequate exposure to sunlight, impaired activation of vitamin D, or
acquired resistance to vitamin D, results in reduced calcium absorption. In the
absence of 1,25-dihydroxy vitamin D, less than 10% of dietary calcium may be
absorbed. Vitamin D deficiency is associated with an increased risk of fractures.
Elderly patients are at particular risk for vitamin D deficiency because of insufficient
vitamin D intake from their diet, impaired renal synthesis of 1,25-dihydroxy vitamin
D, and inadequate sunlight exposure, which is normally the major stimulus for
endogenous vitamin D synthesis. This is especially evident in homebound or insti-
tutionalized individuals. Supplementation of vitamin D intake to provide 600 to 800
IU/day has been shown to improve calcium balance and reduce fracture risk in these
individuals. Sufficient vitamin D intake should be ensured for all individuals, espe-
cially the elderly, who are at greater risk for development of a deficiency. Sources
of vitamin D, besides supplements, include sunlight, vitamin D-fortified liquid dairy
products, cod liver oil, and fatty fish. Calcium and vitamin D need not be taken
together to be effective. Excessive doses of vitamin D may introduce risks such as
hypercalciuria and hypercalcemia and should be avoided. Anticonvulsant medica-
tions may alter both vitamin D and bone mineral metabolism, particularly in certain
disorders, in the institutionalized and the elderly. Although symptomatic skeletal
disease is uncommon in noninstitutionalized settings, optimal calcium intake is
advised for persons using anticonvulsants.

Immobilization has been shown to produce a rapid decrease in bone mass. This
loss has been well documented in individuals placed on bed rest and in individuals
with regional forms of immobilization, such as that seen in para- and quadriplegia.
Under these circumstances, the rate of bone loss may be rapid, which is in part
related to an increase in bone resorption accompanied by a decrease in bone forma-
tion. There is concern that increased calcium intake may increase the risk of hyper-
calcemia, ectopic calcification, ectopic ossification, and nephrolithiasis in these

 

3815_C007.fm  Page 114  Monday, April 16, 2007  3:18 PM



 

Nutritional Requirements in Older Adults

 

115

 

individuals. Thus, any recommendations for increasing calcium intake are tempered
in these individuals by the potential for undesirable consequences.

Dairy products are the chief sources of dietary calcium (for example, approxi-
mately 250 to 300 mg/8 oz of milk). Individuals with lactose intolerance frequently
limit or exclude liquid dairy foods, but adequate calcium intake can be achieved
through low-lactose-containing solid dairy food or through milk rendered lactose
deficient. Vegans who voluntarily limit their intake of dairy products can obtain
dietary calcium through other sources. Other good food sources of calcium include
some green vegetables (e.g., broccoli, kale, turnip greens, Chinese cabbage), cal-
cium-set tofu, some legumes, canned fish, seeds, nuts, and certain fortified food
products. Breads and cereals, while relatively low in calcium, contribute significantly
to calcium intake because of their frequency of consumption.

A number of calcium-fortified food products are currently available, including
fortified juices, fruit drinks, breads, and cereals. Although some of these foods
provide multiple nutrients and may be frequently consumed, their quantitative con-
tribution and role in the total diet are not currently defined.

 

7.5.3 P

 

HOSPHORUS

 

Phosphorus is essential for the process of bone mineralization. Approximately 85%
of phosphorus in the adult body is in bone. Phospholipids are necessary for the
structure of cellular membranes, nucleic acids, and nucleotides, including adenosine
triphosphate. Sources of phosphorous, mainly in the form of phosphates, are widely
distributed in the food supply, and phosphorus intake from the normal diet is usually
sufficient. Milk and milk products are particularly rich sources of phosphorus,
containing about 1000 mg of phosphorus per liter of milk. Deficiency of phosphorus
occurs mainly in malabsorption syndromes, alcoholics and critically ill patients,
diabetic ketoacidosis, and diseases resulting in renal tubular losses of phosphorus.
The refeeding syndrome can cause hypophosphatemia, which may be life threaten-
ing. Hypophosphatemia may result in anorexia, impaired growth, osteomalacia,
skeletal demineralization, proximal muscle atrophy and weakness, cardiac arrhyth-
mias, respiratory insufficiency, increased erythrocyte and lymphocyte dysfunction,
susceptibility to infectious rickets, nervous system disorders, and even death. Phos-
phate salts are used in the treatment of acute phosphorus deficiency. Supplements
containing phosphorus are contraindicated in hyperphosphatemia and in severely
impaired renal function (less than 30% of normal).

Calcium phosphate, which is mainly used as a delivery form of calcium, increases
phosphate levels. Calcium phosphate is contraindicated in those with hypercalcemia.
Potassium phosphate is contraindicated in persons with hyperkalemia. The most
common adverse reaction with sodium or potassium phosphate is diarrhea. Diarrhea
is less likely to occur in phosphorus-deficient individuals than in persons with normal
phosphorus status. Nausea, vomiting, and abdominal pain may also occur. Hyper-
phosphatemia can result in ectopic calcification. Prolonged use of high doses of
inorganic phosphate salts may result in hypocalcemia even in healthy individuals
with normal renal function. Aluminum-containing antacids decrease the absorption
of phosphates and can be used in the treatment of hyperphosphatemia. Concomitant
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intake of zinc and phosphate salts (sodium phosphate, potassium phosphate, calcium
phosphate) may decrease the absorption of zinc.

 

7.5.4 S

 

ODIUM

 

 

 

AND

 

 P

 

OTASSIUM

 

Sodium is the primary electrolyte that regulates the extracellular fluid levels and
hydration status. In addition to maintaining water balance, sodium is necessary for
osmotic equilibrium, acid–base balance, and regulation of plasma volume, nerve
impulses, and muscle contractions. The typical American diet contains between
3000 and 5000 mg daily, thus exceeding the requirement for health (500 mg/day).
Some endurance training (exercising >2 hours in duration) may require increased
sodium intake due to excessive sweat losses. Hypertensive individuals respond to
limiting their sodium intake to less than 2400 mg daily (along with eating a low-
fat diet rich in fruits, vegetables, whole grains, and low-fat dairy foods) for blood
pressure management. Hypoatremia may also be due to excessive intake of fluid,
especially in those experiencing renal insufficiency. Hypoatremia is characterized
by lethargy, confusion, muscle twitching, seizures, and coma. Excessive consump-
tion of sodium on a regular basis is often associated with hypertension and edema.
High intakes of sodium can also lead to osteoporosis because sodium can increase
urinary calcium losses.

Potassium plays a key role in cardiac, skeletal, and smooth muscle contraction,
and in renal function. The best dietary sources of potassium are fresh unprocessed
foods, including meats, fish, vegetables (especially potatoes), fruits (especially avo-
cados, dried apricots, and bananas), citrus juices (such as orange juice), dairy prod-
ucts, and whole grains. Most potassium needs can be met by eating a varied diet
with adequate intake of milk, meats, cereals, vegetables, and fruits. Potassium levels
may be increased by a number of medications, including nonsteroidal anti-inflam-
matory drugs (NSAIDs; such as ibuprofen, piroxicam, and sulindac), angiotensinin-
converting enzyme inhibitors (such as captopril, enalapril, and lisinopril, especially
in conjunction with NSAIDs), potassium-sparing diuretics (such as spironolactone,
triamterene, or amiloride), or salt substitutes, along with the ACE inhibitors, heparin,
cyclosporine, trimethoprim, and beta-blockers (such as metoprolol and propranolol).
Potassium levels may be decreased by other medications, including thiazide diuretics
(such as hydrochlorothiazide), loop diuretics (such as furosemide and bumetanide),
corticosteroids, amphotericin B, antacids, insulin, theophylline, and laxatives.

 

7.5.5 M

 

AGNESIUM

 

Magnesium is the fourth most abundant mineral in the body and approximately 50%
of total body magnesium is found in bone. The other half is found predominantly
inside cells of body tissues and organs. Only 1% of magnesium is found in serum.
Magnesium is involved in more than 300 biochemical reactions in the body, including
muscle and nerve function, cardiac rhythm, immune function, and bone formation.
Magnesium also helps regulate blood sugar levels, blood pressure, and energy metab-
olism and protein synthesis. Dietary sources include green vegetables such as spinach,
legumes (beans and peas), nuts and seeds, and whole, unrefined grains. Refined grains
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are generally low in magnesium. Drinking water can be a source of magnesium, but
the amount varies according to the water supply. Water that naturally contains more
minerals is described as hard. Hard water contains more magnesium than soft water.

Approximately one third to one half of dietary magnesium is absorbed into the
body. Gastrointestinal disorders that impair absorption, such as Crohn’s disease, can
limit the body’s ability to absorb magnesium. Chronic or excessive vomiting and
diarrhea may also result in magnesium depletion. Excretion by the kidneys can limit
urinary excretion of magnesium to compensate for low dietary intake. Excessive loss
of magnesium in urine can occur in renal disease, as a side effect of some medica-
tions, in cases of poorly controlled diabetes, and in alcohol abuse. Early signs of
magnesium deficiency include loss of appetite, nausea, vomiting, fatigue, and weak-
ness. Late magnesium deficiency demonstrates hypocalcemia, hypokalemia, numb-
ness, tingling, muscle contractions and cramps, seizures, personality changes, abnor-
mal heart rhythms, and coronary spasms.

Magnesium may influence the release and activity of insulin.13 Low blood levels
of magnesium (hypomagnesemia) are frequently seen in individuals with type 2
diabetes. Hypomagnesemia may worsen insulin resistance, a condition that often
precedes diabetes, or may be a consequence of insulin resistance. Individuals with
insulin resistance do not use insulin efficiently and require greater amounts of insulin
to maintain blood sugar within normal levels. The kidneys possibly lose their ability
to retain magnesium during periods of severe hyperglycemia (significantly elevated
blood glucose). The increased loss of magnesium in urine may then result in lower
blood levels of magnesium. In older adults, correcting magnesium depletion may
improve insulin response and action.28

Several clinical studies have examined the potential benefit of supplemental
magnesium on metabolic control of type 2 diabetes. In one such study, 63 subjects
with below-normal serum magnesium levels received either 2.5 g of oral magnesium
chloride daily “in liquid form” (providing 300 mg of elemental magnesium per day)
or a placebo. At the end of the 16-week study period, those who received the
magnesium supplement had higher blood levels of magnesium and improved met-
abolic control of diabetes, as suggested by lower hemoglobin A1C levels, than those
who received a placebo.22

In another study, 128 patients with poorly controlled type 2 diabetes were
randomized to receive a placebo or a supplement with either 500 mg or 1000 mg
of magnesium oxide (MgO) for 30 days. All patients were also treated with diet or
diet plus oral medication to control blood glucose levels. Magnesium levels increased
in the group receiving 1000 mg of magnesium oxide per day (equal to 600 mg of
elemental magnesium per day) but did not significantly change in the placebo group
or the group receiving 500 mg of magnesium oxide per day (equal to 300 mg of
elemental magnesium per day). However, neither level of magnesium supplementa-
tion significantly improved blood glucose control.23

7.5.6 ZINC

Zinc is involved in the activity of approximately 100 enzymes, in the immune system,
and in DNA synthesis, and maintains the sense of taste and smell. The cheif dietary
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source of zinc is red meat and poultry. Oysters contain more zinc per serving than
any other food. Other good food sources include beans, nuts, certain seafood, whole
grains, fortified breakfast cereals, and dairy products. Absorption of zinc is greater
from animal protein sources than plant proteins. Phytates, which are found in whole-
grain breads, cereals, legumes, and other products, can decrease zinc absorption.
There is no single laboratory test that adequately measures zinc nutritional status.24

Risk factors for zinc deficiency include inadequate caloric intake, alcoholism, gas-
trointestinal surgery, malabsorption (such as sprue, Crohn’s disease, and short bowel
syndrome), and chronic diarrhea. Zinc toxicity has been seen associated with low
copper status, altered iron function, reduced immune function, and reduced levels
of high-density lipoproteins.

7.5.7 COPPER

Copper is required in the formation of hemoglobin, elastin, and collagen. Copper is
necessary for the manufacture of the neurotransmitter noradrenaline as well as for
the pigmentation of hair. Copper is available from a variety of foods, such as whole
grain, liver, molasses, and nuts, but water from copper pipes is a source of copper,
and copper cooking utensils will also increase copper ingestion. It can be stored in
the body, and daily presence in the diet is therefore not necessary. Deficiency of
copper is associated with iron deficiency and with excess zinc. Copper deficiency
has been associated with anemia, increased likelihood for infections, osteoporosis,
thyroid gland dysfunction, heart disease, and abnormal nervous system function.
Toxic levels may lead to diarrhea, vomiting, liver damage, and discoloration of the
skin and hair, while mild excesses may result in fatigue, irritability, depression, and
loss of concentration and learning disabilities.

7.5.8 CHROMIUM

Chromium stimulates fatty acid and cholesterol synthesis, is an activator of several
enzymes, and is also thought to be important in insulin metabolism. Rats fed a torula
yeast-based diet developed abnormal glucose tolerance that could be reversed by
supplements of brewer’s yeast. Trivalent chromium (CrCl3) was found to be the
active factor in brewer’s yeast. Further, it was reported that chromium formed a
complex with insulin that enhanced insulin’s activity. However, the relevance of
animal studies of chromium deficiency to the effects of chromium in humans remains
controversial.

Dietary sources of chromium include beef, liver, eggs, chicken, oysters, wheat
germ, green peppers, apples, bananas, and spinach. The best source of chromium is
brewer’s yeast, but many people do not use it because it causes abdominal distention
(a bloated feeling) and nausea. Black pepper, butter, and molasses are also good
sources of chromium, but they are normally consumed only in small amounts.

7.5.9 SELENIUM

Selenoproteins have antioxidant properties that help prevent cellular damage from
free radicals. Free radicals may contribute to the development of chronic diseases
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such as cancer and heart disease. Other selenoproteins help regulate thyroid function
and play a role in the immune system. The dietary content of selenium depends on
the selenium content of the soil where plants are grown or animals are raised.
However, food distribution patterns across the U.S. help prevent people living in
low-selenium geographic areas from having low dietary selenium intakes. Results
of the National Health and Nutrition Examination Survey (NHANES III, 1988–1994)
indicated that diets of most Americans provide the recommended amounts of sele-
nium.25 In the U.S., most cases of selenium depletion or deficiency are associated
with severe gastrointestinal problems, such as Crohn’s disease, or with surgical
removal of part of the stomach.

7.6 SUMMARY

Many older persons have intakes of protein and calories below the daily recom-
mended intake. Lower food intake among the elderly has been associated with lower
intakes of calcium, iron, zinc, B vitamins, and vitamin E. Fifty percent of older
adults have a vitamin and mineral intake less than the daily recommended intake,
while 10 to 30% have subnormal levels of vitamins and minerals.

Evidence of epidemiological associations of vitamins and disease states has been
found for nine vitamins. Inadequate folate status is associated with neural tube defect
and some cancers. Folate and vitamins B6 and B12 are required for homocysteine
metabolism 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.26 Zinc, beta-carotene,
and vitamin E appear to slow the progression of macular degeneration, but do not
reduce the incidence.

In observational studies (case-control or cohort design), people with 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 associations in observation studies have been shown for
carotene, ascorbic acid, and tocopherol. In randomized controlled trials, however,
antioxidant vitamins as food supplements have no beneficial effects in the primary
prevention of myocardial infarction and stroke.27

Serious adverse events have been reported. Toxicity may result from excessive
doses of vitamin A during early pregnancy and from fat-soluble vitamins taken
anytime. After an initial enthusiasm for antioxidants in the secondary prevention of
cardiovascular disease, recent reports from several large randomized trials have failed
to show any beneficial effects. Thus, the apparent beneficial results of high intake
of antioxidant vitamins reported in observational studies have not been confirmed
in large randomized trials.29

The use of various dietary supplements, including vitamins, to prevent or delay
disease or aging rests for the most part on epidemiological associations. It does
appear from this data that a diet rich in vitamins is associated with a tendency to
improved health. However, the results from controlled trials are dismal. The discrep-
ancies between different types of studies are probably explained by the fact that
dietary composition and supplement use are components in a cluster of healthy
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behavior. An alternative hypothesis is that there are as yet unknown essential organic
compounds in certain foods.

The most prudent approach is to recommend a daily intake of fruits and vege-
tables 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.
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Maintenance of energy balance is an extraordinarily complex process. In its simplest
form it can be considered that body weight (BW) = food intake (FT) – total energy
expenditure (TEE) (Figure 8.1). TEE consists of resting metabolic rate (RMR), activity-
related energy expenditure (AEE) (a combination of exercise and spontaneous physical
activity, or SPA), and thermic energy of eating. Food intake is modulated by malab-
sorption and excretion of calories. With aging there are physiological alterations in
both food intake and total energy expenditure. To some extent these changes can be
predicted due to the loss of muscle mass (sarcopenia) that occurs during aging. In
older persons, nearly one half will have a chronic disease or physical disability, which
will further modulate energy balance. Finally, dramatic changes in energy balance
occur when an older person develops an acute illness. In this instance, cytokines
produce “sickness behavior” with a reduction in SPA but an increase in RMR.

While caloric restriction has been suggested as a way to extend life span as
encapsulated by the concept that one should eat to live, rather than live to eat, it has
become clear that prolonged underfeeding is perhaps more dangerous than overfeed-
ing in older persons. With aging, many normal-weight healthy older men and women
reduce their energy intake below their energy expenditure and thus lose weight.

 

1

 

FIGURE 8.1

 

Effects of aging on energy balance. RMR = resting metabolic rate; TEE =
thermic energy of eating.

FOOD INTAKE = TOTAL ENERGY EXPENDITURE 
  (RMR + Physical Activity + TEE) 

AGE EFFECT % OF                               ALL DECREASED
DAILY ENERGY 
EXPENDITURE 60–70% + 15–30% + 8–12% + 2–3%
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Loss of weight in older persons is associated with frailty, functional impairment,
poor quality of life, and increased mortality. Overall, the physiological changes in
body mass over the life span can be represented as a gain in weight from 30 to 60
years of age (mainly fat mass) and a loss of weight (due to loss of muscle, bone,
and fat) after 70 years of age

 

2

 

 (Figure 8.2).

 

8.1 TOTAL ENERGY EXPENDITURE

 

As might be expected, TEE deceases with aging.

 

3–5

 

 In older persons, TEE is lower
in women and in blacks.

 

6

 

 This decrease was shown with double-labeled water, and
thus we can be fairly confident that these findings apply to free-living persons and
are not just confined to data for those living under experimental conditions in a
metabolic chamber. A caveat to these findings is that these techniques have a large
coefficient of variation. Because a 1% change in energy expenditure over a decade
can result in major changes in body mass, it needs to be recognized that, with present
techniques, data on TEE need to be interpreted with caution. While there is a high
level of confidence that TEE declines with aging, present techniques do not allow
us to determine if this is true in highly healthy groups of physically active elderly
and the effect of long-term interventions on TEE.

 

8.2 RESTING METABOLIC RATE

 

The RMR is the energy cost of maintaining basal physiological functions. These
include muscle tone, involuntary muscle activity, cardiopulmonary function, and the

 

FIGURE 8.2

 

Changes in body mass with aging.
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biochemical activities necessary to maintain homeostasis. The RMR is predominantly
due to lean muscle mass basal activity. As such, it is higher in men than in women.
However, this difference between the sexes cannot be completely explained by the
difference in lean body mass.

 

6

 

 In older males, but not females, blacks have a lower
RMR, which again cannot be completely accounted for by the differences in free
fat mass (FFM).

Basal metabolic rate (BMR) is the highly controlled RMR measure 12 to 14
hours after the last meal, at complete rest, while lying down and at a neutral
environmental temperature. The BMR accounts for 60 to 65% of the TEE and is
approximately 1500 kcal/day.

With aging there is a decline in the RMR.

 

6–9

 

 This decrease is partly, but not
completely, due to reduced free fatty mass. Intrinsic reduction of RMR is partly
because of a decline in the N + K + ATPase activity, the decline in muscle protein
turnover, and changes in mitochondrial membrane proton permeability.

 

10,11

 

 Exer-
cise results in an increase in RMR. The effects of disease in older persons with
malnutrition have led to inconclusive results, with some suggesting that RMR may
be elevated but the majority failing to show this.

 

1

 

 In elderly nursing home patients,
the RMR was 1174 kcal/day (29.3 kcal/kg FFM/day). This was lower than the
overall range of 1131 to 1472 kcal/day reported in free-living elderly women.

 

12

 

Similarly, in patients with Alzheimer’s disease there is a decline in RMR.

 

1

 

 RMR
increases in Parkinson’s disease, but TEE drops because of the marked decrease
in physical activity.

 

13

 

 RMR did not increase in chronic obstructive pulmonary
disease.

 

14

 

 It is important to recognize that there is larger interindividual variation
in RMR with aging.

A number of equations are available to predict RMR, such as the Harris–Bene-
dict, WHO, or Schofield, and a standard calculation of 20 kcal/kg/day. The Har-
ris–Benedict and Schofield tend to underpredict and the WHO equation overpredicts
the RMR. Because of the large heterogeneity in older persons, these equations need
to be used with caution. The ability of the equations to predict RMR can be improved
by multiplying the derived RMR by 1.52 for persons of below-average physical
activity, 1.67 for average physical activity, and 1.85 for persons of above-average
physical activity.

 

6

 

8.3 MEAL-INDUCED THERMOGENESIS

 

Following a meal, there is an increase in metabolic rate for about 6 hours. This
increase is called meal-induced thermogenesis or the thermic effect of eating. Fat
produces a lower effect on metabolic rate than does carbohydrate or protein. Meal-
induced thermogenesis accounts for approximately 10% of energy utilization.

Overall, there appears to be a small decrease in the thermic effect of eating in
older persons.

 

15

 

 This decline in peak thermogenesis may be due to delayed gastric
emptying in older persons when large meals are ingested. Other reasons for the
change in adaptive thermogenesis in older persons are the decline in beta-adrenergic
activity and insulin resistance.
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8.4 PHYSICAL ENERGY EXPENDITURE

 

Functional status tends to predict energy expenditure in older persons. Overall, with
aging there is a decrease in physical activity level. This appears to be due to both a
decrease in exercise and a decrease in spontaneous physical activity. Recently it has
been recognized that spontaneous physical activity plays an important role in main-
taining body weight and physical fitness.

 

8.5 REGULATION OF FOOD INTAKE AND THE 
ANOREXIA OF AGING

 

The concept that there is a physiological decline in food intake over the ages of 20
to 80 years is now well accepted.

 

16,17

 

 This has been termed the anorexia of aging
and appears to be an appropriate response to the decline in physical activity that
occurs over the life span.

 

18

 

 This decline is due to both a reduction in intermeal
snacking and early satiation that occurs in response to large meals.

 

19

 

 Eating alone
can further reduce the total amount of food ingested. While the overall change with
aging is a decrease in food intake, Roberts et al.

 

20

 

 have shown that the major change
with food intake with aging is really a dysregulation (dysorexia). When older men
and women are overfed, they are less capable of decreasing their food intake to
return to their previous weight than are younger men and women. Similarly, older
persons who were underfed continued to eat less and failed to regain their lost weight.

With aging there is an increase in taste threshold and a decline in the ability to
detect odors.

 

21,22

 

 The exact effect of these changes on food ingestion is controversial.
Overall, it would appear that these changes account for about 100 kcal/day of the
decline in food intake that occurs with aging, i.e., about 20% of the total decline in
food intake.

Appetite regulation is a highly controlled process.

 

23

 

 It is set so that the person
will acquire slightly more food than needed so that there are sufficient energy stores
to allow survival during time of famine. The major component of this system is the
central feeding drive. The central feeding drive system is situated in the hypothalamus
that receives input from the cortex, the amygdala, and other parts of the limbic system
and a large number of inputs from the periphery. The multiple anatomical components
of the hypothalamus interact with the midbrain to generate the feeding drive.

The central control of feeding is integrated by a number of orexigenic neu-
rotransmitters, such as orexin neuropeptide Y, dynorphin, and norepinephrine. These
orexigenic neurotransmitters are downregulated by large numbers of anorectic
neurotransmitters such as serotonin, corticotrophin-releasing factor, and the mel-
anocortins (alpha-MSH). The local cellular communication of these neurotransmit-
ters appears to depend on nitric oxide.

 

24

 

 While some animal studies have suggested
small alternations in this system with aging, no data in humans confirm an important
role for this hypothalamic system in the development of the anorexia of aging.

The central feeding drive system receives multiple inputs from the periphery
providing information on the amount of food in the gastrointestinal tract, the state
of adipose stores, and the availability of circulating nutrients. These messages are
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conveyed by ascending fibers of the autonomic nervous system, circulating hormones,
and the availability of circulating nutrients. These systems are further modulated by
endogenous steroid hormones. For example, increasing progesterone during preg-
nancy leads to an increase in food intake. A fall in testosterone during aging in males
leads to an increase in the anorexic hormone, leptin, and a decrease in estrogen at
menopause in females leads to an increase in food intake. Cytokines, produced in
excess during illness, are potent anorexic agents.

 

25

 

The gastrointestinal tract appears to be a major system involved in the patho-
genesis of the physiological anorexia of aging.

 

26

 

 Food entering the stomach releases
nitric oxide from the wall of the fundus, resulting in smooth muscle relaxation to
allow a large meal to be stored in the fundus. With aging there appears to be a
decrease in the production of nitric oxide, and therefore a diminished capacity of
the fundus to undergo adaptive relaxation. This results in food more rapidly entering
the antrum of the stomach and producing antral stretch, leading to satiation signals
being transmitted through ascending fibers of the vagus to the nucleus tractus soli-
tarius, and from there to the hypothalamus.

Ghrelin is a peptide hormone produced by the fundus of the stomach. It crosses
the blood–brain barrier and directly stimulates food intake and growth hormone
release. The effect of aging on its level is controversial, and it does not appear to
play a major role in the anorexia of aging.

There is evidence that slowed stomach emptying of large meals is important in
producing the early satiety seen in many older persons.

 

27

 

 When fatty or protein foods
reach the duodenum, they release cholecystokinin (CCK), which plays an important
role in satiation. CCK levels rise with aging, particularly after a high-fat meal, and
CCK is a more potent anorectic agent in older persons.

 

28

 

 Thus, CCK appears to play
a central role in the anorexia of aging. Other anorectic peptides, such as glucagon-
like peptide I, do not appear to be altered with aging.

Leptin is one of a number of peptide hormones produced from adipose cells.
Leptin is a potent anorectic agent, and lack of leptin or its receptor in young children
leads to obesity. Leptin resistance is present in middle-aged obese persons. This
appears to be due to the fact that hypertriglyceridemia inhibits the ability of leptin
to cross the blood–brain barrier into the central nervous system.

 

29

 

 As alluded to,
declining testosterone levels in males lead to increased leptin levels, and this is a
convenient explanation for the greater degree of anorexia that occurs in males than
in females with aging.

 

30

 

While much has been written about the role of insulin as an appetite inhibitor
in animals, in humans insulin infusion has no effect on appetite when glucose levels
are maintained at a steady state.

 

31

 

 Insulin given to humans in high doses invariably
results in hyperphagia and weight gain.

To conclude, regulation of appetite is a complex process. The anorexia of aging
appears to be an appropriate response to the decline in TEE that occurs with aging.
Unfortunately, this dysregulation of the appetite process sets older persons up to
develop severe anorexia when they become ill. Figure 8.3 summarizes the major
factors involved in the anorexia of aging.
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Water accounts for about 60% of body weight in an average human, varying mainly
with degree of adiposity. As the percentage of body fat increases, the amount of
body water decreases. Water is distributed in virtual compartments in the body,
moving between compartments by osmosis or pumps. Total body water (TBW) is
about 42 l in a 70-kg person, or 600 ml/kg. TBW is divided into intracellular fluids
(two thirds TBW, 400 ml/kg) and extracellular fluids (one third TBW, 200 ml/kg).
About 75% of the extracellular fluid is distributed interstitially between cells
(150 ml/kg), and about 25% of extracellular fluid is found in the intravascular space
(50 ml/kg).

 

1

 

The spaces define the clinical syndromes of fluid loss. The principal regulator
of extracellular water is sodium, because of active transport of sodium into this
space. The principal regulator of the larger intracellular compartment is the effective
osmolarity of the extracellular fluid. By osmosis, essentially equal tonicity is main-
tained across both compartments. Intravascular volume depletion leads to hypoten-
sion, compensatory tachycardia, decreased tissue perfusion, and shock. The intra-
vascular volume is highly protected to prevent these complications, primarily
regulated by a sodium pump. Water is transferred to the intravascular volume from
the extracellular compartment and the intracellular compartment.

Loss from the extracellular compartment is termed intravascular volume deple-
tion, while loss from the intracellular compartment is termed dehydration. Loss from
both compartments is termed hypovolemia.
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9.1 WATER LOSS

 

Water can be lost from the body via renal, cutaneous, respiratory, and gastrointestinal
routes. The kidney is the main controller of body water. The kidneys filter about
150 l of fluid a day, but only about 1% (1.5 l) is excreted as urine. Cutaneous water
loss, through sweating, is a major thermoregulatory mechanism. Large amounts of
heat are dissipated by sweat. The volume of water loss is usually around 500 ml per
day, but can increase substantially in the presence of fever, high environmental
temperatures, increased physical activity, increased metabolism, or burns. A rela-
tively small amount of water (around 200 ml per day) can be lost through respiration.
This loss is affected by ventilatory volume and the environmental relative humidity.
A large amount of water passes through the intestines each day and is recovered by
the colon. Because of this, a relatively small amount of water (about 100 ml per
day) is lost through feces. However, gastrointestinal loss can increase significantly
in the presence of diarrhea, vomiting, or other gastrointestinal pathology and cause
severe dehydration.

 

9.2 REGULATION OF WATER BALANCE

 

The balance between water loss and water repletion is regulated by arginine vaso-
pressin. Arginine vasopressin (AVP) works as an antidiuretic hormone, thereby
regulating water excretion and also stimulating thirst, which regulates water inges-
tion. This balance is so carefully maintained that the osmolarity varies only between
282 and 298 milliosmil per kilogram. Disorders of this careful balance can lead to
severe illness and death.

AVP, the main water-regulating hormone, is controlled by osmotic sensors in
the hypothalamus and, to a lesser extent, by baroreceptor (pressure) signals. AVP
levels increase rapidly with small increases in osmolality and produce sensations of
thirst. The osmotic level for stimulation of AVP appears to be 284 milliosmol/kg,
with sensations of thirst appearing at a threshold of 294 milliosmol/kg.

 

2

 

 However,
the data suggest that other nonosmotic triggers for thirst occur when the osmolarity
is in the normal range. Moreover, there appears to be an individual set point that
varies from person to person.

 

3

 

Increased water loss due to exposure to heat, fever, insufficient fluid consump-
tion, and physical activity results in an increase in osmolality and a decrease in
plasma volume (hyperosmotic hypovolemia), the main cause of dehydration. In such
situations, dehydration stimulates both thirst and increases in AVP levels. This results
in thirst, which increases fluid ingestion (when access is available), and a decrease
in urinary output due to increased tubular water reabsorption in the nephron. Because
of urine concentration, the urine becomes a darker yellowish color. Changes in urine
color, urine osmolality, and urine specific gravity have been used to estimate levels
of hydration.

The act of drinking rapidly suppresses the release of AVP, through a reflex mech-
anism in the oropharynx. Water balance is also affected by changes in intravascular
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volume. A loss of about 10% of circulating intravascular volume also stimulates the
osmoreceptors. Loss of intravascular volume directly stimulates thirst and water intake
through baroreceptors located in the vascular system. The renin–angiotensin–aldosterone
system is also activated by stimulation of the baroreceptors, with an effect to increase
salt intake.

Negative feedback loops operate in conjunction with these systems. Osmotic
dilution shuts off the thirst stimulus and AVP secretion. Continued osmotic dilution
also stimulates the renin–angiotensin–aldosterone system to retain sodium and restore
osmolarity. The renin–angiotensin system controls salt intake and thereby controls
intravascular volume. Other hormones, such as atrial natriuretic peptide, have a
negative feedback to decrease AVP secretion and the renin–angiotensin–aldosterone
system. Urodilatin and the oropharyngeal swallowing reflex also appear to play a
role. A simplified diagram of volume regulation is shown in Figure 9.1.

 

FIGURE 9.1

 

Simplified regulation of water balance.
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9.3 WATER REGULATION IN OLDER ADULTS

 

In older persons, the regulation of water balance appears to be impaired. There is a
diminished thirst response in older persons to water deprivation,

 

4

 

 or infusion of
hypertonic saline.

 

5

 

 When older and younger men were restricted in water intake over
a 24-h period that produced equal weight loss, healthy men age 67 to 75 years were
less thirsty and drank less water over 2 h compared to younger men.

 

6

 

 In studies
using heat stress and exercise to induce hyperosmolarity and a volume deficit, older
individuals tend to operate at a higher plasma osmolality, indicating a shift in the
set point of the regulatory system.

 

7

 

 Again, the perception of thirst was not different
in older men. Other studies have found that older men perceived a greater thirst, but
drank the same amount of water as younger men in response to passive heat stress.

 

8

 

In the face of water loss producing either a osmoreceptor or a baroreceptor
stimulus, older persons exhibit a decreased thirst sensation and reduced fluid intake.
Fluid replacement is effective but slower in older persons. Chronic fluid maintenance
in response to repetitive dehydration also appears to be reduced, contributing to a
decrease in ability to expand plasma volume. The age differences in the physiological
control systems associated with dehydration are more closely associated with a
decrease in thirst perception. The data suggest that there is a higher osmotic operating
point for thirst sensation under normal daily conditions and a diminished sensitivity
to thirst triggered by the vascular baroreceptors.

 

9

 

9.4 DEHYDRATION, INTRAVASCULAR FLUID LOSS, 
AND HYPOVOLEMIA

 

Physiologically, the term 

 

dehydration

 

 refers specifically to a decrease in intracellular
water. A loss in the intravascular compartment results in intravascular volume deple-
tion. Loss of both intracellular water and intravascular water is more appropriately
termed hypovolemia. Dehydration is always hypernatremic, while intravascular vol-
ume depletion can be hypernatremic, hyponatremic, or isotonic.

Hypertonic intravascular volume depletion results when water losses are greater
than sodium losses. Fever results in loss of water through the lungs and skin and,
when combined with limited ability to increase oral fluid intake, is perhaps the most
common cause of hypernatremic intravascular volume depletion. As water is trans-
ferred from the intracellular compartment to maintain intravascular volume, total
body water decreases, causing dehydration. Characteristic laboratory parameters
include hypernatremia (serum sodium levels greater than 145 mmol/l) and hyperos-
molality (serum osmolality greater than 300 mmol/kg).

Isotonic intravascular volume depletion results from a balanced loss of water
and sodium, which can occur during a complete fast. Vomiting and diarrhea, because
of large amounts of both water and electrolytes in gastric contents, will result in
isotonic dehydration.

Hypotonic intravascular volume depletion occurs when sodium loss exceeds
water loss. This type of dehydration occurs primarily with overuse of diuretics,
causing excess loss of sodium. The serum sodium is decreased (less than 135 mmol/l)
and the serum osmolality is low (less than 280 mmol/kg).
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9.5 DIAGNOSIS OF DEHYDRATION

 

There is no accepted definition of dehydration. A number of parameters have been
used to suspect or define dehydration, but all have limitations.

 

10

 

9.5.1 B

 

ODY

 

 C

 

OMPOSITION

 

The components of body water can be accurately measured by research techniques such
as radiological dilution. Bioelectrical impedance

 

11–13

 

 can determine total body water
and extracellular water, estimating the intracellular water by subtraction. Bioelectrical
impedence is based on the fact that fat-free mass has a much greater electrical than fat
mass. However, the standard error of the fluid compartment estimates may be as high
as ±2 l. Moreover, these modalities may not be readily available in clinical settings.

 

9.5.2 B

 

ODY

 

 W

 

EIGHT

 

A useful definition of dehydration is loss of 3% or more of body weight. However,
this presumes knowing the stable body weight prior to dehydration. This is useful
in atheletes and younger persons, but is not practical in older individuals. Weight
fluctuations due to disease or drugs may be misleading, and the lower body weights
in older persons may be a total of 3 to 4 pounds, which is in the standard error of
measurement of most scales.

 

9.5.3 P

 

HYSICAL

 

 E

 

XAMINATION

 

The physical signs of dehydration are often confusing, particularly in older adults.
Clinical signs of extravascular volume deficit are often misleading. The most helpful
physical findings are either severe postural dizziness such that the patient cannot
assume an upright position or a postural pulse increment of 30 beats/min or more.
The presence of either finding has a poor sensitivity for moderate intravascular
volume depletion due to blood loss (22%) but a much greater sensitivity for large
blood loss (97%). Supine hypotension and tachycardia are frequently absent in
extravascular fluid loss, and the finding of mild postural dizziness has no proven
value. The presence of a dry axilla supports the diagnosis of dehydration (positive
likelihood ratio, 2.8; 95% confidence interval (CI), 1.4 to 5.4), and a moist mucous
membrane and a tongue without furrows argue against the presence of dehydration
(negative likelihood ratio, 0.3; 95% CI, 0.1 to 0.6 for both findings). In adults, the
capillary refill time and poor skin turgor have no proven diagnostic value.

 

14

 

9.5.4 L

 

ABORATORY

 

 P

 

ARAMETERS

 

Given the paucity of sensitive clinical signs, laboratory evaluation provides the
clinical gold standard. The diagnosis of extracellular volume depletion can be
suspected from history and careful physical examination, but requires the support
of adjunctive data from laboratory studies. The diagnosis of intracellular volume
depletion cannot be established without laboratory analysis of serum sodium or
calculation of serum tonicity.

 

15
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Serum osmolarity is very sensitive, rising in dehydration with as little as a 1%
change in body weight.

 

16

 

 During dehydration due to insufficient fluid intake, both
plasma sodium and osmolarity are significantly elevated. Serum osmolarity can be
measured directly or estimated by the formula.
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10.1 INTRODUCTION

 

Nutrition plays an increasingly important role in health and disease as we age. The
prevalence of protein-energy malnutrition (PEM) increases with age and frailty and
is associated with poor outcome. Nutrition-related disorders in Western societies
more often conjure images of nutritional excess and obesity rather than malnutrition.
Nonetheless, with advancing age, multiple well-documented age-related conditions
converge to put the geriatric population at risk for nutritional deficits (Morley and
Silver 1995, Thomas and Morley 2001). Weight loss in the elderly may not receive
the attention and sense of urgency it commands, in part due to the compulsion during
earlier adult life to achieve just such a weight loss. While undernutrition may be the
cause or the end result of a specific disease process, it more often represents a single
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facet of multiple complex interacting physiological changes, resulting in progressive
functional decline, as seen in anorexia of aging and adult failure to thrive (Morley
and Silver 1985). It is estimated that up to 16% of Americans over the age of 65
consume less than 1000 kcal/day, and 30 to 40% of individuals over the age of 75
are at least 10% below their ideal body weight (Third National Health and Nutritional
Examination Survey 1994, Wakimoto and Block 2001, Joshi and Morley 2006).
Overt malnutrition is encountered in 5 to 12% of ambulatory community-dwelling
elderly, 20 to 37% of home-bound elderly, and 32 to 50% of hospitalized older
adults. In the long-term-care setting, the prevalence of undernutrition may be as high
as 85% (Drinka and Goodwin 1991, Zulkowski 2000, Johnson et al. 2002, Abbasi
1995, Abbasi and Rudman 1993, Ritchie et al. 1997, Garry et al. 1984).

As caloric intake decreases, so does the quantity and quality of micronutrients.
A daily dietary intake of 1000 kcal is unlikely to provide sufficient vitamins, par-
ticularly in diets deficient in fresh fruits and vegetables. Approximately 50% of all
older adults ingest less than the recommended dietary allowance of vitamins and
minerals, and 10 to 53% have levels below normal (Foote et al. 2000, Souba 1997).
The Second National Health and Nutrition Examination Survey (NHANES II) found
that only 10% of the elderly consume the recommended five-a-day servings of fruits
and vegetables (Block 1991, Third National Health and Nutritional Examination
Survey 1994). Of the 12,000 adults surveyed, 41% consumed no fruits and 17% no
vegetables on the day of the survey. Individual deficiencies vary widely by setting
and vitamin type. As might be expected, the highest deficiency prevalence occurred
in hospitalized and institutionalized persons. Fat-soluble vitamin A deficiency was
rare, occurring in less than 1% of older adults, despite decreased intake in 4 to 17%
of the population. Vitamin D deficiency, in contrast, was found in 2.6 to 6.8% of
independent elderly and 35% of nursing home residents. Body stores of vitamins
may also vary with age. Decreasing lean body mass (LBM) and the accompanying
increase in body fat are normal age-associated changes in body composition. LBM
begins to decline as early as age 30, and the rate of decline accelerates in late life.
Consequently, as a general rule, fat-soluble vitamins can be stored in the body in
large amounts and do not necessarily need to be taken daily. Water-soluble vitamins,
on the other hand, lack large body stores and may be depleted in a few weeks, with
the exception of vitamin B

 

12

 

, which is stored in the liver. Vitamins B

 

1

 

 and B

 

6

 

, for
example, were found to be deficient in 13 to 43% and 5 to 56% of independent
elderly, respectively.

Classical deficiency states such as scurvy, beriberi, and pellagra rarely occur in
the geriatric population. Public health measures have led to a near elimination of
these extreme deficiency states in industrialized countries. In today’s nutritionally
enriched environment, vitamin deficiencies are suffered mainly by the decrepit who
cannot eat or digest a normal diet, or the faddist who will not (Gordon 1993).
Consequently, vitamin deficiencies in the elderly typically do not develop in isola-
tion, but rather in combination with other micronutrient and macronutrient disorders.
They may present with vague or atypical symptoms, masked by coexisting disease,
or be mistaken for the aging process itself. Symptoms remain enigmatic and treat-
ment delayed, if the diagnosis is based solely on clinical manifestations. In most
cases, hematological tests are required to establish the diagnosis unequivocally.
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Currently available assays, however, have their own limitations. Serum levels may
not accurately reflect total body stores (e.g., vitamin A) or tissue levels (e.g., vitamin
B

 

12

 

). Assigning cutoff limits below which a diagnosis is made imposes an artificial
break in the measurement continuum. Statistically derived limits are generated from
population-based observational studies and are best suited for epidemiological work.
Stringent diagnostic limits do not account for changes in vitamin requirements that
occur with age, comorbidities, LBM, and lifestyle.

Not all vitamin disorders in the elderly are attributed to poor intake. Changes
in vitamin requirements, altered metabolism, and hypervitaminosis complete the
spectrum of vitamin disorders. Vitamin requirements are not static throughout life
and have only recently been studied in the geriatric population despite avid interest
in this area by academicians and laypersons alike. The requirements of some fat-
soluble vitamins, such as vitamin A, decrease with age. Other vitamins, such a
vitamins D, B

 

6

 

, and B

 

12

 

, are required in larger quantities. New reference intake
guidelines developed by the Food and Nutrition Board of the Institute of Medicine
were released in three publications between 1998 and 2001 and for the first time
included recommendations for individuals 70 years and older (Institute of Medicine
1998, 2000, 2001). However, heterogeneity among individuals above the age of 70
increases rapidly, and the recommendations were meant to be applied as guidelines
for the group, and not as a gold standard for individuals. Perhaps future recom-
mendations will account for comorbidities, risk factors, and lifestyle patterns, rather
than age alone.

Over the past two decades, evidence has emerged suggesting that vitamin sup-
plementation may provide benefits beyond simply preventing the deficiency state.
Vitamins are being studied for their potential protective effect against many condi-
tions that afflict the elderly, including cancer, atherosclerotic disease, neurodegen-
erative disorders, infections, cataracts, blood disorders, and possibly the aging pro-
cess itself. As life expectancy in industrialized countries forges into the ninth decade,
opportunities to impact health status easily and inexpensively become very appeal-
ing. Vitamin supplementation is one such measure—at least in theory. With the
identification and synthesis of vitamins during the first half of the 20th century,
several affordable vitamin preparations have become readily available. Subsequently,
the vitamin pharmaceutical industry has grown into a multi-billion-dollar annual
enterprise, fueled by the debatable assumption that “more is better.” Widespread use
of vitamin supplements for health maintenance in older individuals is driven by
consumers who have become disenchanted with the medical establishment, and by
a growing tendency toward homeopathic therapy. Daily vitamin supplements, often
multiple and in combinations, are consumed by approximately 20 to 60% of the
elderly (Vitolins et al. 2000, Massey 2002, Radimer et al. 2004, Third National
Health and Nutritional Examination Survey 1994). Such practice is not always
beneficial or even benign. Vitamin toxicities are rare but do occur—most seriously
with A and B

 

6

 

. Drug–vitamin interactions are also a concern, particularly with the
high prevalence of polypharmacy in the elderly. Many vitamin consumers do not
view their supplements as medications. Surreptitious and inadvertent vitamin overuse
may go unnoticed without a judicious vitamin history.
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10.2 BRIEF HISTORICAL PERSPECTIVE

 

The year was 1911. Casimir Funk (1884–1967), a Polish-born chemist working at
the Lister Institute in London, had isolated a pyrimidine compound that when fed
to experimental pigeons cured them of beriberi. Earlier, Christiaan Eijkman
(1858–1930), a Dutch physician, observed that feeding chicken polished rice resulted
in a peculiar polyneuropathy that was promptly cured by introducing unpolished
rice or adding extracts of rice husk to the diet. In 1905, English physician William
Fletcher (1844–1925) demonstrated similar findings in a nutritional experiment
conducted on asylum inmates in Malaysia, then a British colony. Nearly one quarter
of the inmates who were fed polished rice developed symptoms of beriberi, whereas
only 2% of those fed unpolished rice were similarly affected, all dietary components
otherwise being similar. The following year, Sir Frederick Hopkins (1861–1947)
concluded that foods contain “accessory factors” or “growth factors” needed in small
amounts to sustain growth and life itself. Funk initially theorized the vital dietary
components to be ammonia derivatives and proposed the name 

 

vitamines

 

, derived
from the Latin for life (

 

vita

 

) and amines. The trailing 

 

e

 

 was later dropped to
deemphasize the amine nature of these compounds, when it became clear that not
all vitamins contained amine moieties. In 1929, Eijkman and Hopkins shared the
Nobel Prize for their work on vitamin B

 

1

 

 (thiamin). It was the first of three Nobel
Prizes issued for work on vitamins.

It had long been known that certain dietary components were capable of pre-
venting or curing certain disease conditions. As early as 1500 

 

B

 

.

 

C

 

., the ancient
Egyptians recognized that night blindness could be treated with specific foods,
notably liver, now known to be rich in vitamin A. Scribes of the ancient city states
of Mesopotamia noted that food could affect health in more subtle ways than simply
sustaining life. Despite early insight, little further progress was made in the field of
nutrition until the middle of the 18th century. The turning point came when Scottish
naval surgeon James Lind (1716–1794) discovered that an unknown component of
citrus fruits helped prevent scurvy, a particularly gruesome and deadly disease at
that time, most common among seafaring people. Vasco da Gama (1469–1524), first
to round the Cape of Good Hope in 1497, lost 100 of 160 deck hands to scurvy. In
1536, Jacques Cartier (1491–1557), in search of a northern passage to the Orient,
describes in his journal: “An unknown sickness began to spread itself among us in
the strangest sort that ever was heard of or seen.” He continues to recount that “out
of 110 that we were, not ten were well enough to help the others, a thing pitiful to
see.” By the mid-1700s, more British sailors were being lost to scurvy than to war.

No one knew what caused scurvy. Reports exist of sailors being left for dead
ashore tropical islands only to be found thriving upon the return voyage. Sailors
noted that tropical fruits eaten ashore cured scurvy, as did scurvy grass, a coastal
plant of the cruciferae family related to turnips, radishes, cabbage, and watercress.
Cartier cured his men with a brew from the bark and needles of the white cedar tree
bordering the St. Lawrence after he learned of a dying Indian who was cured within
a week by this remedy. It was not until 1747, however, that James Lind discovered
that scurvy could not only be cured, but prevented, by oranges and lemons. He
published his 

 

Treaties on the Scurvy

 

 in 1753 and recommended that rations of lemons
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and limes be consumed by all sailors after 6 weeks at sea. He had found a remedy,
with no notion of how it worked, to a disease for which nobody remotely knew the
reason (Gordon 1993). Incredibly, his breakthrough was ignored for another 40 years,
at the cost of untold thousands of lives.

By the dawn of the 20th century, nutritional science was entering a new era. It
was previously believed that an adequate diet consisted of proteins, carbohydrates,
fats, and inorganic salts, and that humans could survive on these components alone.
In 1881, Nikolai Lunin (1853–1937) found that mice did not survive when fed
adequate amounts of the separate milk constituents known at that time, whereas
those fed whole milk developed normally. He concluded that natural foods contained
small amounts of unknown substances essential for life. Meanwhile, the germ theory
of disease became in vogue after Louis Pasteur (1822–1895) discovered that many
diseases were caused by microbes. Despite the pioneer work of Lind and Lunin,
many vitamin deficiency states were still thought to be of infectious origin, even in
the early 1900s. With increasing numbers of vitamins being identified, however, the
critical role of vitamins in disease prevention could no longer be ignored. A growth-
promoting factor in butter was discovered in 1913 and later designated vitamin A.
Vitamin C was isolated in 1932 and was the first vitamin to be synthesized in the
laboratory. In the early 1920s, vitamin D was discovered as a cure for rickets. And
so it went. A flurry of activity resulted in the 13 vitamins known to us today. Vitamins
were found to be a heterogeneous group of compounds, and to simplify nomencla-
ture, they were assigned letters roughly in order of their discoveries. The skipped
letters represent vitamins that were later found not to meet the criteria for vitamins,
or were reclassified, such as vitamin G, which was renamed vitamin B

 

2

 

 (riboflavin).
The parallel effort of biochemists to artificially produce vitamins in the laboratory
led to the availability of affordable nutritional supplements. Widespread use of
vitamins ensued as a result of intensive public health campaigns and the supplemen-
tation of common foods, such as vitamin D in milk. Together with advances in
infectious diseases, nutritional sciences accounted for the unprecedented ameliora-
tion in health and longevity seen during the 20th century. For the first time, it was
believed that consuming vitamins in abundance could prevent other diseases.

The latter half of the 20th century ushered in two further developments that once
again changed the way vitamins were viewed. First, the free radical theory of aging
was developed. When first conceived by Dr. Denham Harman in 1954, the theory
of oxidative damage was met with skepticism, but soon thereafter it was embraced
as a leading theory of aging. Antioxidant vitamins were suddenly thrust to the
forefront of antiaging research. Second, Americans grew old. For the first time in
the history of mankind, life expectancy extended decades beyond the reproductive
years—but with it came chronic disease. Together, these forces set the pace and
direction of much of the vitamin research to follow. The expectation was that chronic
diseases afflicting the elderly could be delayed or even prevented by the use of
pharmacological doses of antioxidant vitamins. Answers were not to emerge that
easily, as will be discussed later. The widespread use of vitamin supplements beyond
what is necessary to prevent deficiency disease was abetted by evidence that vitamins
consumed in their natural form decreased the incidence of cardiovascular disease
and cancer, and by the endorsement of high-profile scientists, such as the double
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Nobel Prize winner Linus Pauling, who touted the antiaging effects of megadoses
of vitamin C. Observational studies supporting an inverse relation between consump-
tion of fresh fruits and vegetables and the incidence of cancer was so compelling
that in 1996 the American Cancer Society launched the five-a-day campaign urging
the consumption of no less than five servings of fruits and vegetables each day
(American Cancer Society Advisory Committee 1996). Some experts now recom-
mend increasing the daily servings to eight, particularly in high-risk persons (Smith-
Warner et al. 2000, McEligol 2002), a rather inane point since 90% of the elderly
do not achieve the five-a-day goal (Block 1991).

 

10.3 DIETARY REFERENCE INTAKES

 

Since 1941, the Recommended Dietary Allowances (RDAs) have been the most
authoritative reference on nutrient levels necessary to maintain health. The 11th
revision of the RDAs was completed in 2001. The Food and Nutrition Board of the
Institute of Medicine, National Academy of Science, established the new guidelines
based on the most recent understanding of nutrient requirements necessary to opti-
mize health and prevent chronic disease, not just prevent nutrient deficiency (Institute
of Medicine 1998, 2000, 2001). Four categories of reference values were described,
collectively referred to as the Dietary Reference Intakes (DRIs). The new recom-
mendations took into consideration vitamin source and bioavailability—the body
being able to better utilize natural rather than synthetic vitamins. While megadose
vitamins cannot be achieved by diet alone, natural foods may contain necessary
cofactors or vitamin complexes (e.g., vitamins A and E), making natural foods the
preferred method of attaining vitamins. DRIs also addressed levels above which
vitamins produce harmful side effects. Perhaps the most substantial way in which
the DRIs parted from previous recommendations, however, is that age and gender
were taken into consideration, with separate and distinct recommendations for each
group when applicable. The recommendation categories include:

• Estimated Average Requirement (EAR): The amount of a nutrient intake
necessary to meet the requirements of 50% of healthy individuals in a group.

• Recommended Dietary Allowance (RDA): Set at two standard deviations
above the EAR and represents the average daily amount of nutrient intake
necessary to meet the requirements of 98% of healthy individuals in a
group. The RDA serves as a guide for individual assessment and diet
planning.

• Adequate Intake (AI): When the RDA cannot be established due to lack
of sufficient clinical evidence, the Adequate Intake level is used. AI levels
are derived from experimental or observed effects of nutrient intake on
specific health outcomes, based on the judgment of a panel of experts.

• Tolerable Upper Intake Level (TUL): The upper limit of daily nutrient
intake that is not likely to produce adverse effects in 98% of individuals
in a group. The TUL is not intended to be used for recommended levels
of intake, but as a safety limit above which there is a likelihood of toxicity.
Total intake from all sources should not exceed the TUL.
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DRI recommendations (Table 10.1) are considered to be average values that
apply to healthy people. Although a margin of safety is built in to the DRIs, specific
requirements may change with disease and lifestyle.

 

10.4 FAT-SOLUBLE VITAMINS

 

Vitamins A, D, E, and K are fat soluble. As a general rule, they can be stored in the
body in relatively large amounts, and are therefore less likely to be depleted than water-
soluble vitamins. In fact, with advancing age, vitamin stores may accumulate, increas-
ing the risk of toxicity. Vitamins A and E are potent antioxidants, as is the water-
soluble vitamin C. The potential risks and benefits of using vitamins as antioxidants
to impede the aging process will be discussed in the final section of this chapter.

 

10.4.1 V

 

ITAMIN

 

 A 

 

AND

 

 C

 

AROTENOIDS

 

Vitamin A (retinol) is a general term that refers to preformed retinol and carotenoids
that are converted to retinol. Vitamin A can be ingested as retinol or synthesized in
the body from a diverse group of natural pigment precursors collectively referred to
as carotenoids. Preformed retinol is found exclusively in animal products. Food
sources of preformed retinol include fish, meat, liver, egg yolks, butter, fortified
milk, and other animal sources. Preformed vitamin A is absorbed by the intestinal
epithelial cell by a carrier-mediated mechanism and transported via the lymphatics
to the liver, where it is stored. In order to reach its target organ, vitamin A binds to
retinol-binding protein (RBP) and is released into the circulation as a RBP–retinol
complex. The liver holds 50 to 95% of the body’s store of vitamin A. Retinol blood
levels are tightly controlled, and greater intake in well-nourished persons has little
effect on circulating levels. Thus, serum levels of vitamin A do not necessarily reflect
dietary intake or vitamin A balance. Circulating levels are largely maintained by
release of vitamin A from the large liver stores, and a drop in serum levels only
occurs in severe deficiency states, when liver stores become depleted.

Carotenoids, on the other hand, cannot be synthesized by the human body. We
are dependent exclusively on dietary intake for these micronutrients. Of the more
than 600 naturally occurring pigments, all can function as antioxidants, but only
approximately 10% have vitamin A-like activity, beta-carotene being the most prom-
inent. Carotenoids are found in yellow, orange, and red plant compounds and green
leafy vegetables. Unlike retinol, carotinoids are passively absorbed by the intestinal
epithelium. In the intestine, the carotenoid precursors break down into retinaldehyde
molecules, which in turn can be reduced to retinol by hepatic aldehyde reductase
and stored in the liver. Less than one third of ingested carotenoid is absorbed by the
body, and a small amount of that is eventually converted to retinol. Unlike retinol,
carotenoids are stored in various tissues. Beta-carotene is the major carotenid in the
liver, adrenal glands, kidney, ovary, and adipose tissue, whereas lycopene is predom-
inantly found in the testes. Oxycarotenoids, like zeaxanthin and lutein, are present
in the macula in the virtual absence of beta-carotene.

Retinol is the precursor of two bioactive metabolites: retinal (retinaldehyde),
which is critical for proper vision, and retinoic acid, an intracellular messenger
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affecting gene transcription. The main biological functions of vitamin A are to
promote good vision by maintaining photoreceptor pigment, ensure normal cellular
differentiation and integrity, maintain an efficient immune function, and prevent
squamous metaplasia of the epithelium. Vitamin A is also important for gene expres-
sion, and wound healing. By virtue of their antioxidant activity, carotenoids have
been shown to limit oxidative damage from free radical reactions and contribute to
the protection of membranes from lipid peroxidation.

The current RDA for vitamin A is 700 

 

µ

 

g for women and 900 

 

µ

 

g for men over
the age of 50, depicting a decrease from previous recommendations. Worldwide, it
is the third most common nutritional deficiency, causing blindness, ill health, and
mortality in over 100,000 children annually. In developed countries, deficiency
occurs very rarely, particularly in the elderly. Prolonged periods of diminished intake
is necessary for a deficiency state to develop. Conditions responsible for deficiency
include fat malabsorption of any etiology, liver disease (reduced storage of retinol
esters and impaired synthesis of retinol and RBP), decreased dietary intake, and
nephrotic syndrome due to urinary loss of RBP. Deficiency results in:

• Night blindness due to loss of rhodopsin in rods, complete blindness due
to loss of iodopsin in cones, and xerophthalmia.

• Bitot’s spots (abnormal squamous cell proliferation and keratinization of
the conjunctiva), corneal perforation, and keratomalacia—all more com-
mon in children.

• Xerodermia, follicular hyperkeratosis (phrynoderma), squamous metapla-
sia of hair follicles, and possibly impaired wound healing.

• Increased susceptibility to and severity of infections due to impaired
immunity secondary to decreased natural killer cell number and function.
Increased susceptibility to pneumonia and bronchitis is further exacer-
bated by squamous metaplasia of the respiratory epithelium.

Although only two thirds of those 65 to 75 years old in the U.S. consume the
RDA for vitamin A, mean and median liver levels of vitamin A do not drop with
advancing age (Hoppner 1968). Some studies have indicated increased absorption
(Hollander and Morgan 1979) and decreased clearance (Krasinski et al. 1990) in the
elderly, making the likelihood of toxicity greater if supplements or fortified foods are
included in the daily diet. Elderly persons taking vitamin A supplements have been
found to have higher levels of circulating retinyl esters, the toxic indicator, than elderly
not taking supplements (Krasinski et al. 1989). Toxicity can result from chronic intake
of retinol at levels as low as three to four times the RDA (3000 

 

µ

 

g), and acutely with
higher doses. Impaired renal and hepatic function increased risk of toxicity (Chernoff
2005), whereas excess vitamin E imparts some protection. Symptoms of toxicity
include nausea, vomiting, anorexia, headaches, dizziness, drowsiness, and irritability.
Chronic toxicity presents with anorexia, alopecia, fatigue, hypothyroidism, bone and
muscle pain, hepatosplenomegaly, and increased intracranial pressure. Hypervitamin-
osis A in the elderly also presents with bone pain, bone inflammation, and hypercal-
cemia. Vitamin A enhances the activity of vitamin D and parathyroid hormone and
a negative calcium balance may occur. Increased osteoclastic activity and decreased
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bone mineral density at the femoral neck and lumbar spine have been documented
(Kneissel et al. 2005, Rohde and DeLuca 2003, Promislow et al. 2002, Melhus et
al. 1998). Dietary intake of 1500 

 

µ

 

g or more per day is associated with osteoporosis
and an increased risk of hip fractures (Melhus et al. 1998, Michaelsson et al. 2003,
Feskanich et al. 2002, Lips 2003), in some instances as much as doubling the risk.
These findings were only noted with excess intake of preformed vitamin A (retinol)
and not beta-carotene.

There is no known deficiency state for carotenoids and no RDAs. Beta-carotein
is also widely considered to be nontoxic, and humans tolerated high doses without
apparent harm. There is no evidence that conversion of beta-carotene to vitamin A
contributes to toxicity of the latter, even when beta-carotene is ingested in large
amounts. The only undesirable effect of high beta-carotene intake is a yellowish
discoloration of the skin, or carotehnemia, which occurs only at extremely high
intake (Mathews-Roth 1986).

 

10.4.2 V

 

ITAMIN

 

 D

 

Vitamin D is not a true vitamin. It can be synthesized in the human body, and
therefore functions more as a pro-hormone. Vitamin D is a general term referring
to the final biologically active product as well as its numerous precursors. It is a
lipid-soluble compound related in structure to the cholesterol molecule. The two
forms of vitamin D are ergocalciferol (D

 

2

 

) and cholecalciferol (D

 

3

 

). Vitamin D

 

2

 

 is
formed by the ultraviolet irradiation of ergosterol and is found in plants, while
vitamin D

 

3

 

 is primarily found in animal products. It was previously believed that
both forms have similar metabolism and biological function, but Armas et al. (2004)
recently showed that vitamin D

 

3

 

 is over three times more potent than D

 

2

 

. Dietary
sources of vitamin D

 

3

 

 include egg yolks, fish liver oils, and fortified foods. The
major source, however, is synthesized in the skin by converting 7-dehydrocholesterol
to vitamin D

 

3

 

 with adequate sunlight exposure. Vitamin D from either source is
bound to vitamin D-binding protein and transported to the liver, where it is hydrox-
ylated by 25-vitamin D-hydroxylase to 25-hydroxy-vitamin D, or calcidiol. In the
kidneys, 25(OH)D is further hydroxylated by 1-alpha-hydroxylase to 1,25-dihy-
droxy-vitamin D (1,25(OH)

 

2

 

D), or calcitriol. A smaller amount of relatively inactive
24,25(OH)

 

2

 

D is also synthesized in the liver. Calcitriol is the most active form of
vitamin D. The affinity of the nuclear receptor for 1,25(OH)

 

2

 

D is approximately
1000 times that for 25(OH)D. Serum levels of calcitriol, however, do not necessarily
reflect total body stores of the vitamin due to the relatively short half-life of 4 to 6
hours. Calcidiol, on the other hand, has a half-life of approximately 3 weeks (Thomas
and Demay 2000) and is a better measure of vitamin D status (Johnson et al. 2002).

Vitamin D deficiency is common in the elderly and can have serious conse-
quences. Despite the ability to store vitamin D, studies have shown that both
1,25(OH)

 

2

 

D and 25(OH)D serum levels decline with age. Up to 25% of community-
dwelling elderly may have vitamin D deficiency, and the prevalence can be as high
as 80% in residents of long-term-care facilities. Several changes associated with
aging result in age being a risk factor for vitamin D deficiency. Decreased exposure
to sunlight and decreased amounts of 7-dehydrocholesterol levels in the aging skin
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deprive the elderly of the major source of vitamin D that younger adults enjoy. In
the absence of adequate photoconversion, dietary intake becomes a much more
crucial source of vitamin D. This, however, occurs at a time when dairy products
and other vitamin D-rich foods constitute a declining part of the typical geriatric
diet. Decreased renal conversion of 25(OH)D to 1,25(OH)

 

2

 

D and, to a lesser degree,
decreased hepatic hydroxylation of D to 25(OH)D further limit availability of the
active form of vitamin D. Finally, several medications disrupt vitamin D absorption,
activation, or function. Most notable are anticonvulsants, rifampin, ketoconazole,
primidone, and many other drugs that can impair hydroxylation or accelerate elim-
ination by activating the cytochrome P-450 system. The new DRIs account for these
age-related changes. The Adequate Intake (AI) is set at 400 IU (10 

 

µ

 

g) for individuals
age 51 to 70 years and 600 IU (15 

 

µ

 

g) for those over the age of 70. High-risk elderly
may benefit from 800 IU/day, which has been shown to increase bone mineral density
and decrease the risk of bone fracture. These levels of intake can easily be achieved
with a multivitamin (most containing 200 IU) twice a day or a plain vitamin D
supplement. Concurrent calcium supplementation is advised since the typical adult
diet does not meet calcium requirements (Kamel and Hajjar 2003). Most vitamin D
preparations are supplemented with 250 to 600 mg calcium.

Biochemical manifestations of vitamin D deficiency include hypocalcemia,
hypophosphatemia, and elevated alkaline phosphatase. With prolonged hypocalce-
mia, secondary hyperparathyroidism may develop, which further decreases phos-
phorus levels and promotes bone resorption by stimulating osteoclasts. Clinical
features of these changes include accelerated osteoporosis and an increased risk of
vertebral and long bone fracture. Vitamin D deficiency may also present with any
of the symptoms of hypocalcemia, such as neuromuscular irritability, neuropathy,
hyperesthesia, and proximal myopathy or pain.

The benefits of supplementing vitamin D in the elderly have been documented
in many studies. In a study of 3270 elderly women (mean age, 84 years; SD, 6
years), Chapuy et al. (1992) demonstrated a 43% decrease in hip fractures (

 

p

 

 =
0.043) and a 32% decrease in total nonvertebral fractures (

 

p

 

 = 0.015) in the treatment
group compared to the placebo group. Treatment consisted of 800 IU vitamin D
with 1200 mg calcium daily for 18 months. In a subgroup analysis (n = 56), bone
mineral density (BMD) at the proximal femur increase by 2.7% in the treatment
group, compared to a decrease of 4.6% in the placebo group (

 

p

 

 < 0.001). The
preventive effect of calcium and cholecalciferol supplementation on fracture risk
continued after an additional 18 months of follow-up (Chapuy et al. 2002). At 3
years total follow-up, hip fractures and all nonvertebral fractures were reduced in
the treatment group by 29 and 24%, respectively (

 

p

 

 < 0.01 in both cases). The
intention to treat analysis showed 17.2% fewer subjects with at least one vertebral
fracture (

 

p

 

 < 0.02) and 23.0% fewer subjects with hip fractures (

 

p

 

 < 0.02).
Similar results have been reported by other investigators, though not consistently.

Dawson-Hughes et al. (1991) showed that in wintertime, when vitamin D levels dip,
spinal bone loss was significantly less in postmenopausal women consuming at least
500 IU vitamin D plus calcium compared to the control group. During the summer
months, supplementation was associated with a net gain in BMD. The same group
of investigators later showed that daily supplementation with a low dose of vitamin
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D (100 IU) plus calcium was sufficient to limit spinal bone loss at 2 years follow-
up, but higher doses (700 IU) were necessary to minimize bone loss from the femoral
neck (Dawson-Hughes et al. 1995). Since then, the RDA for vitamin D was increased,
as discussed earlier. These trials, however, should not lull the public into a false
sense of complacency, as the benefit of vitamin D and calcium on BMD does not
continue unabashed. The natural history of osteoporosis is one of a gradual contin-
uous bone loss, starting in early adulthood, and preventive interventions only retard
the rate of bone loss, not prevent it. In a follow-up study, the effect of 700 IU vitamin
D and 500 mg calcium on BMD of the femoral neck and spine was statistically
significant compared to placebo after 1 year, but not in the second or third year of
follow-up (Dawson-Hughes et al. 1997).

Since most interventional studies combined various amounts of vitamin D and
calcium supplements, it is not clear how much benefit is derived from each compo-
nent. It has been suggested that a significant component of the benefit is due to
calcium supplementation in calcium-deficient elderly. In a 4-year study of 438 elderly
subjects with a baseline median calcium intake of 546 mg/day and median serum
25(OH)D of 59 nmol/l (normal > 75 to 80 nmol/l), Peacock et al. (2000) supplemented
subjects daily with 750 mg calcium or 15 

 

µ

 

g (600 IU) 25(OH)D. At 4 years follow-
up, calcium reduced bone loss, secondary hyperparathyroidism, and bone turnover,
whereas 25(OH)D was intermediate between placebo and calcium. Fracture rates
were similar among the groups. The authors concluded that the beneficial effect of
vitamin D is due to the reversal of calcium insufficiency. Findings are in line with
those of Lips et al. (1996), who showed no decrease in the incidence of hip fractures
and other peripheral fractures with vitamin D supplementation (400 IU/day) after a
median follow-up of 3.5 years. The mean baseline dietary intake of calcium from
dairy products was 868 mg/day, and the mean serum 25(OH)D concentration in the
third year of the study was 60 nmol/l in the vitamin D group. It is quite possible,
though, that these results reflect dose-related outcomes. In a recent meta-analysis of
randomized controlled trials (RCTs) a vitamin D dose of 700 to 800 IU/day reduced
the relative risk (RR) of hip fractures by 26% (RR, 0.74; 95% confidence interval
(CI), 0.61 to 0.88) and nonvertebral fractures by 23% (RR, 0.77; 95% CI, 0.68 to
0.87) vs. calcium and placebo (Bischoff-Ferrari et al. 2005). No significant benefit
was observed in the RTCs with 400 IU/day vitamin D supplement. Based on currently
available evidence, most experts advise supplementing high-risk individuals, which
includes most of the geriatric population, with no less than 400 to 600 IU vitamin
D and 800 to 1000 mg calcium daily, with the remaining balance obtained by diet.
While daily oral supplementation is the preferred means of administering vitamin D,
high-dose biannual oral replacement (10,000 to 100,000 IU) or annual intramuscular
injections (150,000 IU) have been used and appear to be well tolerated (Heikenheimo
et al. 1991, Holick 1994).

Other effects of vitamin D replacement have been studied. Vitamin D nuclear
receptors are found in most human cells and tissues, including skeletal muscles. It
is not unexpected, therefore, to anticipate various systemic effects of vitamin D, due
to either direct receptor activation or indirect effect of calcium metabolism. Vitamin
D serum levels have been found to correlate with muscle strength (Bischoff et al.
1999), and supplementation improved functional outcome as measured by the Frail
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Elderly Functional Assessment (FEFA) questionnaire (Gloth et al. 1995). In frail
elderly women with a mean age of 85.3 years, daily vitamin D (800 IU) plus calcium
(1200 mg) over a 3-month period reduced the risk of falls by 49% compared to
calcium alone (Bischoff et al. 2003). The investigators hypothesized that the impact
of vitamin D on falls could be related to the observed improvement in musculoskel-
etal function. The reduced fall risk in women appears to continue beyond the short
term. A 3-year trial of cholecalciferol (700 IU) and calcium (500 mg) dietary
supplementation reduced the odds of falling in ambulatory older women by 46%
(odds ratio (OR), 0.54; CI, 0.30 to 0.97), but not in men (OR, 0.93; CI, 0.50 to 1.72)
(Bischoff-Ferrari et al. 2006). In less active women, fall reduction was even greater.
The gender discrepancy is not fully explained, though mean baseline 25(OH)D in
men was significantly higher than in women, falling in the low-normal range. In a
meta-analysis of RCTs, vitamin D supplementation appeared to reduce the risk of
falls among all older individuals by more than 20% (Bischoff-Ferrari et al. 2004).
From the pooled risk difference, the number needed to treat was 15 (95% CI, 8 to
53) to prevent one fall. While these early studies show promising results, they are
limited by the relatively small number of participants and short follow-up period.
Clearly more clinical trials are needed prior to establishing evidence-based clinical
recommendations with any degree of confidence.

Vitamin D toxicity is rare but does occur. Most commonly, toxicity is due to
prolonged ingestion of high doses of vitamin D, usually 50 to 100 times the daily
requirement in the elderly (Johnson et al. 2002). Chronic renal insufficiency, par-
athyroid disease, hypercalcemia, and granulomatous diseases increase the risk of
toxicity. Symptoms generally are those of hypercalcemia. Serum and urine calcium
levels should be monitored as an indicator of vitamin D toxicity. Excessive sunlight
exposure will not lead to vitamin D toxicity with normal oral intake.

 

10.4.3 V

 

ITAMIN

 

 E

 

Vitamin E exists in nature as eight related fat-soluble compounds, the tocopherols
and tocotrienols, each in alpha, beta, gamma, and delta form. All are potent antiox-
idants. Alpha-tocopherol is the most biologically active of the tocopherols, though
gamma-tocopherol is more prevalent in the human diet. Human trials have almost
exclusively been conducted with alpha-tocopherol due to its potency. Dosing and
RDA for vitamin E are reported either in milligrams as alpha-tocopherol equivalents
(ATE), to account for different activities of the various forms of vitamin E, or in
international units (IU). For conversion, 1 mg ATE equals 1.5 IU. Vitamin E is
marketed with a 

 

d

 

 or 

 

dl

 

 designation, indicating the natural or synthetic form, respec-
tively. The natural form, also known as RRR-alpha-tocopherol, is more active and
better absorbed. Sources of vitamin E include egg yolk, leafy vegetables, wheat
germ, various nuts, vegetable oils, margarine, and legumes. As with other fat-soluble
compounds, intestinal absorption of vitamin E requires micelle and chylomicron
formation and adequate production of bile acid. In the bloodstream, vitamin E is
dispersed by a variety of lipoprotein transportation pathways after chylomicrons are
broken down by lipoprotein lipase. Chylomicron remnant reuptake occurs in the
liver in a process that is not fully explained, and vitamin E is excreted back into the
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bloodstream primarily bound to very low density lipoproteins (VLDLs). Approxi-
mately 90% of vitamin E is ultimately stored in adipose tissue. Adrenal glands, cell
membranes, and circulating lipoproteins also accumulate vitamin E.

Three quarters of a century after its discovery, the diverse functions of vitamin
E are still being studied and are incompletely understood. The hydroxyl group on
the aromatic ring is responsible for the remarkable antioxidant property of the
vitamin E molecule. Vitamin E is important in preventing peroxidation of polyun-
saturated fatty acids, a major structural components of cell membranes. Blood cells
and lung membranes particularly benefit from the antioxidant effect. Decreased
incidence of some types of malignancies is thought to be due to decreased free
radical cellular damage and stimulation of the humoral immune system. Apart from
the antioxidant function, vitamin E has been shown to suppress production of
leukotrienes, and thus inflammation, by inhibiting lypoxygenase. At a higher dose,
vitamin E modifies the production of prostaglandins, such as thromboxane, and
consequently inhibits platelet aggregation. Following activity as a free radical scav-
enger, nascent vitamin E can be regenerated by interacting with vitamin C or other
antioxidants. Alternatively, vitamin E can be sequentially oxidized to a hydro-
quinone, conjugated to glucuronic acid, and excreted in bile.

Although the highest concentration of natural vitamin E is in foods that are not
generally consumed in large amounts (e.g., oils, nuts), it is present ubiquitously, and
deficiency does not commonly occur in the elderly. Prolonged fat malabsorption of
any etiology, such as chronic pancreatic insufficiency, cholestasis, celiac disease,
and inflammatory bowel disease, may lead to vitamin E deficiency. Due to the diverse
activity of this vitamin, deficiency symptoms are widespread throughout the body
and may include:

• Mild anemia related to increased erythrocyte hemolysis.
• Easy bruisability and prolonged clotting time.
• Degenerative myopathy presenting as muscle weakness.
• Neuronal degeneration and spinocerebellar dysfunction, more commonly

encountered in children but may develop in the elderly. May present as
spinocerebellar ataxia, decreased proprioception and vibratory perception,
diminished deep tendor reflexes, and peripheral neuropathy. Ataxia is a
basic manifestation of vitamin E deficiency, though many other causes
may result in ataxia in the elderly.

• Extraocular muscle paresis and retinopathy.
• Ceroidosis and brown bowel syndrome due to accumulation of lipofuscin

in the muscularis propria of the GI tract.

The RDA for vitamin E in adults is 15 mg/day. The elderly have taken much
large doses of vitamin E (400 to 800 mg/day) without apparent ill effect. In persons
taking >1000 mg/day, muscle weakness, fatigue, nausea, and diarrhea have been
reported. In animal models, impaired absorption of vitamins A and K has been
observed with large doses of vitamin E. The most significant clinical effect of
supplementing vitamin E at doses over 1000 mg/day is the increased risk of hem-
orrhage in subjects on oral coumarin and other anticoagulant or antiplatelet agents.
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10.4.4 V

 

ITAMIN

 

 K

 

Vitamin K is a generic term for two groups of molecules that have in common a
methylated naphthoquinone ring structure but vary in the aliphatic side chain. Vita-
min K

 

1

 

, or phylloquinone, is the natural form found in green leafy vegetables,
cabbage, cauliflower, soy beans, cereals, vegetable oils, and liver. Vitamin K

 

2

 

, or
menaquinones, are synthesized by intestinal bacteria. Both forms are necessary to
maintain adequate vitamin levels. Body stores of vitamin K are relatively small and
concentrate mostly in the liver. Trabecular and cortical bone also contain significant
concentrations. Vitamin K is necessary for the hepatic formation of coagulation
factors II (prothrombin), VII (proconvertin), IX (Christmas factor), and X. It func-
tions primarily as a cofactor for the enzyme gamma-glutamylcarboxylase, which
converts glutamate (Glu) to gamma-carboxyglutamate (Gla), necessary for binding
calcium and for activation of the coagulation factors. Other coagulation factors
dependent on vitamin K for activation are protein C, protein S, and the thrombin-
targeting protein Z. Two bone matrix proteins, osteocalcin and matrix-Gla protein,
necessary for normal bone metabolism, are also vitamin K dependent. Common to
these proteins is the posttranslational requirement for carboxylation of glutamic acid
residues in order to become biologically active.

The daily requirement of vitamin K is 90 

 

µ

 

g for women over the age of 50 and
120 

 

µ

 

g for men over 50. Despite low body stores, deficiency occurs rarely in adults
because vitamin K is widely distributed in plants and animal tissues. Furthermore,
the vitamin K cycle conserves the vitamin and allows for its reutilization, and the
gastrointestinal flora produces significant amounts of menoquinones. Deficiency
can occur in:

• Persons with marginal dietary intake, particularly if they undergo signif-
icant trauma, extensive surgery, or prolonged parenteral nutrition

• Prolonged treatment with broad-spectrum antibiotics
• Persons with fat malabsorption of any cause
• Persons on medications that may interfere with vitamin K absorption or

metabolism, such as anticonvulsants, anticoagulants, antibiotics, salicy-
lates, and megadose vitamin A or E

• Malnutrition and starvation

In all cases, vitamin K deficiency is manifested by a prolonged prothrombin
time (PT) and activated partial thromboplastin time (aPTT). Measuring serum levels
has not proven helpful, especially without knowledge of vitamin K intake. The main
clinical symptoms relate to bleeding propensity and are easy bruisability, mucosal
bleeding including epistaxis and gastrointestinal hemorrhage, menorrhagia, hema-
turia, and spontaneous hemarthrosis in advanced cases. Hypoprothrombinemia is the
feature differentiating vitamin K-related bleeding from other diseases, such as
scurvy, allergic purpura, leukemia, and thrombocytopenia. Vitamin K is not con-
traindicated in the elderly undergoing warfarin therapy, but daily vitamin K intake
from all sources should be kept relatively constant to avoid wide fluctuations in the
prothrombin time. Even at 500 times the RDA, vitamin K is nontoxic in the elderly.
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In recent years, the role of vitamin K in maintaining bone health has received
considerable attention. The Gla-protein osteocalcin is synthesized by osteoblasts and
regulated by 1,25(OH)

 

2

 

D

 

3

 

. The mineral-binding capacity of osteocalcin, however,
requires vitamin K-dependent gamma-carboxylation of three glutamic acid residues.
Undercarboxylated osteocalcin rises markedly with age and correlates strongly with
hip fractures (Szulc et al. 1993). Low-dose vitamin K supplementation can decrease
serum levels of undercarboxylated osteocalcin and decrease urinary loss of calcium
(Vermeer et al. 1992). Clinical evidence supporting the putative benefit of vitamin
K on bone health is starting to emerge. In a study of over 72,000 women, low vitamin
K intake increased the risk of hip fractures (Feskanich et al. 1999). This study,
however, was conducted on younger women (age 38 to 63 years) and utilized a food
frequency questionnaire. In a smaller study of men and women with an average age
of 75.2 years, low vitamin K intake was associated with an increased

 

 

 

incidence of
hip fractures in both genders (Booth et al. 2000). No association was found between
vitamin K intake and BMD in this study, but in a follow-up trial by the same
investigators, low dietary vitamin K intake was associated with

 

 

 

low BMD in women
but not men (Booth et al. 2003). Finally, vitamin K

 

1

 

 serum levels were shown to
correlate with BMD in the hemiplegic limb (and to a lesser extent contralateral limb)
of stroke patients, independent of vitamin D status (Sato et al. 1999).

 

10.5 WATER-SOLUBLE VITAMINS

10.5.1 V

 

ITAMIN

 

 B

 

1

 

 (T

 

HIAMIN

 

)

 

Thiamin pyrophosphate (TPP), the biologically active form of thiamin, functions as
a coenzyme for a small number of crucial reactions necessary for cellular energy
production via the Kreb’s cycle. Oxydative decarboxylation of pyruvate and alpha-
ketoglutarate, to form acetyl-coenzyme A and succinyl-coenzyme A, respectively,
requires enzymes that are TPP dependent. Transketolase, the pentose phosphate
pathway enzyme, is also dependent on TPP for proper function. One of the most
important intermediates of this pathway is ribose-5-phophate, a precursor for the
energy-rich ribonucleotide adenosine triphosphate (ATP) and nucleic acids (DNA
and RNA). Since transketolase activity decreases early in thiamin deficiency, the
erythrocyte transketolase activation coefficient (ETK-AC) has been used to assess
thiamin status. ETK-AC is a functional assay affected by various factors, including
other nutritional deficiencies, diabetes, liver disease, and age (Telwar et al. 2000).
The newer direct measurement of thiamine pyrophosphate in erythrocytes is a more
precise measurement, particularly in the deficiency state.

Sources of thiamin include whole grains, nuts, legumes, pork, liver, and yeast.
White (milled) rice and flour are fortified with thiamin since most of the vitamin is
lost during the processing of these foods. A varied diet should provide most of the
elderly with sufficient thiamin intake. In the NHANES I study, however, up to 46%
of the elderly had intake of vitamin B

 

1

 

 less than two thirds of the RDA, and intake
correlated with caloric consumption (Abraham et al. 1979). The incidence of thiamin
deficiency has been estimated at 13 to 43% in community-dwelling elderly and 5%
of nursing home residents (Joshi and Morley 2006). Race, income, and institution-
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alization were significant risk factors for thiamin deficiency. The decreased incidence
in some nursing home populations may be due to the common practice of adminis-
tering multivitamin supplements to all at-risk residents of long-term-care facilities.
Another cause—the primary cause one in industrialized countries—of thiamin defi-
ciency is alcoholism. With alcohol abuse, increased urinary loss (due to high fluid
intake and urine production) exacerbates poor nutritional intake. Prolonged diuretic
use in renal insufficiency may prevent renal tubular reabsorption of thiamin (Suter
et al. 2000), and renal failure with hemodialysis or peritoneal dialysis may accelerate
thiamin loss (Hung et al. 2001). Increased utilization of thiamin may be seen with
vigorous activity, prolonged fever, and physiologic stress, such as major operation,
and may precipitate a deficiency state in those with marginal levels. Refeeding after
starvation and administering glucose to thiamin-depleted persons require thiamin
supplementation due to the metabolic demand of glucose utilization.

Early symptoms of thiamin deficiency may be vague or insidious and include
constipation, anorexia, nausea, fatigue, and peripheral neuropathy. The severe defi-
ciency state, known as beriberi, is not commonly seen in developed countries. In
Southeast Asia, it is the result of a diet rich in carbohydrates that has been stripped
of nutrients, such as polished rice. The purported etymology of beriberi is from the
Sinhalese word for “weakness,” depicting the peripheral neuropathy that accompa-
nies the disease. Symptoms can generally be classified into four categories:

• Peripheral neuropathy, or dry beriberi: May affect motor or sensory path-
ways and generally presents with paresthesia, hyperreflexia, weakness,
and diminished sensation in the arms or legs.

• Cardiac failure, or wet beriberi: Symptoms may include tachycardia, car-
diomegaly, dyspnea due to pulmonary congestion or edema, and general-
ized edema. This is a high-output cardiac failure and may progress rapidly.

• Wernicke’s encephalopathy: Represents central nervous system involve-
ment and may present with abnormal eye movements (extraocular mus-
cular palsy, nystagmus), gait and balance abnormalities, and declining
mental function. If untreated, the clinical course may rapidly deteriorate
to vomiting, hypothermia, hypotension, stupor, coma, and death.

• Korsakoff’s psychosis (or Korsakoff amnestic syndrome): A profound
memory disorder presenting with impairment of the ability to acquire new
knowledge or information, to form new memories, and to retrieve previous
memories.

Wernicke’s encephalopathy and Korsakoff’s psychosis are generally viewed as
different stages of the same disorder. The latter typically tends to develop as Wer-
nicke’s symptoms diminish and, as such, represents the chronic phase of the disorder.
At this late stage, the symptoms are not likely to fully reverse with thiamin replace-
ment. Some experts use the term Wernecke’s disease when central nervous involve-
ment is present without amnestic symptoms and Wernicke–Korsakoff syndrome
(WKS) when amnestic symptoms exist alongside the nystagmus and ataxia. Central
or cerebral beriberi has also been used to refer to both conditions.
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Because thiamin deficiency can lead to WKS and long-lasting cognitive impair-
ment, its relation to Alzheimer’s dementia has been questioned. No randomized
controlled trials have satisfactorily addressed this question to date, but early studies
provide some insight. In a cross-sectional observational study, plasma thiamine
deficiency was associated with Alzheimer’s dementia but not with Parkinson’s dis-
ease (Gold et al. 1998). Thiamin supplementation at several times the RDA dose
resulted in moderate cognitive improvement (Meador et al. 1993, Benton et al. 1995,
Mimori et al. 1996) or no cognitive improvement (Nolan et al. 1991, Rodriguez-
Martin et al. 2001) in patients with early stages of Alzheimer’s dementia. Finally, a
controlled trial in 80 older females with marginal baseline thiamin levels suggested
that thiamin supplementation improved overall quality of life as measured by
improved appetite, sleep pattern, activity level, and decreased fatigue (Smidt et al.
1991). Thiamin is well tolerated at many times the RDA and toxicity is rare; excess
thiamin is rapidly excreted in the urine.

10.5.2 VITAMIN B2 (RIBOFLAVIN)

Riboflavin is an integral component of coenzymes flavin mononucleotide (FMN)
and flavin adenine dinucleotide (FAD), both of which are essential for oxida-
tion–reduction reactions in multiple metabolic pathways. FAD is involved in ATP
production via the mitochondrial oxidative phoshporylation cascade. As a component
of glutathione reductase in the pentose–phosphate pathway, riboflavin is important
in the production of reduced glutathione, a potent intracellular antioxidant. Flavins
also participate in the hepatic metabolism of drugs and toxins, in conjunction with
cytochrome P-450. Sources of riboflavin include dairy products, fortified cereals,
meat, liver, eggs, cheese, fish, and green leafy vegetables. Riboflavin is heat stable,
but is destroyed by exposure to light.

Vitamin B2 deficiency, or ariboflavinosis, is relatively common in the U.S. and
may result from insufficient dietary intake or disease conditions such as persistent
diarrhea, liver disease, or alcohol abuse. It rarely occurs in isolation and is more
likely to be seen in conjunction with other water-soluble vitamin deficiencies. Ribo-
flavin deficiency may present with inflammation of the oral mucosa, cheilosis,
angular stomatitis, magenta tongue (inflammation and redness of the tongue), seb-
orrheic dermatitis, revascularization of the cornea, and normochromic normocytic
anemia. These symptoms are not pathognomonic of ariboflavinosis, as some may
occur with other other vitamin B-complex deficiencies.

The role of riboflavin in the pathogenesis of age-related cataracts has recently
been studied. Opacification due to oxidative damage of lens proteins can theoretically
be reduced with nutritional antioxidants. In controlled studies, cataract formation
was inversely related to riboflavin intake (Cumming et al. 2000) and riboflavin levels
(Leske et al. 1995) as measured by red blood cell glutathione reductase activity. In
both studies, however, cataract prevention also correlated with other antioxidant
vitamins and protein nutritional status. A third prospective study of over 50,000
women failed to show any correlation between riboflavin and cataracts (Hankinson
et al. 1992). This last study, however, had a narrow range between the highest and
lowest intake quintiles, and median intake for the lowest quintile was above the RDA.
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10.5.3 VITAMIN B3 (NIACIN)

Like riboflavin, niacin and its derivatives play a central role in cellular oxida-
tion–reduction reactions. Niacin refers to nicotinic acid and nicotinamide, which
are precursors of coenzymes nicotinamide adenine dinucleotide (NAD) and nico-
tinamide adenine dinucleotide phospate (NADP). Many enzymes require NAD and
NADP as coenzymes for the transfer of electrons in the catabolic production of
energy from carbohydrates, fats, and proteins, or the anabolic synthesis of fatty
acids and cholesterol. Dietary sources of niacin include meat, fish, legumes, yeast,
nuts, and seeds. Niacin can also be synthesized in the liver from dietary tryptophan,
or by the intestinal flora. In natural cereal grains such as corn, millet, and wheat,
niacin may be bound to sugars in the form of glycosides, which severely limits
bioavailability (Gregory 1998). Thus, many commercially available cereals are
fortified with niacin.

Niacin deficiency can result from diets deficient in niacin or tryptophan, or rich
in maize and millet. Comorbid conditions contributing to a negative vitamin B3

balance include alcoholism, chronic diarrhea, and cirrhosis. In carcinoid syndrome,
increased synthesis of serotonin from tryptophan may lead to a relative deficiency
of the latter. Consequently, less tryptophan is available for niacin synthesis. Hartnup’s
disease is a rare autosomal recessive disease often diagnosed early in life and caused
by defective intestinal absorption and renal reuptake of tryptophan and other amino
acids. Symptom severity varies and is generally attributed to the resultant niacin
deficiency. The past two decades has seen a resurgence of tuberculosis. Prolonged
treatment with the antituberculosis drug isoniazid, and other drugs, may result in
niacin deficiency. The incidence of vitamin B3 deficiency is difficult to establish and
varies greatly by various estimates. This is in part due to diagnostic challenges.
Symptoms are predictable but nonspecific, and a diagnosis based on clinical features
is not sensitive or specific. Measurements of serum levels have not proven helpful,
and nutritional intake questionnaires only provide inexact quantitation of intake and
body stores due to bioavailability, absorption, and utilization variables. The most
effective diagnostic test currently available is measurement of urinary metabolite N-
methyl-2-pyridone-5-carboxamide by liquid chromatography (Moore et al. 2000).

Full-blown niacin deficiency presenting as pellagra is uncommon in Western
societies, but might occasionally be seen in immigrant groups and extreme cases of
PEM. Pellagra is characterized by the three D’s: diarrhea, dermatitis, and dementia.
Diarrhea is the most prominent gastrointestinal symptom, resulting from mucosal
inflammation and ulceration. A red-tinged tongue and vomiting may also occur, and
vaginal mucosa may be involved. Dermatitis takes various forms but most often
presents as hyperpigmented symmetrical lesions in sun-exposed areas. Dementia of
pellagra may develop alongside a host of neurological disorders. In early stages,
these include delirium, headaches, loss of appetite, irritability, confusion, and amne-
sia. Psychiatric disorders such as depression, paranoia, anxiety, or apathy may also
be present. If left untreated, symptoms may progress to frank encephalopathy.
Involvement of the central nervous system is also characterized by cogwheel rigidity
and uncontrollable sucking and grasping reflexes. Differentiating these symptoms
from those of thiamin deficiency can be difficult, and the two may coexist. Extreme
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cases of niacin deficiency can ultimately be fatal, sometimes referred to as the fourth
D of pellagra (i.e., death).

The RDA for vitamin B3 is 14 mg/day for females over the age of 50 years and
16 mg/day for males. At higher doses (500 to 3000 mg/day), niacin has been effective
in the management of dyslipidemia and cardiovascular disease (Knopp 1999, Miller
2003). The cholesterol-lowering effect of niacin was first reported as early as 1955
(Altschul et al. 1955). Since then, niacotinic acid has been shown to increase serum
levels of high-density lipoprotein (HDL) cholesterol, and to lower triglycerides,
lipoprotein(a), and, to a lesser extent, low-density lipoprotein (LDL) cholesterol and
total cholesterol (Canner et al. 1986, Carlson and Rosenhamer 1988, Cheung et al.
2001, Brown et al. 2001, Coronary Drug Project Research Group 1975, Knopp et
al. 1985, 1998). Clinically, nicotinic acid has been proven effective in reducing
cardiovascular morbidity when used alone (Coronary Drug Project Research Group
1975, Canner et al. 1986) or in combination with statin drugs (Brown et al. 2001,
Cheung et al. 2001), fibrates (Carlson and Rosenhamer 1988), or bile-acid-binding
resins (Blankenhorn et al. 1987, Brown et al. 1990, Kane et al. 1990). The benefits
of combining niacin with other lipid-lowering agents are better control of LDL
cholesterol and better tolerability due to lower dosing. Adverse effects of nicotinic
acid are more likely with higher doses and are sufficiently disturbing to result in
discontinuation of the medication in over 25% of users (Miller 2003). Flushing of
the skin due to nonspecific histamine release is the most prominent side effect.
Pruritis, nasal congestion, gastrointestinal disturbance, diarrhea, and conjunctivitis
may also occur. Administration of aspirin before each dose of niacin may alleviate
the prostaglandin-mediated flush. Patients should be urged to continue the use of
niacin during the initial symptomatic period since tachyphylaxis and tolerance
develop, and aspirin can be discontinued in a few days (Knopp 1999). Sustained-
release formulations are designed to minimize cutaneous flushing, but are associated
with increased hepatic toxicity and may be less effective (Knopp et al. 1985, Knopp
2000, McKenney et al. 1994).

10.5.4 VITAMIN B6

Vitamin B6 refers to three compounds structurally related to pyridine (pyridoxine,
pyridoxal, and pyridoxamine) and their phosphorylated derivatives. Of these com-
pounds, pyridoxal 5'-phosphate (PLP) is the most important coenzyme and is
involved in a large number of diverse metabolic reactions. PLP is intimately involved
in amino acid metabolism, including transamination, decarboxylation, and desulfu-
ration reactions necessary for the synthesis of certain amino acids and neurotrans-
mitters, such as serotonin, norepinephrin, and -aminobutyric acid (GABA). PLP is
required for the synthesis of niacin from tryptophan. PLP also functions as a coen-
zyme for glycogen phosphorelase, an enzyme necessary for the release of glucose
from stored glycogen in muscles and, for gluconeogenesis reactions, the process of
generating glucose from amino acids. Production of the heme precursor aminole-
vulinic acid is dependent on PLP, as is the formation of sphyngolipids necessary for
the development of the myelin sheath surrounding nerve cells.
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Dietary sources of vitamin B6 include meat, fish, nuts, whole grain, fortified
cereal, and leafy vegetables. Bioavailability varies by food types, with pyridoxine
glucoside being the least bioavailable. Glycosylated pyridoxine constitutes 5 to 75%
of vitamin B6 obtained from plant sources, but is virtually absent in vitamin B6 from
animal products. Vitamin B6 is absorbed by passive diffusion from the lumen of the
upper small intestine. Absorption is enhanced by an acidic milieu. The body does
not store large amounts of the vitamin, and frequent intake is necessary to maintain
metabolic requirements. Vitamin B6 deficiency may result from decreased intake,
malabsorption, alcoholism, liver cirrhosis, or dialysis. Medications such as isonia-
zide, hydralazine, penicillamine, cycloserine, and theophylline may bind or antago-
nize vitamin B6. For this reason, supplementation with vitamin B6 is recommended
when isonizide is prescribed for prolonged periods. Clinical manifestations of vita-
min B6 deficiency include angular stomatitis, cheilosis, glossitis, peripheral neurop-
athy, irritability, confusion, and anemia. In the elderly, vitamin B6 deficiency often
occurs with other nutritional disorders. Symptoms are not specific to vitamin B6.
The diagnosis can be made by measuring plasma PLP or erythrocyte transaminase
activity. Pyridoxine-dependent transaminase activity is decreased in vitamin B6 defi-
ciency, but the wide range of values in healthy persons make interpreting results
difficult (Johnson et al. 2002).

The effect of vitamin B6 on cardiovascular disease, cognitive function, and the
immune system has recently been studied. Elevated serum homocysteine levels have
been linked to increased risk of cardiovascular disease (Boushey et al. 1995, Eikel-
boom et al. 1999), and vitamin B6 deficiency is associated with increased homocys-
teine levels. Whether homocysteine is an independent risk factor for cardiovascular
disease or simply a marker of some other pathophysiological process continues to be
debated. A large body of evidence alludes to the fact that homocysteine may promote
intimal damage, atherosclerosis, and thrombosis (Gerhard and Duell 1999), but a
direct causal relationship has not been demonstrated. In other words, it is not known
if hyperhomocysteinemia per se, in the absence of vitamin B6, B12, and folate defi-
ciency, is pathogenic. Several observational as well as prospective studies provide
ample clinical support for the benefit of supplementing vitamin B6 above the current
RDA for primary prevention of cardiovascular disease. In a study of 80,000 women
with no previous history of cardiovascular disease, hypercholesterolemia, or diabetes,
Rimm et al. (1998) demonstrated the importance of vitamin B6 and folate, individually
and in combination, in the prevention of coronary heart disease. After controlling for
cardiovascular risk factors, the relative risk of coronary heart disease between extreme
quintiles of vitamin B6 intake was 0.67 (95% CI, 0.53 to 0.85) after 14 years of
follow-up. Another large prospective trial found higher levels of PLP to be associated
with decreased risk of cardiovascular disease (Folsom et al. 1998). Furthermore, these
findings were independent of homocysteine levels, shedding uncertainty on conclu-
sions derived mostly from cross-sectional observational studies that homocysteine is
a major causative risk factor for heart disease (Folsom et al. 1998, Eikelboom et al.
1999). Similar findings were noted in a controlled trial of over 1500 subjects (Rob-
inson et al. 1998). Both folate and vitamin B6 plasma levels were inversely related
to the risk of cardiovascular disease. Low levels of vitamin B6, but not folate, were
associated with increased risk of disease independent of homocysteine. On the other
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hand, in a smaller controlled study of subjects hospitalized for myocardial infarction,
homocysteine was found to be an independent risk factor (Verhoef et al. 1996).
Interpreting these results is complicated by observations that in contrast to folate and
vitamin B12, supplementing vitamin B6 alone does not necessarily lower fasting
homocysteine levels significantly. After oral methionine loading, however, vitamin
B6 effectively decreased serum homocysteine levels (Ubbink et al. 1994, 1996).
Furthermore, few geriatric subjects were included in these studies.

The effect of vitamin B6 deficiency on the immune system resembles that of
PEM in many ways. Low vitamin B6 levels are associated with decreased number
and function of circulating lymphocytes, as well as decreased production of inter-
leukin 2 (Meydani et al. 1991, Talbott et al. 1987). In a small 3-week controlled
trial of hospitalized elderly patients with acute infections, vitamin B6 levels were
lower in the study group than in the control group at days 7 and 14 of the study
(Pfitzenmeyer et al. 1997). The authors, however, make no causative conclusions,
but speculate that an acute catabolic state, like infection, may influence vitamin B6

metabolism. Nevertheless, Meydani et al. (1991) demonstrated that impairment of
the cellular immune system associated with vitamin B6 deficiency can be reversed
with vitamin repletion, but at doses above the RDA.

Observational studies have demonstrated a correlation between loss of cognitive
function in the elderly and declining vitamin B6 levels, and thus elevated homocys-
teine levels (Selhub et al. 2000). In one cross-sectional observational study, higher
plasma concentrations of vitamin B6 were associated with better performance on
two measures of memory, but not 18 other measures of cognitive function (Riggs et
al. 1996). Interventional trials in older subjects have been somewhat disappointing.
In a trial of 76 men, age 70 to 79 years, the control group (n = 38) received 20 mg
vitamin B6 daily (RDA = 1.7 mg) for 3 months (Deijen et al. 1992). A modest but
significant improvement in memory was noted. In a more recent 5-week trial, 12
women, age 65 to 92, were allocated to the vitamin B6 segment of a four-arm trial,
and no statistically significant benefits from vitamin B6 on mood or cognition were
observed (Bryan et al. 2002). Both trials were limited by the small number of study
subjects and short follow-up period, and at present it is unclear whether declining
vitamin B6 levels in the elderly contribute to age-associated cognitive impairment,
or whether both arise from a third confounding variable.

10.5.5 FOLATE

The terms folate and folic acid are often used interchangeably and are also known
as vitamin B9. Natural folate occurs in over 35 forms and is ubiquitous in nature.
Natural folate is highly susceptible to oxidative and heat destruction, and 50 to 95%
of the food content of folate is lost by excessive cooking and canning (Johnson et
al. 2002). While most foods contain folate, the highest concentrations are found in
green leafy vegetables, citrus fruits, legumes, yeast, liver, and other organ meats.
Folic acid, the pharmacologic form of the vitamin, is more stable and bioavailable
than folate, but rarely occurs in natural foods. It is the form most often used in
vitamin supplements and fortified foods.
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The various functions of folate in humans appear to be centered around the
transfer of single-carbon units. The folate coenzyme acts as an acceptor and donor
of one-carbon groups required mainly for the metabolism of amino acids and nucleic
acids. Folate is required for the synthesis of methionine, and hence the regeneration
of the universal methyl donor S-adenosylmethionine (SAM). SAM is a methyl donor
involved in many biological reactions, including methylation of RNA and DNA,
which may play a role in cancer prevention. The remethylation of homocysteine into
methionine is dependent on folate as well as vitamin B12. Folate deficiency results
in accumulation of homocysteine, increasing the risk of cardiovascular disease. Of
the three vitamins involved in homocysteine metabolism (folate, vitamin B6, and
B12), folate is the most effective in lowering serum levels.

Folate is absorbed from the small intestine by both passive and active mecha-
nisms. In the circulation, folate is loosely bound to albumin as 5-methyltetrahydro-
folate and taken up by various cells via a high-affinity folate receptor. Folates undergo
enterohepatic recirculation, and excess folates are excreted in the urine. The body
does not hold extensive stores of folate. Folate deficiency may occur after just a few
days of diminished intake, though symptoms may take longer to develop. It is
estimated that 2.5 to 34% of the elderly experience folate deficiency (Joshi and
Morley 2006). Beyond decreased intake and malnutrition, folate deficiency may
occur with excessive alcohol intake, smoking, atrophic gastritis, inflammatory bowel
disease, and certain medication use, such as methotrexate, triamterene, and antiepi-
leptic drugs (Kishi et al. 1997). Individual folate status can be assessed by direct
serum folate measurement. With recent changes in dietary intake, red cell folate
levels may be a better indicator of body stores. Rapidly dividing cells are the most
susceptible to the effects of low folate levels. Folate deficiency can present with
macrocytic anemia, leukopenia, and thrombocytopenia. Hypersegmented neutrophils
may be seen on microscopic examination of a peripheral blood smear. Because of
the 3-month life span of red blood cells, full-blown megaloblastic anemia may take
many weeks to become apparent. Other clinical sequelae of folate deficiency include
loss of appetite, fatigue, diarrhea, glossitis, and delirium.

Due to the high prevalence of folate deficiency in the elderly, and the potential
benefit of folate in the mitigation of cancer, atherosclerotic vascular disease, and
dementia, the 1998 RDA for folate was increased to 400 µg for men and women,
double that of previous recommendations. Folate supplementation at 5 mg/day has
been associated with decreased markers of colorectal cancer, as measured by DNA
methylation and DNA strand breaks (Cravo et al. 1998, Kim et al. 2001). Epidemi-
ological studies as well as prospective controlled trials have found a similar inverse
relationship between folate intake and the incidence of colon cancer (Freudenheim
et al. 1991, Ferraroni et al. 1994, Su and Arab 2001, Terry et al. 2002, White et al.
1997, Giovannucci et al. 1993, 1998), though the relationship was weaker (Giovan-
nucci et al. 1998) or absent (Su and Arab 2001) in women. Alcohol consumption
interferes with the absorption and metabolism of folate (Herbet 1999). In a large
prospective study, greater than two alcoholic drinks per day doubled the risk of
colorectal cancer, and the risk increased further with low folate intake (Giovannucci
et al. 1995). The consumption of 650 µg/day or more of folate, however, appeared
to cancel the increased alcohol-related risk of colon cancer. A similar finding was
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noted with breast cancer. Three studies have shown that increased folate intake
reduces the risk of breast cancer in women who consume alcohol regularly (Rohan
et al. 2000, Sellers et al. 2001, Zhang et al. 1999).

As previously mentioned, serum homocysteine is associated with cardiovascular
disease. In fact, over 80 studies have found that even moderately elevated levels of
homocysteine increase the risk of cardiovascular disease (Gerhard and Duell 1999).
A meta-analysis of 38 observational studies estimated that lowering homocysteine
blood levels by 1 µmol/l reduced the risk of coronary artery disease (CAD) by 10%
(Boushey et al. 1995). The odds ratio for CAD of a 5 µmol/l increment in serum
homocysteine was 1.6 (95% CI, 1.4 to 1.7) for men and 1.8 (95% CI, 1.3 to 1.9)
for women (Boushey et al. 1995). What is not yet known is whether lowering
homocysteine levels with folate will decrease the risk of cardiovascular disease
(Stampfer and Malinow 1995). Several randomized placebo-controlled trials are
currently being conducted to specifically answer this question. In a 10-year prospec-
tive cohort study of 1980 Finnish men age 42 to 60 years, the relative risk reduction
for acute coronary events in men in the highest quintile of folate intake was 55%
compared to the lowest quintile (RR, 0.45; 95% CI, 0.25 to 0.81; p = 0.008)
(Voutilainen et al. 2001). Until results of controlled clinical trials become available,
the emphasis should be placed on meeting current RDAs for folate, as well as
vitamins B6 and B12, by intake of fresh fruits and vegetables (Malinow et al. 1999).
For high-risk patients, the Nutrition Committee of the American Heart Association
recommends daily supplementation with 0.4 mg folic acid, 2 mg vitamin B6, and 6
µg vitamin B12, with the goal of lowering homocysteine levels below 10 µmol/l
(Malinow et al. 1999).

In recent years, several investigators have focused attention on the association
between decreased folate intake and cognitive impairment in the elderly (Weir and
Molloy 2000). In a cross-sectional Canadian study of subjects 65 years or older, low
folate levels were associated with depression, short-term memory impairment, and
dementia of all kinds (Ebly et al. 1998). Low folate was also associated with
increased risk of institutionalization, low body mass index (BMI), and low serum
albumin levels, but it is not clear to what extent these findings reflect poor nutritional
intake in elderly frail patients with dementia. Other studies have shown an association
between decreased serum folate levels (Snowdon et al. 2000, Wang et al. 2001) or
increased homocysteine levels (Seshadri et al. 2002) and Alzheimer’s disease. With
baseline homocysteine levels greater than 14 µmol/l in elderly subjects without
dementia, the risk of developing Alzheimer’s disease nearly doubled over an 8-year
follow-up period (Seshadri et al. 2002). In another study, low serum folate levels
were similarly associated with doubling the risk of developing Alzheimer’s dementia
in 370 elderly subjects followed for 3 years (Wang et al. 2001). Furthermore, low
serum folate was strongly associated with atrophy of the cerebral cortex related to
Alzheimer’s disease (Snowdon et al. 2000). Other types of dementia might also be
affected by low folate levels. In the Health Professional Follow-up Study, increased
folate intake was associated with a decreased risk of ischemic stroke in men (He et
al. 2004). It is quite possible that vascular and other forms of dementia are more
prevalent with folate deficiency (Ebly et al. 1998), but more extensive trials are
needed to delineate the magnitude of the effect.
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There are no known adverse or toxic effects associated with excessive folate
intake. Large doses of folic acid, however, may mask vitamin B12 deficiency. Meg-
aloblastic anemia occurs with vitamin B12 deficiency and is indistinguishable from
that of folate deficiency. Consumption of large amounts of folic acid in individuals
with undiagnosed B12 deficiency could correct the anemia without addressing the
underlying deficiency (Higdon 2002). Progressive and irreversible neurological dam-
age may result. For this reason and others, the Food and Nutrition Board of the
Institute of Medicine advises that all adults limit their intake of folic acid from all
sources to 1000 µg daily.

10.5.6 VITAMIN B12 (COBALAMIN)

Vitamin B12 is a complex molecule consisting of a tetrapyrrol ring structure (corrin
ring) connected through an aminopropanol bridge to a ribonucleotide. The ring center
contains a molecule of the metal ion cobalt. The principal forms of vitamin B12 in
the human body are methylcobalamin and 5-deoxyadenosylcobalamin. Cyanocobal-
amin is the form used for food fortification and vitamin supplements and is readily
converted to 5-deoxyadenosylcobalamin and methylcobalamin (Higdon 2003). Vita-
min B12 is an important cofactor required for the proper function of the enzymes
methionine synthase and L-methylmalonyl-CoA mutase. Methionine synthase is
needed for the conversion of homocysteine to methionine. This process involves a
methyl group transfer from 5-methylene tetrahydrofolate to cobalamin, resulting in
the formation of methylcobalamin and tetrahydrofolate. Methylcobalamin in turn
donates its methyl group to homocysteine to form methionin, and in the process
cobalamin is regenerated. As previously discussed, methionin is required for the
synthesis of S-adenosylmethionine (SAM), the methyl group donor necessary for
many cellular methylation reactions, including the methylation of RNA and DNA.
The other main function of vitamin B12 is the synthesis of succinyl-CoA from L-
methylmalonyl-CoA by the enzyme L-methylmalonyl-CoA mutase, which requires
5-deoxyadenosylcobalamin as a coenzyme. Succinyl-CoA is essential for energy
production in the Kreb’s cycle, and for the synthesis of hemoglobin.

Dietary sources of vitamin B12 include fish, meat, chicken, milk, and cheese.
The vitamin is generally not found in plants or yeast. The RDA for vitamin B12 in
the elderly is 2.4 µg. An 8-ounce cup of milk contains approximately 0.9 µg of
vitamin B12 and may be an important source of the vitamin for vegetarians (Institute
of Medicine 1998). Gastric acid and enzymes are required to free protein-bound
vitamin B12 from ingested food, allowing it to bind proteins called haptocorrin or
R-proteins. In the small intestine, R-proteins are degraded by pancreatic proteases
and B12 binds to intrinsic factor (IF), a transport glycoprotein produced by gastric
parietal cells. The IF–B12 complex is absorbed from the terminal ileum via receptors
on the enterocytes. The vitamin enters the portal circulation bound to transcobal-
amine II and is transported to the liver for storage. About 1% of vitamin B12 is
absorbed by passive diffusion, independent of IF.

Unlike folate, where deficiency is typically due to decreased intake, vitamin B12

deficiency in the elderly is generally the result of decreased absorption, with the
exception of strict vegans. Owing to large hepatic stores and efficient enterohepatic
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recirculation, the effective half-life of vitamin B12 is long, and a deficiency state may
take several years to develop. Deficiency in the elderly ranges between 4 and 43%
(Baik and Russell 1999, Joshi and Morley 2006), depending on the population
studied and the serum marker and cutoff points used to define deficiency. Because
the release of protein-bound dietary vitamin B12 is dependent on gastric acid, con-
ditions resulting in hypochlorhydria may lead to deficiency. Atrophic gastritis effects
up to 30% of older adults (Baik and Russell 1999, linus) and may result in decreased
absorption of vitamin B12 due to decreased acid secretion. Prolonged use of histamine
(H2) receptor antagonists or proton pump inhibitors can potentially have a similar
effect. In both cases, supplemental vitamin B12, which is not bound to proteins,
continues to be well absorbed, provided IF secretion is not affected. Bacterial
overgrowth in the small intestine, due to hypochlorhydria or other causes, may result
in B12 deficiency because of bacterial competition for uptake of the vitamin. Other
conditions affecting intestinal digestion of vitamin B12 include pancreatic insuffi-
ciency (due to decreased degradation of R-protein), ileal resection or bypass, Crohn’s
disease, tropical sprue, celiac sprue, and malignancy. Total gastrectomy results in
B12 deficiency secondary to loss of intrinsic factor and acidity. Approximately 10 to
30% of patients who undergo partial gastrectomy have inadequate B12 absorption
(Sumner et al. 1996). Pernicious anemia may affect 2 to 5% of individuals over the
age of 60 years and may be more prevalent in certain populations (Carmel 1996,
Institute of Medicine 2001, Joshi and Morley 2006). Among family members of
patients with pernicious anemia, approximately 20% will also develop the disease.
Pernicious anemia is caused by autoimmune damage to gastric parietal cells, result-
ing in diminished acid secretion and IF production. Autoantibodies are directed
against hydrogen–potassium adenosine triphosphatase (proton pump), IF, or both
(Pruthi and Tefferi 1994). Since enteric vitamin supplementation is poorly absorbed,
intramuscular vitamin B12, usually hydroxycobalamine, is necessary to treat the
deficiency state associated with pernicious anemia.

Regardless of the cause, vitamin B12 deficiency is diagnosed by hematological
tests. Direct serum measurement of vitamin B12 can be used to assess for deficiency,
but serum levels are not a sensitive indicator of tissue levels or total body stores
(Lindenbaum et al. 1990). Elevated blood levels of homocysteine and methylmalonic
acid (MMA) are an earlier and more reliable indicator of cobalamin deficiency.
These metabolites accumulate due to impaired methionine synthase and L-methyl-
malonyl-CoA mutase function. Homocysteine levels can also be elevated because
of renal failure or folate or vitamin B6 deficiency. Elevated MMA levels, on the other
hand, do not occur with these conditions and are more indicative of B12 deficiency.
Clinical symptoms of vitamin B12 deficiency, and megaloblastic anemia, are not
reliable diagnostic tools. They typically are late manifestations of vitamin B12 defi-
ciency and could result from an array of other conditions. Neurologic deficits include
paresthesia and abnormal position or vibratory sense. Progression to weakness and
ataxia may occur if untreated. Subacute combined degeneration refers to involvement
of both posterior and lateral columns of the spinal cord. Central nervous system
manifestations also include mental confusion, memory loss, and depression. Clinical
symptoms may develop without the presence of macrocytic anemia. The Shilling’s
test is rarely used in the workup of vitamin B12 deficiency in the elderly. Although
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it was devised to shed light on the specific cause of the deficiency, it is cumbersome
to administer and interpret and is fraught with multiple potential sources of error in
the frail elderly (Fairbanks et al. 1983). Perhaps the best means of detecting tissue
depletion of vitamin B12 is the transcobalamin assay (Stabler 1995, Metz et al. 1996);
however, this test is costly and generally not reimbursed by third-party payers
(Johnson et al. 2002). Since supplementation is safe and cost-effective, it would
seem clinically prudent to supplement all older individuals who have elevated MMA
or homocystein levels, even if serum B12 levels are normal.

Traditionally, the treatment for vitamin B12 deficiency consisted of intramuscular
injections of cyanocobalamin. Once body stores are repleted, a maintenance dose
of 1000 µg is equally effective in preventing recurrence when administered every
1, 2, or 4 months (Hajjar et al. 2000). More recently, however, enteral supplemen-
tation is favored, despite the age-associated decreased absorption of vitamin B12.
Even in pernicious anemia, passive absorption of oral supplementation will prevent
recurrence of deficiency if administered in sufficient amounts (Kuzminski et al.
1998). In such cases, it is recommended that overt deficiency be corrected with
parenteral supplementation, and that the daily oral maintenance dose be 1000 µg
rather than the usual 100 to 500 µg. An alternate to high-dose oral therapy in persons
lacking IF is B12 nasal gel.

As with folate and vitamin B6 deficiency, hyperhomocysteinemia due to vitamin
B12 deficiency is associated with increased risk of cardiovascular disease. In a meta-
analysis of 12 trials, folate supplementation at 0.5 to 5 mg/day was found to have
the greatest effect on lowering homocysteine blood levels, followed by vitamin B12

supplementation at 500 µg/day (Homocysteine Lowering Trialists’ Collaboration
1998), though some evidence suggests that vitamin B12 is an increasingly important
determinant of elevated homocysteine in the elderly (Stabler et al. 1997). Although
studies have shown a decreased risk of cardiovascular disease with high levels of
folate and vitamin B6, no such findings have yet been shown with vitamin B12 (Joshi
and Morley 2006, Eikelboom et al. 1999).

Vitamin B12 deficiency has also been implicated as a risk factor for malignancy
and neuropsychiatric disorders. In findings similar to those of folate deficiency,
impaired DNA methylation and DNA damage may result from vitamin B12 defi-
ciency. Increased serum levels of homocysteine and decreased levels of vitamin B12

were associated with biomarkers of chromosome damage, and supplementing folate
and vitamin B12 at 3.5 times the RDA diminished these markers (Fenech 1999).
These findings, however, were observed mostly in younger individuals, and it is not
entirely clear as to which vitamin predominantly influences risk. In a case-control
observational study, postmenopausal women with vitamin B12 levels in the lowest
quintile had more than twice the risk of breast cancer compared to those in higher
quintiles (Wu et al. 1999). The investigators found no such correlation between breast
cancer and serum levels of folate, vitamin B6, or homocysteine. A causal relationship
between breast cancer and vitamin B12 deficiency cannot be made from this obser-
vational study.

Vitamin B12 deficiency and elevated homocysteine blood levels have also been
linked to Alzheimer’s disease (Clarke et al. 1998, Wang et al. 2001, Seshadri et al.
2002) and depression (Hutto 1997, Penninx et al. 2000, Tiemeier et al. 2002).
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Approximately 30% of patients hospitalized for depression were found to be deficient
in the vitamin (Hutto 1997), and community-dwelling women over the age of 65
years with vitamin B12 deficiency were twice as likely to experience severe depres-
sion (Penninx et al. 2000). The reason for the association between vitamin B12 and
neuropsychiatric disorders is unclear. Several explanations have been proposed.
Vitamin B12 is necessary for the methylation and synthesis of myelin sheath and
certain neurotransmitters. Decreased synthesis of methionine and S-adenosylme-
thionine will affect this function. Although decreased nutritional intake resulting
from depression or dementia undoubtedly plays a central role in nutritional deficien-
cies, the association appears to be more complex than that. After controlling for
nutritional status, one study indicated that the association between homocysteine or
B12 levels and Alzheimer’s dementia was not solely due to dementia-associated
malnutrition (Clarke et al. 1998). Nutritional factors as a cause of dementia and
depression are less well studied, but some experts believe that vitamin B12 and general
nutrition play a protective role, not yet fully understood, in the development of these
conditions (Nourhashemi et al. 2000). Finally, it is worth noting that neuropsychiatric
disorders due to cobalamin deficiency may develop in the absence of anemia or
elevated mean corpuscular volume of red cells (Lindenbaum et al. 1988).

10.5.7 VITAMIN C (ASCORBIC ACID)

Vitamin C is synthesized as L-ascorbic acid in most plants and animals, but not in
humans. The D-enantiomer has no known biological activity. It is found in many
fruits and vegetables in varying concentrations, most notably kiwi, citrus fruits,
strawberries, currant berries, red pepper, broccoli, tomatoes, potatoes, and raw leafy
vegetables such as parsley. The concentration of vitamin C in a single food source
varies depending on season, shelf time prior to consumption, method of storage, and
cooking practices. For example, supermarket broccoli can lose a third of its vitamin
C content compared to wholesaler or fresh broccoli, and boiling vegetables can cause
a 50 to 80% loss of the vitamin (Johnson et al. 2002). Prolonged boiling may destroy
vitamin C, but the majority of vitamin loss from cooking is due to leaching of the
vitamin into the cooking water. Vegetable soups, therefore, may not be as deficient
in vitamin C as once thought. Steaming vegetables, using microwave ovens, or
cooking with minimal amounts of water will decrease vitamin C loss.

Vitamin C is absorbed in the small intestine through an energy-dependent
transport process. Absorption, and hence bioavailability, is inversely related to dose.
A total daily dose of 200 mg of pure vitamin C ingested in divided doses would
have nearly complete bioavailability (Levine et al. 1999). With increasing doses,
the percent absorption decreases, even as the absolute amount absorbed increases.
Food components such as glucose might decrease bioavailability by decreasing
absorption. The biological half-life of vitamin C in the blood is rather short—
generally 30 to 60 minutes. A number of medications are known to lower vitamin
C blood levels, by either decreasing absorption or increasing excretion. For example,
two aspirin taken four times a day has been shown to lower white blood cell vitamin
C levels by 50% within 1 week, primarily due to increased renal excretion (Basu
1982). Vitamin C undergoes glomerular filtration and concentration-dependent
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active tubular reabsorption (Levine et al. 1999). Though no organ system functions
as a storage site for vitamin C per se, the adrenal glands, pituitary, thymus, and
retina can concentrate the vitamin at over 50 times serum levels (Jacob 1999). The
brain, spleen, testicles, liver, thyroid, leukocytes, pancreas, and kidneys normally
contain 5 to 25 times the blood levels of vitamin C (Groff et al. 1995, Jacob 1999).
Cellular accumulation of ascorbic acid is mediated by active transport, and cells may
saturate at lower doses (100 mg/day) despite low plasma levels. As a general rule,
vitamin C levels are approximately 20% higher in women than in men, and non-
smokers have higher levels than smokers (Institute of Medicine 2000, Johnson et al.
2002). Consequently, the RDA for men is 90 mg/day (75 mg/day for women), and
smokers need an additional 35 mg/day of vitamin C above the requirement of
nonsmokers (Institute of Medicine 2000). Deficiency may occur in up to 5% of frail
elderly and is caused by insufficient dietary intake (Joshi and Morley 2006). Vitamin
C status is best evaluated by measuring plasma or leukocyte levels.

The multiple effects of vitamin C can be classified according to three main
functional categories:

• Ascorbate as a synthetic compound. Vitamin C is essential for the syn-
thesis and integrity of collagen, which is a crucial structural component
of blood vessels, tendons, ligaments, and bone, and is important in wound
healing. Vitamin C also plays an important role in the synthesis of nor-
epinephrine and carnithine, the latter being necessary for transfer of fat
into mitochondria for energy production.

• Ascorbate as an antioxidant. Vitamin C is an effective antioxidant that limits
the harmful effects of free radicals generated during normal metabolism or
exposure to pollutants and toxins such as smoking. Vitamin C protects DNA,
proteins, lipids, and carbohydrates against oxidative damage.

• Ascorbate as a chemical reductant. Vitamin C facilitates absorption of
iron in the duodenum and the conversion of methemoglobin to hemoglobin
by reducing ferric iron (Fe3+) to the ferrous form (Fe2+). Vitamin C is also
involved in the reduction of nitrates. Decreased formation of mutagenic
nitrosamines possibly confers protection against gastric cancer.

Vitamin C deficiency results in decreased collagen cross-linking, which leads to
diminished collagen tensile strength. Decreased wound healing and weakened blood
vessels cause hemostasis abnormalities. Clinical manifestations include painful sub-
periosteal hemorrhages, hemarthrosis, hemorrhagic perifolliculitis, gingival bleed-
ing, and petechia or ecchymoses. Some of these findings are common in the elderly
and may be attributed to age-related physiologic changes, medications, or comor-
bidities, rather than vitamin deficiency (Joshi and Morley 2006). Another conse-
quence of structurally abnormal collagen is structurally abnormal bone. Scurvy, the
full-blown deficiency syndrome, develops with vitamin C intake of less than 10
mg/day for as little as 3 months. In addition to the previously mentioned physical
findings, scurvy involves the development of corkscrew hairs, glossitis, gingival
hyperplasia and bleeding, and poor dentition or loss of teeth due to periodontal
disease. Iron deficiency anemia can also occur. Terminal features include icterus,
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edema, hypotension, convulsions, and death. Scurvy is rarely encountered in modern-
day societies, but the existence of a milder form of the disease known as chronic
subclinical scurvy and presenting as senile purpura has been debated (Stone 1972).

Being water soluble, vitamin C has few toxic effects, and adverse effects are
related to intake dose (Levine et al. 1995). Ingestion of more than 2000 mg daily,
the Tolerable Upper Limit, can cause gastrointestinal symptoms such as nausea,
abdominal cramps, and diarrhea (Miller and Hays 1982). Abnormal vitamin B12

absorption and increased blood levels of estrogen replacement hormone can also
occur. Excess vitamin C may interfere with a number of laboratory tests and may
cause false-negative results on stool guaiac tests and on urine dipstick evaluation
for blood, glucose, bilirubin, nitrites, and leukocyte esterase. Because vitamin C
enhances iron absorption, patients suffering from hemochromatosis, thalassemia
major, sideroblastic anemia, or other conditions requiring multiple red blood cell
transfusion should monitor their vitamin C intake (Levine et al. 1999).

High-dose vitamin C supplementation has been proposed as a remedy for the
common cold (Pauling 1970), and numerous placebo-controlled trials have been
conducted to address this question. A meta-analysis of 30 trials conducted over the
past 35 years found that supplementing vitamin C in doses up to 2000 mg/day had
no perceptible effect on reducing the incidence of colds except in select cases of
subjects exposed to extreme exercise or cold (Douglas et al. 2004). The duration of
cold symptoms in adults was shortened by 8% (95% CI, 3 to 13%) with preventive
use of vitamin C, but when therapy was started with the onset of symptoms at doses
up to 4000 mg/day, no change was noted in the duration of symptoms in seven trials.

Megadose vitamin C supplementation continues to be recommended by some
experts for the prevention of cardiovascular disease and cancer in the elderly despite
limited evidence to support such claims. The protective role of vitamin C in delaying
age-related lens opacities is supported in most studies (Hankinson et al. 1992, Simon
and Hudes 1999, Jacques et al. 2001, Mares-Perlman et al. 2000) but not all (AREDS
Research Group 2001). Since megadose vitamin C given chronically appears to have
little additional benefit in delaying the aging process and might have adverse effects,
it seems prudent to ingest enough vitamin C to keep tissue stores saturated. This
can be achieved with around 100 to 140 mg/day. Diets rich in vitamin C (200 mg
or more) from natural sources are associated with lower cancer risk and can easily
be attained with five daily servings of fruits and vegetables. The potential benefits
of vitamin C and other antioxidants in prevention of cardiovascular disease and
cancer are briefly discussed next.

10.6 VITAMINS AS ANTIOXIDANTS

The oxidative stress hypothesis of aging has triggered a large number of investiga-
tions examining the effect of antioxidant vitamins on various aspects of health and
aging. These investigations include epidemiological studies and clinical trials of
vitamins in their natural as well as supplemental forms. The resulting body of
literature is too extensive to comprehensively review in this chapter; key trials have
been reviewed elsewhere (Thomas 2004, Asplund 2002, Pearce et al. 2000, McCall
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and Frei 1999, Morris and Carson 2003, Jha et al. 1995, Steinmetz and Potter 1996).
Despite intensive investigations, confusion and controversy abound.

A large body of evidence suggests that diets rich in antioxidant vitamins protect
against the development of various age-associated diseases. The origin of the
National Cancer Institute’s “five-a-day for better health” campaign arose from such
observations. Based on epidemiological studies, the inverse relationship between
fruit/vegetable consumption and the risk of developing atherosclerotic vascular
disease has been strong and consistent, and appears evident, albeit somewhat less
vigorous, for cancer prevention (Gillman et al. 1995, Hung et al. 2004, Joshipura
et al. 1999, 2001, Liu et al. 2000, 2001, Sauvaget et al. 2003, Hajjar 2004). In a
study of over 40,000 subjects followed for 18 years, daily intake of green-yellow
vegetables was associated with a statistically significant 26% reduction in the risk
of mortality from all strokes, compared with intake of once or less per week
(Sauvaget et al. 2003). Furthermore, the incidence of stroke in daily consumers of
fruits was reduced by 35% in men and 25% in women. In another 14-year prospec-
tive cohort study that combined over 100,000 participants, fruit and vegetable
consumption was associated with a modest, although not statistically significant,
reduction in cardiovascular disease, but not cancer (Hung et al. 2004). In a smaller
trial, dependence in self-care had a strong negative association with lycopene, but
was not clearly related to other carotenoids in elderly nuns living in a controlled
setting (Snowdon et al. 1996).

Epidemiological associations, however, cannot prove causality and are replete
with potential methodological problems. Food frequency recall questionnaires may
be unreliable (Ferro-Luzzi 2002) and do not necessarily reflect nutritional intake
during the duration of a trial. Data on dietary intake recorded once at the onset of
a trial (Sauvaget et al. 2003) or updated every few years (Hung et al. 2004) are used
to predict risk of disease many years later. By the nature of these trials, confounding
factors are ill controlled for and individual components of a healthy diet are difficult
to identify. Despite these limitations, the clear inverse association between fruit and
vegetable intake and the risk of cardiovascular disease and some types of cancer is
firmly established. As strong as this association may be, one cannot make the intuitive
leap linking any specific nutrient type or dose with a particular disease process. For
this type of determination, randomized controlled clinical trials are needed.

The strong association between dietary vitamin intake and disease prevention
seen in epidemiologic studies has not been borne out in clinical trials (Thomas 2004).
In fact, two trials, the Alpha-Tocopherol Beta-Carotene (ATBC) Cancer Prevention
Study (ATBC Cancer Prevention Study Group 1994) and the Carotenoid and Retinol
Efficacy Trial (CARET) (Omenn et al. 1996), found an increase in the incidence of
lung cancer in smokers who were administered beta-carotene. No such effect was
noted in nonsmokers. The efficacy of beta-carotene in prevention of atherosclerosis
has been similarly disappointing (ATBC Cancer Prevention Study Group 1994).
Vitamin E supplementation in human controlled trials showed a reduction in mortality
and morbidity from atherosclerotic disease in the Cambridge Heart Antioxidant Study
(Ness and Smith 1999) but not in the Primary Prevention Project (Collaborative Group
of the Primary Prevention Project 2001), the Heart Outcomes Prevention Evaluation
Study (Yusuf et al. 2000), or the Italian GISSI-Prevenzione Study (Valagussa et al.
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1999). Furthermore, in the HDL–atherosclerosis trial, an antioxidant cocktail includ-
ing vitamin E inhibited the ability of niacin and simvastatin to increase HDL (Brown
et al. 2001), and progression of atherosclerosis was not prevented by vitamin E in
the SECURE trial (Lonn et al. 2001). Similarly, the Heart Protection Study failed
to show a significant reduction in heart disease with a daily combination of vitamins
E and C and beta-carotene (Heart Protection Study Collaborative Group 2002).
Despite the tremendous zeal for the therapeutic properties of vitamin C in pharma-
cological doses, no interventional study has demonstrated any major beneficial effect
against cancer or atherosclerotic disease (Hercberg et al. 1998). In fact, high doses
of vitamin C may exhibit pro-oxidant effects, as levels of 8-oxoadenine are increased
(Podmore et al. 1998), but the clinical significance of this finding is yet to be
determined. Finally, Virtamo et al. (2003) found a nonsignificant decline in prostate
cancer with the use of alpha-tocopherol in 25,390 elderly men followed for 6 years,
and no effect of beta-carotene on the incidence of prostate cancer.

Overall, these studies are not supportive of the ability of antioxidant vitamins
in supplemental form to deter the development of atherosclerotic disease or cancer
in the elderly. The discrepancy between epidemiological observations and controlled
clinical trials is likely rooted in the nature and limitations of the trial designs
themselves, and in the fact that dietary vitamins and supplemental vitamins are not
physiologically equivalent. For example, synthetic vitamins A and E do not encom-
pass the spectrum of compounds that comprise the natural form of these vitamins.
Fresh fruits and vegetables may include yet unidentified components responsible for
the improved health outcome in those who consume them. Finally, risk reduction
may not solely be due to the vitamins themselves, but in part to decreased intake of
harmful compounds, resulting from the substitution of dietary meat and fat with
fruits and vegetables (Jha et al. 1995).

10.7 CONCLUSION

Despite the near elimination of vitamin deficiency syndromes from Western societies
over the past century, older individuals continue to experience vitamin deficiencies
at relatively high rates. Failure to diligently screen and treat at-risk populations is a
failure to provide optimal care and maintain function in an already frail population.
As vitamin supplementation moved from the realm of preventing deficiency condi-
tions to management of chronic disease, a wide array of age-associated conditions,
and indeed the aging process itself, have been thought to be influenced by vitamin
use. The promise of warding off disease with vitamins has led to their widespread
use, often in megadoses. While these health benefits continue to be studied, current
consensus is for obtaining vitamins in their natural rather than synthetic form, as
the latter have proven less promising in preventing disease thus far. Many disease-
specific exceptions exist, such as the clear benefit of vitamin supplements in slowing
the progression of osteoporosis and macular degeneration, and the management of
pernicious anemia with large doses orally of vitamin B12. The best recommendation
today is to heed mother’s age-old advice to “eat your vegetables,” no less than five
servings each day.
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Trace elements play an important role in the maintenance of multiple enzyme
reactions and are essential for the maintenance of tissue structure. Table 11.1 sum-
marizes the major functions of the trace elements and the effects of aging on them.

 

11.1 ARSENIC

 

Arsenic has a biologic function in the metabolism of arginine and zinc.

 

1

 

 Arsenic
deprivation retards growth in the presence of marginal zinc status. Arsenic also plays
a role in the modulation of kidney arginase activity, alkaline phosphatase activity,
and plasma levels of triglycerides, uric acid, and urea. Based on animal studies, the
human arsenic requirement appears to be between 12 and 25 

 

µ

 

g daily. The role of
arsenic in human malnutrition has been extrapolated from animal studies. The effect
of aging on arsenic has not been studied.
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11.2 BORON

 

In 

 

Drosophilia

 

, moderate levels of boron increase life span while higher levels
decrease it.

 

2

 

 Boron appears to interact with cholecalciferol in the maintenance of
bone structure.

 

1

 

 It also interacts with magnesium. In postmenopausal women on a
low-magnesium diet, boron supplementation (3 mg/day) reduced the urinary excre-
tion of calcium, magnesium, and phosphorus.

 

3

 

 Boron supplementation also resulted
in an increase in serum testosterone and 17-estradiol in these women. A second
study found that a low-boron diet was associated with hypercalcemia.

 

4

 

 Increasing
boron intake failed to alter sex steroid hormone levels or urinary excretion of
pyrrolidinium cross-link markers of bone turnover. These studies have led to the
perhaps premature claim that boron supplementation may play a role in the preven-
tion of calcium loss and bone demineralization in postmenopausal women.

 

11.3 CHROMIUM

 

Chromium is an essential trace element that may play a role in glucose homeostasis.

 

5

 

Deficiency of chromium or its biologically active form, glucose tolerance factor (a
dinicotinic acid–glutathionine complex), has been shown to result in glucose intol-
erance.

 

6

 

 The glucose tolerance factor is poorly characterized. The richest sources of
it are brewer’s yeast, liver, and kidney.

Hyperglycemia, which responds to chromium replacement, has been reported to
occur in patients on total parenteral nutrition.

 

7–9

 

 However, the role of chromium in
the hyperglycemia of aging remains controversial. Skeptics totally reject its role,
whereas others embrace it wholeheartedly. One well-controlled study of 16 patients
65 years of age and older found that chromium in combination with nicotinic acid
caused a 15% decrease in the integrated glucose area in response to a glucose load.

 

10

 

Numerous studies continue to produce contradictory studies on the effect of chro-
mium on diabetic control.

 

11–15

 

 A low-chromium diet was shown to produce deterio-
ration in glucose tolerance in some subjects, and this was improved by chromium
supplementation.

 

16

 

Chromium deficiency has been associated with hypercholesterolemia in some
but not all studies.

 

5

 

 Two of three studies have found an increase in high-density
lipoprotein (HDL) cholesterol with chromium supplementation.

 

17–19

 

Chromium deficiency in humans has been associated with weight loss, atoxia,
and peripheral neuropathy, as well as with hyperglycemia in patients on total
parenteral nutrition.

Tissue and serum chromium levels decline with age

 

20–22

 

 and may do so more
dramatically in Western societies that eat refined foods and are somewhat deficient
in chromium.

 

23

 

 There is increased urinary excretion of chromium with aging and in
diabetics.

 

24

 

 The Recommended Daily Allowance (RDA) for chromium is between
50 and 200 

 

µ

 

g.

 

25

 

 However, Bunker et al.

 

26

 

 reported that healthy volunteers ingesting
13.6 to 47.7 

 

µ

 

g/day were able to maintain a positive chromium balance. In a study
of institutionalized older individuals, the average chromium content of food offered
(not eaten) was 52 

 

µ

 

g/day.

 

27

 

 Urinary excretion of chromium increases with age.

 

28
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11.4 COBALT

 

Cobalt tissue concentrations are unchanged with age.

 

29

 

 Cobalt is an essential portion
of the vitamin B

 

12

 

 molecule. Cobalt therapy increases hemoglobin in anemic patients
on dialysis.

 

30

 

 However, this response may be associated with an increase in tumor-
igenesis. Cobalt therapy also increases triglyceride levels.

 

31

 

 High cobalt levels in
beer have been associated with the development of a cardiomyopathy.

 

32

 

 Cobalt may
reduce thyroid function when given in pharmacologic doses.

 

33

 

 Elevated cobalt levels
can be found in both the blood and urine of patients with metallic hip replacements.

 

34

 

11.5 COPPER

 

Copper is involved in iron absorption and mobilization. It acts as a catalyst in multiple
enzymatic reactions, including the superoxidase dismutase reaction, the cross-linking
of collagen, the lipyloxidase enzyme, the electron transport chain through cytochro-
mic oxidase, coagulation factor V, and the conversion of dopamine to norepinephrine.
Copper deficiency is associated with hypercholesterolemia, perhaps through an
increased rate of cholesterol release from the liver.

 

35

 

 Copper deficiency also leads
to an impairment of glucose tolerance,

 

36

 

 and copper has been shown to act syner-
gistically with insulin to drive the incorporation of glucose into fat cells.

 

37

 

 In humans,
a weak association between serum copper levels and fasting blood glucose has been
demonstrated.

 

38,39

 

 Klevay

 

40

 

 suggested that atherosclerosis is related to the rate of
zinc to copper levels. However, the evidence that copper deficiency is associated
with atherosclerosis is extremely weak. A recent study did demonstrate higher serum
copper levels in persons who had a myocardial infarction than in age-matched
controls.

 

41

 

 Systolic blood pressure is positively correlated with urinary copper excre-
tion.

 

42

 

 Copper deficiency has been associated with anemia, neutropenia, and
osteoporosis.

 

36

 

 Lower levels of serum copper were found in elderly patients with
femoral neck fractures.

 

43

 

 In addition, it may cause muscle weakness and a bleeding
tendency. Symptoms of congenital copper deficiency (Menkes syndrome) include
arterial disease, abnormal hair, osteoporosis, cerebellar atoxia, and other brain dam-
age. Copper deficiency in older individuals has usually been associated with total

 

TABLE 11.2
Possible Clinical Syndromes Associated with Copper Deficiency in Humans

 

Anemia and neutropenia
Osteoporosis
Arterial disease
Pigmentation loss
Muscle weakness
Bleeding tendency
Cardiomyopathy vs. atherosclerotic heart disease
Brain degeneration
Impaired glucose tolerance
Myelopathy
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parenteral nutrition. Symptoms in two patients on total parenteral nutrition with
severe copper deficiency responded to copper supplementation.

 

44

 

Serum copper levels tend to increase with aging,

 

45

 

 although there is no change
in leukocyte copper levels.

 

46

 

 A recent study found an increase in serum copper
levels in men but a decrease in women.

 

47

 

 In the locus coeruleus of the brain copper
levels decrease.

 

48

 

The increase in serum copper with advancing age is accompanied by an increase
in ceruloplasmin.

 

49

 

 Ceruloplasmin in older persons is oxidatively modified, resulting
in conformational changes around the copper-binding sites.

 

50

 

 In contrast, copper
levels decrease in salivary sediment and hair with aging.

 

51

 

 Copper levels are also
significantly reduced in the heart tissue of older subjects.

 

52

 

 Absorption of copper is
similar in young and old men

 

53

 

 and women.

 

49

 

 Biologic half-life increases in men
but not in women with advancing age.

Although older subjects ingest significantly lower amounts of copper than
younger subjects, they appear to have no problem in maintaining metabolic balance.

 

53

 

In the presence of type II diabetes mellitus, both copper and ceruloplasmin levels
are elevated, and this elevation is more pronounced with advancing age.

 

36

 

Overall, copper metabolism seems to be conserved with aging. The potential
pathophysiologic role of copper deficiency in atherosclerosis and the hyperglycemia
of aging warrants further study. The potential effects of mild copper deficiency are
summarized in Table 11.2. Recently copper deficiency has been recognized to pro-
duce a myelopathy similar to subacute combined degeneration.

 

54

 

11.6 FLUORIDE

 

Fluoride plays a role in the hydroxyapatite of bone and tooth enamel. Circulating
fluoride levels tend to rise after middle age because of the decrease in renal function
and an increased release of fluoride from bone.

 

55

 

Fluoride has been used in the therapy of osteoporosis to reduce the fracture
rate.

 

56

 

 However, during the early course of fluoride therapy, microfractures may
occur in the lower limbs, resulting in pain in the lower extremities. An increase in
hip fractures has been reported in some patients receiving fluoride therapy. Fluoride
therapy can cause exacerbations of rheumatoid arthritis as well as gastrointestinal
bleeding and painful joints.

 

11.7 IODINE

 

Iodine is an integral part of the thyroid hormones. Iodine deficiency can lead to the
development of goiter. There are no studies on iodine metabolism with advancing age.

 

11.8 LEAD

 

Animal studies have suggested that aging produces enhanced vulnerability to the
behavioral effects of lead.

 

57

 

 Lead levels increase throughout life, with levels being
higher in males than in females.

 

58
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Adult exposure to lead is associated with a decline in cognitive function; smaller
brain volume and increased white matter lesions are seen with magnetic resonance
imaging (MRI).

 

59

 

 Lead exposure, as a fetus can be associated with developmental
reprogramming of the amyloid precursor protein to overproduce amyloid beta pro-
tein.

 

60

 

 Lead exposure is also associated with development of hypertension, age-
related cataract, and decreased hemoglobin levels.

 

61–63

 

11.9 LITHIUM

 

Animal studies have suggested a role for lithium as an essential trace element.

 

1

 

Lithium appears to be involved in the regulation of pituitary, adrenal, and thyroid
hormone secretion and water metabolism. Pharmacologic amounts of lithium used
for the treatment of depression can result in hypothyroidism. Chronic lithium therapy
has been associated with hypoproteinemia.

 

64

 

 Increased sodium–lithium countertrans-
port in erythrocytes predicted increased susceptibility to the development of hyper-
tension.

 

65

 

 Studies on lithium metabolism with aging have not been carried out.

 

11.10 MANGANESE

 

Manganese is essential for protein and energy metabolism and the formation of
mucopolysaccharides. A deficiency of manganese can result in impaired glucose
tolerance and bone abnormalities. Two studies have failed to show any effects of
age on manganese concentrations.

 

66,67

 

 Tissue manganese levels are reduced in the
heart and kidney of older persons (mean age, 80 years) compared with younger
persons (mean age, 29 years).

 

52

 

 Manganese levels have been reported to be elevated
in diabetic patients age 61 to 70 years old.

 

56,68

 

 These elevated manganese levels may
cause increased hepatic arginase activity in diabetics, resulting in increased amino
acid metabolism and urea synthesis.

 

69

 

Excessive manganese in the existing water is associated with neurologic deteri-
oration.

 

64

 

 Manganese intoxication can result in Morvan’s fibrillary chorea, hyper-
hidrosis, insomnia, and hallucinations, which appear to be due to inhibition of
acetylcholinesterase activity resulting in cholenergic hyperactivity.

 

70

 

 Manganese
excess is associated with a Parkinson’s-like syndrome and increased body sway.

 

71

 

11.11 MOLYBDENUM

 

Molybdenum deficiency has been reported in a 24-year-old patient with Crohn’s
disease on total parenteral nutrition (TPN).

 

72

 

 He had symptoms of intolerance to the
TPN solution as a source of nutrients. He had high urinary levels of sulfite, thiosul-
fate, hypoxanthine, and xanthine, and low levels of sulfate and uric acid. Biochemical
and symptomatic normalization occurred with molybdenum supplementation.

Molybdenum intakes of 0.15 mg/day appear adequate to maintain molybdenum
balance. Molybdenum toxicity (10 to 15 mg/day) is associated with elevated xanthine
oxidase activity and uric acid levels.

 

73

 

 Molybdenum excess increases the urinary
excretion of copper. Clinically, molybdenum toxicity presents with anorexia, weight
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loss, skin changes, anemia, and diarrhea. No studies on molybdenum with aging
have been conducted. It has been suggested that tissue damage that occurs during
postischemic injury is related to dehydrogenase-to-oxidase conversion of the molyb-
denum-dependent enzyme, xanthine dehydrogenase.

 

73

 

11.12 NICKEL

 

Stabilization of RNA and DNA and membrane structure requires nickel. Nickel may
also be involved in hormonal release from the pituitary. Most ingested nickel is
excreted in the feces, with only small amounts excreted. Grains and vegetables are
the major source of nickel. Phytates in the grains appear to interfere with the
absorption of nickel.

Nickel concentrations in lung tissue increase with age and are higher in men
than in women.

 

74

 

 Diabetes does not alter serum levels of nickel.

 

75

 

 Nickel is increased
in lungs of patients with bronchial cancer, and smoking is associated with increased
nickel accumulation.

 

76

 

 Environmental nickel exposure is associated with an increased
lung cancer incidence.

 

11.13 SELENIUM

 

Selenium was first recognized to be an essential trace element in 1957. The most
fully characterized biochemical effect of selenium is its inclusion in the glutathione
peroxidase molecule. The major physiologic role of flutathione peroxidase is to
maintain appropriately low levels of hydrogen peroxides within cells, thus decreasing
potential free radical damage. Selenium deficiency is accompanied by a decrease in
glutathione peroxidase activity and results in an increase in hepatic glutathione-S-
transferase activity. Glutathione-S-transferase catalyzes the conjugation of electro-
philic compounds and metabolites with glutathione, which is an important hepatic
detoxification mechanism. Glutathione-S-transferase is also involved in the storage
of heme and bilirubin. Selenium deficiency also increases liver glutathione synthesis,
which can lead to a depletion of cysteine and impairment of protein synthesis.

Selenium has also been demonstrated to alter other drug (xenobiotic)-metabo-
lizing enzymes in addition to gluthathione-S-transferase.

 

77

 

 In particular, selenium
deficiency is associated with a decrease in some of the isoenzymes of cytochrome
P-450. In contrast, it is also associated with an increase in uridine diphosphate (UDP)
glucuronyl transferase activity. Thus, selenium deficiency clearly affects the ability
of an individual to metabolize drugs. Because of its different effects on different
enzymes’ systems, selenium deficiency may be associated with increased toxicity
of some drugs and decreased efficiency of others.

The selenium content of food is directly dependent on the soil concentration of
selenium. Selenium intakes vary widely throughout the world, with intakes between 7
and 38,000 

 

µ

 

g/day having been reported. An adequate selenium intake has been esti-
mated at 50 

 

µ

 

g/day, with toxic levels estimated to occur with intakes of the order of
350 to 700 

 

µ

 

g/day. It appears that selenium in the form of selenomethionine (the form
found in wheat) results in better selenium retention than does selenate or selenite.

 

78
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Some controversy exists concerning the effects of age on selenium levels. Cir-
culating selenium concentrations either fall slightly

 

79

 

 or remain stable with aging.

 

80,81

 

Elderly residents in long-term-care settings who are tube fed have both low selenium
levels and a reduction in red blood cell glutathione peroxidase levels.

 

82

 

 Selenium in
hair has been found to decline from a mean of 0.76 

 

µ

 

g/g of hair in 11- to 15-year-
olds to a mean of 0.55 

 

µ

 

g/g in 61- to 70-year-olds.

 

83

 

 Dietary intake of selenium is
high in adolescents and declines to 65 

 

µ

 

g/day in individuals over 70 years of age.
Selenium deficiency may be associated with a number of pathologic conditions

(Table 11.3). The disease state best shown to be produced by selenium deficiency is
a cardiomyopathy of children and young women (Keshan disease). Although selenium
deficiency provides the necessary setting for the development of cardiomyopathy,
other factors, such as viral infections, seem to play a role in the pathogenesis of this
disease.

 

84

 

 Cardiomyopathy has also been found in some patients receiving total
parenteral nutrition who are selenium deficient.

 

85–87

 

 Whether selenium deficiency
plays a role in the pathogenesis of heart failure in some older individuals is unknown.

One of the highest concentrations of selenium in the body is in the thyroid gland.
Selenium plays a role through glutathione peroxidase in iodination of thyroglobulin.
The enzyme responsible for conversion of thyroxine to triodothyronine is selenium
dependent. Selenium is inversely correlated with thyroid peroxidase antibody. The
effects of borderline selenium deficiency on thyroid function are minimal.

 

88

 

Patients receiving hyperalimentation have been reported to develop a syndrome
of muscle weakness or pain and nail changes.

 

89–91

 

 This syndrome responded to
selenium administration.

Selenium deficiency has been implicated in carcinogenesis. There is a lower
prevalence of cancer in countries with a high selenium concentration in the soil,
such as Venezuela. Many case-controlled prospective studies have suggested a rela-
tionship of selenium deficiency to cancer risk.

 

92

 

 However, not all studies have
demonstrated such a correlation.

 

93

 

 A study from Finland suggested that a major
cancer risk existed for persons with low selenium and vitamin E levels.

 

94

 

 This finding
is in keeping with an 

 

in vitro

 

 study of irradiated cells that suggested both selenium
and vitamin E act at different sites to attenuate radiation-induced damage.

 

95

 

 Numer-
ous animals studies have shown that high-selenium diets can prevent the development
of cancer.

 

96

 

TABLE 11.3
Disease States Possibly Associated with Selenium Deficiency

 

Keshan disease
Cardiomyopathy in patients on total parenteral nutrition
Muscle weakness and pain
Nail changes
T and B cell dysfunction
Cancer?
Coronary artery disease?

Note: ? = uncertain association.
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In a meta-analysis of nine studies, low levels of serum selenium were predictive of
those who developed cancer of the lung, bladder, stomach, and pancreas.97 The Nutri-
tional Prevention Cancer Trial was a double-blind placebo-controlled trial of the ability
of 200 µg of selenized yeast to prevent recurrence of nonmelanoma skin cancer.98 There
was a 25% decrease in total cancer and a 42% decrease in prostate cancer. Reductions
in cancer were most prominent in smokers and those who had the lowest selenium
levels. Two controlled trials in China also suggested that selenium supplementation
reduced cancer occurrence.99 The Nurses’ Health Study showed no effect of selenium
on breast cancer.100 There is some suggestive data that selenium may prevent colorectal
cancer.101 Selenium may also be useful in preventing chemotherapy toxicity.

In the Women’s Health and Aging Studies high-serum selenium was associated
with a mortality HR of 0.71 in women age 70 to 79.102 In the EVA study the relative
risk of death in older men and women with low selenium was 1.56.103 Serum selenium
is inversely associated with homocysteine with lower levels of interleukin 6.104

Selenium deficiency increases thromboxane B2, which causes platelet aggrega-
tion, while decreasing prostacyclin, which prevents aggregation.78 This gives a bio-
chemical mechanism by which selenium deficiency could enhance the development
of atherosclerotic cardiovascular disease.78 A weak correlation of low selenium levels
and coronary vascular disease was reported in one study,105 but not in another.106 In
the study where the association with low selenium levels was found, the major dietary
source of selenium was fish, suggesting that the correlation may have been spurious
and related to fish intake. This observation was supported by the finding that serum
selenium levels correlated with the eicospentanoic acid concentrations.107

Suppressed cellular and humoral immune function has been associated with sele-
nium deficiency.108 In animals, selenium deficiency has been associated with impaired
defense against candidiasis.108 The putative role of selenium deficiency in the immune
dysfunction often found in elderly nursing home residents has not been evaluated.

Studies in children have suggested that selenium-deficient kwashiorkor patients
may fail to thrive until they receive selenium supplementation.78 Again, the role of
selenium supplementation in older subjects with protein-energy malnutrition has not
been evaluated.

Selenium toxicity was reported in subjects in the U.S. who ingested an over-
the-counter “health food” supplement that mistakenly contained 180 times more
selenium than stated on the label.78 These subjects experienced nail changes, hair
loss, and peripheral neuropathy. An early sign of selenium overexposure is the
development of a garlic odor on the breath. Other toxic effects include gastrointes-
tinal disturbances, dizziness, and sweating.

The future role of selenium in human nutrition of the elderly is uncertain.
Controlled trials of selenium’s effects in nutritionally depleted older individuals need
to be carried out. Selenium supplementation or choosing a selenium-supplemented
formula should be considered in elderly subjects who are tube fed.

11.14 SILICON

Silicon is important for maintaining the structural integrity of bone and connective
tissue. Silicon deficiency may play a role in the development of such degenerative
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diseases as osteoarthritis or atherosclerosis. The silicon content of certain animal
tissues, such as the aorta, skin, and thymus, decreases with aging, whereas the content
is unchanged in most tissues.33 Silicon content in the human aorta decreases with age,
and this decrease is more marked in association with atherosclerosis.109 Animal studies
suggest a decreased absorption of silicon with advancing age.110 Silicon levels are
reduced in patients with diabetes mellitus.36 Further studies on the role of silicon with
aging are indicated. Inhalation of silica particles can lead to the lung disease silicosis.

11.15 TIN

The adult daily tin intake has decreased from 17 mg/day in 1940 to 3.5 mg/day
today due to improvement in tinning techniques. Tin excess is associated with hepato-
and neurotoxicity. Tin stimulates the production of hemoxygenase, which results in
the elaboration of endogenous carbon monoxide. Recently, carbon monoxide has
been suggested to play a role as a neurotransmitter and may play a role in appetite
regulation. Tin compounds have been found to be elevated in patients with Alz-
heimer’s disease.111

11.16 VANADIUM

Vanadium deficiency in animals leads to elevated cholesterol levels.33 Data on
humans are controversial, with two studies failing to show an effect of vanadium on
cholesterol112,113 and one study suggesting that vanadium could lower cholesterol
levels.114 Vanadium is an important element in the regulation of tumor necrosis factor-
alpha.115 It also has insulinomimetic actions.116

Vanadate is a potent inhibitor of sodium- and potassium-activated adenosine
triphosphatase (Na+ K+ ATPase) in vitro and may play a role in the physiologic
regulation of the sodium pump and energy metabolism.1 In vivo evidence for this
hypothesis is presently lacking. The average daily human intake of vanadium is 2
mg. Studies on alterations in the intake or excretion of vanadium in older individuals
have not been undertaken.

11.17 ZINC

Zinc is essential for many biochemical reactions. It plays a key role in four areas:
cell proliferation and growth, apoptosis, immune function, and oxidative metabolism.
Zinc has been shown to play a role in modulating some of the polymorphisms
associated with longevity, e.g., IL-6-174 G/C locus and those associated with wors-
ening atherosclerosis, e.g., 1267 Hsp 70-2A/B and severe infections, e.g., TNF-alpha-
308 G/A.117 The main clinical manifestations of zinc deficiency are growth retarda-
tion, hypogonadism and erectile dysfunction, hypogeusia, diarrhea, anorexia,
immune deficiencies, hair loss, acrodematiles, poor wound healing, and poor dark
adaptation (Table 11.4).
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Measurement of zinc status is difficult with multiple factors from infection to
exercise altering serum zinc levels. For this reason, making a diagnosis of zinc
deficiency requires a cellular, e.g., hair or leukocyte level, and some evidence of
excessive loss or poor zinc absorption or alteration in a zinc-dependent enzyme, e.g.,
5′-nucleotidase. Dietary studies in older persons suggest that on the average they
ingest less than the estimated average requirement of 9.4 mg/day for women and 11
mg/day for men.118,119 Overall, zinc absorption appears to be similar in young and
older persons.119,120 However, older persons on chelating agents, laxatives, antacids,
and iron calcium supplements will have decreased zinc absorption. Diuretics, dia-
betes mellitus, lung cancer, and cirrhosis of the liver are associated with hyperzin-
curia. Given that these conditions are relatively common in older persons, it is not
surprising that the National Health and Nutrition Examination Survey (NHANES)
II estimated that zinc deficiency was present in about 12% of older persons.121

Despite a strong basic science literature supporting the importance of zinc in
maintaining health, there is a paucity of adequate studies to provide a strong evidence
base for zinc replacement in older persons. Three double-blind studies support the
concept that zinc replacement improves cellular immunity in zinc-deficient older
persons.122–124 There is inadequate data to recommend zinc for the treatment of
pressure ulcers,125 although many believe it should be used in zinc-deficient persons.
A single trial (AREDS in the U.S.) has supported the beneficial effect of zinc in
treating macular degeneration,126 but this was associated with increased urinary
problems. Excess zinc (40 mg/day) leads to impaired immune responses, abnormal
copper metabolism, and adverse cholesterol patterns. High levels of zinc have been
associated with precipitation of amyloid-beta peptide in Alzheimer’s disease.127 In
animal models of Alzheimer’s disease, the metal-complexing agent, dioquinol,
decreased brain amyloid plaque burden. There is a clear need for adequately powered

TABLE 11.4
Possible Clinical Syndromes Associated with Zinc Deficiency in Humans

Growth retardation
Hypogonadism
Erectile dysfunction
Hypogeusia
Diarrhea
Anorexia and weight loss
Immune deficiency
Poor wound healing
Acrodermatitis
Poor dark adaptation
Macular degeneration?
Osteoporosis?

Note: ? = uncertain association.
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trials of zinc replacement in older persons with zinc deficiency to demonstrate its
utility in improving the quality of life of older persons.

11.18 TRACE ELEMENT INTERACTION

The effects of each trace element are heavily dependent on one another. Thus, high
intakes of zinc, cadmium, or copper interfere with the utilization and tissue storage
of iron.128 Similarly, zinc supplements have been shown to cause anemia secondary
to hypocupremia.129 Tetrathiomolybdate inhibits copper absorption.128 Low concen-
trations of dietary iron enhance the absorption not only of dietary iron but also of
lead, zinc, cadmium, cobalt, and manganese.128 The potentiating effect of selenium
deficiency on lipid peroxidation and thus free radical damage is enhanced in some
tissues by concurrent deficiency of copper or manganese.128

An antioxidant index was demonstrated to correlate significantly with a reduction
in age-related macular degeneration risk, while selenium levels alone showed no
such significant relationships.130 The role of these trace element interactions requires
intensive study in older individuals who may be on one trace element supplement,
such as zinc, have a poor dietary intake, and be receiving drugs (e.g., diuretics) that
cause trace element loss in the urine.

11.19 CONCLUSION

Many of these trace elements appear to be important for the maintenance of normal
glucose homeostatis and lipid metabolism. Others play an important role in the
maintenance of bone structure. Enzymes involved in collagen cross-linking, one of
the benchmarks of aging, are often catalyzed by trace elements. Selenium deficiency
may play a role in carcinogenesis, is associated with immune dysfunction, and occurs
commonly in tube-fed patients. Selenium is essential for the activity of glutathionine
peroxidase, which protects against free radical damage by decreasing the formation
of hydroxy radicals. Zinc appears to play an important role in immunity, macular
degeneration, anorexia, taste abnormalities, and wound healing. Little is known about
the role of drugs, especially diuretics, and intercurrent illness on the development
of trace mineral deficiency with advancing age. Also, the interactions of trace
elements with one another—particularly in the situation where the decision is made
to replace a single trace element—need further investigation. Overall, there is a need
for increased study of the role of trace elements in the aging process.
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Thousands of patients are annually starved in the midst of plenty.

—Florence Nightingale, 1859

Doctors and nurses frequently fail to recognize undernourishment because they are not
trained to look for it.

—J.E. Lennard-Jones, 1992

The nutritional status of older adults living at home is poor. On average, persons
over the age of 70 years consume one third less calories than younger persons.
Energy intakes of older men (40 to 74 years old) range from 2100 to 2300 calo-
ries/day compared to younger men (24 to 34 years old), who consume 2700 calo-
ries/day.1 Ten percent of older men and twenty percent of older women have intakes
of protein below the U.S. Recommended Daily Allowance (RDA), and one third
consume fewer calories than the RDA. Fifty percent of older adults have intakes of
minerals and vitamins less than the RDA, and ten to thirty percent have subnormal
levels of minerals and vitamins.2 Sixteen to eighteen percent of community-dwelling
elderly persons consume less than 1000 kcal daily.3

3815_book.fm  Page 197  Friday, March 23, 2007  9:28 AM



198 Geriatric Nutrition

Undernutrition reportedly occurs in 5 to 12% of community-dwelling older
persons.4–6 Up to 11% of adults attending a medical outpatient clinic are malnour-
ished.7 In higher-risk populations, such as sheltered housing, the proportion increases
to 20%.8 Thirty to forty percent of men and women over 75 are at least ten percent
underweight. Acute illness is characterized by a spontaneous decrease in food intake,9

a paradoxical response in the face of a need for increased nutrients during healing.
A reduction in food intake accompanying acute illness occurs both before and during
hospitalization. In the month before hospitalization, 65% of the males and 69% of
the females had an insufficient energy intake, and undernutrition was present in 53%
of males and 61% of females by the time of admission to the hospital.10

Inadequate intake of nutrients often continues during hospitalization. In 286
general medical subjects, 27% became malnourished during hospital admission. These
subjects were more likely to consume less than 40% of prescribed food and were
more likely to have lower Mini-Mental Status Examination scores, functional impair-
ment, lower total lymphocyte counts, and lower serum albumin levels.11 In hospital-
ized subjects, ranges of undernutrition prevalence of 32 to 50% have been reported.12,13

Reasons for this high prevalence include poor recognition and monitoring of nutri-
tional status14–17 and forced inadequate intake of nutrients for days at a time.18,19 In
this setting, severity of illness and other factors limit the patient’s ability to consume
an adequate diet. When patients who had no current nutritional deficits and no
predicted risk of developing deficits at hospital admission were followed, significant
decreases in albumin, total lymphocyte count, triceps skinfold thickness, and mid-
arm circumference occurred in all patients by 3 weeks. The only nutritional parameter
remaining unchanged at 3 weeks was percent of ideal body weight.20

Over 90% of older persons admitted to a skilled care facility after hospitalization
either have or are at high risk for undernutrition.21 Among those patients newly
admitted to a long-term-care setting, a point prevalence of 54% malnutrition was
observed.22 Prevalence rates for protein-energy malnutrition in nursing home resi-
dents range from 23 to 85%.23,24 Variables widely associated with undernutrition,
including body weight, mid-arm muscle circumference, and visceral protein levels
are low in at least 50% of nursing home patients, suggesting widespread protein-
energy malnutrition. Blood levels are frequently low for both water-soluble and fat-
soluble vitamins.25

These data suggest that a large number of older adults are undernourished, with
prevalence increasing to over half of older adults in selected populations.

12.1 CONSEQUENCES OF UNDERNUTRITION

Undernutrition clearly is associated with adverse health outcomes. Persons who are
identified as undernourished have higher mortality, a higher rate of life-threatening
complications, longer hospital stays, higher comorbidities, more infections, and
oxidative stress leading potentially to degenerative disease than persons who are
considered well nourished26–28 (see Table 12.1).

Weight loss of more than 5% in women 60 to 74 years old has been associated
with a two-fold increase in risk of disability over time, compared to women who
did not lose weight.29 This effect persists when adjusted for age, smoking, education,
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200 Geriatric Nutrition

study duration, and health conditions. Age and gender-adjusted body mass index
(BMI) below 19 in men and below 19.4 in women is associated with higher mor-
tality.20 The increase in mortality is linear—the lower the BMI, the greater the risk.
Increased risk of death has been shown to begin at a body mass index of <23.5 in
men and <22.0 in women.30

12.2 CAUSES OF INVOLUNTARY WEIGHT LOSS
IN OLDER ADULTS

Body composition is mediated by three interactive control mechanisms. Minute-to-
minute changes reflect the metabolic state. Hormonal regulators, such as insulin and
glucagon, control day-to-day changes. Other hormones, such as estrogens and andro-
gens, growth hormone, prolactin, thyroid hormones, catecholamines, and corticoster-
oids, control life cycle-related body composition. Finally, immunological mediators,
such as interleukin-1, tumor necrosis factor, and interleukin-6, control a number of
other metabolic factors, such as muscle regeneration, body fat, and nitrogen regulation.

Involuntary weight loss in older adults usually occurs for one of three reasons:
starvation, sarcopenia, or cachexia. Starvation results from failure to consume ade-
quate protein and energy. The reasons for starvation include lack of access to food,
inability to consume adequate calories because of mechanical limitations, such as
inability to swallow, or inability to absorb ingested nutrients.

The drive to find food, designated by the term hunger, is essential in all species.
Hunger is controlled by chemical mediators, signaling when to stop eating (satiation)
and when to resume searching for food (satiety), which defines the interval between
meals. Appetite, the enjoyment of food for itself, rather than for physiological need,
is conditioned by a number of social, cultural, and psychological factors, as well
as by disease states. Even in the presence of adequate food, older adults often fail
to consume adequate protein and energy. Accumulating evidence points toward
anorexia, the decline in appetite, as a major contributor to weight loss and under-
nutrition of older persons.31

Sarcopenia is defined as the loss of muscle protein mass, muscle function, and
muscle quality that accompanies advancing age.32 The term sarcopenia is most
commonly used to refer to body composition changes in elderly persons, but can
also occur in patients who have repeatedly tried to lose weight by dieting, patients
with growth hormone deficiency, or patients with very limited physical activity.

Observations over considerable time have demonstrated that dynamic, static, and
isokinetic muscle strength decreases with age.33 This decline in muscle mass occurs
in both sedentary and active aging adults.34 Sarcopenia, a term first coined in 1988,
is operationally defined as a lean body mass more than two standard deviations below
the young normal mean.35 This reduction in muscle mass and strength that occurs
with aging may be independent of total body mass.36 Although the loss of skeletal
muscle mass generally results in weight loss, this loss of muscle mass may occur
even in obese subjects, making the diagnosis inapparent. Whether or not body mass
measured by body weight declines, sarcopenia is associated with about a four-fold
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increase in the risk of disability in at least three of the Instrumental Activities of
Daily Living, a two- to three-fold increase in the risk of having a balance disorder,
and about a two-fold greater likelihood for men of having to use a cane or walker.37

Cachexia is a syndrome of muscle wasting and weight loss, resembling maras-
mus. A number of chronic disease conditions have been associated with muscle
wasting and weight loss, including cancer,38 end-stage renal disease,39 chronic pul-
monary disease,40 congestive heart failure,41 rheumatoid arthritis,42 and AIDS.43 A
common feature of cachexia is the presence of proinflammatory cytokines.

Disease-associated cytokines directly result in feeding suppression and lower
intake of nutrients. Interleukin-1 beta and tumor necrosis factor act on the glu-
cose-sensitive neurons in the ventromedial hypothalamic nucleus (a satiety site) and
the lateral hypothalamic area (a hunger site).44 Thus, increased cytokine levels
commonly associated with disease conditions characterized by cachexia may play
a role in appetite suppression, mortality, and weight loss. Cytokine-induced anorexia
is the most common cause of poor caloric intake observed in the acute care setting,45

and affects community-dwelling older persons as well.

12.3 ASSESSING NUTRITIONAL STATUS

Historically, undernutrition has been divided into clinical syndromes of kwashiokor,
marasmus, or a mixture of both. Kwashiorkor, first defined in children, occurs when
carbohydrate is the major dietary energy source and protein is relatively absent from
the diet for a prolonged period. A key component of the diagnosis of kwashiorkor
includes hypoalbuminemia. Other clinical features include edema, ascites, dermatitis,
thin brittle hair, hepatomegaly, and muscle wasting.46 Adipose tissue remains pre-
served. Marasmus, on the other hand, is a chronic deprivation of adequate dietary
energy characterized by extreme weight loss and muscle wasting. Marasmius results
in stunted growth in children, loss of adipose tissue, and generalized wasting of lean
body mass without edema.47 Both of these conditions directly result from inadequate
food intake and are reversible by refeeding.

Since serum albumin, along with other hepatic proteins such as transthyretin
and transferrin, and body weight are easily measured, the paradigm was applied to
adults in hospital, institutional, and community settings. Hypoalbuminemia, or other
abnormalities, such as total lymphocyte count, were judged to result from a kwash-
iokor-like nutritional deficiency in protein intake. Weight loss, muscle wasting, and
low anthropometric measures compared to population normals were attributed to a
deficient energy intake. Using this diagnostic paradigm, the vast majority of patients
in the American healthcare system are undernourished, with estimates ranging up
to 70% of hospitalized adults and up to 85% of long-term-care residents.48,49

12.3.1 RISK ASSESSMENT TOOLS

Generally, nutritional problems are identified using various biochemical or anthro-
pometric parameters, including body weight,50 serum concentrations of proteins
produced by the liver,51 mid-arm circumference or triceps skinfold thickness,52–54
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body mass index,55 grip strength,56 anergy,57 and immunologic functions.58 No single
measurement is highly sensitive and specific in identifying malnutrition.59

Several indices, including both biochemical and anthropometric parameters, have
been suggested to define undernutrition.60–63 The characteristics of a successful nutri-
tional tool include (1) a reliable scale, (2) a clear definition of thresholds, (3) compat-
ibility with skills of a generalist assessor, (4) minimal bias due to data collector, (5)
acceptability to patients, and (6) relatively inexpensive in time and energy costs.

Currently available instruments include two types. The first aims at identifying
persons at risk for malnutrition but is not used to diagnose clinical undernutrition.
The Nutritional Screening Initiative serves as an example of these instruments.64,65

Other screening tools for nutrition risk include the Meals on Wheels (Table 12.2)
and SCALES (Table 12.3) acrostics.

The second type of instrument has been developed to evaluate nutritional risks
in hospitalized subjects with an eye toward predicting future complications. The
Subjective Global Assessment (SGA)66,67 and the Prognostic Nutritional Index
(PNI)68 are examples of these instruments. The Mini-Nutritional Assessment (MNA)
was developed to assess undernutrition in elderly populations.69

TABLE 12.2
Meals on Wheels Mnemonic for Undernutrition

Medications
Emotional problem (depression)
Anorexia, elder abuse, alcoholism
Late-life paranoia
Swallowing disorders
Oral factors
No money or nosocomical infections, e.g., tuberculosis, C. difficile, H. pylori
Wandering (dementia)
Hyperthyroidism, hyperparathyroidism, hypoadrenalism, hypertension (pheochromocytoma)
Enteric problems (malabsorption)
Eating problems (inability to self-feed)
Low-salt, low-cholesterol diet
Social problems and stones

TABLE 12.3
SCALES: An Instrument for the Detection of Malnutrition Risk

Sadness (Geriatric Depression Scale)
Cholesterol < 160 mg/dl
Albumin < 3.5 mg/dl
Loss of 5% of body weight
Eating problems (physical or cognitive)
Shopping/food preparation

3815_book.fm  Page 202  Friday, March 23, 2007  9:28 AM



Nutritional Assessment in Older Persons 203

12.3.2 SUBJECTIVE GLOBAL ASSESSMENT

The Subjective Global Assessment was developed to assess risk of hospital complica-
tions in patients undergoing gastrointestinal surgery.70,71 The instrument contains four
elements of history and three elements of examination (Figure 12.1). No laboratory

FIGURE 12.1 Parameters used in subjective global assessment.

3815_book.fm  Page 203  Friday, March 23, 2007  9:28 AM



204 Geriatric Nutrition

data are required. Subjects are grouped into three classes: class A, well nourished;
class B, moderately (or suspected of being) malnourished; and class C, severely
malnourished. No numerical score exists for combining these data. The elements
are combined subjectively into an overall global assessment.

The Subjective Global Assessment is useful in predicting surgical complications.
In 102 hospitalized subjects, 42% were classified as well nourished, 17% as mildly
to moderately malnourished, and 41% as severely malnourished. The likelihood
ratios for major complications, septic complications, and pneumonia in the three
groups were 0.53 in the well nourished, 0.69 in the mildly to moderately malnour-
ished, and 1.8 in the severely malnourished.72 Using the Subjective Global Assess-
ment, subjects with severe malnutrition (class C) had a higher rate of major infectious
complications and noninfectious complications in the Veterans Affairs Perioperative
Total Parenteral Nutrition trial.73

12.3.3 MINI-NUTRITIONAL ASSESSMENT

The Mini-Nutritional Assessment (MNA) consists of several anthropomorphic mea-
surements, six global assessment questions, eight dietary questions, and subjective
perception of health questions (Figure 12.2). The total score sums to 30 points. The
MNA was developed and validated in elderly, long-term-care populations. In the
development phase, determination of malnutrition by the two clinical experts was
compared to determination of malnutrition by a battery of anthropomorphical and
biochemical indices. A total of 125 hospitalized subjects were evaluated. Independent
variables included energy intake, protein intake, lipid intake, carbohydrate intake,
transferrin, albumin, alpha1 acid glycoprotein, transthyretin, ceruloplasmin, retinol
binding protein, C-reactive protein, gamma-glutamyl transferase, total protein, cho-
lesterol, triglycerides, folate, vitamins B12, A, and E, zinc, copper, weight, body
mass index, calf circumference, mid-arm circumference, and triceps and subscapular
skinfolds. Discriminate analysis was used to test the MNA compared to the inde-
pendently obtained clinical diagnosis. The analysis demonstrated that clinical status
misclassified only 3 subjects of 125. Thus, determination of nutritional status clin-
ically compares favorably with determination of nutritional status by a battery of
anthropomorphical and biochemical indices.

Two additional cross-validation studies were used to confirm the instrument. In
the first, 90 of 115 (78%) subjects were correctly classified. In the second, 100 of
139 (72%) subjects were correctly classified.74 These studies indicate that approxi-
mately 75% of elderly subjects can be correctly classified using the MNA without
using any biochemical parameters. However, 25 to 30% of subjects fall into an
intermediate zone between well nourished and undernourished. These subjects are
classified as borderline or at risk of undernutrition and require further assessment
by biochemical markers or additional clinical evaluation. Using the validated cutoffs
of adequate nutritional status (MNA score ≥ 24), at risk for undernutrition (MNA
score = 17 to 23.5), and undernutrition (MNA score < 17), the sensitivity is 96%;
specificity, 98%; and positive predictive value, 97% for undernutrition.75
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12.3.4 SIMPLIFIED NUTRITIONAL APPETITE QUESTIONNAIRE (SNAQ)

Appetite is a key component of involuntary weight loss. Defects in appetite often
precede the onset of weight loss and complicate treatment with hypercaloric sup-
plements or feeding. A tool for the assessment of appetite has been developed and
validated (Table 12.4).76 The SNAQ identifies older subjects with a decrease in

FIGURE 12.2 Mini-Nutritional Assessment.
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appetite and prospectively predicts weight loss over the next 6 months. The sensitivity
and specificity were 81 and 76% for predicting a 5% weight loss and 88 and 84%
for a 10% weight loss. Early identification of older persons with abnormalities in
appetite who are at high risk for ensuing weight loss with a four-question instrument
may allow prompt intervention to ameliorate nutritional problems.

12.3.5 COMPARISON OF RISK ASSESSMENT INSTRUMENTS

Serum albumin and the Subjective Global Assessment are both strongly predictive
of prognosis, but it is not clear whether they measure similar or different clinical
information. Discordance between albumin and the SGA is common. In a study of
hospitalized subjects older than 70 years, 38% of patients with albumin levels of
4.0 g/dl or higher were classified as moderately malnourished on the Subjective
Global Assessment, whereas 28% of patients with albumin levels lower than 3.0 g/dl
were classified as well nourished. No single albumin level was associated with
acceptable sensitivity and specificity as a predictor of Subjective Global Assessment
classification. The ability of either measure to predict the other measure was only
marginally better than chance (0.58). Thus, both measures are limited as markers of
nutritional status and may reflect fundamentally different clinical processes.77

The Determine checklist, proposed by the Nutrition Screening Initiative (NSI),
has been compared to the Mini-Nutritional Assessment using retrospective data from
the Survey in Europe of Nutrition in the Elderly, a Concerted Action (SENECA).
Based on variables collected in 1988, 19.3% of subjects were classified at high
nutritional risk, 51% were considered at moderate risk, and 29.7% were within the
normal range using the NSI. Using the MNA, 78.4% of subjects were classified as
well nourished compared to 21.6% who were at nutritional risk. Using mortality

TABLE 12.4
Simplified Nutritional Appetite Questionnaire (SNAQ)

Question 1 2 3 4 5 Score

1. My appetite is Very poor Poor Average Good Very good
2. When I eat I feel full 

after 
eating 
only a few 
mouthfuls

I feel full 
after 
eating 
about a 
third of 
my meal

I feel full 
after 
eating 
over half 
of a meal

I feel full 
after 
eating 
most of 
the meal

I hardly 
ever feel 
full

3. Food tastes Very bad Bad Average Good Very good
4. Normally I eat Less than 

one meal 
a day

One meal a 
day

Two meals 
a day

Three 
meals a 
day

More than 
three 
meals a 
day

Total

Source: Wilson, M.M. et al., Am. J. Clin. Nutr., 82, 1074–1081, 2005. With permission.
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rates completed in 1993, subjects with a normal baseline score had a lower mortality
risk (0.35; 95% confidence interval (CI), 0.18 and 0.66) than subjects with an
abnormal MNA score. In contrast, the NSI was not a predictor of subsequent
mortality. The subjects judged to be at risk by the MNA had more frequent acute
illness (p < 0.05), need for more assistance, and more weight loss during the period
1988 to 1995.78

Using the 1993 SENECA data, the MNA was compared to the NSI in 1161
subjects in another study. The MNA classified 55% of subjects as normal, 44% as
at risk of malnutrition, and 1% as malnourished. The NSI differed considerably,
finding only 11% classified as normal, 41% as moderate risk, and 48% as high
nutritional risk. The MNA was found to be 96% sensitive and 60% specific for body
weight loss. The NSI was 75% sensitive and 54% specific for body weight loss.
Neither instrument correlated well with the Quick Nutritional Index or with bio-
chemical changes.79 Thus, comparison between instruments developed to date sug-
gests that the MNA is a superior instrument.

It is critical to understand that these nutritional risk assessment instruments are
predictive of only hospital complications or future mortality. When used in this way,
the instruments are highly predictive of persons at risk for these outcomes. However,
it is not clear that these instruments are measuring true nutritional status or simply
sicker individuals. While these instruments indicate that they measure undernutrition
or nutritional risk, it is not clear that they do so. These instruments do not indicate
which persons will respond to nutritional interventions. The results of most clinical
trials of refeeding or energy-dense nutritional supplements have not shown that the
measured adverse outcomes can be corrected.

12.3.6 DIAGNOSING UNDERNUTRITION

Undernutrition is a state induced by nutrient deficiency that may be improved solely
by administration of nutrients.80 By this definition, provision of adequate protein
and energy sources should reverse the clinical presentation and correct the problem.
However, a large number of patients who appear to be undernourished (that is, who
exhibit the phenotype of kwashiokor or marasmus) fail to respond to refeeding in
published nutritional intervention trials.

A meta-analysis of 55 randomized controlled trials with 9187 older participants
evaluated the effect of nutritional supplements across a variety of healthcare set-
tings.81 Nutritional supplementation produced a small but significant percentage
weight gain of 1.8% (95% CI, 1.1 to 2.3) in hospitalized subjects. Percentage weight
change for subjects in long-term-care settings was 2.5% (95% CI, 1.7 to 3.2), and
2.3% (95% CI, 1.7 to 2.7) for older people living at home. Mortality in the supple-
mented group was reduced, although the reduction was only borderline statistically
significant (odds ratio, 0.9; 95% CI, 0.7 to 1.0).

For short-term hospital stays, mortality was not reduced (odds ratio, 0.9; 95%
CI, 0.7 to 1.0). However, a reduction in mortality was seen in trials that only included
undernourished subjects (odds ratio, 0.7; 95% CI, 0.5 to 0.9). A reduction in mortality
was not seen in supplemented residents in long-term-care settings (odds ratio, 0.7;
95% CI, 0.4 to 1.0) or for people living at home (odds ratio, 1.1; 95% CI, 0.6 to
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2.0). Hospitalized patients who were given supplements had a statistically significant
decrease in complications (odds ratio, 0.7; 95% CI, 0.5 to 0.9), but supplementation
did not have an effect on morbidity or complications in residents in long-term care
(odds ratio, 0.9; 95% CI, 0.6 to 1.5) or at home (odds ratio, 1.0; 95% CI, 0.6 to 1.6).

Oral nutritional supplements have been evaluated in subjects with Alzheimer’s
type dementia. In a prospective controlled study, 91 subjects older than 65 years
with dementia of the Alzheimer’s type who were at risk of undernutrition by the
Mini-Nutritional Assessment instrument and who had lost more than 5% of their
body weight were randomized to receive either an oral supplement or usual care.
Despite a significant improvement in dietary intakes and body weight in the inter-
vention group, no significant changes were found for biological markers of nutrition,
functional status, or cognitive function.82 Assistance with eating by trained personnel
over a mean of 16 weeks did not improve markers of nutritional status, Barthel score,
grip strength, length of stay, or mortality in acutely ill older adults.83

Enteral nutritional support in persons diagnosed with undernutrition has shown
only modest benefits.84 In patients who cannot eat for more than 10 to 14 days,
nutritional support is indicated to prevent morbidity and mortality from starvation.
In patients with major trauma and in severely malnourished patients undergoing
major elective surgery, the reduction in major complications has been demonstrated.
However, the use of nutritional support is not associated with a reduction in the
length of the hospital stay.85 Furthermore, there has been little improvement in
specific disease states, such as cancer, AIDS, or hemodialysis patients.86

Nutritional parameters were compared among 44 hospitalized, bed-confined
subjects over age 65 years, with and without tube feeding, and 41 age-matched
free-eating elders in a nursing home. Tube-fed subjects received 26 kcal/kg/day and
1.0 g of protein/day, an amount calculated to equal the predicted total energy
expenditure. However, the incidence of protein energy undernutrition, as evidenced
by decreased arm muscle circumference (<80% of normal) and hypoalbuminemia
(<35 g/l), was significantly higher in the patients with tube feeding than in the orally
fed older persons. Thus, undernutrition was still demonstrable in patients fed energy
and protein that approximated calculated predicted values.87 Survival for a period of
24 months was not different in nursing home residents with progressive dementia
compared to residents who were and were not enterally fed.88

Using the definition of undernutrition as state reversible by providing adequate
energy and protein, these subjects are not undernourished. This suggests that a
proportion of persons who are labeled as undernourished may in fact have another
clinical syndrome.

12.4 TOWARD A NEW PARADIGM

A developing understanding of the acute phase response to illness and the role of
cytokines in the pathophysiology of chronic illness has challenged the current diag-
nostic paradigm of undernutrition. The effect of acute and chronic cytokine-mediated
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conditions on hepatic proteins, muscle wasting, and weight loss has led to consid-
erable confusion about the diagnosis of undernutrition.

The major hepatic proteins, albumin, transthyretin (prealbumin), and transferrin,
as well as a large number of other less well known proteins, act as acute phase
reactants. These acute phase biochemical markers are not specific for nutritional
status. Serum levels of these proteins fall quickly in response to infection, injury, or
trauma and slowly increase with recovery from the same conditions.89 For example,
hypoalbuminemia occurs in disease states such as hepatic disease, renal disease,
congestive heart failure,90 and stress,91 and after 8 hours of bed rest.92 This acute
phase decrease in serum hepatic protein levels occurs despite adequate intake of
nutrients prior to the illness or injury.93 Moreover, the acute phase serum hepatic
protein levels do not increase in response to the provision of protein and energy.94

Other nutritional markers, such as the total lymphocyte count, correlate poorly with
both the body cell mass and the nutritional state measured by the Nae-to-Ke ratio,
producing a false-positive rate of 34% and a false-negative rate of 50% for diagnosing
undernutrition.95

In contrast to cytokine-mediated disease states, few changes occur in biochemical
markers in simple starvation. Serum albumin remains normal in both short-term and
long-term fasting.96 In fact, after 9 weeks on a diet of about half of the normal dietary
intake of protein, serum albumin remained normal despite changes in lean body
mass and immune status.97 Serum albumin levels in anorexia nervosa, a condition
of chronic energy deficiency, remain normal and serum cholesterol levels increase
in one third of anorexia patients. However, chronic inadequate intake of protein
(kwashiorkor) does lead to a decline in serum albumin levels, although much later
in the course of starvation.

It is likely that the acute phase response and chronic cachexia are responsible
for the association of adverse mortality and morbidity outcomes reported in clinical
studies, rather than undernutrition per se. Inclusion of patients with cachexia may
explain the inconsistent effect of hypercaloric feeding on nutritional outcome mea-
sures in clinical trials. Indeed, in several clinical trials, hypercaloric feeding in acute
illness has been associated with an increase in morbidity and mortality.98

Nutritional assessment, particularly if it encompasses or focuses on physiological
function, may be an overall marker of illness that is not caused solely by inadequate
intake or reversed by nutritional supplementation. This may explain why the clinical
trials of total parenteral nutrition in a variety of clinical circumstances have in some
cases produced disappointing results in improving outcomes.99

A summary of the differentiation of weight loss is shown in Figure 12.3. Table
12.5 shows the differential diagnosis of starvation and cachexia.

12.5 SUMMARY AND CONCLUSIONS

It is imperative that we revise our paradigm thinking about undernutrition to distin-
guish starvation, which is responsive to refeeding, from cachexia, which is resistent
to refeeding. Nutrition should be provided to every person, with the expectation that
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FIGURE 12.3 Approach to nutritional assessment.

TABLE 12.5
Distinguishing Starvation from Cachexia

Starvation Cachexia

Appetite Suppressed in late phase Suppressed in early phase
Body mass index Not predictive of mortality Predictive of mortality
Serum albumin Low in late phase Low in early phase
Transthyretin Low in late phase Low in early phase
Transferrin Low Low
Retinol binding protein Low Low
Cholesterol May remain normal Low
Total lymphocyte count Low, responds to refeeding Low, unresponsive to refeeding
C-reactive protein Little data Elevated
Inflammatory disease Usually not present Present
Response to refeeding Reversible Resistant

Involuntary weight
loss >5% in 30 days
or >10% in 90 days

Is there access to
food?

(starvation)

Is there a known
inflammatory

condition?
(cachexia)

Is appetite normal but
a loss in lean body

mass?
(sarcopenia)

Consider
determination of fat-

free mass

Can the inflammatory
condition be
controlled?

Consider exercise or
anabolic therapy

Consider
hypercaloric
supplements

Consider orexigenic
drugs

Slow refeeding by
protocol

Are there mechanical
problems with food

intake or
malabsorption?

Consider enteral or
parenteral feeding

based on prognosis
and patient wishes
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starvation will respond to nutrition but conditions associated with cachexia may not.
Labeling the acute phase response and chronic cachexia under the umbrella of an
outdated undernutrition paradigm can lead to inappropriate medical therapy. Failure
to distinguish starvation from cachexia can result in a failure to address the under-
lying pathophysiology, expose patients to unnecessary risks, or result in failure to
improve the condition. In patients with medical conditions known to be associated
with cachexia or cytokine induction, a diagnosis of marasmus should be made only
after thoughtful deliberation. Further research into whether anti-inflammatory or
anticytokine interventions may impact appetite, increase food intake, or reverse
effects of cachexia is essential.
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ABSTRACT

Nutritional disorders are common in the older population. Chronic medical
conditions and geriatric syndromes frequently coexist with these nutritional
disorders. It is important to assess older adults for the presence of nutritional
deficiencies, especially in the setting of weight loss or anorexia. The use of a
comprehensive approach is especially beneficial in this population given the extent
and complexity of medical illnesses. Comprehensive Geriatric Assessment (CGA) is
a specialized assessment of older adults who already have or are at risk for
developing functional disabilities, cognitive impairment, geriatric syndromes, or
psychosocial deficits. CGA can uncover important medical and nutritional
conditions that may otherwise be undetected.

KEY POINTS

• Nutritional disorders frequently coexist with geriatric syndromes.
• Comprehensive Geriatric Assessment is a specialized evaluation of older

adults who are at risk for developing functional decline.
• The key domains in Comprehensive Geriatric Assessment are medical,

cognitive, functional, and psychosocial.
• Geriatric syndromes are defined as diseases, disabilities, or functional

impairments, often of multifactorial etiology, that are commonly observed
in the aging population.

• Geriatric syndromes include polypharmacy, falls, weight loss, inconti-
nence, delirium, dementia, and depression.

13.1 INTRODUCTION

As the U.S. population ages, a greater percentage of individuals will be living into
their eighth and ninth decades of life. Many of these individuals will develop
functional and cognitive impairments; however, many are expected to “age success-
fully” with few disabilities until late in life. At this time, less than one third of
community-residing people age 85 years or older need assistance with activities of
daily living.

As with younger individuals, older adults are at ongoing risk of developing acute
and chronic illnesses. As a result of physiologic changes of aging, older adults have
less functional reserve and are more likely to develop complications from medical
illnesses and medications. Many of these illnesses have a direct impact on nutritional
health. Prevention and early detection of illness and disease are critical in the care
of older adults.

Nutritional health is complex and requires a multidimensional approach in the
older population. Many medical conditions affect diet and nutrition. Conversely,
nutrition directly and substantially affects chronic disease management in the elderly.
Older adults are more susceptible to the adverse effects of nutritional deficiencies.
Weight loss and undernutrition are especially troublesome and predict poor health
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outcomes. Older adults must be monitored carefully for evidence of nutritional
disorders. A comprehensive approach can be useful in screening this population for
common medical and nutritional illnesses.

13.2 COMPREHENSIVE GERIATRIC ASSESSMENT

Comprehensive Geriatric Assessment (CGA) is a specialized assessment of older
adults who already have or are at risk for developing functional disabilities, cognitive
impairment, geriatric syndromes, or psychosocial disorders. This interdisciplinary
method is used to identify and treat the multiple and complex problems found in
the frail elderly population. The assessment includes functional evaluation, screening
for geriatric syndromes, cognitive evaluation, and thorough review of social support
systems (Table 13.1). CGA uses a variety of assessment and screening tools that are
fast and easy to administer.

Comprehensive Geriatric Assessment was first introduced in the 1980s as a
multidisciplinary patient-centered model of care for high-risk elderly in the hospital
setting. The model has since evolved to include the outpatient clinic and home care
settings. The core members of the assessment team include the physician, social
worker, and gerontological nurse. Other key members include the dietician, physical,
occupational, and speech therapists, and pharmacist.

What makes CGA different from a standard office visit is the specific focus on
functional abilities, geriatric syndromes, and aging-related conditions. CGA emphasizes

TABLE 13.1
Components of a Comprehensive Geriatric Assessment

Medical Evaluation Psychosocial Evaluation

Geriatric syndrome screening
Polypharmacy

Medication review
Medication counseling

Falls/dizziness
Weight loss

Nutritional evaluation
Incontinence assessment
Cognitive evaluation

Delirium
Dementia
Depression

Functional assessment
ADLs and IADLs
Gait assessment

Sensory evaluation
Health maintenance/screening
Chronic disease management

Social service review
Advance care planning
Family support
Safety
Caregivers/caregiving
Financial resources

Cognitive services
Neuropsychiatric testing
Family and patient counseling
Dementia education
Stress management

Community resource management
Identifying available resources
Enrollment in programs
Transportation services
Case management
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the domains of medical, cognitive, functional, and psychosocial health. These
domains have a significant impact on the ability of an elderly individual to maintain
satisfactory quality of life, independence, and health status. The CGA approach adds
critical dimensions to the traditional disease-based approach to medical care.

CGA has important implications for dietary management and nutritional assess-
ment. Screening for nutritional disorders is a standard component of the CGA and
is useful in identifying problems such as weight loss and impaired appetite. Con-
versely, nutritional impairments may prompt the clinician to conduct a CGA and
identify risk factors or comorbidities that contribute to nutritional compromise.
Undernutrition and weight loss are the focus in CGA. Weight loss is especially
worrisome in the frail and institutionalized population and is a predictor of functional
decline and mortality. Obesity, although a serious health concern, does not carry the
same health implications as underweight in the older population. Obesity is specif-
ically addressed elsewhere in this textbook.

13.3 ASSESSMENT OF NUTRITIONAL STATUS: 
MEDICAL EVALUATION

13.3.1 GERIATRIC SYNDROMES

The key medical component of a CGA is the screening for geriatric syndromes.
Commonly accepted geriatric syndromes include polypharmacy, falls, weight loss,
incontinence, delirium, dementia, and depression. Geriatric syndromes are defined
as diseases, disabilities, or functional impairments, often of multifactorial etiology,
that are commonly observed in the aging population. The development of nutritional
deficiencies can precede the development of geriatric syndromes, and the presence
of geriatric syndromes can increase the likelihood of nutritional insufficiency. Many
tools are available to screen for geriatric syndromes. When identified, these syn-
dromes may prompt additional screening for related nutritional concerns (Table
13.2). It is important to screen for these syndromes in older adults to identify
previously undiagnosed conditions and risks for imminent health decline. Once
identified, interventions to treat or reduce the morbidity of these syndromes should
be employed.

13.3.1.1 Polypharmacy

Inappropriate medication use (often broadly termed polypharmacy) is defined as the
overuse, underuse, and inappropriate use of medication in elderly adults. Due to
physiologic changes of aging, the older population is more sensitive to medication
effects and more likely to experience side effects. These effects can have a significant
impact on nutritional status.

Overuse of medications includes the use medications without clear ongoing
medical need. In nursing home care, the Centers for Medicare and Medicaid Services
(CMS) has established a threshold of nine medications as a potential state of med-
ication overuse. The more medications administered, the more likely that drug–drug
or drug–food interactions will impact nutritional status.
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Many drugs and drug classes are associated with anorexia, including antidepres-
sants, opioids, benzodiazepines, neuroleptics, antihistamines, proton pump inhibi-
tors, anticonvulsants, and digoxin. It is important to note that virtually any medication
can cause anorexia, and in persons losing weight, all medications need to be carefully
reviewed. In extreme cases, a large number of medications taken simultaneously can
reduce appetite due to the volume of tablets “filling up” the stomach.

Underuse of medication can impact nutritional status when chronic medical
conditions are inadequately managed. The undertreatment of pain and depression
are common examples of conditions that can impair eating if not properly managed.
Inappropriate prescribing can also impact nutrition, usually due to medication side
effects, when an alternative safer medication could be utilized. In some cases, a
medication may improve appetite or nutritional status, such as a patient using a
proton pump inhibitor for severe gastric upset due to gastric reflux. In other patients,
the adverse effects of this same medication (alteration in taste) may cause anorexia.
It is therefore important to correlate the use of medications with the onset of
nutritional or dietary effects.

Drugs can impair nutrient absorption, particularly those that alter gastric pH
(histamine and proton pump inhibitors), bind directly to micronutrients (antacids,
bile acid sequestants), or promote excessive gastrointestinal transit (laxatives, pro-
motility agents). Excessive metabolic stimulation (central stimulants, thyroid hor-
mone) can reduce appetite or invoke weight loss due to a hypercatabolic state.

TABLE 13.2
Screening for Geriatric Syndromes and Related Nutritional Concerns

Syndrome Screening Tool Related Nutritional Concerns

Polypharmacy Beers’ criteria
Number of medications

Anorexia
Medication side effects

Falls Up-and-go test
Tinnetti Gait/Balance Test

Vitamin D and calcium
Micronutrient deficiencies

Weight loss Mini-Nutritional Assessment
Simplified Nutritional Appetite 
Questionnaire (SNAQ)

Body mass index

Weight monitoring
Nutritional evaluation
Management of contributing conditions

Incontinence Incontinence questionnaire
Voiding dairy

Bladder irritants

Delirium Confusion Assessment Method
Diagnostic and Statistical Manual IV 
criteria

Swallowing safety
Adequate caloric intake

Dementia Mini-Mental State Examination
St. Louis University Mental State 
Examination

Clock drawing task

Progressive weight loss
Dysphagia and aspiration
Micronutrient deficiencies

Depression Geriatric Depression Scale
Cornell Scale for Depression in Dementia
Hamilton Dementia Rating Scale

Adequate caloric intake
Weight monitoring
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Medications that cause oversedation can worsen weight loss by reducing the time
awake needed for food consumption.

13.3.1.2 Falls

Severe nutritional deficiencies have been associated with falling or increased risk of
falls. Micronutrient deficiencies or intoxications that cause sensory neuropathy lead
to impaired balance and increased fall risk (Table 13.3). When falls or sensory loss
is noted, screening for nutritional causes of neuropathy is warranted.

Vitamin D deficiency is associated with falls, functional decline, and nursing
home placement.1,2 In one study, vitamin D deficiency was found in 10% of com-
munity-dwelling seniors and an additional 37% had low vitamin D levels.1 Many
elders have insufficient dietary intake of vitamin D and have limited exposure to the
sunlight necessary for production of vitamin D. Older adults are encouraged to take
800 IU of vitamin D in order to reduce weakness, falls, and fractures. Repletion of
vitamin D has been associated with decreased risk of future falls.3–5

Many older adults have insufficient dietary intake of calcium due to lactose
intolerance or aversion to dairy products. Adequate intake of calcium via supple-
mentation, along with vitamin D, is therefore needed for most older adults. Intake
of 1500 mg of elemental calcium each day is recommended for both older men and
women. Inadequate calcium intake can result in osteoporosis and fractures, which
cause pain, weakness, and risk of falling. All older adults should be asked about
falls annually and those with a single fall evaluated using an up-and-go gait assess-
ment. Those with an abnormal gait or with multiple falls should undergo a compre-
hensive falls evaluation.6

13.3.1.3 Weight Loss

Nutritional and dietary factors associated with weight loss are discussed throughout
this chapter. Weight loss is usually multifactorial in etiology and associated with

TABLE 13.3
Nutritional Causes of Sensory Loss

B1 (thiamine) deficiency
B6 (pyridoxine) deficiency or toxicity
B12 (cyanocobalamin) deficiency
Folate deficiency
Hypophosphatemia
Vitamin E deficiency
Vitamin A toxicity
Copper deficiency
Hyperglycemia (diabetes)
Hypercalcemia
Heavy metal toxicity
Alcohol toxicity
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chronic medical conditions, medication side effects, malignancies, and psychosocial
conditions. The Meals on Wheels mnemonic (Table 13.4), developed by St. Louis
University physicians, is a useful tool to recall potentially reversible causes of weight
loss in older adults.7

Significant weight loss is usually defined as unintentional 5% one-month or 10%
six-month loss in body weight. Most unintentional weight loss is not due to the
presence of malignancy.8,9 Unlike younger adults, older adults lose more muscle
relative to fat with unintentional weight loss. Loss of muscle mass increases the risk
of falls, functional disability, and mortality.10–12

Weight loss is an independent predictor of mortality among older adults.13,14

Anorexia is also an independent predictor of mortality (hazard ratio, 2.9; 95%
confidence interval (CI), 1.1 to 7.4).15

The Mini-Nutritional Assessment (MNA) is a commonly used tool to assess
nutritional status. This tool has been used to predict mortality and weight loss;
however, it is fairly time consuming and requires self-assessment, calculation of
physical parameters, and cognitive evaluation. The Simplified Nutritional Appetite
Questionnaire (SNAQ) is a brief, four-item survey that can be self-administered or
given by nonmedical personnel (Table 13.5). This tool predicts weight loss in both
community-dwelling and institutionalized individuals.16

Diseases such as end-stage cardiac and lung disease, depression, dementia,
endocrine dysfunction, and gastrointestinal disorders are common contributors to
weight loss. The specialized diets prescribed to manage these diseases can also result
in decreased dietary intake. In long-term care, therapeutic diets often lead to weight
loss and their efficacy has been questioned.17,18 It is no longer acceptable to routinely
prescribe therapeutic diets for the majority of older persons in nursing homes.

TABLE 13.4
Meals on Wheels Mnemonic as an Easy Method to Screen for Causes of Weight 
Loss in Older Persons

Medications (e.g., digoxin, theophylline, cimetidine)
Emotional (e.g., depression)
Alcoholism, elder abuse, anorexia tardive
Late-life paranoia
Swallowing problems
Oral factors
Nosocomial infections (e.g., tuberculosis)
Wandering and other dementia-related factors
Hyperthyroidism, hypercalcemia, hypoadrenalism
Enteral problems (e.g., gluten enteropathy)
Eating problems
Low-salt, low-cholesterol, and other therapeutic diets
Stones (cholecystitis)

Source: Reproduced from Morley, J.E. and Silver, A.J., Ann. Intern. Med., 123, 850–859, 1995. With
permission. American College of Physicians is not responsible for the accuracy of the translation.
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13.3.1.4 Incontinence

Identifying urinary incontinence can bring important nutritional factors to light. Cer-
tain foods are considered urinary irritants and can worsen urge incontinence. Spicy
or acidic foods such as citrus fruits and peppers can irritate the bladder mucosa.
Caffeine causes increased urinary production and can worsen detrusor instability by
irritating the bladder lining. Inappropriate water intake can exacerbate urinary symp-
toms. Reduced water intake causes concentrated urine, which is a bladder irritant.
Conversely, excessive liquid intake results in polyuria and can worsen incontinence
in some individuals. Polyuria may also occur with poorly controlled diabetes mellitus
due to hyperglycemia. In older adults with new or long-standing urinary incontinence,

TABLE 13.5
Simplified Nutritional Appetite Questionnaire (SNAQ)

Name: __________________________________________ Sex (circle): Male Female
Age: ________________ Weight: _____________________ Height: _________________
Date: __________________________
Administration Instructions: Ask the subject to complete the questionnaire by circling the correct 
answers and then tally the results based upon the following numerical scale: a = 1, b = 2, c = 3, d = 
4, e = 5. The sum of the scores for the individual items constitutes the SNAQ score. SNAQ score ≤14 
indicates significant risk of at least 5% weight loss within six months.

1. My appetite is
 a. very poor
 b. poor
 c. average
 d. good
 e. very good
2. When I eat
 a. I feel full after eating only a few mouthfuls
 b. I feel full after eating about a third of a meal
 c. I feel full after eating over half a meal
 d. I feel full after eating most of the meal
 e. I hardly ever feel full
3. Food tastes
 a. very bad
 b. bad
 c. average
 d. good
 e. very good
4. Normally I eat
 a. less than one meal a day
 b. one meal a day
 c. two meals a day
 d. three meals a day
 e. more than three meals a day

Source: Reproduced from Wilson, M.M. et al., Am. J. Clin. Nutr., 82, 1074–1081, 2005. With permission.
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nutritional screening should be a part of the Comprehensive Geriatric Assessment
to determine if these dietary factors are contributing to urinary symptoms.

13.3.2 SENSORY ASSESSMENT

13.3.2.1 Vision

Visual assessment is a component of the initial CGA visit. Identifying visual disor-
ders can lead to a diagnosis of nutritional deficits. Treatment of vision loss may
require a focus on specific nutritional repletion. Diseases that affect nutritional status
such as diabetes mellitus and alcoholism may increase the risk for developing
cataracts and glaucoma. Vitamin deficiencies such as vitamin A and beta-carotene
can result in a decline in visual functioning. There is a weak association between
macular degeneration (MD) and dietary fat intake, diabetes, hyperlipidemia, intake
of carotenoids, and intake of omega-3 fatty acids.

Correcting nutritional deficiencies or overreplacing micronutrient stores has been
postulated to improve visual deficits. The use of antioxidant vitamins has been espe-
cially promising in the management of macular degeneration. Research on antioxidants
and micronutrients has focused on the prevention and treatment of MD. In one study,
subjects randomized to lutein ± antioxidant vitamins showed improvement in visual
acuity and contrast sensitivity compared with placebo.19 In another study, incident MD
was reduced (hazard ratio, 0.65; 95% CI, 0.46 to 0.92) for individuals taking a com-
bination of the antioxidants (vitamins C and E, beta-carotene) and zinc.20

13.3.2.2 Hearing

Over time, the subtle loss of high-frequency sounds may result in clinically signif-
icant hearing loss. Screening questionnaires, such as the Hearing Handicap Inventory
for the Elderly, can identify those in need of further evaluation. Portable audiometers
can be used by trained medical staff in screening for hearing loss during the CGA.
Examination of the ear canal and removal of wax can improve hearing and balance
and should be performed prior to an audiology evaluation or referral.

Although most hearing loss in older adults is associated with noise exposure or
presbycusis, some data indicate that micronutrients may have a role in hearing acuity.
In a study of healthy older women, those with hearing impairment had 38 and 31%
lower serum vitamin B12 and red cell folate levels, respectively (p = 0.01; p = 0.008).21,22

As in MD, antioxidants are also thought to have protective effects on hearing.
The use of antioxidant vitamins to reduce the ototoxicity of certain medications has
been fairly well studied in animal models. In one human study, cancer patients
exposed to cisplatin treatment with the highest plasma concentrations of antioxidant
micronutrients had significantly less high-tone hearing loss.23 In another study, two
antioxidants were provided to individuals with prebycusis. Hearing was improved
after 8 weeks of treatment.22

13.3.2.3 Taste/Smell

It is not uncommon for the older adult to complain of loss of taste (sweet and salty)
and smell.24 These symptoms are important to note in individuals who are losing
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weight or are malnourished. Studies have revealed an association between impaired
olfaction and cognitive impairment.25 Impaired smell/taste is also associated with
deficiency in vitamins B12 and A. Inquiry about smell/taste changes should be made
during CGA in individuals at risk for weight loss or having cognitive deficits.
Chemosensory disorders have been associated with decreases in food acceptability,
weight loss, and distorted or phantom smell or taste sensations. Certain medications,
such as antihistamines, calcium channel blockers, antibiotics, and anticonvulsants,
alter taste perception and may reduce oral intake due to poor appetite.

13.3.3 PREVENTION/SCREENING

Too often, elderly individuals miss appropriate opportunities for screening under a
misperception that they are “too old” for benefits. Conversely, some individuals with
serious and life-limiting illnesses continue to receive screening interventions that
offer little overall benefit. For this reason, a series of functionally dependent screen-
ing and prevention guidelines were created to assist clinicians in approaching this
decision making in older adults. Rather than age, these clinical “Glidepaths” divide
older adults into categories of (1) healthy, (2) frail, (3) demented, and (4) end of
life. Recommendations are provided for health maintenance interventions, such as
screening lipid profiles, mammography, and fecal occult blood testing. The Glide-
paths suggest screening approaches based on function and physiologic age rather
than chronologic age.26

13.3.4 COGNITIVE ASSESSMENT

13.3.4.1 Delirium

Delirium is a state of altered cognition with impaired level of consciousness. The
presence of delirium is associated with incident development of comobidities, includ-
ing weight loss.27 Delirious individuals are often acutely ill and may be hospitalized
with a medical condition (such as pneumonia or myocardial infarction) that can
further reduce nutritional intake. Delirium itself may make it impossible for an
individual to consume adequate nutrition. When altered, the delirious patient is often
too confused, somnolent, or agitated to swallow liquid or solid food safely. Patient
inattention may lead to incomplete consumption of meals or supplements. The
clinician must be aware of the potential for delirium as a cause of acute nutritional
decline. When inadequate meal intake is noted, additional calories may be necessary
through oral supplements, enteral feeding, or parenteral feeding if nutritional/delir-
ium recovery will be prolonged.

13.3.4.2 Dementia

Most irreversible and progressive causes of dementia, such as Alzheimer’s disease,
Lewy body disease, and frontal-temporal dementia, will eventually result in nutri-
tional impairment. This is an eventual progression of the dementia process in which
the brain eventually fails to trigger normal food consumption. Loss of weight is one
of the features used to qualify those with end-stage dementia for the benefit of
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hospice care. Dementia also causes neurologic degeneration with impairment in the
swallowing mechanism, recurrent aspiration, pneumonia, and hypoxic events.
Despite the natural instinct to feed these individuals via artificial enteral methods,
mortality, morbidity, and functional status are not improved with tube feeding.28,29

Despite similar caloric intake, individuals with dementia are more likely to lose
weight than nondemented individuals. This suggests that mechanisms beyond food
consumption are impacting weight maintenance in this population.30

There is growing evidence that weight loss may predate the development of
dementia and that this sign should thus prompt close monitoring for cognitive
impairment.31 In mild to moderate dementia, nutritional deficiency may develop as
a result of psychosocial circumstances. Individuals may withdraw from friends and
family who provide assistance with meal planning and grocery shopping. Demented
adults tend to be more isolated, which contributes to lower food consumption. As
memory declines further, cooking becomes impaired and disorganized, leading to
nutritionally inadequate meals.

Of the reversible causes of dementia, several are associated with nutritional
disorders. Folate, vitamin B12, niacin, and thiamine deficiency are associated with
cognitive impairment that may (but not always) be improved by correcting the
micronutrient deficit. Derangements of calcium, phosphorus, and glucose can resem-
ble dementia when serum levels are transiently or persistently abnormal due to
nutritional or endocrine disorders. The hypercatabolic state of hyperthyroidism due
to autoimmune process or overreplacement of thyroid hormone is associated with
cognitive impairment and may result in weight loss. In a study of 60 hospitalized
elders (average age, 80 years) with hyperthyroidism, 83% had weight loss and 52%
had a diagnosis of cognitive impairment.32

13.3.4.3 Depression

Depression is associated with physical decline in community-dwelling, hospitalized,
and institutionalized older adults. It is also associated with weight loss and decreased
survival.33 Screening for depression during a CGA is very important given the
atypical presentations of this disorder in the elderly population.

Depression appears to be the most common cause of weight loss in older
persons.34 Depression increases the corticotrophin-releasing factor within the hypo-
thalamus, which is a potent anorectic agent. Individuals not only have a decrease in
appetite, but depression potentially impairs the motivation needed to obtain, prepare,
and consume adequate nutrition. Every older adult who is losing weight requires
screening for depression to exclude this condition as a cause of weight loss.

Certain medical conditions are associated with depression and thus should
prompt the clinician to monitor for weight loss. Chronic pain is associated with a
host of psychiatric conditions, including depression. Elders who have experienced
a stroke have nearly a 65% 3-month incidence of depression.35 Individuals with a
history of chronic congestive heart failure have up to a 50% incidence of depression.
In this population, weight loss may not be the most accurate marker of nutritional
deficiency given the potential for weight fluctuation with heart failure.36
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13.3.5 FUNCTIONAL ASSESSMENT

Functional status generally refers to the ability of an individual to participate in everyday
tasks with or without the assistance of another person, use of an assistive device, or
benefit of adaptive equipment. Functional assessment is a core component of the geriatric
assessment. The primary scales for measuring functional status are the Activities of Daily
Living (ADLs) and the Instrumental Activities of Daily Living (IADLs) (Table 13.6).

Several components of these tools specifically address nutritional status, includ-
ing eating (ADL), cooking (IADL), and shopping (IADL). When evaluated, a person
is identified as fully independent, needing assistance, or fully dependent in these
specific activities. If not fully independent, a person requires assistance, oversight,
or a support structure to maintain the current level of functioning.

Individuals who have experienced or are at risk of functional decline may be
considered frail. Frailty has been specifically defined as a clinical syndrome in which
three or more of the following criteria were present: unintentional weight loss (10
lb in past year), self-reported exhaustion, weakness (grip strength), slow walking
speed, and low physical activity.37 Body mass index (BMI) is not a criterion, and
thus frailty may be present in elders who are overweight, underweight, or at an ideal
body weight. In the Women’s Health Initiative cohort of elderly women (n = 40,657),
16% were found to be frail at baseline, with a 5% yearly incident development of
frailty. In this study, frailty was associated with an increased risk of death, hip
fracture, ADL disability, and hospitalization.38

Nutritional decline, especially weight loss, is a key component in the development
of frailty; however, other dietary deficiencies have been associated with this syndrome.
Women with frailty were more likely to have two or more micronutrient deficiencies,
including carotenoids, vitamin E, vitamin D, and vitamin B6.39 Of 749 women inde-
pendent in ADLs at baseline, 25% were found to be frail. By 3 years, 56% of frail
women were then dependent in ADLs compared with 20% of nonfrail women.40

TABLE 13.6
ADL and IADL Components

ADL Toileting
Bathing
Eating
Dressing
Continence
Transferring

IADL Cooking
Laundry
Housework
Shopping
Medication management
Telephoning
Transportation
Money management
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Functional status may decline due to muscular or skeletal weakness alone, with
or without meeting the full criteria of frailty. Declines in muscle mass (sarcopenia)
and bone mass (osteopenia) are normal physiologic changes of aging. When muscle
loss results in fatigue, weakness, or inability to perform ADLs or IADLs, this is
not a normal aging process. Likewise, when bone mass declines to a level –2.5
standard deviations below peak bone mass or a fracture occurs, this is not a normal
aging process.

Many medical conditions, medications, and nutritional deficiencies in older
adults contribute to loss of muscle and bone mass. Malnutrition and weight loss
result in hypoalbuminemia. Without proper protein stores, muscle mass cannot be
maintained and weakness develops. When functional deficits or weakness are
reported, nutritional assessment should take place. Micro- and macronutrient serum
markers may reveal deficits, including calcium, phosphorus, magnesium, albumin,
prealbumin, total cholesterol, and lymphocyte count. Glucose should be drawn to
exclude hypo- or hyperglycemia.

13.4 ASSESSMENT OF NUTRITIONAL STATUS: 
PSYCHOSOCIAL EVALUATION

13.4.1 SOCIAL FACTORS

Many psychosocial factors affect nutritional health (Table 13.7). These factors must
be carefully evaluated in older adults with nutritional disorders. Frail older adults
may rely heavily, if not exclusively, on others for nutritional support. Social networks
provide a support structure for those requiring nutritional assistance. Community
organizations, friends, family, neighbors, and health professionals may be of assis-
tance in supporting nutritional health (Table 13.8). A spouse or direct caregiver often
provides these necessary services. Major illness or death of a caregiver can drastically
alter the nutritional health of at-risk elders.

Eating is a social activity. Simply sharing mealtime can increase food intake and
pleasure of eating in both community and institutionalized seniors.41,42 The mealtime
environment also contributes to the quantity of food consumption. A pleasantly set

TABLE 13.7
Psychosocial Factors Affecting Nutritional Health

Financial resources
Medical insurance
In-home services
Spiritual needs
Caregiver role/health
Transportation
Family structure/support
Community connections
Cultural practices
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table with garnishes, food choices, noninstitutional utensils, music, comfortable tem-
perature, and pleasant aromas makes meal consumption more pleasing and effective.

13.4.2 FINANCIAL FACTORS

During the CGA, it is important to assess financial resources, as these impact diet
and nutritional status. Many seniors live on limited monthly incomes that can restrict
food choices. High-quality and fresh foods may be too costly for regular purchase.
Less expensive prepared or processed foods are generally high in fat and sodium.
Lack of available or low-cost transportation can limit access to grocery shopping. As
the number and cost of medications increase, seniors may be forced to choose between
purchasing medications or purchasing food. Nutritional supplements may help replace
caloric deficiencies; however, these cost around $1 each and are infrequently covered
by insurance plans. Those at highest risk socially for nutritional deficiencies are at
the greatest risk of lacking high-quality food or dietary supplements.

Many communities offer free or low-cost meal delivery programs for elderly or
disabled individuals who are homebound or impoverished. These meals are well
balanced, fresh or frozen, and may be modified for dietary preferences or restrictions.
The social worker is most helpful in referring patients for food support programs.
He or she can assist in enrolling qualified patients for financial services and low-
cost support programs.

13.4.3 CULTURAL FACTORS

A CGA attempts to uncover cultural preferences that can impact health and nutrition.
When assessing nutritionally at-risk or deficient older adults, it is important to
understand the cultural aspects of eating. Older individuals may be more accustomed
to certain types of food or eating patterns based on their ethnicity, geographic location
(costal, agricultural), and personal beliefs (vegan, vegetarian). Elderly immigrants
tend to maintain dietary habits of the country of origin. Moving to a new state or
country may limit the availability and affordability of ethnic foods and cooking
styles. Institutionalization usually provides a diet consistent with the surrounding

TABLE 13.8
Potential Nutritional Support Needs

Transportation to store
Grocery shopping
Meal preparation
Cooking
Feeding
Hot/frozen meal delivery
Providing snacks or supplements
Mealtime visits
Weight monitoring
Nutritional/dietary counseling
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geographic/ethnic demography and may not be desirable to some individuals. A
culturally sensitive caregiver or cook may be needed to prepare meals or meet the
dietary preferences of the patient.

13.4.4 SPIRITUAL FACTORS

The spiritual history should be a part of a CGA and may reveal factors that affect
nutritional health. The spiritual practices of older adults may be more nutritionally
challenging than for younger adults. Long periods of fasting can limit caloric con-
sumption and result in weight loss. Healthy older adults may tolerate fasting without
difficulty; however, frail or elderly individuals may not have the nutritional reserve
needed to avoid weight loss during this period of dietary restraint.

Avoidance of certain foods or changes in diet for religious observances may
result in less caloric intake or poorer-quality dietary substitutions. This is especially
problematic when institutionalized seniors have minimal available food alternatives
to the regularly provided meal.

13.5 CONCLUSION

Nutritional disorders are common in the older population. Chronic medical condi-
tions and geriatric syndromes frequently coexist with these nutritional disorders. It
is important to assess older adults for the presence of nutritional deficiencies,
especially in the setting of weight loss or anorexia. The use of a comprehensive
approach is especially beneficial in this population given the extent and complexity
of medical illnesses.

CGA is a specialized assessment of older adults who already have or are at risk
for developing functional disabilities, cognitive impairment, geriatric syndromes or
psychosocial deficits. The focus of CGA is functional status with the goal to promote
wellness and maintain independence. Using screening tools and an interdisciplinary
approach can assist in the evaluation of older adults who are experiencing or at risk
for nutritional decline. CGA can uncover important medical and nutritional condi-
tions that may otherwise be undetected.
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14.1 INTRODUCTION

The World Health Organization (WHO) European Region includes 52 member states
with 879 million people.1 It covers a wide spectrum of cultures and societies with
different ethnic and religious backgrounds, different economic and health situations.
During the last decades, in many of these countries changes in health status and
disease patterns occurred with increasing economic wealth, followed by demo-
graphic changes. Life expectancy, for example, increased in the 25 countries of
today’s European Union (EU-25) by nearly 3 years during the last 10 decades. In
2002, it amounted to 75 years for men and 81 years for women, and thus was higher
than that in the U.S. but lower than that in Japan or Canada.2 The proportion of
people age 65 years or older also increased and is expected to double between 1995
and 2050. It presently ranges from 11% in Ireland and Slowakia to 19% in Italy and
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Greece and is anticipated to be more than 20% in 2015 in Italy, Greece, Germany,
Finland, and Sweden. In the EU-25 more than 86 million people and in the WHO
European Region more than 135 million people will then be older than 65 years.1

14.2 NUTRITIONAL INTAKE AND NUTRITIONAL 
STATUS IN THE ELDERLY

14.2.1 INDEPENDENTLY LIVING ELDERLY

According to great cultural, economic, and health differences, the nutritional habits
and status and the food pattern of elderly Europeans show broad variations.

The most comprehensive information about the nutritional situation of indepen-
dently living elderly people in Europe originates from the Survey in Europe of
Nutrition in the Elderly, a Concerted Action (SENECA) study.3,4 This study was
designed to assess regional or cross-cultural differences in nutrition, lifestyle, health,
and performance in elderly Europeans. It started in 1988 in 19 traditional towns in
12 European countries with 2586 participants born between 1913 and 1918. In a
first follow-up in 1993, about 1125 subjects from 13 towns took part, and in the
SENECA finale in 1999, around a quarter of the original study population (n = 627)
could be reassessed. Participating countries were Belgiuim, Denmark, France,
Greece, Hungary, Italy, the Netherlands, Norway, Poland, Portugal, Spain, and Swit-
zerland. Data were assessed in a uniform standardized manner.

14.2.1.1 Dietary Intake

For all dietary components, great variation between the 18 SENECA towns is
reported. Using a modified dietary history method, including a 3-day estimated
record and a food frequency list for dietary assessment, energy intakes between 7.6
MJ/day in central France and 11.8 MJ/day in Poland were observed in men, and
between 6.0 MJ/day in Portugal and 10.1 MJ/day in Poland in women.5 Five years
later, the same picture was evident in the surviving participants: for men, mean
intakes between 7.9 and 12.1 MJ/day are reported, and for women between 6.3 and
10.2 MJ/day. For both sexes, intakes were lowest in Yverdon, Switzerland, and
highest in Marki, Poland.6

In several other nationwide studies, for example, in Finland,7 the Netherlands,8

Germany,9 and Great Britain,10 energy intakes were generally in the same magnitude.
Regarding nutrients, there also was an enormous variability between different

centers and even within most research sites. Variability in intake was particularly
evident for vitamins A and C. In general, the lowest median intakes were above the
lowest European Recommended Dietary Intake (ERDI); exceptions were vitamin B2

(lowest ERDI, 1.0 mg/day), vitamin A (lowest ERDI, 700 µg retinol equivalents/day),
and iron (lowest ERDI, 8 mg/day).11 In some towns, considerable proportions of
elderly men and women failed to meet the lowest ERDI for vitamins C, B1, and B2,
calcium, and iron. This suggests that in some towns a considerable percentage might
be at risk of vitamin or mineral deficiency.
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In a recent German nationwide nutrition survey for the elderly, median intake
was well above the recommended amount for all nutrients except dietary fiber,
calcium, vitamin D, and folate, where 38, 35, 75, and 37%, respectively, did not
reach two thirds of the recommended amount.9 In several other studies, low intakes
of these nutrients are also reported.12–18 In addition, dietary intake of vitamins B6

19,20

and B2
13,18,20 is repeatedly reported to be inadequate.

14.2.1.2 Food and Meal Pattern

Not only energy and nutrient intake but also food and meal patterns are clearly
different beween European countries. As for younger adults, the food pattern in
southern countries is characterized by high intakes of grain, vegetables, fruit, lean
meat, and olive oil. In northern countries a high consumption of milk products is
typical, and Polish elderly, for example, consume great amounts of meat products.21

Concerning fruit and vegetable consumption, a clear north–south difference was
apparent in the SENECA study. In northern towns only about 10% of men and
women recorded five or more servings per day, whereas in southern towns about
one third did so. Differences between men and women were generally small; how-
ever, a constant trend could be noted that men recorded fewer servings of fruits and
vegetables than women.22

The number of meals eaten per day ranges from six in Denmark to three in the
south of France. In the south of Europe the cooked meal seems to mediate the
beneficial effects of the Mediterranean diet.23 Also, meal size is much different
between northern and southern European countries, with a higher calorie intake
around noon in the second group.

14.2.1.3 Nutritional Status

Regarding nutritional status, again great variation across Europe is reported. In the
SENECA baseline study mean BMI values varied from 24.4 ± 3.8 to 30.3 ± 5.2
kg/m2 among men and from 23.9 ± 3.6 to 30.5 ± 5.1 kg/m2 among women age 70
to 75 years—with the lowest mean values reported from Norway (men) and central
France (women) and the highest from central Italy (men and women) and Poland
(women).24

Underweight—defined as BMI of <20 kg/m2—was only occasionally reported
in the SENECA study. At baseline, 5% of men and 6% of women were affected,
with the highest prevalence for men in Hungary (15%) and Norway (13%) and for
women in central France (17%) and on Crete (14%).24 Ten years later, 4% of male
and 7% of female surviving participants (now between 80 and 85 years of age) were
underweight.25

Overweight, in contrast, was widespread. Over all study centers, in 1989 18% of
men and 28% of women showed BMI values of ≥30 kg/m2. In some towns more than
40% of the participants were overweight. The highest prevalence was observed in
central Italy (43% of men, 56% of women) and Poland (41% of men, 54% of women).24

In a German random sample of 1550 elderly men and women stratified in three
age groups (65 to 74, 75 to 84, 85+ years) 2% of male and 6% of female participants
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were underweight and 13 and 18%, respectively, were obese. With increasing age,
the prevalence of underweight significantly increased in both sexes, while the prev-
alence of overweight decreased.26

In a recent project gathering information about nutrition and lifestyle of elderly
people in the Baltic, central, and eastern regions of the European Community, in
these countries less than 10% of men and women were affected from undernutrition,
whereas overnutrition was reported in several countries and age groups in more than
30%. Women seem to be generally more often afflicted with obesity than men.27

14.2.2 INSTITUTIONALIZED ELDERLY

In contrast to healthy free-living persons, elderly subjects suffering from multiple
acute and chronic illnesses are often undernourished. Among the elderly admitted
to the hospital, malnutrition is widespread and one of the most frequent and serious
attendant symptoms. Prevalence figures up to 65% have been reported, depending
on the patient characteristics and method used.28–33

In a recent multicenter study in Germany, the German Hospital Malnutrition
Study, with around 2000 patients older than 18 years, the prevalence of malnutrition
assessed by Subjective Global Assessment (SGA) was 27% in the total study pop-
ulation and clearly increased with age. By far the highest prevalence of malnutrition
was observed in geriatric patients: 56% of 306 patients age 75 years or older from
3 geriatric departments were judged to be malnourished.34

This proportion is in accordance with other studies in Europe using the SGA,
where 45,35 48,36 and 56%37 of geriatric patients were found to be malnourished.

In European long-term-care facilities several studies have shown a wide variation
of malnutrition using the Mini-Nutritional Assessment (MNA) for nutritional assess-
ment (Table 14.1).

The most comprehensive of these surveys was performed by Suominen et al.,45

who studied malnutrition and associated factors among all aged residents living in

TABLE 14.1
Prevalence of Malnutrition (MNA < 17) and Risk of Malnutrition (MNA = 17 
to 23.5) in Nursing Homes

First Author (year) Country n Age (year) MNA < 17
MNA = 17 

to 23.5

Baldelli (2004)38 Italy 352 81 ± 8 38% 55%
Compan (1999)39 France 423 83 ± 10 25% 50%
Gerber (2003)40 Switzerland 78 86 ± 6 15% 58%
Griep (2000)41 Belgium 81 83 ± 7 2% 37%
Lamy (1998)42 Switzerland 120 81 ± 8 6% 57%
Ruiz-Lopez (2003)43 Spain 89 72–98 8% 62%
Salva (1999)44 Sweden 87 80 ± 9 6% 47%
Suominen (2005)45 Finland 2114 82 ± 9 29% 60%

Note: * indicates mean.
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nursing homes in Helsinki, Finland. According to the MNA, one third of the 2114
residents (mean age, 82 years) suffered from malnutrition and 60% were at risk. In
a logistic regression analysis malnutrition was associated with impaired functioning,
swallowing difficulties, dementia, constipation, and eating less than half of the
offered portion.

In a Swedish study, the nutritional status in institutionalized elderly in different
settings was studied: service flat, old people’s homes, group living for the demented,
and nursing home. With increasing dependence and need for assistance, nutritional
status worsened. The prevalence of malnutrition (MNA <17) increased from 21%
in service flats up to 71% in nursing homes.46

14.3 DIAGNOSING UNDERNUTRITION IN EUROPE

The practice of diagnosing undernutrition in the elderly varies considerably across
the European countries. It also differs greatly between institutions caring for geriatric
patients. In many European countries, resources have not been available for the
diagnosis and treatment of nutrition-related diseases to an extent necessary to develop
successful strategies. Therefore, screening and assessment tools have to be quick
and practical. Otherwise, they will not be used in daily routine. This holds true for
all settings.

In 2003, the Council of Europe passed a resolution on food and nutritional care
in hospitals. It pointed to an “unacceptable number of undernourished hospital
patients in Europe,” which is especially true for the population of geriatric patients.
The council mentioned that “undernutrition of hospital patients leads to extended
hospital stays, prolonged rehabilitation, diminished quality of life and unnecessary
costs to health care.” Furthermore, it declared the “access to a safe and healthy
variety of food a fundamental human right.” The effects of proper food service and
nutritional care in hospitals on the recovery of patients and their quality of life were
regarded as beneficial.

Based on these assumptions, the governments of the member states were rec-
ommended, among other aspects:

a. To draw up and implement national recommendations on food and nutri-
tional care in hospitals, including nutritional assessment and treatment

b. To promote the implementation and take steps toward the application of
principles and measures concerning nutritional assesment and treatment
in hospitals

c. To ensure the widest possible dissemination of this resolution among all
parties concerned

Three years later some important steps were taken toward the realization of some
of these aspects, but in most European countries the recommendations of the Council
of Europe have not been put in practice yet.

Bearing in mind that the highest prevalence rate of undernutrition is constantly
observed among geriatric hospital patients, the resolution is of special importance
for all those involved in the nutritional care for the elderly in this setting.
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The knowledge about individual parameters reflecting a person’s nutritional sta-
tus, like oral intake, weight loss, absolute weight, anthropometric data, and hepatic
plasma proteins, is widely spread over all European countries. National and interna-
tional societies as well as international publications have helped to bring forward the
most important facts on this topic. The general European opinion on most of these
items should not be different from the way things are seen in the U.S. or elsewhere.

When evaluating the nutritional status in an elderly person it is necessary not to
concentrate on a single parameter but to get a broader view combining the available
information on energy stores (fat mass), muscle mass, micronutrient deficiencies,
and disease-related weight loss.47 For simple diagnosis of undernutrition in the
elderly, a BMI below 22 kg/m2, weight loss (>5% in 3 months, >10% in 6 months),
oral energy intake, and disease-related energy requirements are essential.

Among the anthropometric measurements, calf circumference may be regarded
as very valuable because it is significantly associated with an individual’s muscle
mass and functionality.48,49

With regard to anthropometric parameters for exact interpretation, the ethnic
diversity within Europe should be considered. At present, study data reflecting this
heterogenity, especially for the elderly population, are lacking.

Furthermore, no single parameter will allow the diagnosis of undernutrition in
the elderly with sufficient sensitivity and specificity. In a recent study from Sweden
that used a BMI of <22 kg/m2 or weight loss of >5% of body weight as a criterion
for malnutrition in patients at risk, no association between malnutrition and length
of stay, discharge destination, or aid from the social welfare system could be dem-
onstrated.50 More specific assessments may be necessary. Therefore, it has been a
logical aim to establish a screening and assessment tool that combines the answers
to several key questions with a number of measurements.

In Europe the most established tools for application in the elderly are the Mini-
Nutritonal Assessment (MNA), the Nutritional Risk Screening 2002 (NRS 2002),
and the Subjective Global Assessment (SGA).

On a scientific level, no universally accepted tool has been implemented up to
now with regard to the screening and assessment of undernutrition in the elderly.

In 2003, the European Society for Clinical Nutrition and Metabolism (ESPEN)
published guidelines for nutrition screening.51 They include a set of standards that
are applicable for general use within the present healthcare resources. The key
concepts of these guidelines will be outlined below.

According to ESPEN, the purpose of nutrition screening is to predict not only
the probability of a better or worse outcome due to nutritional factors, but also, if
not even more important, whether nutritional treatment is likely to influence this.
Outcome has to be assessed with regard to the improvement or prevention of dete-
rioration in mental and physical function, reduced number or severity of complica-
tions, accelerated recovery, and reduced consumption of resources.

In this context, the authors stress the importance of predicitve validity for the
screening tools. The screened individual who has been tested as malnourished or at
risk must have a high probability to benefit from measures taken on the basis of the
test result. According to ESPEN, the tests also should be practical and offer a high
reliability. Each institution where nutrition screening is routinely undertaken should
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produce a standard care plan for the malnourished and those at risk, which reflects
local resources and which offers individual adaptability. Monitoring the outcome
should be part of the whole process.51

The typical ESPEN screening tool should include three to four essential com-
ponents:

• Description of the present condition (e.g., BMI)
• Description of the stability of the condition (weight loss)
• Probability of deterioration of the condition (oral intake)
• Influence of disease processes on the condition (especially in hospitals)

The Malnutrition Universal Screening Tool (MUST) (Figure 14.1) and NRS
2002 (Figure 14.2) are highly based on these assumptions.

The measurement of weight and height in sick elderly persons may be difficult.
Therefore, a screening tool not relying on these measurements may be advantageous.
The MUST was originally developed by the British Association for Parenteral and
Enteral Nutrition (BAPEN) for use in the community.52 It includes three clinical
parameters and rates each parameter as 0, 1, or 2 as follows: BMI of >20 kg/m2 =
0, 18.5 to 20.0 kg/m2 = 1, <18.5 kg/m2 = 2; weight loss of <5% = 0, 5 to 10% = 1,

FIGURE 14.1 Malnutrition Universal Screening Tool (MUST) for adults.

(i) BMI (kg/m2)

0 ≥ 20.0

1 = 18.5–20.0

2 ≤ 18.5

(ii) Weight loss in 3–6 months

0 ≤ 5%

1 = 5–10%

2 ≥ 10%

(iii) Acute disease effect
Add a score of 2 if there has

been or is likely to be no or

nutritional intake for >5 days

Add scores

0
Low

1
Medium

2 or  more
High

Routine Clinical Care Observe Treat

Repeat screening
Hospital — every week
Care Homes — every month
Community — every year for
special groups, e.g. those >75 y

Hospital — document dietary and
fluid intake for 3 days
Care Homes (as for hospital)
Community — Repeat screening,
e.g., from <1 mo. to >6 mo. (with
dietary advice if necessary)

Hospital — refer to dietitian or
implement local policies.
Generally food first followed by
food fortification and supplements
Care Homes (as for hospital)
Community (as for hospital)

Overall Risk of Undernutrition
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>10% = 2; acute disease: absent = 0, present = 2. Overall risk of malnutrition is
established as follows: 0 = low risk, 1 = medium risk, 2 = high risk. The MUST
can be adapted for special circumstances (e.g., when weight and height cannot be
measured) using alternative measurements (recalled height or weight, knee height),
including subjective criteria. It has a high degree of reliability (low interobserver
variation) with  = 0.88 to 1.00. Recently several studies have been published
showing its successful application in hospital patients.53 Furthermore, Stratton and
coworkers tested it in acutely ill elderly. In this study, all included patients could
be screened by the MUST.54 It was regarded as easy to use and took approximately
3 to 5 min per patients. They found that 58% of their patients were at malnutrition
risk and that these individuals had greater mortality and longer hospital stays. They
also showed an even higher prevalence rate for malnutrition and an associated
poorer outcome in those that could not be weighed (56% of the patients) or whose
height could not be measured.

FIGURE 14.2 National Risk Screening (NRS 2002).
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The Nutritional Risk Screening (NRS 2002) was originally designed for applica-
tion in hospitals.55 It is based on the concept that nutritional support is indicated in
patients who have increased energy requirements as a consequence of severe acute or
chronic disease, or who are severely undernourished, or who have certain degrees of
acute or chronic disease in combination with certain degrees of undernutrition. The
scale for severity of disease and undernutrition is based on the data from a selected
number of randomized controlled trials and has been converted to a numeric score.
The NRS 2002 is composed of a small screening part consisting of four questions
(BMI, loss of weight, oral intake, stress). If one of these questions is answered yes,
one is to proceed to the second part, which consists of two components. The first one
graduates malnutrition with the help of BMI, weight loss, and oral intake; the second
one reflects disease severity. One point is added to the score for age above 70.

In a retrospective evaluation the NRS 2002 was able to distinguish between trials
with a positive effect and those with no effect of nutritional support on clinical
outcome. This result was clearer for studies involving enteral nutrition than for trials
testing the effect of parenteral nutrition. According to the authors, the NRS 2002
can identify patients who are likely to benefit from nutritional support. In a study
by Johansen and coworkers, the NRS 2002 could be applied successfully in 99% of
patients. The interobserver variability between a physician, a nurse, and a dietitian
was tested to have  = 0.67. Possibly there may have been some discrepancies with
regard to the classification of the severity of the patients’ acute or chronic diseases.56

The Mini-Nutritional Assessment (MNA) has been assigned to be an ESPEN
screening tool for the elderly. It will be a valuable instrument for application in the
frail elderly who are on the edge of dependence and can cooperate in the completion
of the tool. In nursing home inhabitants and in geriatric hospital patients the MNA
often may not be applicable. Problems are obvious with regard to the demented and
aphasic elderly. Patients with a PEG are not suitable for screening with the MNA
at all. Similiar difficulties are present in severely ill geriatric patients in hospitals.
In one study from Germany, the MNA could be completed only in 66.1% of partic-
ipants.35 Another large study from a geriatric clinic in Geneva, Switzerland, supports
this view.57 In the Swiss geriatric patients, mortality was significantly higher in those
who were not tested by the MNA, probably because sicker patients were not sub-
mitted to the MNA.

In another Swiss study, the correlations of the NRS 2002 and the MUST with
anthropometric and body composition parameters in geriatric hospital patients were
slightly higher than those for the SGA. Furthermore, a significant association
between nutritional status according to NRS 2002 or MUST and length of stay could
be shown in this population.53 This association was stronger for the NRS 2002, which
therefore may be regarded as superior in the hospital setting.

In summary, the applicability of the MNA may be limited under certain circum-
stances. The MUST for the community setting or the NRS 2002 for nursing homes and
hospitals may be valuable alternatives. The ease of their application supports this view.

With regard to the decision to use a certain malnutrition screening tool it has to
be taken into account whether it is to be used for scientific or practical purposes.
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Randomized controlled trials that test the effects of screening and assessment on
the success of associated care plans in elderly patients with malnutrition are lacking.

In future intervention studies, it will be necessary to characterize the study
population by parameters or instruments that are well known and established. Here
the restriction to the above-mentioned screening tools may be helpful. The ever-
increasing number of new screening instruments will make the comparison of study
populations difficult.

Among the technical methods that may be used for the analysis of body com-
position, bioelectrical impedance analysis is the most widely known in Europe.58

Bioelectrical impedance analysis (BIA) is considered to be a simple, fast, and
noninvasive bedside technique. Nevertheless, it is not routine practice in most insti-
tutions or among community practitioners, even for those who are interested in
nutrition. Among the data generated by the bioelectrical analysis, the phase angle
has been regarded to be the most useful parameter. It has been shown that it is
associated with outcome in different chronic diseases with accompanying malnutri-
tion. But still there is some debate about the correct interpretation of data in the
elderly. Comorbidity and instability of fluid balance reduce the reliability of BIA,
especially in the elderly. Only recently have reference values for the elderly in Europe
been published.59 At present, bioelectrical impedance analysis will be a useful and
reliable method only in the hands of experts.

14.4 UNDERNUTRITION AND THE ESPEN 
GUIDELINES ON ENTERAL NUTRITION: 
GERIATRICS

In spring 2006, the ESPEN Guidelines on Enteral Nutrition were published.60 In
comparison with the ASPEN guidelines,61 they address the issues of nutrition in the
elderly population in a more detailed fashion. The expert group also commented on
the indication of enteral nutrition in patients with undernutrition. For them, under-
nutrition and the risk of undernutrition represent essential and independent indica-
tions for enteral nutrition in geriatric patients. Oral nutritional supplements are
recommended in order to increase energy, protein, and micronutrient intake, maintain
or improve nutritional status, and improve survival in patients who are undernour-
ished or at risk of undernutrition (Class A recommendation). Oral nutritional sup-
plementation or tube feeding is recommended early in patients at nutritional risk
(e.g., insufficient nutritional intake, unintended weight loss of >5% in 3 months or
>10% in 6 months, BMI <20 kg/m2) (Class B recommendation). These recommen-
dations are to a large extent based on the Cochrane analysis of Milne et al. from
2005.62 In another section the ESPEN expert group also comments on the indication
of enteral nutrition in frail elderly. Oral nutritional supplements are recommended
in order to improve or maintain nutritional status (Class A recommendation). Fur-
thermore, the elderly may benefit from tube feeding as long as they are not in a
terminal phase of illness. Tube feeding is therefore recommended early in case of
nutritional risk (Class B recommendation), where normal food intake is insufficient.
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Tube feeding is explicitly not recommended in frail elderly who have progressed to
an irreversible final stage.

14.5 PERSPECTIVES ON THE AWARENESS
OF MALNUTRITION IN THE ELDERLY
AND ON NUTRITIONAL INTERVENTION

As far as our experience goes, awareness of nutritional problems in daily routine is
generally low. It can be argued that several options in nutritional care are underused,
and thus there is a potential for improvement of nutritional care. Guidelines for the
special needs of the elderly should be developed and implemented. Nutritional
screening and assessment should become routine procedures followed by adequate
nutritional interventions.

In some of the European countries special initiatives concentrating on the prob-
lem of malnutrition in the elderly have been started. For example, the German Allianz
gegen Mangelernährung may be mentioned. Here experts aim to raise public aware-
ness of the problem with the help of public relation networks. In France, the National
Nutrition-Health Program deals in part with the diagnosis and treatment of malnu-
trition in the elderly.

On the expert level, it may be stated that in several studies various interventions
to improve the nutritional situation in nursing homes and hospitals have been tested,
for example, improvement of meal ambience,63,64 energy-dense food,65 or nutritional
supplements.62,66 However, there is still a need for more studies showing whether
and which nutritional interventions may improve nutritional status and outcome
among the European elderly who have overt malnutrition or are at risk.
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15.1 INTRODUCTION

 

Oral health is an integral part of health, nutrition, and quality of life for the elderly
population. The prevalence and severity of oral health problems are assumed to be
underestimated among older adults. This is compounded with inadequate oral health
care in some institutional settings and lack of dental insurance.
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Oral health and nutrition have a synergistic relationship. Oral infectious diseases,
as well as acute, chronic, and terminal systemic diseases with oral manifestations,
impact the functional ability to eat as well as diet and nutritional status. Oral problems
may lead to chronic pain, discomfort, and subsequently poor diet.

 

2

 

 Likewise, nutri-
tion and diet may affect the development and integrity of the oral cavity as well as
the progression of oral diseases.

 

3

 

According to the Surgeon General’s report 

 

Oral Health in America

 

, diet and
nutrition are major multifactorial environmental factors in the etiology and patho-
genesis of craniofacial diseases and disorders. This report noted that elders are at
particularly high risk for oral health problems, and poor oral health in seniors has
been linked to general systemic health risks such as cardiovascular disease, stroke,
poor nutrition, and respiratory infection.

 

4

 

The possible association between oral conditions and systemic diseases involves
different mediator factors, such as infection, chronic inflammation, and genetic
predisposition to oral and systemic disease. Nutrition has also been proposed as a
mediator. The presence and severity of many oral conditions may correlate to nutrient
intake and nutritional status.

 

5

 

Since 1900, the percentage of Americans age 65 and over has more than tripled.
A greater number of elderly are also retaining their natural teeth. Older adults report
more primary health care provider visits annually than dental visits, which are often
not covered by health insurance for seniors. Elderly individuals who have their
natural teeth then remain at risk for oral disease and disability.

 

6

 

Numerous studies have found that fewer remaining teeth, edentulism, poorer
masticatory function caries, and other oral problems are associated with decreased
nutrient intake.

 

7,8

 

 Selecting foods of lower nutritional quality and avoiding fiber-
containing foods are also consequences of these dental problems.

 

9

 

15.2 NORMAL FUNCTION: MOISTENING, 
MASTICATION, AND TASTING

 

Taste occurs during mastication and swallowing when chemicals in foods come in
contact with taste buds. (The sense of smell also contributes to taste perception.) Taste
buds are found on the dorsal surface of the tongue, the soft palate, pharynx, larynx,
epiglottis, uvula, and the upper third of the esophagus.

 

10

 

 Taste cells transmit signals
regarding quality (e.g., bitter) and intensity. Like olfactory receptor cells, taste cells
constantly reproduce with a life span of approximately 10 to 101 days. Taste receptor
cells are replenished continually from a basal cell stem population. Taste receptor
cells contain taste pores that are the initial site of signal transduction. Tastants must
travel through salivary secretions and mucus to reach the taste buds and interact with
the taste receptor cells. Saliva is a necessary component of taste transduction because
it plays an essential role in the transport of water-soluble tastants. These tastant
molecules may need a soluble carrier protein to reach the taste receptor. All compo-
nents of the taste signal pathway are vulnerable to disease states and malnutrition
that can impair reproduction and taste sensitivity.

 

11

 

 Taste cells can detect five primary
taste sensations: sweet, sour, salty, bitter, and umami (the taste of protein that includes
the synergistic combination of glutamates and 50 nucleotides).

 

12
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Recent reports relating aging to anatomic changes in taste yield conflicting
results.

 

13

 

 In normal healthy aging adults, just a few taste cells are loss; however,
changes in taste perception occur in older adults, both in the detection of taste
(discriminating a tastant from water) and in the recognition of the type of taste.
Older adults have more difficulty detecting salty, bitter, and less so, sweet. These
modest changes are amplified among older adults who have chronic medical condi-
tions and are taking multiple medications.

 

2

 

Very few studies have evaluated nutritional changes among people with reduced or
altered taste. No real differences have been noted in these subjects with regard to nutrient
intake. Patients with taste distortion have been more likely to report altering their intake
than people without taste distortion or patients with taste loss. One study evaluated 65
patients with dysgeusia. In this intervention, nutrient intake decreased progressively as
dysgeusia severity increased, especially for vitamins A and C and calcium.

 

5

 

Older adults have a decreased ability to identify foods based on taste; this
decrease appears to be exacerbated in conditions of malnutrition and cachexia.

 

14

 

Oral conditions also may interfere with taste. These conditions may be a result of
the aging process or secondary to systemic problems and treatments like medications,
radiotherapy, and chemotherapy (Box 15.1).

 

Box 15.1 Oral Factors Associated with Altered Taste Disorders in the Elderly

 

Conditions Therapy

 

Mucosal trauma Anesthetic
Soft tissue lesions Dentures
Caries and periodontal disease Oral mouth rinses, gels, tooth paste
Xerostomia Medications
Oral candidiasis Oral galvanism (dental material interactions)
Oral liquen planus Chemotherapy
Burning mouth syndrome Radiation therapy (head and neck)
Dentoalveolar infections Cancer surgery
Tooth loss

 

Impaired chewing

Tooth loss is a frequent finding in older individuals and may affect diet selection,
chewing, and swallowing, which are involved in taste. Replacement of lost teeth
with a removable prosthesis may result in decline in masticatory function. Taste
cells and dentures that cover the palate have been reported to alter flavor and
recognition thresholds.

 

2

 

The number and distribution of teeth influence the ease of chewing, as does the
functional capacity of complete or partial dentures. Chewing with conventionally
retained dentures can be a very complex action, where the prostheses are controlled
by the oral musculature and the forces of adhesion and cohesion holding them in
place against the edentulous mucosa. The food itself will act as a destabilizing
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influence in this process as forces are applied eccentrically to the dentures, unless
the bolus can be manipulated such that chewing occurs simultaneously on the right
and left sides. These effects are only made worse in someone with impaired salivary
output in whom denture stability and tolerance will also be reduced.

Changes in taste carry several nutritional implications. Decreased perception of
salty qualities has been associated with an increased preference for salt. For indi-
viduals with hypertension, this loss in salt perception may make it difficult to adhere
to a low-salt diet.

 

2

 

 Likewise, changes in sweet taste perception may make older
adults with diabetes more prone to consume excess sucrose. Studies in healthy older
adults, however, have not shown a clear relationship between a decline in taste
sensitivity and food intake. Other influences, such as habit and beliefs about food
intake, may mask this relationship.

 

15

 

15.3 ORAL CONDITIONS

15.3.1 R

 

OOT

 

 C

 

ARIES

 

Dental caries is a major cause of tooth loss in the U.S. Almost 80% of young adults
and approximately 95% of older adults have experienced dental decay.

 

16

 

Nearly one third of adults in the U.S. who are 65 years of age or older have
untreated dental caries. Decay in aging is often seen around restorations, at the
gingival margin, and on the root following exposure after receding gums (gingival
recession).

 

17

 

 In a 1998 study, it was found that the average 75-year-old had only 15
natural teeth.

 

18

 

 The most important reason for tooth loss is dental caries, and there
is more untreated decay in older adults, particularly in men, than in younger people.

 

19

 

Root caries are progressive lesions limited to the root surface or involving the
undermining of the cement–enamel junction (edge between dental crown and root),

 

TABLE 15.1
Oral Conditions in Older Population

 

Edentulous 33% of older American are edentulous
Periodontal disease 23% of adults between 65 and 74 years old have periodontitis
Oral and pharyngeal cancer 30,000 cases are diagnosed annually, primarily in the elderly

 

Mucosal diseases

 

Candidiasis 3.6% of full denture wearers have candidiasis (the majority of them are old)
Denture stomatitis 25% of people have two full dentures

32% of people have one full denture
26% of people have partial dentures
(the majority of people who use dentures are old)

Xerostomia Most old Americans take medications; at least one of the medications has 
an oral side effect (usually xerostomia)

 

Source: U.S. Department of Health and Human Services, National Institute of Dental and Craniofacial
Research, National Institutes of Health, 

 

Oral Health in America: A Report of the Surgeon General

 

,
Rockville, MD, 2000.
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but they are clinically indicated to be initiated on the root surface. Gum recession
and other risk factors for root caries, like xerostomia (dry mouth), poor oral hygiene,
wearing partial dentures, or cleaning the dentures inappropriately, are more common
in old age.

 

20,21

 

 There is also a strong relationship between past root caries experience
and the development of new lesions, and a weaker association between coronal decay
history and root caries. Restoring the cavities caused by root caries is often difficult
because of the position of the decay at the gingival margin, and extensive root caries
can easily result in loss of the tooth.

Diet has a direct influence on the progression of tooth decay. There are strong
links between sugars in the diet and caries in younger people. The frequency of
intake of sugars, particularly added refined sugars, is most closely linked to decay
experience. Among older people, this association remains strong for root caries. One
of the risks for root caries is the higher pH for demineralization of enamel (crown)
as compared to exposed dentin (root). The same level of sugar exposure that may
not cause a problem in younger subjects may do so in older individuals, particularly
if compounded by dry mouth or altered levels of salivary function.

 

21

 

Improving dental hygiene through tooth brushing with fluoride toothpaste, floss-
ing, and professional topical application of fluoride gel can have good results in
preventing or detaining root caries.

 

15.3.2 L

 

ESIONS

 

 

 

IN

 

 O

 

RAL

 

 M

 

UCOSA

 

Nutritional deficiency in the elderly may result in alterations in oral mucosal integrity,
exacerbating age-associated changes in the oral tissue. The micronutrients most
commonly associated with mucosal lesions include vitamin B12, iron, and folate,
which may cause aphthous stomatitis, characterized by painful recurring ulcerations.
Besides their effects on the oral mucosa, such deficiency is also associated with

 

Candida albicans

 

 infection.
One of the first organs to react to vitamin inadequacies is the oral cavity, possibly

because of the rapid rate of cell renewal of the mucous membrane. For example,
vitamin C deficiency (scurvy) leads to an increased capillary fragility with bleeding
gums, edematous, and ulcerated gingival tissue and delayed wound healing. Folate
deficiency may be accompanied by red or pale smooth tongue and vitamin A defi-
ciency by keratosis of the mucosa. Oral lesions like glossitis and glossopyritis
(inflammation of or a burning sensation in the tongue) can be from a lack of B-
group vitamins. Even though a vitamin deficit has to be severe for oral manifestations
to appear, when they occur and persist for a long time, they can affect dental health.

 

22

 

15.3.3 O

 

RAL

 

 C

 

ANDIDIASIS

 

Candidiasis is a frequent oral mucosal infection in the elderly. This condition is very
common in older adults because they are often edentulous and wear partial or
complete dentures. In the past, this disease was considered to only be an opportunistic
infection, affecting individuals who suffered another disease. Now it is recognized
that oral candidiasis may develop in healthy people.

Salivary flow is a local factor that limits proliferation of 

 

C. albicans

 

. Due to a
reduced salivary flow, oral candida infections are seen more frequently in patients
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with xerostomia (dry mouth). Other predisposing factors, such as mouth breathing,
recent use of antibiotics, topical or systemic immunosuppressant drugs, and general
debilitation caused by underlying systemic disease, are often present in the elderly.

 

23

 

Candidiasis is often accompanied by symptoms of burning and soreness in the
mouth and increased sensitivity to acidic and spicy foods. Several different presen-
tations of oral candidiasis can be encountered. One of the most common forms of
this lesion in older patients is 

 

denture stomatitis (chronic atrophic candidiasis)

 

,
which is caused by continuous wearing of ill-fitting or inadequately cleaned dental
appliances.

 

2

 

 This condition is characterized by varying degrees of erythema, some-
times accompanied by petechial hemorrhage localized to the denture-bearing areas
of a maxillary removable dental prosthesis.

 

24

 

 Dentures should not be worn overnight
but instead be immersed in a dilute hypochlorite solution. Topical antifungal agents
like miconazole 2% in gel may be applied to the fitting surface of the upper denture.

Other presentations of this oral infection may be observed. 

 

Pseudomembranous
candidiasis

 

 presents as a whitish plaque that, when removed, leaves a superficially
denuded mucosal surface. It may occur anywhere in the oral cavity and it may be
asymptomatic. On other occasions, patients may complain of taste alteration or
burning sensation.

 

 Erythematous (atrophic) candidiasisis

 

 is characterized by a
subtle smooth red patch. This change is often difficult to detect on a mucosal surface
that is already somewhat red.

 

 Hyperplastic candidiasis 

 

presents as a thickened
white patch that cannot be removed and may be symptomatic or asymptomatic.

Therapy for oral candidiasis may include the use of topical and systemic antifungal
medications such as nystatin oral suspension, clotrimazole, amphotericin B oral suspen-
sion, and fluconazole tablets. Clorhexidine gluconate has been reported to have some
antifungal properties, but this agent is best used for prevention rather than treatment.

 

24,25

 

15.3.4 A

 

NGULAR

 

 C

 

HEILITIS

 

Angular cheilitis is a condition characterized by erythema and deep splits at the
corners of the mouth. If severe, the splits or cracks may bleed when the mouth is
opened and a shallow ulcer or a crust may form. This condition may be seen as a
component of chronic candidiasis. Often it occurs alone, typically in elderly patients
with a reduced vertical dimension of occlusion and pronounced folds at the corners
of the mouth. These areas are usually moist because saliva tends to pool there and
promote a micotic infection. Some cases are caused by 

 

C. albicans

 

 alone, but most
are associated with both 

 

C. albicans 

 

and 

 

Staphylococcus aureus

 

.

 

 

 

Other common
causes of this condition are vitamin B and iron deficiency.

 

24,26

 

Patients exhibiting this condition are usually very symptomatic with local sore-
ness, tenderness, pain, or burning. Treatment depends on the cause and can include
lip lubrication, antifungal and antibiotic medications, vitamins, and new dentures
for patients using old dentures in which the vertical dimension has been reduced
owing to excessive wear of the teeth.

 

15.3.5 R

 

ECURRENT

 

 A

 

PTHOUS

 

 U

 

LCERATION

 

Recurrent apthous ulcers are one of the most common oral mucosal findings. The
prevalence of this condition ranges from 10 to 50% depending on the study population.

 

27
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The hypotheses for the pathogenesis of this lesion are numerous. Different subgroups
of patients appear to have different causes for the occurrence of apthae. Trauma, aller-
gies, nutritional deficiencies, hormonal influences, hematologic abnormalities, infec-
tious agents, and stress are the most commons factors associated with these lesions.

This condition has been implicated with ulcerative colitis, Crohn’s disease, celiac
disease, and numerous vitamin deficiencies that may or may not be associated with
a malabsorption disorder.

 

27

 

 Gastrointestinal disorders should be considered possible
etiologic agents in patients with persistent apthae or recurrent apthous ulcerations
exhibiting a high rate of recurrence.

 

28

 

 An increased prevalence of apthous-like
ulcerations has been noted with many systemic diseases.

 

24

 

Apthous ulcers appear as shallow and round with a surrounding band of
erythema. These lesions often cause inadequate nutrition because patients feel very
uncomfortable eating, particularly with spicy, salty, or sour foods. Most apthous
ulcers heal without scarring in 10 to 14 days.

In patients with mild ulcerations, the therapy is topical corticosteroids. Major apthous
lesions are more resistant to treatment and warrant more potent intralesional corticoster-
oids, such as triamcinolone 0.025% or clobetasol propionate 0.05% in orabase paste.

 

15.3.6 A

 

TROPHIC

 

 G

 

LOSSITIS

 

Atrophic glossitis is characterized by painful burning tongue, inflammation, and defo-
liation. The loss of filiform papillae produces an erythematous and granular-appearing
tongue, and the eventual complete atrophy of papillae produces a smooth tongue.

This condition is common in elderly patients and is considered to be a marker of
nutritional deficiency. Atrophic glossitis has been associated with lack of vitamins or
folic acid deficiency, but vitamin substitution does not always improve this disease.

 

23

 

In 2000, Bohmer and Mowe conducted a study to examine the relationship
between atrophic glossitis and the nutritional status in elderly people. They evaluated
310 patients recently admitted to the hospital and 106 randomly selected subjects
at home. It was found that atrophic glossitis occurred in 13.2% of men and 5.6% of
women at home and in 26.6% of men and 37% of women in the hospital. The
condition was related to weight loss, body mass index, triceps skinfold thickness,
arm muscle circumference, muscular strength, and concentrations of ascorbic acid
and cholesterol. It was concluded that this condition is common in the elderly and
is a marker for malnutrition and reduced muscle function.

 

29

 

In some older patients, more than one nutrient may be deficient. Studies have
found that atrophic glossitis has been related to protein-calorie malnutrition and also
to low levels of vitamins C and D. Nutrients with a short half-life (e.g., vitamin C
and the B vitamins) could be reduced long before the concentration of serum albumin
is reduced and before deficiencies of lipid-soluble vitamins as A and D have devel-
oped. One or more factors might inhibit normal tongue development.

 

29

 

15.3.7 B

 

URNING

 

 M

 

OUTH

 

 S

 

YNDROME

 

 (S

 

TOMATOPYROSIS

 

)

 

Burning mouth syndrome is a common dysesthesia, especially in elderly women. It
is characterized by a diffuse, dry burning sensation of the tongue, lips, and cheeks
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in the absence of clinically apparent mucosal alterations. In addition to the burning
sensation, some patients may feel pain. Different factors have been associated with
the syndrome, but none have been demonstrated. Although it has been believed that
progesterone and estrogen deficit can cause this condition, there is not a strong
correlation between such substances. Depression and anxiety states have also been
linked with burning mouth syndrome.

 

24

 

In stomatopyrosis, the tongue is the most commonly affected area. Mucosal
changes are seldom visible, but some patients show a reduced number of filiform
papillae. Patients with this condition describe altered taste and discomfort with
increasing intensity throughout the day.

 

30

 

Almost no treatment has been proven to be effective against this alteration, but
some individuals with idiopathic disease have shown improvement of their symptoms
when taking mood-altering drugs such as chlordiazepoxide.

 

24

 

15.3.8 P

 

ERIODONTAL

 

 D

 

ISEASE

 

Forty-one percent of adults in the U.S. who are over 65 years suffer from periodontal
disease.

 

31

 

 This condition is an oral infectious disease caused by bacterial plaque,
which produces inflammation of the gingiva. If the inflammatory process is allowed
to progress to involve the underlying alveolar bone and connective tissue, teeth
loosen because of the lack of support from bony and connective tissues.

The pathogenesis of periodontal disease involves the interaction between bacteria
and the host response to these bacteria. Numerous microorganisms are present in
the subgingival flora (below the gum line). Systemic influences affect the disease
and include the immune status of the host, hereditary factors, hormonal factors,
smoking, stress, and some diseases such as diabetes. These factors might affect the
severity and progression of this condition.

 

32

 

Many reports have shown a possible association between periodontal disease
and other chronic disease states, like cardiovascular disease.

 

33

 

 Although longitudinal
studies have indicated that the presence of alveolar bone loss, as a result of peri-
odontitis, increases the risk of death from cardiovascular disease, it cannot be said
that a direct relationship exists between these two conditions.

 

34

 

 To date, much of the
evidence has been based on epidemiological and historical data, including the
National Health and Nutrition Examination Survey (NHANES) III. Prospective
clinical studies in large populations are needed to identify the exact connection in
greater detail.

 

3

 

Diet, nutrition, and saliva play significant roles in the formation and maturation
of dental plaque. The volume, physiochemical, and antibacterial properties of saliva
can be affected in malnutrition states. Likewise, nutritional status has a direct influ-
ence on the synthesis and release of pro-inflammatory cytokines and their action.
Consequently, malnutrition is associated with increased needs for calories and pro-
tein to promote wound healing and an improved immune response.

Nutrient deficiencies, such as vitamin C and calcium, may compromise the sys-
temic response to inflammation and infection and alter nutrient needs. Theoretically,
vitamin C could play a role at the level of tissue repair supporting collagen and bone
formation or at the level of immune defense involving phagocytosis and chemotaxis.
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Even though some studies have demonstrated that certain populations who consume
low levels of vitamin C have significantly higher levels of periodontal disease, the
role of vitamin C in preventing destructive periodontal disease is controversial, and
there are not recommendations for supplemental doses of this vitamin.

 

35

 

Removal of the chronic inflammatory stimuli from dental plaque is indispensable
in diminishing the severity of periodontal disease. Good nutrition and dietary prac-
tices are also important in mitigating severe inflammatory periodontal lesions and
promoting healing.

 

15.3.9 O

 

STEOPOROSIS

 

 

 

AND

 

 P

 

ERIODONTAL

 

 D

 

ISEASE

 

Bone resorption and loss are common denominators for both periodontal disease
and osteoporosis. The risk factors for osteoporosis include many of those associated
with advanced periodontal disease. Since both osteoporosis and periodontitis are
resorptive diseases, it has been hypothesized that osteoporosis could be a risk factor
for the progression of periodontal disease.

 

36

 

Many cross-sectional reports using different populations and different methods
have discussed the relationship between systemic bone mineral density and oral
bone density. The data obtained from most studies appear to indicate a relationship
between the two. Findings have supported a positive association between osteoporo-
sis and periodontitis; however, a causal relationship remains to be established.
Cross-sectional studies have limitations and additional data from longitudinal stud-
ies are needed.

 

36

 

Analysis of the third National Health and Nutrition Examination Survey
(NHANES III) data demonstrated a relationship between low dietary calcium and
increased risk of periodontal disease.

 

35

 

 Numerous research studies have shown that
calcium and vitamin D deficiencies increase inflammation and bone loss. This
suggests that calcium deficiency could be a risk factor for periodontal disease.
Although studies have demonstrated associations among tooth loss, low calcium
intake, and periodontal disease, there has not been a clinical trial in which random-
ization and masking were controlled to determine the influence of calcium and
vitamin D deficiency on periodontal disease.

 

37

 

 No evidence supports recommenda-
tions for calcium intake beyond what is consistent with the Dietary Reference Intakes
(DRIs) and for the treatment of osteoporosis.

 

3

 

15.3.10 O

 

RAL

 

 C

 

ANCER

 

The most serious oral health conditions include oral and pharyngeal cancers; they
are the sixth most common cancers worldwide. Each year in the U.S. approximately
28,900 new cases are diagnosed, and the majority of these are found in older adults.
The median age at diagnosis of oral cancer is 64, and the recurrence rate rises with
increasing age.

 

2

 

 The American Cancer Society estimates about 30,900 new cases
(20,180 in men and 10,810 in women) of oral cavity and oropharyngeal cancer will
be diagnosed in the U.S. in 2006. The overall 5-year relative survival rate is 59%,
and the 10-year survival rate is 48%. African Americans have the lowest survival
rate at 34%. These survival rates have not changed much in the past 20 years.

 

38

 

3815_C015.fm  Page 257  Thursday, April 12, 2007  10:16 AM



 

258 Geriatric Nutrition

Tobacco and alcohol are the most important risk factors for oral and oropharyn-
geal cancers. Approximately 90% of people with these cancers smoke or chew
tobacco. The risk of developing these lesions increases with the amount, frequency,
and duration of the habit. Individuals with heavy alcohol consumption have six times
more risk of developing these cancers.30

The most consistent findings on the role of diet and nutrition in the etiology of
oral cancer are the positive effects of high fruit and vegetable consumption on the
carcinogenic effect from alcohol consumption. The protective value of a diet rich in
fruits and vegetables in reducing the risk of oral and pharyngeal cancers has been
demonstrated. Research has demonstrated that vitamin C, carotene, and flavonoids
found in citrus fruits and some vegetables have an inverse relationship with the
incidence of oral cancer. The American Cancer Society recommends eating a variety
of healthful foods, with an emphasis on plant sources. At least five servings of fruits
and vegetables are recommended each day, as well as servings of whole grain foods
from plant sources such as breads, cereals, and beans. It also suggested to eat fewer
red meats and to avoid processed foods or those high in fat.3

Because patients with an early stage of the disease rarely have pain or other
symptoms, detecting an early lesion is primarily dependent upon the clinician pro-
viding a comprehensive examination.1 Oral cancer is usually treated by surgery,
radiation therapy, or a combination of these treatments. The role of adjunctive
chemotherapy is not clear yet. Treatment for cancer often produces oral complica-
tions that decrease appetite and intake. Radiation therapy of the oropharyngeal area
can result in dental caries, loss of teeth, painful osteonecrosis and stomatitis, fibrosis
of the muscles of mastication, and taste changes.2 Common treatment for any type
of cancer can also cause inflammation and infection of the oral mucosa and xero-
stomia, increasing the caries risk caused by a lack of saliva. Dietary management
of this condition must include caries risk reduction measures. Surgical treatment
increases the nutrient needs for wound healing and causes alterations in masticatory
function that may permanently affect chewing and swallowing. Nutrition manage-
ment should therefore consider functional abilities, appetite, and individual nutrient
requirements.3

15.4 ORAL FUNCTION IN OLDER ADULTS

15.4.1 MUSCLES, BONE, AND TEMPOROMANDIBULAR JOINT (TMJ) 
FUNCTION

The influence of age on masticatory muscles results in a reduction of muscle mass,
the development of aponeurotic structures, a significant reduction in maximum
tension, the loss of isometric and dynamic muscle strength, and a prolongation of
the contraction time.39 The muscle mass reduction directly affects the ability to chew
food, which influences the choice of foods. The consumption of meat is often
restricted in elderly people and may lead to nutritional deficiencies such as a lack
of iron, resulting in anemia.23

The effect of tooth loss on masticatory muscles is controversial, although the
number of teeth and bite force are considered essential factors for masticatory
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function.39 The size and structure of the alveolar process of the jaws are connected to
the presence of teeth; reduced mechanical load due to tooth loss reduces the density,
stiffness, and strength of bone structure. The difference between dentate and edentulous
individuals in terms of morphology and mechanical properties involves bone mass and
components of the masticatory system, such as teeth, muscles, and osseous structures.40

There is evidence that replacement of the natural dentition by dentures reduces the
level of masticatory force and chewing efficiency. Nevertheless, many people wearing
complete dentures often consider their masticatory function satisfactory.39

It is probable that age constitutes the predominant factor associated with degen-
eration of the TMJ. Temporomandibular disorder (TMD) covers many alterations,
including masticatory muscle dysfunctions (such as myositis, muscle spasm, muscle
contracture, and myofascial pain syndrome), temporomandibular joint disorders
(such as inflammatory lesions and alteration of the condyle–disk complex), and
chronic mandibular hypomobility and growth disorders.41

According to traditional beliefs, TMD increases concomitant with the loss of
natural teeth, but some recent studies have concluded that the risk for TMD at an
older age is minimal.42,43 Loss of teeth and loss of occlusal support seem to have
only a minor impact on the signs and symptoms of TMD in older populations.
Prosthodontic treatment of the elderly patient should thus be for reasons to maintain
masticatory function or aesthetics. For prevention of TMD, treatment does not seem
to be warranted.44 Maintenance of natural dentition or provision and maintenance
of dentures improves the quality of life and nutritional intake.

15.4.2 TOOTH LOSS

Even though there has been a decrease in edentulism (total tooth loss) during the
last several years, almost one of every four individuals over 65 has lost all of his or
her teeth. This condition has negative esthetic and functional consequences by
affecting speech and chewing capacity. It has been shown that individuals who have
lost teeth suffer psychological effects; they lose self-confidence and feel more inhib-
ited in their daily life.45

In the U.S., a high prevalence of edentulism has been reported for African
American individuals, people with lower education levels, those without dental
insurance, and current smokers. Edentulous individuals use less dental services than
people who still have teeth, which decreases the probability to detect oral conditions
and diseases.4 Rates of edentulism are much higher among institutionalized individ-
uals; 52% of nursing home residents are edentulous.1,45

Tooth loss may affect diet selection, chewing, and swallowing, which are involved
in smell and taste. It has been reported that retronasal odor perception is improved
significantly with mouth movements and that disorders of mastication and deglutition
that are exacerbated frequently by tooth loss may lead to chemosensory impairment.11

Nutritional deficiency has been associated with tooth loss. Many studies have
demonstrated a connection between tooth loss and dietary intake in older people.
Some of them suggest that edentulous people are more likely to ingest an unhealthy
diet than individuals who have natural teeth. Older people are edentulous or have
fewer natural teeth and are vulnerable to dietary restrictions for many reasons,
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including medical conditions, physical or mental disability, or economic and social
conditions. This may lead to less total energy and malnutrition. It has been noted
that they consume less fiber and fewer vegetables, fruits, and nutrient-dense foods.
Edentulous individuals consume higher amounts of saturated fat, cholesterol, and
calorie-rich foods. As a result, they ingest less nutrients, including protein,
calcium, iron, and vitamins C and D.2,46 Unhealthier diets may explain part of the
recent findings suggesting a relationship between tooth loss and cardiovascular
disease.2

15.4.3 DENTURE WEARING

The preservation of natural teeth is important for eating, speech, tasting food, and
maintaining aesthetics. Dental prostheses (dentures), however, can help persons who
have lost some or all of their natural teeth and improve their quality of life by
restoring lost function and esthetics. In spite of the positive aspects of dentures,
some studies have shown that dietary intake is compromised in denture wearers.
There is a dramatic difference in occlusal forces when comparing patients with
natural dentitions and patients that are completely edentulous. The average occlusal
force in the first molar region of a dentate person has been measured at 150 to 250
psi.47 Patients wearing complete dentures for more than 15 years may have a max-
imum occlusal force of 5.6 psi.48 Reports have suggested that individuals with full
dentures consume fewer calories, proteins, thiamin, iron, folate, vitamin A, and
carotene than those with natural teeth. It has also been reported that people using
dentures consume more refined carbohydrates, sugar, and cholesterol.2 Even though
these findings suggest that the presence of dentures contributes to poorer-quality
intake of nutrients, this could be associated more with dentures fitting poorly than
with the wearing of the prosthesis.

Research has found that people with well-fitting dentures have nutrient intake
and scores on dietary quality indexes similar to those of subjects with natural teeth.
These data suggest that tooth loss in itself may not represent a nutritional problem,
but rather that impaired nutrient intakes arise when teeth are not replaced or when
denture fit and stability are inadequate. With age, the oral mucosa loses vascularity,
which leads to decreased tissue elasticity. Bone support also diminishes as a result
of periodontal disease or tooth loss. These physiological and pathological changes
cause dentures to fit poorly, resulting in lesions of the oral mucosa or discomfort
for the patient, making it difficult to use the dentures. This is especially critical in
the mandible, where the elderly often have minimal ridge support, making it even
harder to fabricate a retentive and stable prosthesis.49 As a consequence, removable
dentures have one of the lowest patient acceptance rates in dentistry. One study
revealed that only 60% of the patients with free-end partial dentures were still
wearing the prosthesis after 4 years.50

The use of dental implants to retain and support prostheses for both partially
and completely edentulous patients can have a major impact on oral and systemic
health. The mechanical retention provided by implants for a prosthesis is dramati-
cally improved over one only retained by the soft tissues. Many treatment options
may exist for these patients, and the amount of implant support can vary depending
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on the number and location of dental implants placed. The end result is that an
implant prosthesis patient may exhibit occlusal forces similar to those of a patient
with a fixed restoration supported by natural teeth. A 10-year study reported the
outcomes of implant-supported overdentures. It found that the prosthetic and implant
cumulative survival rates were both in excess of 90%.51 This confirmed the long-
term outcome success of patients treated with an overdenture prosthesis. Another
literature review indicated that implants placed in the anterior mandible have a
success rate better than 95% and that patients reported a high degree of satisfaction
with this treatment.52 While each patient must be evaluated on an individual basis,
it has become well recognized that implant-supported overdentures in the mandible
provide predictable results, with improved stability, retention, function, and patient
satisfaction, compared with conventional dentures.

Regular dental care to replace missing teeth and preserve denture function may
be critical to the maintenance of dietary quality and adequate nutrient intake in the
elderly.8 Health care providers should inquire about dentition status and strategize
with patients regarding improving nutritional status in the context of their oral health
limitations.2

15.4.4 SALIVARY FLOW

Salivary flow naturally decreases with age, because a portion of the secretory acini
of salivary gland tissues are replaced by fat and fibrous tissue. However, the reduction
of saliva in the elderly is mostly affected by micronutrient deficiencies, dehydration,
and medications.45

15.4.5 XEROSTOMIA

This condition refers to a dry mouth sensation and is frequently associated with
salivary gland hypofunction. Nevertheless, there are a number of other circumstances
that may cause xerostomia, such as medications, systemic diseases, and local, devel-
opmental, and iatrogenic factors (see Box 15.2). Approximately 25% of older adults
have reported this condition, mainly as a result of medications or systemic conditions.

Patients who suffer this problem clinically demonstrate a reduction in salivary
secretions, and the residual saliva appears either thick or frothy. The mucosal surface
seems dry and the dorsal tongue often looks fissured and lacks filiform papillae.2

Dry mouth sensation can cause difficulty with taste perception, chewing, speaking,
denture wearing, and swallowing, as well as increase the risk of caries and trauma
to the soft tissue. Oral candidiasis is prevalent due to a reduction in the antimicrobial
activity provided by saliva.

Even though there is not strong evidence, some reports have suggested that
xerostomia affects nutrition. It has been shown that older adults with xerostomia are
more likely to avoid crunchy vegetables and dry and sticky foods. Lower caloric
and nutrient intakes have also been observed in subjects with this condition.2 Rhodus
and Brown (1990) evaluated 84 older patients and noted that energy, protein, fiber,
vitamins A, C, and B6, thiamin, riboflavin, calcium, and iron were significantly lower
in individuals with xerostomia than in those without.53 Additionally, reduced salivary
flow rates have been associated with a low body mass index.5
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Box 15.2 Causes of Xerostomia

Systemic Factors Local Factors
Sjögren syndrome Decreased mastication
Diabetes mellitus Mouth breathing
Sarcoidosis Smoking
HIV infection
Salivary gland aplasia Iatrogenic Factors
Metabolic abnormalities Head and neck radiotherapy

Bleeding Medications
Dehydration
Vomiting/diarrhea

Source: Modified from Neville, B. et al., Oral and Maxillofacial Pathology, 2nd
ed., W.B. Saunders, Philadelphia, 2002.

Sometimes the treatment of xerostomia is difficult and only partially successful.
Artificial saliva and intake of copious amounts of water throughout the day may
help to reduce discomfort. In addition, chewing sugarless gum and snacking on
nonadherent food such as celery and carrots can stimulate salivary flow. The utili-
zation of oral hygiene products that contain lactoperoxidase, lactoferrin, and
lysozyme may be helpful. Systemic sialogogues such as systemic pilocarpine or
cevimeline hydrochloride may be effective promoters of salivary secretion. On the
other hand, the condition may be secondary to medications, and discontinuation,
medication dose, or a substitute drug may be considered by the physician.24 Use of
topical fluorides and frequent dental visits are recommended in patients with xero-
stomia because of the increased potential for dental caries.

15.5 CONCLUSIONS

In the elderly population, many physiologic changes occur in the oral cavity. Dental
caries, periodontal disease, oral cancer, infectious diseases, tooth loss, and xerosto-
mia are some of the more common conditions that may develop. Several stomatologic
disorders can be prevented and treated. The lack of appropriate therapy can have an
effect on systemic functions and accordingly on the quality of life. The most impor-
tant aspect in which oral health is perceived by elderly people as affecting the quality
of life is its effect on eating. There are very deep interactions between nutrition and
oral health. Dental problems can lead to dietary, nutritional, and systemic illnesses.
Also, diet and nutrition are major factors in the etiology and pathogenesis of cran-
iofacial diseases and disorders.

In the geriatric population, there is a decreased ability to identify foods based
on taste. Olfactory and gustatory changes, which may be related to both aging and
disease, contribute to altered nutritional selections, thereby complicating certain
medical conditions.
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Dental status is affected by several factors in older individuals. The major causes
of tooth loss in this population include severe caries and periodontal disease. Con-
sequently, tooth loss may influence diet selection, chewing, and swallowing, which
are involved in taste. Evidence suggests that tooth loss affects dietary quality and
nutrient intake, increasing the risk for systemic diseases. Edentulous subjects gen-
erally suffer from poor nutrition, but a well-fitting prosthesis can help to restore lost
function and esthetics and improve nutrient intake. On the other hand, a poor-fitting
denture will most likely result in poor nutrition.

Xerostomia afflicts approximately one third of the elderly and increases their
susceptibility to caries, gingivitis, and oral mucosal infections. These patients may
experience difficulty with mastication and swallowing. Oral mucosal diseases, such
as candidiasis, apthous ulceration, and atrophic glossitis, and neuropathic conditions
such as burning mouth syndrome can be uncomfortable and even debilitating for
patients. Neoplastic diseases may occur and be life threatening. Indisputably, these
disorders affect the nutrition and quality of life in the geriatric population.

Poor oral health is associated with a limited dietary variety and lower nutrient
intake. Preventive care to maintain the natural dentition throughout life may decrease
the risk of malnutrition in elderly patients. Regular dental care is important to
recognize and treat various oral conditions in this population.
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… for wasting which represents old age [sarcopenia] and wasting that is secondary to
fever [cachexia] and wasting which is called doalgashi [starvation] …

—Maimonides (1135–1204)
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16.1 INTRODUCTION

Undernutrition in older populations is associated with poor clinical outcomes and
is an indicator of risk for increased mortality (Table 16.1). Patients with severe
malnutrition are at higher risk for a variety of complications (Table 16.2).1 A number
of chronic medical conditions are associated with increased risk of malnutrition
(Table 16.3). Identification of malnutrition leads to early intervention, which may
correct reversible nutritional deficits.

Body weight is easily measured and a critical first sign of malnutrition in the
nursing home. Clearly, a large number of older adults lose weight, particularly in
institutionalized settings. Involuntary weight loss, reduced appetite, and cachexia are
common in the geriatric population and are often unexplained.2 Appetite is regulated
by a variety of psychological, gastrointestinal, metabolic, and nutritional factors.
Appetite regulators in the central feeding and peripheral satiation systems have been
extensively reviewed.3,4

TABLE 16.1
Nutritional Status of Nursing Home Patients

Author Year N Prevalence Time Outcome

Shaver et al.128 1980 115 PCM 85%
BMI 43%

6 months 48% death rate in 
anergic residents

Pinchcopy-Devin et al.129 1987 227 PCM 52 %
Silver et al.130 1988 130 BMI 23%

Low albumin 8%
1 year Mortality not 

associated with BMI
Thomas et al.131 1991 61 PCM 54% 2 months Mortality associated 

with malnutrition
Improvement in only 
63%

Larsson et al.132 1991 501 PCM 29%
Nelson et al.133 1993 100 PCM 39%
Wright134 1993 309 51% had 5% 

weight loss
6 months Slightly increased 

mortality (15% vs. 
12%)

Abbasi and Rudman135 1993 2811 Underweight 
11%

Low albumin 
27.5%

Recognition by 
physicians from 7 to 
100%

Morley and Kraenzle136 1994 185 15% had 5% 
weight loss

6 months Depression most 
common cause of 
weight loss

Blaum et al.137 1995 6832 9.9% had 5% 
weight loss

Low BMI 25%

Poor intake, eating 
dependency, 
depression predict 
malnutrition
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Although body weight is easily measured, the evaluation of unintended weight
loss is difficult.5 Whether anorexia and weight loss are reversible or unavoidable
requires a careful clinical evaluation in the individual patient. A structured approach
to the differential diagnosis of undernutrition in older persons is therefore manda-
tory.6 A consensus panel has recommended an algorithmic approach to the manage-
ment of involuntary weight loss (Figure 16.1 and 16.2).

TABLE 16.2
Risk Associated with Undernutrition

Author Year N Time Outcome

Bistrian et al.138 1977 12 — Impaired delayed hypersensitivity skin test
Weinsier et al.139 1979 134 2 weeks Longer hospital stay (20 vs. 12 days)

Increased mortality (13% vs. 4%)
Warnold and Lundholm140 1984 215 29 days Increased postoperative complications 

(31% vs. 9%)
Pinchosky-Devin et al.141 1986 — Undernutrition associated with pressure 

ulcers
Detsky et al.142 1987 202 — Increased postoperative complications
Dwyer et al.143 1987 335 4 years Loss of 4.5 kg associated with increased 

death
Windsor and Hill144 1988 102 — Increased sepsis, pneumonia, longer stay
Berlowitz and Wilking145 1989 — Impaired nutritional intake associated 

with pressure ulcers
Chang et al.146 1990 199 5 years 10% weight loss associated with death and 

functional impairment
Brandeis et al.147 1990 — Difficulty feeding oneself associated with 

pressure ulcers
Thomas et al.148 1991 61 2 months Increased mortality
Windsor149 1993 — Increased postoperative complications
Murden and Ainslie150 1994 146 2 years 10% weight loss predicts death
Kaiser et al.151 1994 5 — Impaired immune dysfunction

Decreased CD4 and T lymphocytes
Franzoni et al.152 1996 72 28 months Low triceps skinfold thickness predicts 

death
Berkhout et al.153 1997 264 3 years Increased death in low BMI or weight loss 

within 3 months of admission
Flacker and Kiely154 1998 780 2 years Weight loss and low BMI associated with 

death
Gambassi et al.155 1999 9264 23 months Malnutrition independent predictor of 

death (relative risk = 1.31)
Perry et al.156 1999 400 2 years Weight loss of 5% predicts mortality at 6 

months
Sullivan et al.157 1999 102 3 months Higher-rate mortality (relative risk = 8.0) 

and 90-day mortality (relative risk = 2.9)
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The first step in management should be a careful evaluation for the causes of
weight loss (see Chapter 12). Involuntary weight loss in older adults usually occurs
for one of three reasons: starvation, sarcopenia, or cachexia.

Starvation results from failure to consume adequate protein and energy. The
reasons for starvation include lack of access to food, inability to consume adequate
calories because of mechanical limitations, such as inability to swallow, or inability
to absorb ingested nutrients.

Weight loss may be due to an age-related loss of skeletal muscle mass, or
sarcopenia. Sarcopenia may also occur without a change in total body weight in
obese individuals.

Weight loss may also occur in cachexia, a syndrome of muscle wasting and
weight loss, resembling marasmus. A number of chronic disease conditions have
been associated with muscle wasting and weight loss, including cancer,7 end-stage
renal disease,8 chronic pulmonary disease,9 congestive heart failure,10 rheumatoid
arthritis,11 and AIDS.12 A common feature of cachexia is the presence of proinflam-
matory cytokines.13

16.2 TRIGGERS FOR NUTRITIONAL INTERVENTION

Three factors can be used to trigger nutritional interventions. These parameters were
derived from the Omnibus Budget Reconciliation Act (OBRA) 1987 guidelines: (1)
involuntary weight loss of greater than 5% in 30 days or 10% in 180 days; (2) leaving

TABLE 16.3
Medical Conditions Associated with Protein-Energy Malnutrition in Nursing 
Home Residents

Mechanism

Medical Condition
Increased

Metabolism Anorexia
Swallowing
Difficulties Malabsorption

Cardiac disease X X X
Cancer X X X X
Pulmonary disease X X X
Infections X X
AIDS X X X X
Tuberculosis X X
Esophageal candidiasis X X
Alcoholism X X X
Rheumatoid arthritis X X X X
Gallbladder disease X
Malabsorption syndromes X
Hyperthyroidism/
hyperparathyroidism

X X

Parkinson’s disease X
Essential tremors X
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FIGURE 16.1 To prevent and manage malnutrition in long-term care.
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FIGURE 16.2 Nutritional checklist for nurses.
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more than 25% of food in the past 7 days or two thirds of meals based on a 2000-
kcal diet; or (3) a body mass index (BMI; calculated as weight divided by height
squared) equal to or less than 19.

Age- and gender-adjusted BMI below the 10th dectile has been used to define
undernutrition (<19 in men and <19.4 in women).20 In hospitalized adults with
serious illness, excess mortality within 6 months (risk ratio = 1.23, p < 0.001) has
been demonstrated when the body mass index is less than 20.14 The increase in
mortality is linear—the lower the BMI, the greater the risk. Increased risk of death
has been shown to begin at a body mass index of <23.5 in men and <22.0 in women.15

Therefore, rather than waiting for the body mass index to reach lower values, a body
mass index of less than 21 may result in earlier intervention.16

16.3 DIFFERENTIAL DIAGNOSIS

The first focus should be on differential diagnosis. Weekly weight assessments are
useful in following the course and rapidity of the weight loss.

16.3.1 DEPRESSION AND MOOD DISORDERS

Depression is a major cause of weight loss in long-term-care settings, accounting
for up to 36% of residents who lost weight.17 An evaluation for depression, for
example, using the Geriatric Depression Scale,18,19 should be obtained for residents
with anorexia. Depression may be reversed in a moderate number of individuals by
pharmacological treatment. Electroconvulsive therapy is effective in persons who do
not respond to pharmacological treatment. When weight loss is caused by depression,
treatment with antidepressant medications may lead to weight gain. However, some
antidepressant medications may variably cause weight loss themselves. Careful
attention to the choice of a prescribed antidepressant is necessary. Delirium due to
acute illness or pain may be a reversible cause of decreased dietary intake. Reversal
of delirium may result in resumption of appetite.

16.3.2 DRUGS

A number of drugs have been found to be a cause of weight loss or anorexia in long-
term-care residents.20 The association is not intuitive. Consultation with a pharma-
cologist is often necessary. All drugs potentially aggravating anorexia should be
discontinued.21

16.3.3 MEDICAL CONDITIONS

Medical conditions that produce decreased food intake or increased metabolic
requirements should be assessed. Anorexia may be associated with illness, drugs,
dementia, or mood disorders.22–24 Decreased food intake may result from dysphagia,25

chewing problems,26 nausea, vomiting, diarrhea, pain, or fecal impaction. Increased
metabolic requirements may be precipitated by fever, infection, or the presence of
chronic skin wounds. Treatment of these conditions may restore appetite and body
weight. A mnemonic, Meals on Wheels, is useful in considering the potential treatable
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causes of malnutrition.27 A useful tool to assess appetite and food intake is the
Simplified Nutrition and Appetite Questionaire.28

16.3.4 HYDRATION

Fluid intake and hydration status may affect body weight. An assessment of hydration
status may account for weight loss due to low fluid intake. Dehydration may be
difficult to detect by clinical signs alone and require the use of biochemical param-
eters.29 The recommended amount of fluid consumed by nursing home residents is
confusing. Amounts range from 1 ml/kcal,30 30 ml/kg body weight,31 or the sum of
100 ml fluid/kg for the first 10 kg actual body weight, 50 ml fluid/kg for the next
10 kg actual body weight, and 15 ml fluid/kg for the remaining kilograms actual
body weight.32 Direct observations of institutionalized adults indicate a total fluid
intake, including fluids derived from meals, of 1783 ± 545 ml.33 When compared to
the standards of 1 ml/kcal and 30 ml/kg, recommended intakes were low, primarily
due to low body weight or low caloric intake. The calculated value provides at least
1500 ml daily, even for residents with low weight. A general recommendation
suggests that residents should ingest 1500 to 2000 ml fluid/day,34 though a recent
study and accompanying editorial have suggested that community-dwelling adults
consume about 1000 ml/day.35,36

16.3.5 LABORATORY PARAMETERS

Evaluation of available biochemical parameters associated with malnutrition should
be considered at this point. Suggested biochemical parameters include serum albu-
min,37 cholesterol,38 hemoglobin, and serum transferrin. While these parameters may
be abnormal in several conditions unassociated with undernutrition, they are useful
as guides to predicting future mortality or morbidity.39 However, laboratory param-
eters are not useful for the serial follow-up of undernourished persons.

16.4 TREATMENT OF UNDERNUTRITION

16.4.1 ADVANCED DIRECTIVES

In some circumstances, weight loss is an inevitable consequence of cachexia-related
disease or a terminal condition. In this circumstance, it is essential that the older
person or their proxy have a full discussion of their health care wishes with a health
care professional. The decision that they make should be documented and guide how
aggressively the management of their nutritional problem is addressed. For example,
enteral or parenteral feeding may be lifesaving, but is associated with a considerable
burden of treatment.

16.4.2 ENVIRONMENTAL FACTORS

Food and environmental conditions that may affect intake should be considered in
a continuing evaluation. Unpalatability due to overly restricted diets may cause
decreased intake.40 Consideration of food preferences, food consistency,41,42 food
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temperature, and snacks should be included. Provision of pleasant, well-lighted,
unhurried mealtimes in a social environment may increase intake.43

Early interventions include family involvement to visit or assist with feeding at
mealtimes,44 exploration of alternate food sources, evaluation of food preferences,
and identification of favorite foods. A discussion of the treatment goals and the
resident’s ongoing quality of life should be initiated at this point.

Dependency in eating is associated with increased mortality.45 Persons needing
feeding assistance require a restorative feeding program.46 Recognition of feeding
problems and proper feeding techniques may improve weight loss in older persons.
Dysphagia and swallowing disorders, with or without recurrent aspiration, require
swallowing interventions, alteration of food consistency, or consideration of enteral
or parenteral feeding.47

Assistance with eating by trained personnel over a mean of 16 weeks did not
improve markers of nutritional status, Barthel score, grip strength, length of stay, or
mortality in acutely ill older adults.48

16.4.3 ADEQUATE FOOD

Simple nutritional calculations can define adequate food intake (see Chapter 7). A
simple dietary interview can determine whether community-dwelling older adults
are reaching their targeted intake. In hospitalized or long-term-care populations, food
is prepared to meet dietary needs. However, assessment of the amount of the offered
food should be performed and residents should eat about 75% of the offered food.

16.4.4 NUTRITIONAL SUPPLEMENTS

Increased nutrient intake may be achieved by use of calorie-dense foods.49 Exercise
may increase dietary intake.50–52 Nutritional supplementation can increase dietary
intake and produce weight gain.53,54 Nutritional supplementation must be given
between meals in order not to substitute for calorie intake at meals.55

 A meta-analysis of 55 randomized controlled trials with 9187 older participants
evaluated the effect of nutritional supplements across a variety of health care set-
tings.56 Nutritional supplementation produced a small but significant percentage
weight gain of 1.8% (95% confidence interval (CI) = 1.1 to 2.3%) in hospitalized
subjects. Percentage weight change for subjects in long-term-care settings was 2.5%
(95% CI = 1.7 to 3.2%), and 2.3% (95% CI = 1.7 to 2.7%) for older people living
at home. Mortality in the supplemented group was reduced, although the reduction
was only borderline statistically significant (odds ratio = 0.9, 95% CI = 0.7 to 1.0).

For short-term hospital stays, mortality was not reduced (odds ratio = 0.9, 95%
CI = 0.7 to 1.0). However, a reduction in mortality was seen in trials that only
included undernourished subjects (odds ratio = 0.7, 95% CI = 0.5 to 0.9). A reduction
in mortality was not seen in supplemented residents in long-term-care settings (odds
ratio = 0.7, 95% CI = 0.4 to 1.0) or for people living at home (odds ratio = 1.1, 95%
CI = 0.6 to 2.0). Hospitalized patients who were given supplements had a statistically
significant decrease in complications (odds ratio = 0.7, 95% CI = 0.5 to 0.9), but
supplementation did not have an effect on morbidity or complications in residents
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in long-term care (odds ratio = 0.9, 95% CI = 0.6 to 1.5) or at home (odds ratio =
1.0, 95% CI = 0.6 to 1.6).

Oral nutritional supplements have been evaluated in subjects with Alzheimer’s
type dementia. In a prospective controlled study, 91 subjects older than 65 years
with dementia of the Alzheimer’s type who were at risk of undernutrition by the
Mini-Nutritional Assessment instrument and who had lost more that 5% of their
body weight were randomized to receive either an oral supplement or usual care.
Despite a significant improvement in dietary intakes and body weight in the inter-
vention group, no significant changes were found for biological markers of nutrition,
functional status, or cognitive function.57

Fiatarone et al. randomized 100 long-term-care residents age 87.1 ± 0.6 years
to high-intensity exercise training or to no exercise.58 The groups were further
randomized to receive 240 ml of nutritional supplementation or no supplementation.
While muscle strength increased by 113 ± 8% in the training group, the addition of
a nutritional supplement did not improve outcome. In a previous study of 11 long-
term-care residents, the addition of 560 kcal of a nutritional supplement did not
increase muscle strength, but computed tomography of the thigh showed more gain
in muscle mass in the supplemented group.59 The nutritional intervention may have
been too small or the observation period too short to detect a difference in outcome.

16.4.5 OREXIGENIC DRUGS

Drugs that stimulate appetite, orexigenic drugs, should be considered to reverse
anorexia.60–63 Corticosteroids in randomized placebo-controlled trials have improved
appetite, but have not demonstrated body weight gain.64–69 Cannabinoids (dronabinol,
marinol, and nabilone) have shown promise in improving mood and appetite in
cancer patients and in AIDS cachexia, but body weight gain was not seen.70–72

Dronabinol has shown weight gain in patients with Alzheimer’s disease and improve-
ment in disturbed behavior in a small study.73 Thalidomide, a tumor necrosis factor
inhibitor, has produced body weight gain in patients with human immunodeficiency
virus-associated wasting syndrome.74 Recombinant human growth factors have pro-
duced weight gain (mean = 1.6 vs. 0.1 kg in the placebo group) in patients with
AIDS, but at substantially higher than physiological doses,75 and in long-term-care
residents.76

Sex steroids have shown promise in producing weight gain in ill subjects.
Testosterone replacement leads to an increase in muscle mass77 and muscle
strength78,79 and to improved function in a rehabilitation center.80 An anabolic-
androgenic steroid, oxymetholone, has produced body weight gain in advanced HIV-
1 infection,81 but not in cachectic cancer patients.82 The weight gain has usually
occurred only in patients who were hypogonadal.

A systemic review of megestrol acetate in cancer trials has shown increased
appetite, weight gain, and assessment of improved health-related quality of life,
compared to placebo. Weight gain has also been demonstrated in AIDS patients.83

Megestrol acetate has been evaluated in three long-term-care settings. In a
prospective trial, weight gain occurred in 68% of treated subjects.84 In another study
of elderly nursing home residents who were losing weight and refused enteral
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feeding, megestrol acetate produced improvement in food intake, body mass index,
and serum albumin.85 In a noncontrolled trial of feeding assistance, 47% of long-
term-care subjects treated with megestrol acetate experienced a mean weight gain
of 5.9 ± 4.9 pounds. Appetite was increased in 53% of subjects, and 41% reported
an increase in energy during the trial.

Comparisons of nandrolone decanoate, megestrol acetate, or dietary counseling
in patients have been evaluated in subjects with human immunodeficiency syndrome-
associated weight loss. Weight increased significantly in all treatment arms (dietary
counseling, 1.13 ± 0.36 kg; nandrolone, 4.01 ± 1.68 kg; megestrol, 10.20 ± 4.51 kg
(p < 0.05)). Fat-free mass increased significantly in patients receiving nandrolone
(3.54 ± 1.98 kg, p = 0.001) and those receiving megestrol acetate (2.76 ± 0.55 kg,
p = 0.002), but there was no change in subjects receiving dietary counseling alone.86

Dronabinol has been directly compared to megestrol acetate in cancer cachexia
subjects.87 Seventy-five percent of megestrol acetate-treated patients reported appe-
tite improvement, compared with 49% of dronabinol-treated patients (p = 0.0001),
and 11% of megestrol acetate-treated patients reported greater than 10% gain from
baseline vs. 3% in the dronabinol-treated subjects (p = 0.02). Combination treatment
resulted in no significant differences in appetite or weight compared with megestrol
acetate alone. Quality of life improved in both the megestrol acetate-treated and
combination-treated patients measured by the Functional Assessment of Ano-
rexia/Cachexia Therapy questionnaire (p = 0.002).

An eicosapentaenoic acid supplement has been compared to megestrol acetate
in cancer subjects with weight loss or caloric intake less than 20 calories/kg/day.
Six percent of subjects taking the supplement gained more than 10% of baseline
weight compared to 18% of those taking megestrol acetate. Greater than a 10%
weight gain occurred in 11% of subjects taking combination therapy with both
agents. Subjects receiving megestrol acetate reported greater appetite improvement
than with the eicosapentaenoic acid supplement arm.88

Although body weight gain has been shown with growth hormone, thalidomide,
oxandrolone, and megestrol in cancer cachexia and AIDS cachexia, very little data
are available on whether this effect occurs in geriatric anorexia and cachexia syn-
dromes not associated with cancer or immunodeficiency syndrome.89

16.4.6 FAILURE TO IMPROVE

Failure to improve nutritional status with these measures requires consideration of
enteral or parenteral feeding.90 The resident’s wishes and advanced directives may
lead to a decision for palliative care.

16.4.7 ENTERAL FEEDING

The indications for enteral nutrition by feeding tube generally fall into one of three
categories.91,92 First, neuromuscular disease may impair swallowing or gag reflexes.
Second, patients may be unable to meet nutritional needs by eating alone, as in
hypermetabolic cancer patients or patients with cachexia. Finally, an underlying
condition may prevent eating, such as in ventilator-dependent or postoperative
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patients. The only contraindication to enteral feeding is mechanical obstruction of
the gut. Diarrhea, vomiting, fistulae, dysmotility, and aspiration represent problems
that complicate feeding, but are not contraindications. Patient preferences factor into
the decision to use enteral feeding.

Access to the gut can be achieved by nasogastric, nasointestinal, percutaneous
gastric, or percutaneous jejunal (PEJ) routes. Each route is associated with benefits
and risks, but the percutaneous gastrostomy (PEG) is the most common, and arguably
the preferred route when the enteral feeding is expected to last for more than 30
days. Most oral medications cannot be used with jejunal intubation (PEJ), and long-
term nasogastric (NG) intubation may be uncomfortable.

All enteral formulas contain protein, fat, and carbohydrates. In similar categories,
there is very little difference between products. In surveys among nutritionists, cost
is cited as the most important factor used by formulary committees to pick a product.

Products differ in source of protein and in the degree of digestion required (Table
16.4). The choice of a product depends on the condition of the gut and the expected
degree of digestion required. As the degree of digestion required lessens, the cost
rises considerably. Intact nutrients (blenderized) and milk-based products are the
cheapest and will adequately meet nutritional needs. The most commonly prescribed
products, and the largest category, are lactose-free products aimed at preventing
lactose-associated diarrhea. Hydrolyzed proteins and crystalline amino acids are used
when normal digestive enzymes are not present due to disease or the absorptive
surface of the intestine is altered, in conditions such as pancreatitis or malabsorption.
Incomplete amino acids are reserved for patients whose protein must be restricted,
for example, in such conditions as renal or hepatic failure.

Simple nutritional calculations are necessary to determine the total volume
required to deliver adequate protein, calories, and water (Table 16.5). Proteins are
the most critical component. Controversy exists over the percent of total caloric
requirement derived from protein. Generally, formulas contain about 7 to 16% of
total calories from protein. The Recommended Daily Allowance for adults is
0.8 g/kg/day for protein, which is probably too low for older persoons. For most
institutionalized patients with underlying disease, protein intake should be 1.2 to

TABLE 16.4
Class of Nutrition Products by Protein Source and Degree of Digestion

Class Protein Source Digestion

Intact nutrients Pureed beef and calcium caseinate Requires normal pancreatic enzymes
Milk based Skin or powdered milk, caseinate Requires normal pancreatic enzymes
Lactose-free Soybean, caseinates, de-lactosed 

lacalbumin
Requires normal pancreatic enzymes 
except lactose

Hydrolyzed proteins Whey, meat, soy No digestion; requires intact brush 
border absorption

Crystalline amino acids All amino acids No digestion; no brush border with 
only passive absorption

Incomplete amino acids Only branched-chain remains Hepatic or renal failure
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1.5 g/kg/day. However, half of chronically ill elderly persons are unable to maintain
nitrogen balance at this level.93 However, increasing the total protein percentage may
simply supply calories from protein rather than from carbohydrate sources and may
dehydrate the patient.94

Caloric requirements range from 25 kcal/kg/day for sedentary adults to 40
kcal/kg/day for stressed adults. Stress generally refers to persons with burns, wounds,
cancer, infections, and other similar conditions. In general, caloric requirements can
be met at 30 to 35 kcal/kg/day for elderly patients under moderate stress. Various
formulas, including the Harris–Benedict equation, can be used to predict caloric
requirements, but controversy exists over accuracy in obese or severely malnourished
individuals.95 Other formulas have been adjusted for severely stressed hospitalized
subjects.96 Considerable debate exists over whether to use ideal body weight or an
adjusted body weight in calculations.

The chief difference among formulas is whether the source includes milk, and
thus includes lactose. The majority of formulas are lactose-free. All products require
an intact intestinal brush border for absorption. Most feeding formulas contain
approximately 1 kcal/ml. Alternative calories per unit volume are available, ranging
from 0.5 to 2.0 kcal/ml. As caloric density increases, gastric motility and emptying
decrease. This may increase the risk of aspiration.

Fats are added to formulas for additional calories, to add flavor, and for absorp-
tion of fat-soluble vitamins. The amount of fat and source of fat differ from product
to product. The percentage of fat should be about 30% of calories, but an exact
requirement is not known.

Free water requirement is 30 to 35 ml/kg/day. Each product varies in the amount
of free water per unit volume, but in most products it is about 75% of volume. The
product free water should be subtracted from the total calculated daily water require-
ment. Water flushes of the tube can be adjusted to meet free water requirements.
Using a low-calorie formula results in a higher volume requirement to meet caloric
needs and results in increased fluid intake. When 2.0 kcal/cc density formulas are
used, the volume necessary to meet caloric needs decreases and the amount of free
water decreases. This can be useful when fluid restriction is necessary in certain
clinical conditions, such as the syndrome of inappropriate secretion of antidiuretic
hormone or congestive heart failure requiring fluid restriction.

TABLE 16.5
Calculating Enteral Feeding Requirements

Clinical Condition Amount

Protein Maintenance 1.2 to 1.5 g/kg/day
Stressa 1.5 to 2.0 g/kg/day

Calories Maintenance 25–30 kcal/kg/day
Stress 30–35 kcal/kg/day

Free water 30–35 ml/kg/day

a Stress generally refers to persons with burns, wounds, cancer,
infections, and other similar conditions.
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Feedings can be given either intermittently or continuously. The stomach is
normally a reservoir for receiving intermittent feedings. For this reason, an intermit-
tent schedule is preferred. There may be several advantages to intermittent feedings.
Intermittent feedings are more convenient to nursing staff, do not require infusion
pumps, permit more patient mobility, better simulate normal feeding patterns with
fasting periods, and may be more physiologic.97

If the patient has not been fed in the last 5 days, feedings should begin as low-
volume continuous flow, in the range of 25 cc/hour, depending on tolerance. When
caloric needs are met, the schedule can be interrupted for intermittent feedings. The
average volume of intermittent feedings should be between 240 and 400 ml. The higher
the feeding rate, the higher the residual volume. The gastric residual should be checked
prior to each feeding. You should be concerned if the residual volume is >200 ml for
nasogastric tube or >100 ml for gastrostomy tube, but this does not always necessitate
holding feedings. Residual volumes are not reliable if tube is <10 French. Feedings
may be given by gravity drainage with a roller clamp or by a constant infusion pump.
There are little data to suggest that infusion pumps are superior98,99; pumps are more
expensive, and intermittant feeding may be superior for the reasons stated above.

Enteral nutritional support in persons diagnosed with undernutrition has shown
only modest benefits.100 In patients who cannot eat for more than 10 to 14 days,
nutritional support is indicated to prevent morbidity and mortality from starvation.
In patients with major trauma and in severely malnourished patients undergoing
major elective surgery, the reduction in major complications has been demonstrated.
However, the use of nutritional support is not associated with a reduction in the
length of hospital stay.101 Furthermore, there has been little improvement in specific
disease states, such as cancer, AIDS, or hemodialysis patients.102

Nutritional parameters were compared among 44 hospitalized, bed-confined
subjects over age 65 years, with and without tube feeding, and 41 age-matched
free-eating elders in a nursing home. Tube-fed subjects received 26 kcal/kg/day and
1.0 g of protein/day, an amount calculated to equal predicted total energy expendi-
ture. However, the incidence of protein energy undernutrition as evidenced by
decreased arm muscle circumference (<80% of normal) and hypoalbuminemia (<35
g/l), was significantly higher in the patients with tube feeding compared to that in
the orally fed older persons. Thus, undernutrition was still demonstrable in patients
fed energy and protein that approximated calculated predicted values.103 Survival for
24 months was not different in nursing home residents with progressive dementia
than in residents who were and were not enterally fed.104

Complications of enteral feeding can be divided into mechanical, gastrointesti-
nal, and metabolic. In the largest study,105 the overall complication rate was 11.7%.
The rates in this study were low: gastrointestinal, 6.2%; mechanical, 3.5%; and
metabolic, 2.0%. Diarrhea was reported in only 2.3%. Mechanical clogging has been
observed only with premixed formulas.106 The tube should be flushed tube with at
least 30 ml water every 4 hours during continuous feeding, after every medication,
after intermittent feeding, and after every check for residual.

Pulmonary complications can be due to improper placement. Of 100 placements
of a nasogastric tube, 19% were in neither the stomach nor the duodenum.107 In the
elderly, or in patients without intact gag reflex, pneumothorax, pleural penetration,
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empyema, and bronchopleural fistula may occur more frequently. Using insufflation
over the stomach for tube placement is frequently misleading. Radiological confir-
mation of placement should be obtained.

Aspiration of gastric contents is the most serious among the pulmonary compli-
cations of tube feedings. As many as 40% of deaths associated with tube feedings
result directly from aspiration pneumonia.108 Reported risk factors for aspiration
include conditions such as diabetes, pancreatitis, vagotomy, and malnutrition. For-
mula-associated risks include high-nutrient-density formulas,109 hypo- and hyperos-
molar solutions,110 and cold formulas.

Aspiration appears to occur equally with nasogastric or PEG intubation.111 In
one study,112 the only risk factor associated with subsequent aspiration in gastrostomy
tubes was previous pneumonia. Age, mental status, or method of feeding (intermittent
vs. continuous) was not associated with subsequent risk.

Comparison of PEG and PEJ tubes in another study showed aspiration within
30 days in 5% of PEG patients and 17% of PEJ patients.113 The high rate of PEJ
aspiration may occur because these tubes are used in chronic aspirators. Nevertheless,
this strategy is not effective in preventing this serious complication.

Diarrhea is the most frequently reported gastrointestinal complication of tube
feeding in most studies. Incidence ranges from 2.3% to as high as 68% in ICU
patients.114 The pathogenesis is poorly understood. Major studies show often conflicting
data in identifying causes of diarrhea. The associations for increased diarrhea include
osmolarity, rate of delivery, H2 blockers, antibiotics, and fiber content. Other authors
conclude that osmolarity, antibiotics, and H2 blockers are not associated with incidence
of diarrhea.115 The discrepancy is likely due to study design, population, and definition
of diarrhea. Antibiotics have been cited as the most common medications associated
with diarrhea. In other studies, there has been no association between diarrhea and
antibiotic usage. The association with H2 blockers and diarrhea may be related to
bacterial overgrowth in patients whose stomach pH exceeds 4 when receiving H2
blockers.116 Drugs containing sorbitol are an often overlooked source of diarrhea.

Formulas high in fiber may decrease the cecal bacterial load or translocation of
mesenterial bacteria in rats.117 Whether this is important in humans is not known. Fiber
content of formulas probably has little effect on diarrhea related to enteral feeding.

Metabolic complications of enteral feeding include hyperglycemia, hypercapnea,
and electrolyte abnormalities. Complications are seen more often with high-caloric-
density formulas or in diabetics. Special formulas are available for diabetic patients,
but data are limited on effectiveness. Hyperosmolar formulas in diabetics may lead
to hyperosmolar nonketotic coma. High carbohydrate concentrations may increase
respiratory quotients and increase carbon dioxide production.

Numerous studies have attempted to characterize the benefits of tube feeding.
In an analysis of 434 tube-fed residents on the Wisconsin Minimum Data Set sample,
Grant et al.118 found that 51% of the residents had a diagnosis of stroke, 36% of the
residents were diagnosed with dementia, only 10% of the residents ambulated inde-
pendently, and 74% of the residents were incontinent of either urine or feces. Only
one third of those residents assessed could communicate adequately. Mitchell et
al.,119 in a study of 1386 nursing home residents with cognitive impairment, found
no evidence that tube feeding prolonged survival. The most common reasons for
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choosing tube feeding were aspiration risk, dysphagia, presence of pressure ulcers,
stroke, lack of dementia, younger age, and a lower level of activity of daily living
impairment. In a small study of the quality of life in tube-fed patients, Weaver et
al.120 found no improvement in their quality of life. Forty-nine percent of family
members responded that they would not have chosen a feeding tube under other
circumstances. O’Brien et al.121 found that 25% of patients surveyed would have
refused feeding tubes if they had known that they might be restrained. This study
also revealed that males and African Americans were more likely to choose tube
feeding than other groups. In another study, tube feeding was associated with better
wound healing and a lower rate of late mortality.122 In this study, 80% of those
assessed had cutaneous complications, 39% had pulmonary aspiration, 15% had
vomiting, and 20% attempted to withdraw the tube.

16.4.8 IRREVERSIBLE CAUSES

Unquestionably, providing nutritional support can prevent the effects of starvation.
Death is an inevitable consequence of starvation. Whether nutrition can improve the
outcome of a disease remains disputable. Improvements in nutritional markers, such
as serum protein concentrations, nitrogen balance, and weight gain, have not usually
been accompanied by clinical benefits.123 Certain causes of malnutrition may be
irreversible. Palliative care, including orexigenic drugs and enteral or parenteral
feeding, consistent with the resident’s wishes, should be considered.124

16.4.9 PARENTERAL NUTRITION

Parenteral nutrition has been shown to reduce septic complications in critically ill
patients, but not ventilator days, length of hospital stay, or mortality. In critically ill
patients, a 20% decline in lean body mass has been demonstrated despite agressive
caloric support.125 In a study of 325 nutritionally at-risk patients receiving total parenteral
nutrition, 219 patients were defined as malnourished using improvement in body cell
mass with parenteral feedings as the standard for malnutrition. Nonresponders, 106
patients, were defined as nonmalnourished, based on no change in body cell mass with
feedings. The outcome in elderly patients was dismal. In the 179 patients over the age
of 65 years, no statistically significant improvement in body weight, body fat, lean body
mass, extracellular mass, or body cell mass occurred.126 By necessity, parenteral nutrition
is short term. Long-term (approximately 2 weeks) peripheral parenteral nutrition has
not been shown to have beneficial effects on prealbumin, CD4 cell count, and functional
status compared to untreated controls in a rehabilitation setting.127

16.5 SUMMARY

Undernutrition is defined as a state induced by nutrient deficiency that may be improved
solely by administration of nutrients. By this definition, provision of adequate protein
and energy sources should reverse the clinical presentation and correct the problem.
However, a large number of patients who appear to be undernourished fail to respond
to refeeding. A developing understanding of the acute phase inflammatory response
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to illness and the role of cytokines in the pathophysiology of chronic illness has
challenged the current diagnostic paradigm of undernutrition.

A structured approach to the management of unintended weight loss or undernu-
trition in older adults is essential. Understanding the relative role of inadequate nutrient
intake assists in targeting the interventions to the individual subject. In the presence
of adequate food, weight loss is most often due to cytokine-associated cachexia and
anorexia. Failure of appetite, or anorexia, may play a role in involuntary weight loss.
Interventions for involuntary weight loss should aim first at the provision of adequate
calories and protein, often in the form of high-density nutritional supplements. How-
ever, cytokine-mediated cachexia is remarkably resistant to hypercaloric feeding. With
continued weight loss, the use of an orexigenic drug should be considered. Consider-
ation of enteral feeding should be based on the individual’s condition and goals of care.
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17.1 INTRODUCTION

As the population is aging and individuals live longer, enteral feeding is becoming
a common medical intervention. As with any medical intervention, enteral nutrition
carries with it benefits and risks. Enteral nutrition has been a hot topic in the media
due to the ethical issues involved with it. These ethical issues become more important
when dealing with the geriatric population. Enteral nutrition is the provision of
nutrients to the stomach or intestine via a tube to individuals who are unable to eat
or do not eat enough.

17.2 PREVALENCE OF ENTERAL FEEDING

With the advent of percutaneous endoscopic gastrostomy (PEG) tubes in the 1980s,
there has been an increase in the number of patients with feeding tubes. From 1988
to 1995, the number of gastrostomies increased from 61,0001 to 121,000.2 According
to the National Center for Health Statistics in 2003, there were 146,000 feeding
tubes placed in patients.

In 1991, in a retrospective cohort study on Medicare beneficiaries 65 and older
and discharged from the hospital with gastrostomies, a total of 59,969 were PEG
placements and 21,136 were placed surgically. The most common indication was
cerebrovascular accidents (CVA) followed by neoplasms (Table 17.1). It was also
noted that a higher percentage of patients were older and black.3 The disparity may
be due to different risk factors for stroke4 or cultural differences regarding enteral
feeding.5 In this study dementia was a secondary diagnosis in 10% of the patients.
In another study with 186,635 cognitively impaired residents in a nursing home,
34% had feeding tubes.6

TABLE 17.1
Discharge Diagnoses Post Gastrostomies in Medicare Beneficiaries 65 Years 
Old or Older in 1991

Diagnoses Women (%) Men (%) Total (%)

CVA 30.2 29.4 29.9
Neoplasms 17.2 28.9 21.9
Malnutrition 28.7 25.1 27.3
Dementia 12.2 8.3 10.7
Swallowing disorder 10.4 10.6 10.5
Aspiration pneumonia 6.8 10.5 8.3
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17.3 INDICATIONS FOR TUBE FEEDING

Tube feeding should be considered in a patient who will not be able to have
adequate nutritional intake for over 2 to 3 weeks. Prior to insertion of enteral
tubes, several things need to be taken into consideration: the medical illness,
diagnosis, prognosis, patient’s wishes, and quality of life. It should not be consid-
ered in patients with a poor prognosis or terminal disease. It is important to take
a thorough history regarding oral intake and medication use, and to look for
reversible causes of poor oral intake. Oral supplements should be tried along with
a swallow evaluation. If this fails, an enteral tube should be inserted early in the
disease to prevent further decline in nutritional status. Prospective clinical trials
have shown that insertion of enteral tubes in a timely fashion can halt further
deterioration of nutritional status, but rarely will the patient gain the lost weight
completely even in benign conditions.7

There are three main indications for enteral feeding (Table 17.2). The first is
neurological disorder with impaired swallowing, accounting for 19% of patients on
enteral feeds.3 The second group of patients are unable to meet the nutritional demands
by oral intake secondary to increased catabolic states, like in chemotherapy or radi-
ation treatment for cancers or cachexia. The third groups of patients are those who
are unable to eat. One study estimated 11% of tube feeders belonged to this group.3

TABLE 17.2
Indications for Enteral Nutrition

Neurological Disorders
CVA
Motor neuron disorder
Multiple sclerosis
Gullian–Barre
Parkinson’s disease

Unable to Meet Nutritional Demands
Cystic fibrosis
Extensive burns
Perioperative

Decreased Desire to Eat
Severe depression
Chronic medical illnesses
Dementia
Anorexia nervosa
Post chemotherapy/radiation

Unable to Eat
GI obstruction—strictures, cancer, intestinal failure
Ventilated patients
Trauma
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Dementia is one of the most controversial areas in regard to enteral feeding. In
elderly patients the most common reason is dysphagia and frequent aspirations.8 To
date, no studies confirm that PEG tubes prevent aspiration.

Enteral tubes could be placed temporarily or permanently depending on the
indication.

17.4 CONTRAINDICATIONS

Serious coagulation disorders (INR > 1.5, PTT > 50 sec, platelets < 50,000/mm3),
mechanical obstruction of the GI tract, severe ascites, peritonitis, severe psychosis,
and limited life expectancy are contraindications for a G tube and J tube placement.9

Relative contraindications are enterocutaneous fistula, severe pancreatitis, and gas-
trointestinal ischemia.10

17.5 ENTERAL FEEDING SYSTEMS

Enteral tube systems can be placed via a nasal route, percutaneously, or surgically.
Patients can receive enteral feeding for a short period (less than 4 weeks) via the
nose to the stomach or the small bowel. Patients who have gastroparesis or have had
their stomach surgically removed would be candidates for small bowel feeding with
a nasojejunal (NJ) tube. Nasogastric (NG) tubes are usually 8 to 12 French tubes
passed in the stomach. Auscultation with abdominal radiograph is recommended for
confirmation of placement. Around 12% of the patients will have complications with
an NG tube placement. Examples include nasal mucosal ulceration, ear infection,
pharyngitis, sinusitis, tracheoesophageal fistula, tube migration, aspiration pneumo-
nia, and tube obstruction.11

If patients require enteral feeding for more than a month, endoscopic percuta-
neous routes are preferred. This procedure requires sedation. Enteral feeds could be
provided by a percutaneous endoscopic gastrostomy (PEG) tube, percutaneous endo-
scopic gastojejunostomy (PEG/J), and direct percutaneous jejunostomy. PEG tubes
are currently the preferred route, mostly because of safety, cost, and comfort. When
compared with an NG tube, they were more socially acceptable. Regarding nutri-
tional efficacy, PEGs were better than NG tube feeding.12 PEG tubes range from 15
to 28 French. With appropriate care, they can last 1 to 2 years. Procedure-related
complication rates ranged from 0 to 2%.13–15

Percutaneously, a jejunostomy can be placed via either a gastrostomy or a direct
jejunostomy. A 20 French gastrostomy tube is placed and a second 8 to 12 French
jejunostomy tube is passed through the gastrostomy tube. The jejunostomy tubes
often become clogged or displaced in the stomach.16 A PEG/J would last 3 to 6
months. Due to the small bore of the J tubes, the PEG/J becomes clogged easily and
needs aggressive flushing. The clogging rates vary from 3.5 to 35%.17,18,19 Tube
migration can also occur during vomiting.

Prior to the advent of percutaneous endoscopic procedures, the enteral tubes
were introduced surgically. Gastrostomy, gastojejunostomy, and jejunostomy were
procedures performed via open technique or laproscopically. Studies have shown
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that percutaneous gastrostomy is cost effective, saves operative time, and decreases
morbidity compared to surgical gastrostomies.20

Patients who are intolerable to gastric feeds, high-risk aspiration, gastroparesis,
gastric resection, severe gastroesophageal reflux, gastric or duodenal fistula, or
gastric outlet obstruction are candidates for surgical or percutaneous jejunostomy.
Surgical jejunostomes have been associated with a mortality rate of 10%. Common
complications are intestinal obstruction, necrosis, and fistulas.21

17.6 JEJUNAL VERSUS GASTRIC FEEDING

It had been believed that if a jejunal tube was placed there was less of a chance of
aspiration. Vanek22 reported that there was more aspiration pneumonia with percu-
taneous endoscopic gastrostomy/jejunostomy then with a PEG. They also concluded
that the patients with the PEG/J were sicker and more prone to aspiration. Intestinal
tube feeds still stimulate gastric acid secretion, and hence the risk of aspiration
persists. It has been noted that when the feeding tube was 60 cm away from the
ligament of Trietz, the pancreatic secretions decreased to 50% compared to the
feeding tube in the jejunum.23

17.7 FORMULA SELECTION

Enteral formula selection is patient specific. Various factors have to be taken into
account, like medical illness, nutritional status, digestive and absorptive capacity,
renal, cardiac, or hepatic diseases, route of administration, and cost. All formulas
contain carbohydrates, fats, and proteins. Table 17.3 gives an example of different
classes of products. The amount of enteral formula that a patient needs can be
calculated by nutritional calculations, as shown in Table 17.4. The protein content
of a formula should be between 7 and 16% of the total calories. The recommended
daily requirement of proteins is 0.8 g/kg/day, but in elderly patients the requirement
may go up to 1.2 to 1.5g/kg/day.24

Proteins could be intact, partially hydrolyzed, or free amino acid. Patients with
abnormal digestive enzymes would benefit from hydrolyzed proteins and crystalline
amino acids. Formulas for renal disease patients contain essential amino acids, while
formulas for hepatic failure patients contain branched-chain amino acids.

TABLE 17.3
Class of Nutrition Products and Degree of Digestion

Class Degree of Digestion

Intact nutrients Requires normal pancreatic enzymes
Milk based Requires normal pancreatic enzymes
Lactose-free Requires normal pancreatic enzymes, except lactose
Hydrolyzed proteins No digestion; requires intact brush border for absorption
Crystalline amino acids No digestion; no brush border absorption; uses passive absorption
Incomplete amino acids Hepatic or renal failure
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Carbohydrates are the primary source of calories in an enteral formula and a
major determinant of osmolarity. The carbohydrate content may be in the form of
polysaccharides, oligosaccharides, or saccharides. The smaller molecules are sweeter
and more osmolar than the bigger molecules. For lactose-intolerant individuals, there
are many formulas that are lactose-free. Formulas can contain up to 0.5 to 2 kcal/ml.
In patients with fluid restriction, a high-calorie formula can be used. High-calorie
formulas can clog tubes, decrease gastric motility and emptying, and may increase
the risk of aspiration.

Lipids are a concentrated source of energy and should constitute 30% of the
total calories of a formula. Higher concentrations lead to diarrhea.25 There are
specialized formulas in which lipids are the major source of calories (lipid content
up to 55%). These formulas are used for patients who have problems of CO2 retention
and go into respiratory failure.26

The usual free water requirement is 30 to 35 ml/kg/day. Most of the formulas are
75% free water. The amount and frequency of water flushes can be adjusted to meet
the daily requirement. Commonly used enteral formulas are shown in Table 17.5.

17.8 ENTERAL NUTRITION IN DIABETICS

Fluctuation in blood sugars, lipid abnormalities, and dehydration are concerns in
diabetic patients on enteral nutrition. Standard enteral formulas are high in carbohy-
drates, low in fat, and low in fiber. These formulas may lead to loss of glycemic
control secondary to rapid gastric emptying and rapid nutrient absorption.27 A meta-
analysis showed that diabetic-specific formulas have better glycemic control. 28 Special
diabetic formulas are higher in fat (40 to 50% of the total caloric requirement, with
more of the monosaturated fatty acids) and lower in carbohydrates (30 to 40% of the
calories and 15% from fructose). This composition of the enteral formula helps
improve glycemic control. The combination of fats and fiber reduce gastric emptying;
the fiber content helps in slowing intestinal absorption of the carbohydrates, and
fructose causes less glycemic fluctuations. A meta-analysis of increased fat content
in the formula did not find any drastic effects on the lipid panel.28 One study done in
long-term-care patients with type 2 diabetes found that a diabetes-specific formula
was associated with less pneumonia, fever, and urinary tract infections.29

TABLE 17.4
Calculating Enteral Feeding Requirements

Proteins Maintenance 1.2–1.5 g/kg/day
Stress 1.5–2.0 g/kg/day

Calories Maintenance 25–30 kcal/kg/day
Stress 30–40 kcal/kg/day
Sepsis 40–50 kcal/kg/day
Free water 30–35 ml/kg/day
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17.8.1 INITIATING FEEDS

Isotonic formulas can be started at full strength, while hypertonic formulas may
need to be diluted. To determine the rate of feeding, a volume of water equivalent
to the amount of desired feeding is infused in the stomach. The tube is clamped and
residuals are checked in 30 min. If the residual volume is less than 50% of the
volume infused, it is appropriate to start the tube feeding at that rate.30

17.8.1.1 Stomach

The stomach is a reservoir, and gastric secretions can dilute the feeding formula, so
they can be started at full strength without a starter regime.31 Feedings should be
started at 15 to 25 ml/h and advanced by 20 ml/h every 4 to 8 h until the goal rate
is achieved.

17.8.1.2 Jejunum

The jejunum does not have reservoir ability and cannot dilute the formula, so a
starter regime is usually needed. The strength of the feeding formula is diluted by
one fourth to one third and started at a rate of 15 to 25 ml/h, and the rate is increased
every couple of days until the target rate is achieved. Once the target is reached, the
strength of the formula can be increased as tolerated by the patient.32

TABLE 17.5
Commonly Used Enteral Formulas

Formula Features Comments

Ensure Plus High calorie, high protein, MCTs, fortified 
with mineral and vitamins

Complete and balanced

Jevity Isotonic, fiber Complete and balanced
Jevity Plus High nitrogen, prebiotics FOSs, fiber and beta-

carotene
FOSs are undigested CHO that are 
fermented in colon to produce 
SCFAs; helps in absorption of H2O 
and electrolytes, reducing diarrhea

Glucerna Reduced CHO, modified MUFAs, has fiber Glycemic control in diabetics and 
stress-induced hyperglycemia

Nepro Mod protein, fortified vitamins and minerals, 
high Ca, low phosphorus, contains FOSs

In renal failure

Perative For metabolically stressed patients (burns, 
wounds)

No data to support healing

Pulmocare Low CHO for COPD patients Doubtful clinical use
Two Cal Condensed formula with fluid restriction CHF, SIADH

Note: FOSs = fructooligosaccharides; SCFAs = short-chain fatty acids; MCTs = medium-chain triglyc-
erides; MUFA = monounsaturated fatty acids; CHO = carbohydrates.
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17.8.2 INTERMITTENT VERSUS CONTINUOUS

Enteral feeding could be intermittent or continuous. With a gastrostomy tube, inter-
mittent feeding schedules are used and are usually preferred due to convenience of
staff, more mobility of the patient, no need for infusion pump, and it is more
physiologic.33 Residual volumes checked prior to every feeding, if greater than 200
ml for nasogastric tube or 100 ml for gastrostomy tube, should raise concern.

Continuous feeding may be better in patients who experience nausea and early
satiety with intermittent feeding, e.g., patients with severe gastroparesis. Patients
receiving enteral nutrition directly in the duodenum or jejunum should be on a
continuous feeding regime to avoid abdominal distention, pain, and dumping syn-
drome. The volume can be titrated every 6 to 8 h as the patient tolerates it. Residual
volume should be checked every 2 to 4 h, and if greater than 1.5 times the hourly
rate, the tube feeds should be stopped.34

17.9 DRUG ADMINISTRATION AND ENTERAL 
NUTRITION

When patients are on enteral feeding, the medication should be reviewed and all
unnecessary medications should be stopped. Medications should be given via other
routes (transdermal or intravenous) if possible. Once-a-day dosing is preferred.
Dosage might need adjustment when changed from tablets to liquid forms. The liquid
formulations may have sorbitol, which is a laxative and can cause diarrhea.35 Liquid
medications should be diluted with 30 cc of water to decrease the osmolality.36

Medication should be given separately with water flushes in between them.
As a general rule, if medication absorption is altered with food or antacids, it

will be affected with enteral feeds as well. Dilantin, ciprofloxacin, theophylline,
digoxin, tetracycline, and rifampin are good examples. Potassium- and calcium-
containing medications cause precipitation. Some medications should never be
crushed. Long-acting medications should not be crushed; they may lead to variable
levels in the plasma and side effects. Not all liquid preparations are appropriate for
administration via PEG tubes. Augmentin and lansoprazole suspensions form clumps,
carbemeazpine adheres to the plastic tube,37 and temazepam makes the tube green.

If the patient is on continuous feeding via nasogastric tube or gastrostomy, the
feeding should be held for 15 to 20 min prior to the medication. If the patient has
jejunostomy, there is no need to stop the feedings until the drug is actually admin-
istered. The medications are directly absorbed from the small bowel. If the patients
are on intermittent feeding, medications should be administered at least 2 h after
feeding.38 If the patient is pregnant, avoid crushing finaseteride, because it can be
absorbed from the skin and affect the genitalia of a male fetus.39 Table 17.6 shows
the list of oral medications that should not be crushed.

17.9.1 REMOVAL OF A PEG TUBE

It is recommended to remove the PEG endoscopically because there have been cases
of ileus requiring surgery,40,41 but some tubes could be cut externally and the distal
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part passes through the rectum.40 Most of the newer PEG systems can be pulled out
without any endoscopy.

17.10 COMPLICATIONS

Chances of major complications after a percutaneous endoscopic placement of a tube
range from 0.4 to 8.4%. These complications include wound infections, necrotizing

TABLE 17.6
Oral Medications That Should Not Be Crusheda

Request a Substitute Drug
Cannot be crushed and not available in another oral form

Bisacodyl (Dulcolax)
Diclofenac (Voltaren)
Diltiazem (Cardizem SR)
Omeprazole (Prilosec)
Pentoxyphylline (Trental)
Piroxicam (Feldene)

Change Administration
Can open the capsules and administer these via the tubes

Ferrous Fumarate (Ferro-Sequels)
Indomethacin (Indocin SR)
Nifedipine (Procardia)
Nitroglycerin SR (Nitro-Bid)
Phenytoin (Dilantin Capseals)
Theophylline (Slo-Phyllin Gyrocaps, Theo-Dur Sprinkle)

Use Alternate Dosage Forms
A liquid dose or oral form that can be crushed can be used in place of these drugs—most are sustained 
release. Adjustment in the dose and frequency will be needed.
Acetazolmide (Diamoz sequels)
Morphine sulfate (MS contin)
Albuterol (Proventil repetabs)
Potassium chloride (slow K)
Asa enteric coated (Ecotrin)
Propanolol (Inderal LA)
Carbidopa and levodopa (Sinemet CR)
Theophylline (Theo-Dur)
Lithium carbonate (Eskalith CR)
Methylphenidate (Ritalin SR)
Divalproex (Depakote)
Erythomycin base (E-mycin)
Ferrous sulfate, enteric coated (Feosol)
Isosorbide dinitrate (Isordil Tembids)

a Pertains only to the brand names listed.
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fasciitis, aspiration, bleeding, perforation, ileus, tumor seeding, and death.13,42–44

Procedure-related complication chances range from 0 to 2%.13–15 Minor complica-
tions include stomal soreness and minor infection, stomal leakage, tube blockage,
and gastrointestinal upset related to onset of tube feeding.

The most common complication is local wound infection (15%). Prophylactic
use of antibiotics has reduced the rate of wound infections.45,46 Most of the time it
is less than 5 mm of the surrounding area of the stoma, usually due to movement.
Most of the local infections are treatable with local wound care. If the infection
persists, antibiotics should be used. Pnemoperitoneum is found in 50% of patients
after having a PEG placed. The patient should be monitored; there is no clinical
evidence that it leads to adverse events. Patients may initially complain of pain in
the stomal site, fever, or leakage of gastric secretions. A hydrocolloid dressing can
be used to protect the skin.

If the tube is pulled out, it cannot be replaced prior to 3 weeks, because that is
the time needed for the tract to mature. An attempt to reinsert the tube should be
made within 6 to 12 h; otherwise, the patient needs to be referred to a specialist.

Long-term complications include clogging, dislodging, aspiration pneumonia,
and diarrhea. Tube clogging is one of the most common problems in patients on
enteral nutrition. Blockage of the tube results from smaller tubes, hypertonic for-
mulas, inadequate flushing, and inappropriate administrations of medications. Evi-
dence suggests that flushing tubes with water and pancreatic enzyme solution is
better than with cranberry juice, colas, or meat tenderizer.

Diarrhea is found in 30% of patients receiving enteral nutrition; mostly the
etiology is not the formula. Medications are the most common reason for the diarrhea
in 61% of the cases. Some examples are antibiotics, H-2 blockers, laxatives, antacids,
sorbitol or fructose-based elixirs, and antineoplastic agents.47 Fifty percent of patients
on antibiotics get diarrhea.48 The high osmolar formulas can cause diarrhea if deliv-
ered to the small intestine, especially in patients with recent intestinal surgeries or
diseases involving the small intestine.49 The composition of the enteral formula alters
the bowel flora and may increase the risk of antibiotic-associated diarrhea. Lacto-
bacillus can be used to reduce the risk on Clostridium difficile diarrhea.

Enteral feeding does not prevent aspiration. Aspiration pneumonia is found in
about 23 to 58% of patients with a gastrostomy tube.50,51 The risk of aspiration can
be decreased if patients are tube-fed with the head of the bed elevated to 30°. One
study reported that 40% of patients had some elevation of liver enzymes.52 In elderly
demented patients, a feeding tube might necessitate restraints and make them more
agitated. In one study, 71% of patients with tube feeds were restrained. 53

17.11 EFFICACY OF ENTERAL NUTRITION

17.11.1 MALNUTRITION

The feeding tubes are inserted in elderly demented patients to improve nutrition.
Observational studies have failed to show increase in weight or improvement in
parameters related to malnutrition like serum albumin.54 In one study, 40 enterally
fed patients in a nursing home continued to lose weight despite adequate calories
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and proteins.55 In severe Alzheimer dementia, malnutrition may represent end-stage
disease rather than a reversible problem. In trials with cancer patients there was no
survival benefit of enteral feeding.56

17.11.2 LIFE PROLONGATION

Feeding tubes are supposed to prolong life; however, that is not true. One study
involving elderly demented patients with PEG tubes showed a 30-day mortality rate
of 24 to 27% and a 1-year mortality rate of 50 to 63%.57,58 Another study with VA
patients 75 and older showed a median survival of 5.7 month.44 A study with 5266
nursing home residents found that tube-fed patients were 1.44 times more at risk of
dying after a year than orally fed patients.59 A study with orally fed demented and
nondemented elderly in nursing homes showed the same survival rate.60 A 2-year
retrospective chart review of elderly demented patients who received the PEG and
those without it showed no survival benefit between the two groups.61,62

17.11.3 ASPIRATION

Feeding tubes are inserted in elderly patients to prevent aspiration. Contaminated
oral secretions play a role in aspiration. Studies have shown that mechanically
ventilated patients who received subglottic suctioning had less incidence of pneu-
monia than the ones who did not.63

To date, there are no studies to prove that tube feedings prevent aspiration.
However, the most common cause of death in tube feeders in nursing homes is
aspiration pneumonia.64 Aspiration occurs with oral and pharyngeal secretions, which
cannot be reduced by an enteral feeding. Good oral care reduces the risk of aspira-
tion.65 The risk factors for aspiration with a PEG tube include a previous history of
aspiration, being elderly, and dementia.50

One nonrandomized study showed that orally fed patients had less aspiration
pneumonia than tube-fed patients.66 Jejunostomy is also not associated with lower
risk of aspiration.67,68 One of the studies found similar rates of aspiration between
enteral feeds delivered to the stomach and the jejunum. It was also noted that patients
in the first group gained more weight than those in the second group.69

17.11.4 WOUND HEALING

It is believed that good nutritional status improves wound healing. Studies suggest
that tube feedings do not heal preexisting wounds70 or prevent new ones.71

17.11.5 COMFORT

Comfort is the important thing families want for their loved one. In advanced
dementia, when elderly stop eating, the topic of tube feeding comes up. Families do
not want their loved ones to die of hunger and thirst. When deciding about enteral
feeding, families should be informed that patients usually do not feel hungry or
thirsty at the end of life. Data support that patients who do not want to eat or cannot
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eat (terminal cancer) deny feeling hungry or thirsty and are relieved with just moist
lips or ice chips.72

A hospice nurse survey found that patients with voluntary dehydration died more
peacefully and usually within 2 weeks.73 It has been reported that people who fast
for spiritual reasons have intact mental capacity and no suffering.74 Hunger and
nausea are thought to be increased by tube feeding. Patients had less social interaction
(no one-to-one feeding) once placed on feeding tubes.75 The American Academy of
Hospice and Palliative Medicine (AAHPM)76 position statement asserts:

When a person is approaching death, the provision of artificial hydration and nutrition
is potentially harmful and may provide little or no benefit to the patient and at times
may make the period of dying more uncomfortable for both patient and family. For
this reason, the AAHPM believes that the withholding of artificial hydration and
nutrition near the end of life may be appropriate and beneficial medical care.

17.12 MORTALITY

According to one study, the mortality of patients with PEG for 7 days is 48%; risk
factors included prior aspiration, UTI, and being greater than 75 years old, vs.
mortality of 4% in patients without these risk factors.77

17.13 DISEASE-SPECIFIC DATA ON EFFICACY

17.13.1 STROKE

Neurological disorders are the most common indication for a gastrostomy tube.
Approximately 25 to 29% of the patients are able to swallow again, and the tube
can be removed in 2 to 3 years.78,79

17.13.2 MOTOR NEURON DISEASE

Motor neuron disease is a progressive degenerative disorder involving the loss of
motor neurons in the cortex, brainstem, and spinal cord. Bulbar dysfunction leads
to weakness of the pharyngeal, respiratory, and limb muscles. These patients are
prone to malnutrition and aspiration and have a higher requirement for energy
secondary to spasms and fasciculations. Malnutrition is a negative prognostic factor80

when weight loss of 5% or bulbar signs appear; a gastrostomy tube should be
discussed with the patient.81 One study showed that patients on enteral feeding
increased survival by 6 months.82

17.13.3 PARKINSON’S DISEASE

Oropharyngeal dysphagia is common in Parkinson’s disease. In many patients it is
unrecognized. With weight loss, a swallow evaluation should be the next step. No
study shows the effect of enteral nutrition in Parkinson’s patients.
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17.13.4 CANCER

Head and neck cancer patients tend to do better when they have a PEG placed prior
to radiation and chemotherapy. They had less weight loss than those without the
PEG (3.1 vs. 7 kg). They also had less hospitalizations and less interruption in their
chemotherapy and radiation.83

Esophageal cancers are associated with a great amount of weight loss, and the
treatment leads to further nutritional deterioration. The bilateral vagotomy with the
esophagectomy leads to delayed gastric emptying. These patients benefit from a
PEG or PEJ tube. In one study of patients with complications of espophagectomy,
84% had successful placement of a direct PEJ and were weaned off the total
parenteral nutrition (TPN) and discharged home early.84 It has been shown that
around 30% of cancer patients are able to resume oral intake and do not need enteral
feeds in the first year.85

17.13.5 ENTERAL FEEDS AND HIP FRACTURE

Bastow et al. showed that patients with hip fracture who were undernourished, when
provided with nightly enteral feeds along with their normal oral intake in the daytime,
required shorter rehabilitation time and had decreased mortality.86 In a meta-analysis,
943 patients showed that protein-energy supplementation decreased the mortality
and complications in patients with hip fracture.87

17.14 DECISION-MAKING CAPACITY AND ENTERAL 
NUTRITION

About 10% of patients with enteral nutrition have dementia and are living in a nursing
home. For patients with advanced dementia, the decision about artificial nutrition
falls upon the surrogate decision maker. It is usually very helpful if patients have
advanced directives regarding artificial nutrition. In a discussion about enteral tube
feeding, the risks and benefits and alternative methods should be offered to the
surrogate decision maker. Forty-five percent of surrogate decision makers stated that
no alternative was offered, and 2% were offered spoon feeding.88 In a study from
Boston and Ottawa, 54% of the proxies stated they were given adequate information,
49% understood the benefit of tube feeding, and 83% said they understood the
benefits to be life prolongation and decreased risk of aspiration.89 Another survey of
proxies’ decisions regarding enteral nutrition was based on the following reasons:
better nutrition (70%), comfort (22%), life prolongation (18%), increase in strength
(14%), and help in overcoming the acute illness (10%).90

17.15 RELIGION AND ENTERAL NUTRITION

Religion and faith are an important part in how we make decisions regarding life
and death. Sanctity of life is an important principle in all religions. Jewish law
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halacha states that life-sustaining treatment can be withheld if the person dying is
suffering or the treatment would produce suffering. In advanced dementia, when
patients stop eating the median survival is 6 months, with or without feeding tubes.91

Dementia itself does not cause pain, but other problems associated with dementia,
like pressure ulcers or contractors, can lead to suffering. Enteral feeding may add
to the suffering; it may increase urinary and fecal incontinence, and many patients
need restraints.92 Rav Moshe Feinstein states that for patients with a life expectancy
of several weeks to months, their quality of life should be the concern.93 According
to the halacha, patients with advanced dementia are dying and suffering, and tube
feeding would add to their suffering, so withholding enteral feeding is appropriate.

Among Catholics it is believed that euthanasia is an act or omission of a
procedure leading to the death of a patient. Withdrawal of artificial nutrition may
not always be an act of omission leading to death of the patient.94 It is also believed
that all patients should get normal care. It is not clear if artificial nutrition is part
of basic care or medical treatment. In March 2004, in a speech regarding the Terri
Schiavo case, Pope John Paul II stated that withdrawal of artificial nutrition was
part of basic care and withdrawal is equivalent to euthanasia.95 It is thought that
this means it is morally obligatory in patients who are not actively dying. In
demented patients, where it is more burdensome to the patient, it may be morally
optional.96

Medical treatment that is burdensome is defined as “too painful, too damaging
to the patient’s bodily self and functioning, psychologically repugnant to the patient,
restrictive of the patient’s liberty and preferred activities, suppressive of the patient’s
mental life, or too expensive.”97 Decisions regarding benefit and burden should be
discussed with the patient directly, and if the patient cannot make the decision, health
care proxies and families should be involved.

Like in all religions, in Islam there are two main principles: sanctity of life and
duty to feed. According to the Quran and Hadith, it is recommended to feed the sick
and eradicate hunger by providing food, financial assistance, and food preparation.
Islam suggests that if enteral nutrition prolongs life, it should be done, and if it
hastens death, it is not recommended. In advanced dementia it does neither. So the
duty-to-feed principle comes in play. Like in Catholicism, enteral nutrition is con-
sidered basic care and should be instituted in advanced dementia patients. Even
though it is not clearly mentioned in the Quran and Hadith regarding dementia and
enteral nutrition, it is still debatable.98

17.15.1 STATE LAWS

State laws regarding enteral nutrition vary. In most of the states, a surrogate can
make the decision if the patient specifically addressed artificial nutrition with him
or her. If there is no surrogate, the state has a hierarchy for default surrogate decision
makers.

In New York and Missouri, surrogates cannot make the decision regarding
artificial nutrition, as it was in the Nancy Cruzan case. Nursing homes in these states
require adequate documentation that it was the patient’s wish to withhold artificial
nutrition.
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17.16 COST OF ENTERAL NUTRITION IN A NURSING 
HOME

Nursing homes are reimbursed more if a patient is on tube feeding. Less staff is
needed to help with tube feeding than with hand feeding. In a study done by Mitchell
et al. in 2004, it was noted that the cost for tube-feeding patients was $2379 ± 1032,
vs. $4219 ± 1545 for a manual feeding, with the staff time being 25.2 ± 12.9 min
for a tube feeding vs. 72.8 ± 16.5 min for a manual feeding. Tube-fed patients
followed for 6 months were found to be more expensive, secondary to hospitaliza-
tions for placement and complications related to the tube. 99

17.17 CONSERVATIVE ALTERNATIVES

As mentioned earlier, a thorough review of medications may help improve the
nutritional status. In one study, education of the nursing staff, medication adjustment,
environmental changes, dental care, swallowing evaluation, and increased nutritional
intake with illness led to a 4.5-kg increase in weight in 50% of the residents.100 Other
useful methods include finger foods, strong flavors, hot and cold food, frequent
reminders to swallow, liquid supplements, bolus sizes less than a teaspoon, facilita-
tion techniques like vibration and stroking of the cheek, assistance with meals, and
frequent small snacks.101–104

17.18 CONCLUSION

Enteral feeding has become a common medical intervention. It carries with it several
ethical, social, and medical issues. Patients and families should be made aware of
the benefits and risks of enteral nutrition. To date, no studies show benefits in end-
stage dementia patients. It does not prolong life, does not prevent aspiration, and
has no effect on pressure sores. Patients in nursing homes with enteral nutrition have
a higher mortality. It is the physician’s responsibility to discuss in detail and help
the family understand the risks and current literature on benefits of feeding tubes.
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18.1 INTRODUCTION

Dramatic weight loss and hypoalbuminemia often follow acute hospitalization. Both
concurrent illness and undernutrition present prior to hospital admission account for
these changes. Forty to sixty percent of hospitalized patients are undernourished, at
least by traditional diagnostic criteria.1 Sixty percent of elderly adults are under-
nourished on the day of admission to the hospital.2 Hospital nutritional status is
poorly monitored,3–6 and patients often subsist on inadequate intake for days at a
time.7–9 Despite the high prevalence of undernutrition, nutrition is rarely addressed
during hospital stays.10

Undernutrition is associated with patient outcome. A four-fold increase in com-
plications and a six-fold increase in mortality have been reported among hospitalized
patients with a serum albumin less than 35 g/l.11 A significantly higher mortality
among surgical patients with greater than 20% weight loss preoperatively has been
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shown.12 Protein-energy undernutrition is a strong independent risk factor for 1-year
mortality after discharge from a geriatric rehabilitation ward.13 The severity of under-
nutrition is a strong independent risk factor for life-threatening morbidity, even when
controlling for illness severity.14 It is not clear whether diagnosis of undernutrition
by traditional laboratory parameters correctly predicts response to feeding, or whether
these acute phase markers simply select sicker individuals (see Chapter 12).

Undernutrition as a result of acute illness or poorly addressed nutritional status
in hospitals persists after discharge. In a subacute facility, over 90% of subjects were
undernourished or at risk for undernutrition.15 The high prevalence of malnutrition
in long-term-care facilities may reflect, in part, transfer of undernourished patients
from acute-care hospitals to long-term-care facilities following an acute illness.16

After an illness, a number of patients are unable to maintain adequate oral intake
to meet protein-calorie needs, even when high-density nutritional supplements are
added.17,18 For these patients, enteral feeding by tube or parenteral intravenous
feeding must be considered.

18.2 ENTERAL VERSUS PARENTERAL FEEDING ROUTE

Enteral nutrition has advantages over parenteral nutrition, including more effective
nutrient utilization and preservation of gastrointestinal mucosa integrity and func-
tion.19–21 Enteral feeding has also been shown to play a significant role in preventing
bacterial translocation and maintaining immune function.22,23

In critically ill subjects with an intact gastrointestinal tract, the use of enteral
nutrition compared with parenteral nutrition demonstrates a reduction in infections
(relative risk, 0.64; 95% confidence interval (CI), 0.47 to 0.87), although no effect on
mortality or length of stay was observed.24 Therefore, in patients with an intact gas-
trointestinal tract, enteral nutrition is strongly recommended over parenteral nutrition.25

In elective-surgery patients with cancer of the stomach or esophagus prospec-
tively randomized to receive either enteral feeding or total parenteral nutrition, no
differences were found in nutritional, immunologic, and inflammatory variables
between patients. Infectious or noninfectious complications, length of hospital stay,
and mortality were not different between groups. A similar overall complication rate
was observed in the two groups (36% for enteral and 40% for parenteral nutrition).
These outcomes were similar despite the fact that only 79% of the enterally fed
group reached nutritional goals, compared to 98% of the parenterally fed group.
Hyperglycemia or electrolyte abnormalities were higher in the parenterally fed group.
Parenteral nutrition was four-fold more expensive than enteral nutrition.26

In other studies, increases in infective complications (8%), noninfectious com-
plications (5%), catheter-related sepsis (4%), and length of hospital stay (1.2 days)
have been observed with total parenteral nutrition. Enteral nutrition was associated
with an increase in diarrhea (9%).27 The in-hospital mortality rate was not higher
with parenteral nutrition in this study, although enteral nutrition has been associated
with a lower mortality rate in other studies.

Some frail, older, undernourished patients are unable to accept or tolerate ade-
quate enteral nutrition. Tolerance to enteral nutrition by gastric tube is poor in this
group of patients. Enteral nutrition frequently fails to meet nutritional goals due to
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interruptions of feeding, intolerance to feeding volume, high gastric residuals, or
clinical status of the patient.28 Parenteral nutrition may be an effective method of
administering nutritional support to patients with mild to moderate nutritional defi-
ciencies who are unable to receive enteral nutrition or for whom enteral nutrition
alone cannot meet energy needs. Whether resorting to parenteral feedings can
improve outcome is controversial.

18.3 INDICATIONS FOR PARENTERAL NUTRITION

The indications for parenteral nutrition have evolved over time. A number of ran-
domized controlled clinical trials have reported the effect of parenteral nutrition.
Parenteral nutrition also has been widely applied to a number of conditions, despite
a lack of clinical trials to determine the efficacy of parenteral nutrition.

The current recommendations for parenteral nutrition are shown in Table 18.1.
Unfortunately, the risk–benefit ratio for a large number of conditions suggests that
routine use of parenteral nutrition should be limited. In most circumstances, the
decision to initiate parenteral nutrition must be made on an individual patient basis.

The published benefits of total parenteral nutrition depend on the methodological
quality of the clinical trial and the year of publication (Table 18.2). In a meta-analysis
of the use of total parenteral nutrition in surgical patients, higher quality and more
recent trials showed no benefit compared to standard care or no total parenteral
nutrition. In patients with malnutrition at baseline, a reduction in major complications
was seen, but no difference in mortality was observed.29

18.4 SPECIAL GROUPS FOR PARENTERAL NUTRITION

18.4.1 INTENSIVE CARE UNIT

Parenteral nutrition is most commonly used in critically ill patients in intensive care
settings. A meta-analysis of 26 controlled trials involving 2211 patients compared
total parenteral nutrition with standard care. No reduction in mortality or overall
morbidity was observed in persons in the intensive care unit, persons undergoing
surgery, persons with burns, or persons with pancreatitis.30 In a subgroup analysis,
there was a reduction in morbidy in subjects who received total parenteral nutrition
and who were undernourished at baseline (risk ratio, 0.52; 95% CI, 0.3 to 0.91).

In a randomized trial comparing parenteral nutrition to enteral nutrition in trauma
patients, an increased incidence of sepsis was observed in the TPN subjects.31 In
another trial, increased sepsis with TPN compared to enteral feeding was also
observed.32

18.4.2 PANCREATITIS

A meta-analysis of six randomized controlled trials found that enteral nutrition was
associated with a lower incidence of infections (relative risk, 0.45; 95% CI, 0.26 to
0.78; p = 0.004), a reduced length of hospital stay (mean reduction, 2.9 days; 95%
CI, 1.6 to 4.3 days; p < 0.001), and a trend toward reduced surgical interventions
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TABLE 18.1
Summary of Guidelines for Parenteral Nutrition

Condition Recommendation Rationale

Cancer patients undergoing
chemotherapy or radiation 
therapy

Should not be routinely used Increased risk of complications; 
impaired response to treatment

Bone marrow transplantation No clear direction Conflicting data regarding mortality
Liver disease, alcoholic hepatitis Should not be routinely used Does not alter morbidity or mortality
Hepatic encephalopathy,
cirrhosis

Branched-chain amino acid-
enriched solutions are 
beneficial

Expense (compared with alternative 
therapies) limits utility

Other liver diseases No recommendation No RCT
Acute pancreatitis, mild Should not be given Increased cost and duration of 

hospitalization; may increase risk of 
infectious complications 

Acute pancreatitis, severe No recommendation No RCT
Inflammatory bowel disease, 
acute colitis

Should not be routinely used No increase in rate of remission or 
decrease in need for surgery

Inflammatory bowel disease, 
Crohn’s disease

Should not be routinely used Parenteral nutrition less effective 
than steroid therapy 

Inflammatory bowel disease Should not be routinely used Bowel rest not necessary for clinical 
remission

Acquired immunodeficiency 
syndrome

Should not be routinely used Expense and potential for infection 

Pulmonary disease Should not be routinely used Parenteral nutrition not effective in 
mechanical ventilation or remission

Renal disease No recommendation No RCT
Burn injury Contraindicated unless 

enteral route unavailable
Higher mortality than enteral 
nutrition 

Trauma Should not be routinely used No clinical benefit; does not shorten 
duration of mechanical ventilation

Protein-sparing therapy, 
hypocaloric nitrogen-
containing intravenous infusions

Not recommended No clinical benefit

Home parenteral therapy Indicated for patients with 
prolonged gastrointestinal 
tract failure that prevents 
absorption of adequate 
nutrients to sustain life

Should not be provided to patients 
with limited life expectancies (less 
than 3 months)

Prolonged inadequate nutrient 
intake

Should not be provided to 
patients who are expected 
to receive adequate oral or 
enteral feeding within 1 
week

Patients who are not severely 
malnourished can likely tolerate at 
least 1 week of starvation without 
adverse effects

Note: Should not be routinely used = must be determined on a case-by-case basis, considering alternatives
and risk; RCT = randomized controlled trial.

Source: Adapted from the American Gastroenterological Association Medical Position Statement: Parenteral
Nutrition, approved by the Clinical Practice and Practice Committee on April 13, 2001, and by the AGA
Governing Board on May 18, 2001. Koretz, R.L. et al., Gastroenterology, 121, 970–1001, 2001.
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to control pancreatitis (relative risk, 0.48; 95% CI, 0.22 to 1.0; p = 0.05) compared
to parenteral nutrition. No difference was observed for mortality (relative risk, 0.66;
95% CI, 0.32 to 1.37; p = 0.3) or noninfectious complications (relative risk, 0.61;
95% CI, 0.31 to 1.22; p = 0.16) between the two groups of patients.33

18.4.3 ABDOMINAL SURGERY

Enteral feeding following major abdominal surgery does not reduce postoperative
complications and mortality when compared with parenteral nutrition. In a random-
ized controlled trial, no difference in major postoperative complications following
major elective abdominal surgery (38% in the enteral nutrition group and 39% in the
total parenteral nutrition group), or overall postoperative mortality rate (5.9 and 2.5%,
respectively), was observed between enterally fed and parenterally fed groups.34

18.4.4 LONG-TERM TOTAL PARENTERAL NUTRITION

In persons who are unable to ingest food for considerable periods, total parenteral
nutrition has been used for longer times. In a retrospective review of home parenteral
nutrition therapy, the overall probability of 5-year survival was 60%. Only 20 deaths
(9%) were directly attributable to complications of parenteral nutrition. Survival was

TABLE 18.2
Comparison of Published Benefits for Total Parenteral Nutrition 
in Surgical Patients: A Meta-Analysis of 27 Randomized 
Controlled Trials Comparing TPN to Standard Care or No TPN

Outcome 1988 or Prior 1989 or After

Risk of complications 0.42
95% CI = 0.26–0.68

1.09
95% CI = 0.91–1.31

Mortality rate 0.68
95% CI = 0.43–1.10

1.11
95% CI = 0.83–1.48

Quality Score Less Than 7 Quality Score at Least 7
Risk of complications 0.75

95% CI = 0.47–1.19
1.08

95% CI = 0.81–1.43
Mortality rate 0.50

95% CI = 0.32–0.76
1.07

95% CI = 0.86–1.32 

Malnourished at Baseline Not Malnourished
Risk of complications 0.52

95% CI = 0.30–0.91
0.95

95% CI = 0.75–1.21
Mortality rate 1.13

95% CI = 0.75–1.71
0.90

95% CI = 0.66–1.21

Note: Risk, 95% confidence interval (CI); quality score, author-derived 14-point scale.

Source: Heyland, D.K. et al., Can. J. Surg., 44, 102–111, 2001.
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best predicted by the underlying disease. A distinct age-related survival effect was
observed, with the probability of 5-year survival by age at initiation of parenteral
therapy being 80% for persons younger than 40 years, 62% for persons 40 to 60
years old, and 30% for persons older than 60 years.35

18.4.5 PARENTERAL ACCESS

Parenteral nutrition requires a catheter located in the superior vena cava or right
atrium. Access into the superior vena cava can be made through the internal jugular
vein, the subclavian vein, or peripheral veins in the arm. Catheters inserted through
other sites, such as the femoral vein, have a higher rate of complications. Placement
of a catheter should be verified by radiological means to avoid mechanical com-
plications.

Complications of parenteral nutrition include catheter-related infections and
mechanical complications such as misplacement. Catheter-related sepsis occurs in
five to eight subjects per 1000 insertions.36 Various methods have been recommended
to decrease the risk of sepsis, including strict aseptic insertion technique, skin
preparation with chlohexidine,37 antibiotic-impregnanted catheters,38 and special
catheter care teams. Interventions that have not been effective include antibiotic
ointment at the insertion site, transparent skin dressings, prophylactic antibiotics,
and prophylactic catheter exchange.39 Risk of catheter-related infection increases
with use of the catheter for infusion of non-nutrition-related fluids, failure to disinfect
the catheter hub before administration of nutrition, and bathing or showering.

18.4.6 PERIPHERAL PARENTERAL NUTRITION

Peripheral parenteral nutrition (PPN) has advantages over total parenteral nutrition.
PPN can be administered more easily without a central venous line, does not require
mixing, and is less costly. Peripheral parenteral nutrition (PPN) may be an effective
method of administering nutritional support to patients with mild to moderate nutri-
tional deficiencies who are unable to receive enteral nutrition or for whom enteral
nutrition alone cannot meet energy needs.

Peripheral parenteral nutrition (PPN) accounted for almost 20% of all parenteral
nutrition administered in a U.K. study. Effective PPN is possible in about 50% of
inpatients requiring parenteral nutrition.40

Most studies of PPN have been not been longer than 2 weeks. Positive nitrogen
balance has been observed after 5 days of PPN infusion.41 In a longer-duration study
of PPN in undernourished subjects transferred to a subacute facility, little change in
nutritional parameters was observed.42 However, a trend toward improvement in
prealbumin and CD4 count were observed in the PPN group. Mid-arm circumference
and functional status (measured by a timed 6-m walk) also trended toward improve-
ment in the PPN group. The magnitude of the effect may have been smaller in this
study due to the severity of malnutrition, older age, and poor functional status in
these patients. Despite a longer duration of intravenous therapy, the rate of compli-
cations, including phlebitis, in this study was low (22%).
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18.5 NUTRITIONAL PRESCRIPTION FOR TOTAL 
PARENTERAL NUTRITION

Since total parenteral nutrition serves as the only source of nutritients, the prepara-
tions used must provide total nutritional support. The normal nutritional requirements
must be met in terms of energy, protein, and water (see Chapter 7). Protein estimates
must be individualized, considering the person’s comorbid condition. Metabolic
complications increase when more than 7 g/kg/day of carbohydrates and 2.5 g/kg/day
of lipids are administered. In critically ill subjects, the maximum of 1 g/kg/day of
lipids may be appropriate.43 Essential fatty acid deficiency should be prevented by
including 1 to 2% of total fatty acids from linoleic acid and 0.5% of energy from
alpha-linoleic acid.44 Parenteral feedings must include vitamins and trace elements.
Multivitamin preparations do not usually contain vitamin K, which should be sup-
plemented.

A variety of nutrients have been added to formulas in attempts to improve
nutritional status or clinical outcome. The term immunonutrition has been used to
define a variety of enteral and parenteral nutrients such as arginine, glutamine,
omega-3 fatty acids, and nucleotides. Recommendations for nutrients in critically
ill adults are given in Table 18.3.

18.5.1 ARGININE

Formulas containing arginine and other selective nutrients have been compared to
an isocaloric, nonisonitrogenous standard enteral formula in critically ill subjects.
In those patients who were fed for more than 48 hours by an intention-to-treat
analysis, no difference in hospital mortality, infectious complications, intensive care

TABLE 18.3
Recommendations for Parenteral Nutrition in Critically Ill Patients in the ICU

Comparison
Outcome, Risk
(95% Confidence Interval) Recommendation

Early vs. delayed feeding Infections, 0.78 (0.6–1.02)
Mortality, 0.65 (0.41–1.01)

Feed enterally within 24 to 48 
hours

Parenteral nutrition vs. standard 
care

Infections, not done
Mortality, 0.82 (0.41–1.61)

Do not use parenteral route 
routinely in patients with intact 
GI tract

Formula supplemented with 
arginine and other select 
nutrients

Infections, 0.97 (0.81–1.15) Do not use

Formula containing glutamine Infections, 0.69 (0.46–1.04)
Mortality, 0.67 (0.48–0.92)

Glutamine should be included

Formula containing probiotics Insufficient data to recommend

Source: Dhaliwal, R. and Heyland, D.K., Curr. Opin. Crit. Care, 11, 461–467, 2005.
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unit length of stay, or duration of mechanical ventilation was observed between the
two groups in both the overall analysis and several subgroup analyses.45

In patients with severe sepsis, the use of enteral immunonutrition when compared
with total parenteral nutrition was found to be associated with higher mortality
(44.4% vs. 14.3%; p = 0.039).46 In critically ill subjects, an increase in mortality
has also been observed with the use of arginine-containing formulas.47,48 Other trials
of enteral immunonutrition have shown a lack of treatment effect when compared
to an isocaloric, isonitrogenous standard enteral formula.49–51 Because of the lack of
treatment effect on mortality and infectious complications, several guidelines rec-
ommend that diets containing arginine with or without other select nutrients not be
used in critically ill patients.52

18.5.2 GLUTAMINE

In a meta-analysis of randomized trials of glutamine supplementation in surgical
and critically ill patients, no difference in mortality was observed (risk ratio, 0.78;
95% CI, 0.58 to 1.04). A shorter length of hospital stay was found (–2.6 days; 95%
CI, –4.5 to –0.7), but no lower rate of infectious complications (relative risk, 0.81;
95% CI, 0.64 to 1.00). The greatest benefit was observed in patients receiving
high-dose parenteral glutamine. In subgroup analysis, the shorter length of hospital
stay was confined to surgical patients, but not in critically ill patients.53 Glutamine
should be considered an addition to total parenteral nutrition in critically ill patients.

There is no gold standard for nutritional repletion. Nitrogen balance studies have
been used most often to assess nutritional efficacy, but may not reflect nutritional
status accurately because of comorbid illness.

18.6 COMPLICATIONS OF PARENTERAL NUTRITION

In severely undernourished persons, rapid introduction of carbohydrates can lead to
hypophosphatemia, hypokalemia, and hypomagnesemia, known as the refeeding
syndrome. Close monitoring of these parameters and overall volume status is
required. Hyperglycemia is frequent, particularly in diabetic subjects, and may lead
to hyperosmolar states. Hypertriglyceridemia may occur in persons receiving fat
emulsions and can lead to pancreatitis and affect pulmonary function. Excessive
production of carbon dioxide may occur and complicate ventilatory support. A
syndrome of fat accumulation in the liver may occur and is reversible with discon-
tinuation of parenteral nutrition. Cholestasis of the liver occurs later, is irreversible,
and may lead to progressive liver disease and death.

Centrally placed catheters have been associated with major complications, such
as septic shock, suppurative phlebitis, metastatic infection, endocarditis, or arteritis
in 32% of cases.54 The incidence of phlebitis seems to be related to the nutrition
solution, rather than to bacteria or particulate matter. The point prevalence of phle-
bitis was 65% in patients receiving peripheral intravenous hyperalimentation com-
pared to 18% in nonhyperalimentation patients. When standard in-living particulate
filters were added, the rate of phlebitis was 74% compared to 64% with a sham
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filter. When the glucose-based solution was replaced with a glycerol-based solution,
the incidence of phlebitis decreased from 68% to 27% (p = 0.001).55

In other studies, using an infusion of an amino acid and dextrose solution, grade
2 or greater phlebitis was observed in 71 to 86% of sites during a 3-day period. The
rate of phlebitis in this study was 76% even when 5% dextrose alone was infused.56

Intravenous antibiotics have been associated with high rates of phlebitis, ranging
from 41% with intravenous push antibiotics to 47% using intravenous piggyback
administration. Intravenous bolus infusion may be superior to intravenous piggyback
continuous infusion, with a time to phlebitis of 45 ± 20.5 hours with an intravenous
bolus, compared to 36.2 ± 17.6 hours with an intravenous piggyback infusion.57

Several strategies have been studied to reduce the incidence of postinfusion
phlebitis. Antiseptic dressings have not been effective, with 3-day phlebitis rates of
60% with povidone-iodine dressing vs. 59% with gauze control dressings.58 Coated
intravenous catheters have not been effective, with phlebitis rates of 17% compared
to 23% in uncoated catheters (p = 0.32).59 The type of catheter seems to make little
difference, with reported rates of 31 to 33% phlebitis in 3 days with two different
types of catheters.60 Catheter length may have a role, at least in preventing high rates
of phlebitis associated with antibiotic infusion. Phlebitis occurred in 53% of patients
using a 51-mm catheter in a mean of 3 days, 41% of patients using a 28-cm catheter
in a mean of 5 days, and 10% of patients using a 71-cm catheter in a mean of 9 days.61

18.7 SUMMARY

Total parental nutrition is lifesaving in persons who have no functioning gastrointes-
tinal tract. Maintenance of total parental nutrition is feasible in this group over long
periods, but is affected by the underlying comorbid condition and the person’s age.
In persons who have a functional gastrointestinal tract, enteral nutrition should be
the route of choice and should be begun early rather than later in the clinical course.

Total parenteral nutrition must deliver complete nutrition requirements. Supple-
mentation of select nutrients, or immunonutrition, has not been shown to be bene-
ficial and may be harmful, with the possible exception of glutamine in burn and
trauma patients.

Total parenteral nutrition must be carefully monitored to prevent the refeeding
syndrome or development of nutritional deficiencies not included in the feeding
formula. The predominant complications of total parenteral nutrition are sepsis and
catheter-related infections.
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Individuals aged 65 years or older continue to increase in America—for instance,
an increase of 3.1 million since 1994 was noted in 2004.

 

1

 

 In the same age group,
although a relatively small number of about 1.56 million, or 4.5%, lived in nursing
homes in 2000, the percentage increased strikingly with age, varying from 1.1% for
persons 65 to 74 years to 4.7% for persons 75 to 84 years and 18.2% for persons
85+.

 

1

 

 Women in nursing homes are typically older (83 years) than men (80 years)
and are three times more in number than men.

 

2,3

 

 In addition to these trends, older
adults tended to live longer.

 

4

 

 Nevertheless, the average length of stay (current resi-
dent) in nursing homes was reduced from 1026 days in 1985 to 892 days according
to the data from the 1999 National Nursing Home Survey.

 

2,3

 

 This is still a significant
length of time spent in nursing homes, especially in the latter part of one’s life, when
the dependent’s needs are more, and are unlikely to be unmet regardless of the
location. About 96% of nursing home patients needed help with their activities of
daily living (ADLs), with the mean number of ADLs for which help was needed
being 4.4 in 1997, implying that a greater number of more functionally impaired
individuals resided in the nursing homes.

 

3

 

 While bathing is often the first ADL to
be lost, eating, fortunately, is generally the last. Yet, in 1997, 45% of nursing home
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residents needed help with this ADL compared to 40% in 1985.

 

3

 

 This may not
necessarily reflect an increase in the number of people needing assistance with eating;
rather, it may simply reflect that the staff are more aware today to recognize the
need and intervene. However, what could be stated without doubt is that malnutrition
is widespread in nursing homes, ranging from 52 to 85%, and a decades-old scourge
with dreadful impact on almost every aspect of the afflicted individual’s life.

 

5,6

 

 The
elements of nutrition management in nursing homes therefore merit a vigorously
renewed attention and application of well-studied corrective actions at different
levels, including the patient, the staff, and the physician.

Three key elements that play a vital role in nursing home nutrition manage-
ment—food service system, nutritional status, and medical nutritional therapy—will
be discussed in this chapter, with additional insights into some of the aspects that
the studies in the last decade or so have revealed to be important.

 

19.1 FOOD SERVICE MANAGEMENT

 

A review of the food service system and its management gives information about
the meal service and nutritive quality of the food provided in nursing homes. Federal
guidelines regulate the majority of food service programs in nursing homes. Inter-
pretive guidelines and regulations are then specified by each state to meet these
federal guidelines. Nursing home facilities must provide food service meeting these
guidelines. Governmental financial reimbursement for care in nursing homes is
determined by a formula, which is adjusted periodically to reflect increased costs.
However, the allocation of funds to various services, such as nursing, housekeeping,
supplies, and dietary, is left to the discretion of the facility. Because most nursing
homes are operated for profit, any increase in costs that exceeds the increase in
reimbursement usually must be offset by reductions in other expenses, such as food
budgets. Inadequate food budgets may result in food of lesser quality and potentially
marginal nutritional adequacy. But given the fact that malnutrition is still a bane in
nursing homes and bodes such devastating consequences as pressure ulcers, cognitive
impairment, postural hypotension, infections, and anemia in this inherently vulner-
able population with usually numerous other chronic medical diseases, it may well
be economically and ethically wiser to rank nutrition a high priority in budget
allocations to meet the federal guidelines.

 

7

 

Federal guidelines require nursing homes to provide each resident with a nour-
ishing, palatable, well-balanced diet that meets his or her daily nutritional and special
dietary needs.

 

8

 

 The other pertinent dietary services-related federal guidelines require-
ments from the electronic Code of Federal Regulations

 

8

 

 are detailed below.
A qualified dietitian or a designated food service director who receives scheduled

consultations from a qualified dietitian should be on staff at the nursing home as part
of the team to ensure appropriate nutrition to the residents. The dietitian must be
supported by sufficient support personnel to carry out the functions of the dietary
services. Food in nursing homes should be procured from sources approved or con-
sidered satisfactory by federal, state, or local authorities. It should be stored, prepared,
distributed, and served under sanitary conditions. The food menus must meet nutri-
tional needs of residents as per the Recommended Dietary Allowances of the Food
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and Nutrition Board of the National Research Council, National Academy of Sciences.
The menus must be prepared in advance and be followed. The food served to each
resident should be prepared by methods that conserve nutritive value, flavor, and
appearance of the food. Food should be palatable, attractive, at the appropriate tem-
perature, and served in a form according to an individual’s requirements. If residents
refuse such food served, substitutes of similar nutritive value to the particular resident
should be offered. Therapeutic diets require an attending physician’s prescription.
Each resident must be provided at least three meals daily at regular times comparable
to normal mealtimes in the community. No more than 14 hours should lapse between
a substantial evening meal and breakfast next day, except if a nourishing snack has
been provided at bedtime, when up to 16 hours may elapse, and a resident group
agrees to this exceptional meal span. However, the snacks must be offered to all
residents at bedtime daily. The guidelines also require nursing homes to provide
residents with special eating equipment and utensils if they need them. Effective
October 27, 2003, the guidelines allowed for a facility to use paid feeding assistants
who could be other than nurses or trained nursing aides to feed nursing home residents,
if it is also consistent with state laws to use them.

 

9,10

 

 The paid feeding assistants must
have completed a state-approved training course (that meets federal guidelines
requirements) before feeding residents and should be under direct supervision of a
registered nurse (RN) or a licensed practical nurse (LPN). The resident selection for
paid assistants to feed must be based on the charge nurse’s assessment and the
resident’s latest assessment and plan of care. They can only feed residents who do
not have feeding complications, including, but not limited to, difficulty swallowing,
recurrent lung aspirations, and tube or parenteral/IV feedings.

Food service sections in nursing homes have made some innovative strides
toward improvement in the recent past, including in the organizational aspects, dining
styles and standards, ethnonutrition, social aspects, and individualization. Feeding
assistance is an important organizational factor that influences nutritional status of
many residents. Introduction of paid feeding assistants, as mentioned above, is a
step in this direction. A Centers for Medicare and Medicaid (CMS) study revealed
that in 2000, over 91% of nursing homes were noted to have nurse’s aide staffing
levels less than those required to provide adequate services for their specific resident
populations.

 

11

 

 As pointed out by Jackson in 

 

Health Care Food & Nutrition

 

, Phase II
of the CMS study also revealed that weight loss was more with less staffing and
with less work hours of the RN and LPN combined (although the nurse’s aides, not
RNs or LPNs, usually provide feeding assistance), and that the inadequate staffing
affected nutritional status more than cleanliness or appearance of the residents.

 

10

 

These findings emphasize the utmost importance of team effort required to thwart
nutritional problems in nursing homes. While the nurse’s aides primarily help with
feeding assistance, the RNs and LPNs are vital for overseeing them, monitoring
weight loss, providing resident assessment and accurate care plans, and effectively
communicating to other interdisciplinary members, including physicians, in a timely
manner.

 

10

 

 These findings also suggest that feeding assistance, compared to some
other chores in nursing homes, is perhaps more demanding on staff, in terms of time
and effort. Simmons and Schnelle showed in their study that irrespective of level of
physical dependency of residents, all residents responsive to assistance required an
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average of 35 to 40 minutes for enabling adequate oral intake, which was consider-
ably more time than that spent under usual nursing home care by the nursing home
staff helping with feeding assistance.

 

12

 

 Of importance in the same study is the finding
that the less physically dependent residents, who needed just supervision and verbal
cuing, required as much staff time as more physically dependent ones.

 

12

 

 Both allo-
cation of resources by nursing home management and reimbursement provisions to
them could therefore be erroneous if they are not based on these considerations.

In another study by Simmons and Schnelle, an increase in daily oral food and
fluid intake in about 90% of the participant nursing home residents was noted as a
response to one or both of the two interventions implemented by a trained research
staff—mealtime feeding assistance and between-meal snack.

 

13

 

 These interventions
may help to improve as well as individualize feeding assistance without having to
increase the staff number.

 

13

 

 The key, however, is to be selective of those residents
who need and are likely to respond to the interventions, as well as organizing,
training, and supervising the available staff.

 

12–20

 

 Paid feeding assistants and certified
nursing assistants (CNAs) could assume responsibility of feeding residents in small
groups while other nursing home personnel from other departments could help with
such mealtime tasks as transport of residents and intake documentation.

 

13

 

 With
strategies like snacks between meals, volunteers or social activity personnel can
assume responsibility and relieve the other staff not only at mealtime, but the entire
day.

 

13

 

 Even among those with poor intake at mealtime with assistance, significant
oral intake gains were noted by offering snacks between meals.

 

13 

 

Dietary supplements
may also result in more energy consumption if administered between meals instead
of with meals.

 

21

 

 Family members, however, prefer that nutritional interventions other
than oral supplements or pharmacological remedies be tried first to improve food
intake, and they perceive the need for such interventions upon observation that their
resident’s intake is, on average, half of that provided during mealtime.

 

22

 

 It is impor-
tant that both the resident and family members are happy with the food quality,
service, and dining area, as these obviously impact on the resident’s desire to eat.
Crogan and colleagues describe a tool called food and food service questionnaire
(FoodEx-LTC) in an effort to create instruments to accurately assess resident satis-
faction with the food and food service.

 

23

 

 Nursing homes today are making efforts
to make dining a more pleasurable, personalized, and social experience based on
studies that this helps to increase the appetite and food intake in residents. A net
result from many studies is what is becoming a common, welcome adornment in
today’s nursing home dining rooms—well-lit, spacious, restaurant-style dining
arrangements, wall murals, soothing music, aroma therapies, better food presenta-
tion, flavor enhancers, colorful food, food cart, buffet-style food choices, and pro-
vision for family members to join in at mealtimes.

 

19,24–34

 

 Some recent studies,
however, dispute that enhancing flavor increases intake in the elderly.

 

35,36

 

The nursing home population could be expected to become more racially and
ethnically diverse with time as a truer reflection of the population mix in the U.S.
In 1997, in fact, data found that there was more racial diversity in this population
than that of previous data. Racial and ethnic preferences, if not addressed where
appropriate, could pose a nutritional risk to these residents, as was noted in one
study.

 

37

 

 Ethnonutrition therefore needs an increased focus in the future.

 

38

 

 Apart from
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all this, keeping residents active through physical exercise, recreational activities,
and compassionate social interaction at all times, especially by the staff who become
an extension of family to the residents over time, could contribute to a healthier and
happier stay at nursing homes.

Although clear and conclusive data specific to this incredibly heterogeneous
nursing home population is either insufficient or completely lacking in many aspects
of nutrition-related recommendations, certain reasonable extrapolations can be drawn
and applied from the now emerging data specific to the elderly in the general
population. For instance, the Modified Food Pyramid for 70+ Adults can be used as
a guide in choosing quality nutritive food for elderly residents in nursing homes.

 

39

 

The general dietary principles remain the same as for adults, i.e., plenty of variety;
diets

 

 

 

high in grain products, vegetables, and fruits; diets low in

 

 

 

saturated fatty acids
and cholesterol; low to moderate use of

 

 

 

sugar, salt, and alcohol; and physical activity
in balance with energy

 

 

 

intake.

 

39

 

With aging, however, there is a decrease in energy need, and consequently a
decrease in food intake, but the need for micronutrients taken with food either remain
the same or increase, potentially making the elderly prone for micronutrient malnu-
trition. Physiological changes associated with aging, such as physiological anorexia
of aging, altered taste and smell, slower gastric emptying time, decreased basal
metabolic rate, and other factors, may contribute to the decline in food intake in the
elderly by as much as 1000 to 1200 kcal in men and 600 to 800 kcal in women.

 

40,41

 

This will lead to a concomitant decrease in most nutrients, including calcium, B
vitamins, iron, zinc, and vitamin E, even though the need for some nutrients, as
mentioned before, may actually remain the same or even increase with aging (cal-
cium, vitamin D, and vitamin B6).

 

41–43

 

Providing nutrient-dense (high nutrient/calorie ratio) food, as per the Modified
Food Pyramid for 70+ Adults, could circumvent this potential for micronutrient
malnutrition in the elderly. Examples of nutrient-dense foods are fortified or enriched
whole-grain breads, rice, cereals, and pasta; deeply colored dark green, orange, or
yellow fresh, frozen,

 

 

 

or canned vegetables (rich in vitamin C, folic acid, and vitamin
A); cruciferous vegetables, including beets,

 

 

 

kale, cabbage, and broccoli (contribute
antioxidant phytochemicals

 

 

 

such as indoles, flavones, and isothiocyanates); beans and
yellow, orange, or red whole fruits (not juices). Sweet foods that are high in sugar,
such as donuts and cookies, are comparatively less nutrient dense. In addition, the
pyramid guidelines emphasize fiber and fluid intake at recommended levels and allow
for supplements, especially calcium, vitamin D, and vitamin B12 for optimal health.

 

39

 

Recently, a review of studies related to vitamins in health and aging by Thomas
revealed that the strong association of dietary intake of vitamins and 

 

disease

 

 in
epidemiological studies has not been borne out in clinical trials.

 

41

 

 However, a healthy
diet should contain adequate amounts of these essential nutrients, as research has
shown that there are substances in food that are vital for 

 

metabolic

 

 functions.

 

41

 

Thomas, in his review, recommends that the most prudent approach is to have a
daily intake of fruits and vegetables, failing which vitamin supplements should be
encouraged. Another large recent systematic review by Huang and colleagues for a
National Institutes of Health State-of-the-Science Statement for health care providers
and the general public concluded:
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The strength of evidence is insufficient to support the presence or the absence of a
benefit from routine use of multivitamin and mineral supplements by adults in the
United States for primary prevention of cancer, cardiovascular disease, hypertension,
cataracts, or age-related macular degeneration, and that there are no data from random-
ized, controlled trials on the efficacy of multivitamin and mineral supplement use for
preventing type 2 diabetes mellitus, Parkinson disease, dementia, hearing loss,
osteoporosis, osteopenia, rheumatoid arthritis, osteoarthritis, nonalcoholic steatohepa-
titis, chronic renal insufficiency, chronic nephrolithiasis, HIV infection, hepatitis C,
tuberculosis, or chronic obstructive pulmonary.

 

44

 

A few micronutrients and cholesterol data relevant to the elderly are detailed
below. Vitamin A acts on osteoblast and osteoclast activity and increases the effect
of parathyroid hormone on bone, causing bone resorption.

 

5,6

 

 While some studies
have noted osteoporosis with vitamin A consumed in excess of 1500 

 

µ

 

g/day, a review
by Crandall recently revealed that it is not yet possible to determine a specific level
of retinol intake above which bone health is compromised.

 

45–47

 

 In the same review,
increasing retinol intake, attributable primarily to retinol (from either diet or sup-
plements), but not beta-carotene intake, was noted to have a graded increase in
relative risk of hip fracture; however, of the 20 clinical studies, the 3 randomized
controlled studies reviewed involved serum markers of bone metabolism but not
bone density or fracture outcomes.

 

47

 

Vitamin D deficiency is likely in nursing home residents due to multiple factors,
including lack of sunlight exposure, decreased skin synthesis of cholecalciferol,
decreased vitamin D intake, decreased 1-alpha hydroxylation of vitamin D in the
kidney, and altered binding capacity for vitamin D metabolites in the serum.

 

48

 

 While
Chapuy and colleagues showed that calcium and vitamin D supplement reduced hip
fractures in elderly women, Bischoff and colleagues showed that vitamin D and
calcium supplement reduced the rate of falls in long-term-care residents.

 

49,50

 

 There
has been an increasing focus on secondary hyperparathyroidism caused by even mild
vitamin D deficiency with resultant high bone turnover and cortical loss.

 

51,52

 

 There
is consensus to evaluate vitamin D status with serum 25-hydroxyvitamin D
[25(OH)D], but none regarding what level of its serum level should define defi-
ciency.

 

52

 

 The current practice in the literature, however, is shown in Table 19.1.

 

51–55

 

Complications noted with different levels of vitamin D deficiency are as follows:
osteoporosis and increased risk of fractures can occur at all levels of deficiency,
secondary hyperparathyroidism is seen with mild and moderate levels, and only in
severe levels of deficiency are rickets and osteomalacia seen.

 

51–55

 

 One recent study

 

TABLE 19.1
Vitamin D Deficiency Based on Serum 25(OH)D Level

 

Vitamin D Deficiency Level 25(OH)D Level in ng/ml 25(OH)D Level in nmol/l

 

Severe <5–8 <12.5–20
Moderate <15 <37.5
Mild insufficiency <20 <50
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concluded that decreased serum 25(OH)D concentrations in older persons are asso-
ciated with a greater risk of future admission into nursing homes.

 

56

 

 Secondary
hyperparathyroidism is increasingly noted in nursing homes in emerging data with
various factors as possible contributing factors, including vitamin D, diuretic use,
phosphate, and weight.

 

57,58

 

 The occult mild vitamin D deficiency state is more
widespread than once realized, and with vitamin D supplements, parathyroid hor-
mone levels and bone resorption markers decline in this condition.

 

52

 

 Chronic vitamin
D deficiency may have extra-skeletal manifestations, which is gaining more focus
of late. Supplemental doses of both vitamin D and calcium for individual residents
should be decided after taking into account the estimated contributions from dietary
and other sources and, where feasible, 25(OH) levels. Innovative ways of adminis-
tering vitamin D, such as vitamin D3 orally once every 3 months, are also currently
being explored.

 

59

 

Antioxidant therapy (vitamin E, 600 mg; vitamin C, 250 mg; and beta-carotene,
20 mg daily) was evaluated by the Heart Protection Study group in about 5806
participants who were 70 years or older, with primary outcomes being major coro-
nary events or vascular events. No difference was found between this group and the
placebo group.

 

60

 

Epidemiological data suggest that low levels of vitamins B2, B6, B12, and C
and folate in older adults are frequently associated with cognitive decline. Similarly,
studies also suggest a relation between vitamins E and C, and zinc intake in main-
tenance of cognitive function.

 

61

 

 High fish consumption also seems to protect against
cognitive impairment.

 

62

 

Evidence has not been conclusive for lowering cholesterol in the elderly; in fact,
increased mortality has been noted to be associated with low cholesterol levels in
this population.

 

63

 

 A more recent prospective study also cautions against aggressively
lowering cholesterol in the elderly.

 

64

 

Some studies indicate that diets rich in lutein plus zeaxanthin may protect against
age-related macular degeneration in healthy women younger than 75 years.

 

61

 

The Dietary Reference Intakes (DRIs) for various nutrients for older adults and
the general population can be found at the following links:

http://www.fiu.edu/~nutreldr/SubjectList/D/DRI_RDA.htm
http://www.iom.edu/Object.File/Master/21/372/0.pdf

 

19.2 NUTRITIONAL STATUS

 

Despite seemingly appropriate food service standards and regulations, patients in
nursing homes remain at risk for malnutrition. This is usually attributable to multiple
factors, including the complex medical condition of the patient at the nursing home
both at admission and after, various factors intrinsic to the nursing home itself,
including financial and staffing issues, and medical care.

The two most common perilous consequences of nutritional problems in nursing
homes are weight loss and protein-energy malnutrition (PEM). Several studies have
now clearly established that weight loss in the elderly increases mortality. The
common error in dealing successfully with reversible nutritional problems is the
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delay in recognizing of them. It is important to identify the patients when they are
at risk for weight loss rather than wait until it occurs. The Simplified Nutritional
Appetite Questionnaire (SNAQ) is an efficient, yet simple appetite assessment tool
that is reliable and valid.

 

65

 

 It could be used (by any staff) in nursing homes to identify
residents at risk for anorexia-related weight loss and to intervene early.

 

65

 

Causes of weight loss include many that are potentially treatable and others that
are inevitable, as in cancer-related or cardiac cachexia. The mnemonic for treatable
causes of weight loss, Meals on Wheels, is useful in its evaluation (see Table 19.2
for elaboration).

 

48

 

A potential cause could be identified in most patients in nursing homes.

 

66

 

 Depres-
sion and adverse drug effects are the most common reversible causes of PEM. Medi-
cations commonly used in the elderly could directly or indirectly lead to weight loss.
For instance, digitalis causes anorexia, aspirin causes gastric irritation, and calcium
channel blockers cause constipation. Depression affects about 8 to 38% of nursing
home populations and is more likely to manifest as weight loss and anorexia in the
elderly than in younger patients.

 

67

 

 Depression-related loss of weight responds to treat-
ment of depression.

 

68

 

 Anorexia could occur for the first time in the elderly and is then
called anorexia tardive.

 

48

 

 These patients may avoid eating when they are hungry, trying
to display oral control patterns.

 

69

 

 Older patients may refuse to eat, fearing being
poisoned. Swallowing difficulty could result from stroke, Parkinson’s disease, or
dementia. Oral factors are generally an issue in nursing homes, as most of the residents
have tooth loss or ill-fitting dentures or have lost their dentures. Financial constraints
in nursing homes, as mentioned above, could impact food service and lead to weight
loss.

 

 Helicobacter pylori 

 

infection can cause gastritis and dyspepsia, while other noso-
comial infections can also result in decreased food intake. Increased energy expenditure
coupled with decreased intake in cognitively impaired patients who constantly wander
or have other forms of constant increased activity could lead to weight loss. Similarly,
metabolic disorders like hyperthryroidism (weight loss with preserved appetite) and

 

TABLE 19.2
Mnemonic for Treatable Causes of Weight Loss

 

M

 

Medications

 

E

 

Emotional (depression)

 

A

 

Anorexia tardive (nervosa), alcoholism abuse

 

L

 

Late-life paranoia

 

S

 

Swallowing problems

 

O

 

Oral problems

 

N

 

Nosocomial infections, no money 

 

W

 

Wandering and other dementia-related problems

 

H

 

Hyperthyroidism, hypoadrenalism, hyperglycemia, hypercalcemia,
hypertension (pheochromocytoma)

 

E

 

Enteral problems

 

E

 

Eating problems

 

L

 

Low-salt, low-cholesterol diet

 

S

 

Social problems
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pheochromocytoma (weight loss with hypertension); malabsorption, tremors, or pos-
ture-related problems causing eating problems; restrictive or unpalatable diets; and
social factors like loneliness, family issues, or fellow-resident problems could result
in weight loss. Chronic infections leading to weight loss, as in rheumatoid arthritis or
tuberculosis, could be related to cytokines.

 

48

 

The irreversible causes of weight loss, like cancer-related or cardiac cachexia,
should also be kept in mind as causes while evaluating weight loss in this population,
and palliative therapy could be offered to them.

Evaluation involves an interdisciplinary team approach with a detailed history
from nursing home staff as well as family caregivers to assess the intake and recent
changes in the condition of the patient and to note concerns. A detailed medical
history with attention to medications, gastro-intestinal symptoms including oral
condition, and mental and functional status should be taken. Likely diseases that
could be associated with weight loss, such as anemia, depression, and cancer, should
be borne in mind during evaluation. On physical examination, signs of malnutrition
such as alopecia, chielitis, desquamation, glossitis, angular stomatitis, and dependent
edema should be specifically looked for besides careful attention to the rest of the
systemic examination.

 

48

 

Drug–nutrient interactions are potentially reversible causes that should be
sought. When food interferes with drug, it is more readily recognized due to the
suspicion raised by either lack of therapeutic effect of the given drug or low serum
levels of it. On the contrary, when drug interferes with nutrients and nutritional state,
it is not so readily recognized.

 

70

 

 Cancer drugs, for instance, affect food intake by
altering the taste or appetite and by causing nausea and vomiting.

 

70

 

 Similarly, anti-
convulsants and nutritional state can interact with each other. For instance, low
protein levels tend to predispose residents to have toxicity of the drug due to
decreased clearance, whereas high protein intake may induce CYP activity and cause
rapid clearance.

 

70–73

 

 Diuretics causing loss of electrolytes other than potassium and
water-soluble vitamins are grossly underrecognized. Thiamine is vital for mainte-
nance of the cardiac muscle and adequate heart function.

 

74–76

 

 As cited by Brady,
Kwok and colleagues found poor appetite to be associated with thiamin status in
elderly individuals with congestive heart failure treated with diuretics.

 

76,77

 

 Therefore,
if a resident becomes anorexic on diuretics, a thiamin supplementation trial along
with usual medical treatment is reasonable.

 

70

 

 From being solely a site for digestion
and absorption previously, intestinal mucosa has become a major site for drug
metabolism for some drugs (e.g., cyclosporine, nifedipine) currently.

 

78

 

 At times of
even short-term malnutrition, intestinal cell integrity declines, which in turn could
affect drug absorption and metabolism.

 

70

 

 Grapefruit juice and other foods have
forancoumarins that inhibit the human CYP3A enzymes, but many drugs with
potential to interact with this juice do not result in any clinically significant event.

 

79

 

Drugs may have a warning to avoid fortified foods, such as calcium-fortified orange
juice, to prevent chelation and adsorption that reduce the efficacy of the drug.

 

70

 

Antimicrobials are most susceptible to such an interaction, potentially leading to
antibiotic resistance.

 

80

 

 Folate fortification can affect hypercoagulation.

 

81

 

 Thus,
numerous drug–nutrient interactions are possible, which we need to watch for and
prevent, before they precipitate an adverse clinical event.
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Under investigations for evaluating weight loss, serum albumin of <35 g/l, once
considered the gold standard for identifying malnutrition residents, is no longer the
sole important test. There are a few important reasons for this. First, albumin has a
long half-life. Therefore, residents who arrive at a nursing home with hypoalbumin-
emia, possibly have had it for a while before they came in. It does not necessarily
reflect the nutrition care at the current nursing home. Inadequate attention to this
fact could potentially set up a nursing home for citation erroneously, especially with
the literature indicating that hypoalbuminemia of <35 g/l is associated with such
adverse outcomes as higher risk of infection, decubitus ulcers, and mortality. Second,
some data suggest that patients with albumin levels of 35 to 39 g/l carry the same
risk for mortality as the ones with levels of <35 g/l. Therefore, nutrition interventions
may be needed earlier if they are based on this level. Third, some patients present
with normal levels of albumin but have calorie-deprived weight loss, i.e., marasmus.
Fourth, the albumin is an acute-phase reactant, and hypoalbuminemia may reflect
inflammatory extravasation from damaged endothelium due to cytokines.

 

48

Weight trends along with albumin may be a better guide in identifying residents
at higher risk for malnutrition.48 One study showed that residents who lost 10% of
their weight in 6 months carried a significantly higher mortality, irrespective of
diagnoses or causes, while another showed that those who lost 5% of their weight
in 1 month carried a four times higher risk of mortality.82,83 So, it is essential to
weigh all the residents periodically and those at risk more frequently.

Low cholesterol (<4 mmol), particularly in frail residents, could be an ominous
marker of malnutrition. Since elderly residents could develop hypocholesterolemia
during their hospital stay, the cholesterol level in residents returning from the hospital
should be checked.48 The other methods of nutritional evaluation have not been
evaluated. The rest of the investigative evaluation should be based on clinical sus-
picion of the most likely cause. An initial panel of tests could include a complete
blood count (for anemia, hematological cancer, infection), chemistry panel (for renal
status, dehydration, electrolyte imbalance), thyroid hormone, urine analysis, and
fecal occult blood. Chest x-ray in long-standing smokers is a reasonable initial
investigation. If nutritional supplementation is considered, the serum prealbumin,
transferrin, or albumin level can be obtained for guidance of progress.84

Interdisciplinary and individualized approaches combined are fruitful in the
management of nutritional problems in nursing homes. Separate algorithms for
nurses and physicians to routinely monitor residents at nutritional risk and intervene
are available for use from the Council for Nutritional Clinical Strategies in Long-
Term Care.85 The treatment approach should essentially be directed at stopping
further weight loss and finding the cause.

19.2.1 PREVENTION OF FURTHER WEIGHT LOSS AND MAINTENANCE 
OF NUTRITION

Proper feeding assistance, making as much calories as possible available, innovations
to improve intake, applying the principles of the dining-with-dignity program, and
other strategies discussed earlier may be attempted.34
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Oral supplements (OSs) are often used as initial interventions in residents with
weight loss. They have not been studied extensively regarding their prescription and
benefit. Most recently, Simmons and Patel found that the physician orders were not
followed by staff in delivering the OSs, often delivering on an average of less than
once a day when it was ordered for multiple times, and staff spent as minimal as
less than a minute in assisting residents to consume them when providing OSs
between meals.86 The result was that residents consumed less calories. So, further
research is needed to determine when OSs are most appropriate, at what dose or
strength, how often without having counterproductive effects like decreased appetite
for the main food, whether they improve resident’s nutrition, and who should ideally
get them.87 OSs should still be offered to the at-risk as well as weight loss residents,
as some European studies have shown that residents find them acceptable and do
respond with an increase in weight.87–90

Medications such as mirtazipine (weight loss with depression), dronabinol (for
palliation in cancer–cachexia patients), megestrol acetate (weight loss in ambulatory
patients), and reglan (weight loss secondary to nausea-related anorexia) have been
used with varying successes in weight loss management.

A feeding tube is considered if weight loss is relentless.

19.2.2 TREATMENT OF UNDERLYING CAUSE SHOULD BE BASED

ON CAUSE FOUND

19.3 MEDICAL NUTRITION THERAPY FOR CHRONIC 
CONDITIONS

This term is meant for special or therapeutic diets that are frequently ordered in
nursing homes following the return of residents from the hospital. These residents
generally have chronic diseases such as diabetes, hypertension, or cardiovascular
disease (CVD). It is usually ordered by a physician as part of a treatment of a disease
or a clinical condition. Examples include “no concentrated sweets diet,” “no added
salt diet,” “low cholesterol diet,” “mechanical soft diet,” and “2 g sodium diet.” These
diets are often not palatable and are associated with weight loss, low albumin, and
orthostasis in these residents.66,91 Changing dietary consistency, for example, from
pureed to mechanical soft diet has not been shown to increase nutrient intake.92

Two characteristics stand out for these type of diets: (1) it is unlikely that the
dietary approach instituted will have been shown under experimental conditions to
be clinically useful in the nursing home setting, and (2) the initiation of a special
diet will restrict the variety of foods available to the patient.

19.3.1 DIABETES

Both the American Dietetic Association and the American Diabetes Association
(ADA) take the position that residents in nursing homes should no longer be pre-
scribed restrictive diets.93,94 The ADA also takes the position that medication changes
to control any increase in blood sugar is preferable to food restrictions in this group.94
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Tariq and colleagues found no difference in mean fasting blood glucose level or
glycated hemoglobin level at 6 months between a group that received a regular diet
and another that received a no concentrated sweets diet. Although insulin was
required in both groups, the magnitude of increase in insulin dose was small,
implying that the change in diet was easily manageable.95 This study supports the
above-mentioned stance taken by the ADA.

Coulston and colleagues also showed no advantage in glycemic control of
nursing home diabetic patients who were given the calorie-restrictive diabetic diet
compared to those who were given a regular diet.96

Advantages of using a regular diet are that it is cheaper, more homely, palatable,
and provides for more consistent intake.

Carbohydrate intolerance could be exacerbated by deficiencies of minerals such
as potassium and possibly zinc and chromium in diabetics.94 The deficiency of the
latter two minerals is more difficult to recognize. However, a benefit from chromium
supplementation has not been clearly demonstrated from well-designed studies. Zinc
has been linked to poor wound healing and impaired immune function.97

19.3.2 HYPERCHOLESTEROLEMIA

Many epidemiological studies have shown that with aging, cholesterol association
as a cardiovascular risk factor declines.98–101 Rudman and colleagues in their study
of 129 nursing home men found that those with cholesterol less than 150 mg/dl had
a death rate of 63% during the 14 months after the cholesterol analysis, compared
to a death rate of 9% in men with cholesterol greater than 150 mg/dl.102 Therefore,
a low-cholesterol diet is not justifiable in nursing home residents who are already
predisposed to nutritional risk unless clear randomized controlled data emerge to
show that it is prudent to do otherwise.

19.3.3 HYPERTENSION AND CONGESTIVE HEART FAILURE

Restriction of sodium intake has been the primary intervention in treating volume
overload patients. Although a sodium-restricted diet is reasonable with severe heart
failure, its benefit for mild disease in a group of patients for whom transfer to acute
hospitals is frequently due to dehydration is questionable. Considering that their
thirst threshold is impaired and they are commonly on a diuretic or an antihyper-
tensive, it is even more irrational.

A 6-month trial of a less restrictive sodium diet in a 220-bed nursing home by
Hadler found no significant change in body weight, blood pressure, electrolytes,
serum creatinine, blood urea nitrogen, or general clinical status.103 Nursing home
residents differ from acute-care patients in that they are more compliant with diet
and drug therapy by the nature of the nursing home routine. If there is no clinical
benefit to be gained from restrictive sodium diets, then these patients can be spared
less palatable meals and the loss of preferred foods.
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19.4 CONCLUSION

When the moment of leaving behind one’s home comes, perhaps the first fears of a
permanent separation also accompany. Transitioning into a nursing home may be very
stressful and difficult during this time. Residents could be expected to be apprehensive
and anxious, irrespective of their cognitive status. Therefore, the overall goal of the
entire team at the nursing home should be to simulate a home for the residents. Key
is to interact pleasantly and effectively. Basic needs like eating and bathing should be
facilitated. Frequent family interactions, pleasant dining experiences, adequate nutri-
tion with variety, and recreational activities should be allowed for. Residents must eat
nutrient-dense food adequately, do physical exercise, take calcium and vitamin D, and
maintain their weight and cholesterol level. The staff should use the screening ques-
tionnaires and algorithms mentioned above to identify, assess, and intervene with
residents at risk for weight loss at their level. Physicians should watch for the subtle
signs of malnutrition, recognize it early, and intervene as well. Liberalized diets should
be prescribed and compassionate care should be rendered.
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20.1 INTRODUCTION

Optimal nutritional status plays a critical role in successful aging, contributing to
both health and quality of life.1 One key determinant of dietary intake and thus
nutritional status in the later years of life is living situation, since living environment
influences the availability, cost, nutritional value, aesthetic quality, and convenience
of the daily diet. With the growing number and heterogeneity of choices in living
situations for older adults, it is becoming increasingly important that the impact of
the residential setting on nutritional status be assessed and accounted for when
choosing a living location. In this chapter, we focus on a new and increasingly
popular residential environment—assisted living—and the important nutritional risk
factors that need to be considered in this type of living situation.

20.2 ASSISTED LIVING FACILITIES AND THEIR 
RESIDENTS

Assisted living (AL) is a marketing term for a supportive group residential setting
that provides help with personal care for those who need some assistance because
of physical or mental limitations, but who do not require the 24-hour skilled care
found in traditional nursing homes (NHs). Some of the basic parameters of AL
facilities are listed in Table 20.1. AL goes by many different names, including adult
care home, family care home, rest home, residential care setting, domiciliary, or

TABLE 20.1
Characterization of Typical Assisted Living Services and Activities

Services include:
24-hour supervision
Three meals a day in a group dining room

Other assistive services for daily activities may include:
Personal care services (help with bathing, dressing, toileting, etc.)
Medication management or assistance with self-administration of medicine
Social services
Supervision and assistance for persons with Alzheimer’s or other dementias and disabilities
Exercise and wellness programs
Housekeeping and maintenance
Arrangements for transportation

Source: American Health Care Association, Nation Center for Assisted Living, 
http://www.longtermcareliving.com/planning_ahead/assisted/assisted1.htm.
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board and care.2 AL facilities can range from a small house with one or more residents
to a large apartment-style complex, with most having 25 to 125 units.3 In 2004, 36,451
licensed AL facilities with 937,601 units/beds were reported. While the growth in AL
facilities has been flat in recent years, this follows a period of dramatic growth in the
1990s. The number of AL beds increased by 33% from 1998 to 2000 and by 13%
from 2000 to 2002, slowing to an increase of 3% from 2002 to 2004. As illustrated
in Figure 20.1, the percentage of Medicare enrollees living in AL facilities increases
with age, from 1% for those 65 to 74 to 7% for those 85 and over in 2004.4

Residents of AL facilities often have significant limitations in function (Figure
20.2). In 2004, of those AL residents 65 years of age or older, 12% had limitations
in three or more activities of daily living (ADLs), 33% had one or two ADL
limitations, 18% had one limitation in only the instrumental activities of daily living
(IADLs), and 37% had no limitations. This is compared to the traditional community,
where 58% of respondents had no limitations, and the skilled nursing home, where
only 6% had no functional limitations.4 Also indicative of increased health risks for
AL residents is the fact that 61% of AL facilities provide dementia care.5

20.3 NUTRITIONAL CONCERNS FOR AL RESIDENTS

Overall, the characteristics of residents in AL facilities and NHs are becoming
increasingly similar, e.g., in terms of the prevalence of behavioral and depressive
symptoms, the number of medications and chronic illnesses, and the prevalence of
dementia.6 Because declining functional status, depressive symptoms, polypharmacy,
and more chronic illnesses have all been associated with poor nutritional health, in

FIGURE 20.1 Percentage of Medicare enrollees age 65 and over residing in selected resi-
dential settings, by age group, 2004.
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NHs, it is likely that AL residents are also at risk for malnutrition. Although there
is limited scientific documentation to date, some AL residents are likely at risk of
having malnutrition that goes undetected and untreated. Reed et al.7 examined the
cognitively impaired residents in 35 AL facilities and 10 NHs. They studied problems
with food and fluid intake and found rates for low food intake of 54.1% and for low
fluid intake of 51.3% in AL residents. These rates were only slightly lower than in
the NH residents, whose corresponding prevalences were 61.8 and 63.4%. Despite
these relatively high rates of nutritional problems, these AL facilities were much
less likely than NHs to provide nutritional assessment or treatment for eating and
drinking difficulties. Likewise, in their 2003 survey of state regulations governing
nutrition in AL facilities, Chao et al.8 found that nutritional assessments were rarely
required (in only 8 of 45 states). Undetected malnutrition can contribute to further
functional decline and increase medical risk. Rosenberg et al.9 followed 198 ran-
domly selected AL residents for 36 months, examining risk factors for transition to
a skilled nursing facility. Along with several other significant risk factors, they found
that changes in appetite (measured using the Neuropsychiatric Inventory) were linked
with an increased risk of needing skilled nursing care.

It should be noted that a distinct type of AL exists when a person living at
home receives services that create a type of assisted living. Assistance from home
health care, Meals on Wheels programs, adult day services, senior centers, or short-
term respite programs in nursing homes can provide some meal supervision and a
limited number of meals. Funding for such meal programs is provided to state
agencies by the Administration on Aging. As per the federal guidelines, the meals
offered at senior centers and by Meals on Wheels are substantial, with each meal
offered providing an equivalent of at least one third of the estimated daily needs
for calories and nutrients. The meals served in a congregate setting also provide
social stimulation and, in some cases, education and other services for the elderly.
This type of meal program has been shown to reduce nutritional risk in vulnerable
elderly individuals.10

FIGURE 20.2 Percentage of Medicare enrollees age 65 and over with functional limitations,
by residential setting, 2004.
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20.3.1 DETERMINANTS OF NUTRITIONAL WELL-BEING

Undernutrition occurs when the intake of energy and other nutrients is inadequate
to meet nutritional needs. A review of cohort and cross-sectional studies reveals that
food intake declines with age, leading to a decrease in the intake of most nutrients.11

Several factors may contribute to a decline in dietary intake with age, including
impaired appetite and early satiety, also termed the anorexia of aging.12,13 Underlying
causes recognized to influence this process include hormonal changes, physiological
changes in the GI system (motility, dry mouth, early satiety), and sensory changes
such as decreased sense of taste and smell.14 These and other determinants of the
anorexia of aging are addressed in more detail in Chapter 13.

Chronic inadequate dietary intake (undernutrition) may result in malnutrition
and contribute to a multitude of undesirable health concerns, including unplanned
weight loss, dehydration, nutritional anemia, and increased functional and cognitive
impairment. More specifically, unplanned weight loss is associated with increased
incidence of frailty, pressure ulcers, hip fractures, and an overall increased rate of
mortality.15 While a host of factors are known to influence dietary behaviors, the
concerns discussed below are particularly important potential determinants of nutri-
tional status of AL residents.

20.3.1.1 Nutritional Adequacy of Foods Offered

Most adults consume a generally adequate diet, abundant in calories, protein, and
essential vitamins and minerals. Supplements of vitamins and minerals are also com-
monly taken; 35% of adults report taking a multivitamin/mineral at least once a
month.16 But for elderly adults living in long-term-care facilities, age-related increases
in nutritional risk and the disadvantages and unfamiliarity of institutional food service
can combine to contribute to nutritional shortfalls and subsequent undernutrition. This
concern is well known in the NH setting, and for this reason, there are strict require-
ments that stipulate standards of nutritional adequacy for meals served to NH residents.
Menus and the corresponding meals served are less rigid in the AL setting for obvious
reasons—residents primarily eat in dining rooms where they have free choice from a
variety of menu items. A consequence of this freedom of choice is that residents can
make adequate or less than adequate meal selections. And while consumption of an
inadequate diet may be less common in AL residents, there is also less likelihood that
when poor dietary status occurs it will be detected in a timely manner.

20.3.1.2 Food Acceptability: Actual and Perceived Influences

The quality of the food and food presentation are important determinants of the
amount of food eaten for subjects of any age. These factors are particularly important
for older adults experiencing some degree of sensory impairment (e.g., taste, smell,
vision). Many, although not all, older adults have decrements in the chemical senses
that affect the acceptability of foods offered.17 These decrements may lead to a
perceived tastelessness of foods and contribute to excessive use of salt, sweeteners,
and table fats to enhance their appeal. In search of a healthier way to enhance food
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intake, studies conducted by Schiffman18 have shown that adding additional flavors
to enhance existing food flavors can improve food intakes in elderly individuals.

But even for seniors with no sensory impairments related to eating, the quality
and ambiance of the individual foods and the meal service can be critical determi-
nants of food acceptability and thus nutrient intake. Nijs et al.19 found that NH
residents had improved energy intakes and Mini-Nutritional Assessment scores when
meals were served family style, rather than the usual buffet style on trays. Personal
food preferences also play an important role in determining the acceptability of
meals offered and need to be taken into consideration whenever possible.

20.3.1.3 Psychosocial and Cultural Considerations

20.3.1.3.1 Loss of Independence
One of the most common reasons for older persons to reject the idea of living in a
long-term-care facility has to do with the loss of independence and control of their
daily lives, including their opportunities to enjoy familiar foods. While having meals
prepared for them in the nursing home can meet critical nutritional needs of residents
who are unable to shop for food and prepare their own meals, the disadvantages of
institutionally prepared meals and the loss of freedom of choice about meal com-
position must also be recognized. AL facilities that offer kitchenettes in resident
rooms or more restaurant-style food services provide a wider range of food choices
and thus could help to counteract this problem.

20.3.1.3.2 Loss of Cultural Identity
A related concern is the loss of cultural identity that residents of nursing homes
experience when they lose free choice of meal composition. Studies of dietary
patterns in multiethnic cohorts show that these patterns differ by ethnicity, as well
as age and gender.20 Some AL settings have the potential to provide greater flexibility
for special food choices; others do not.

20.3.1.3.3 Social Isolation and Logistics
While the NH environment provides more social contact than living alone, there is still
considerable social isolation (from persons of other ages, activities, and interests) as
well as other social disadvantages in this setting. AL arrangements offer the potential
for a more real-world type of environment and could partially offset feelings of isolation.

As noted above, the ambiance of the food service and the location for eating
can be important determinants of food enjoyment. Timing of meals can also have
an important advantage; residents are very likely to benefit from the more flexible
AL environment, where they have more freedom of choice about the timing and
amount of meals and snacks.

20.4 MEETING SPECIAL NUTRITIONAL NEEDS

20.4.1 THERAPEUTIC DIETS THAT LIMIT FOOD INTAKE

Mealtime should be a positive experience, with the goal of promoting adequate
nutritional intake. Thus, the use of restrictive or therapeutic diets in AL needs to be
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carefully considered on an individualized basis. A therapeutic diet is a meal plan
that controls or restricts the intake of one or more nutrients as part of the medical
management of a disease. Examples of such diets include a dialysis diet, which
limits sodium, potassium, and fluid intake while providing additional protein, a no
concentrated sweets or carbohydrate-balanced diet to promote control of diabetes,
a sodium-restricted diet to control hypertension or congestive heart failure, and a
low-fat/low-cholesterol diet to counteract hyperlipidemia. For the elderly in struc-
tured living situations, the use of dietary restrictions to manage various disease states
may decrease enjoyment at meals, and thus further compromise intake and health
status because of the limited or undesirable food offerings.15 For example, the use
of a sodium-restricted diet has been linked to an overall decrease in energy intake
as well as lower intakes of macro- and micronutrients,21 therefore increasing the risk
of undernutrition. Thus, it may be useful to liberalize the diet as tolerated and
consider management of chronic conditions with medication rather than through the
use of dietary restrictions.15 There needs to be an overall goal of promoting good
health through adequate nutrition with a balance between the physician’s therapeutic
goals and the resident’s quality of life.

20.4.2 DIFFICULTIES WITH ORAL FOOD INTAKE

20.4.2.1 Dysphagia

For AL clients with dysphagia who need viscosity-adjusted liquids, these liquids
need to be available at meals, at medication passes, at bedside, and at social events.
Based on the recommendations of the speech language pathologist, commercially
prepared liquids can be obtained from major institutional food service providers or
from the manufacturer directly. These prepared liquids are available in both nectar
and honey consistencies. Alternatively, facilities may choose to prepare their own
thickened liquids using commercially available thickening agents. This method is
time consuming and the end product may be inconsistent due to variable staff ability,
experience, and length of time from preparation to consumption by the patient.

20.4.2.2 Need for Adaptation of Food Texture and Consistency

Due to changes in dentition, involuntary tongue movements, and dysphagia, some
residents will need adaptations of food consistency and texture. Use of a blender,
food chopper or food processor (Robot Coupe USA, Jackson, MS) allows the facility
to accommodate varieties in consistency. Consistencies may need to vary from
chopped to ground to puree. Commercially prepared puree items are available from
major institutional food service providers or directly from the manufacturers. AL
facilities will vary in their ability to provide residents with foods modified in texture
or consistency.

20.4.2.3 Eating Dependency

Changes in ability to self-feed are often due to changes in the grip strength, involuntary
hand movements, or the loss of use of an individual’s dominant hand. Use of a finger
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food diet and adaptive feeding equipment can often improve the client’s ability to
maintain independence at meals. Adaptive feeding equipment (including built handles,
grip handles, weighted handles, and curved handles) is available commercially, and
consultation with an occupational therapist will provide the facility with information
about the necessary equipment based on the individual client’s needs. The use of a
washcloth, wrapped around and taped to the handle of the utensil, can work well. In
addition to the adaptive utensils available, high-side plates, plate guards, sticky place-
mats, and divided/sectional plates allow clients to maintain their feeding indepen-
dence. When considering an Al facility, it is important to evaluate the availability of
appropriate assessment and monitoring of oral intake problems at meals. Compared
to the residents of NHs, those residing in AL may be less likely to receive this type
of assessment and treatment, and the AL staff are less likely to be qualified to provide
these services.7 AL residents who have difficulties with oral food and fluid intake
may need to have extra support. The ability to provide compensatory assistance and
adaptive equipment at meals will vary among AL facilities.

20.4.3 ALTERNATE NUTRITION VIA TUBE FEEDINGS

Patients who receive an enteral tube (i.e., nasogastric, gastrostomy, or jejunostomy)
for an acute, potentially reversible illness are managed in a hospital or rehabilitation
setting such as skilled-care facilities. However, more patients are receiving feeding
tubes for chronic progressive diseases without a clear endpoint. This may provide
an impetus for more AL facilities to attempt to manage patients with well-established
feeding tubes and well-tolerated feeding regimens.

In general, enteral feeding tubes such as percutaneous endoscopic gastrostomy
tubes and jejunostomy tubes are not managed in AL environments unless the patient
can manage the tube feeding independently. However, based on the complexity of
the clients that the AL staff are qualified to support, an AL client’s tube feedings
may be accommodated. It is mandatory that facility personnel monitor the ability
of clients to self-administer their feeding, confirm their ability to feed and flush the
tube adequately, confirm compliance with feeding regimen, ensure that the surround-
ing skin remains in good condition, and confirm that the tube is functional.

20.5 SPECIAL MEDICAL CONCERNS THAT INFLUENCE 
NUTRITIONAL STATUS

In the AL environment, nutritional monitoring and assessment are the responsibilities
of the physician. The physician should not assume that the nutritional health of the
residents will be monitored as it would be in a NH. Such parameters as weight and
nutritional intake may be collected, but unlike in the NH, in the AL environment
the monitoring and interpretation of these parameters are the responsibility of the
physician. Fewer licensed health professionals such as licensed practical nurses,
registered nurses, registered dietitians, and occupational therapists are associated
with AL facilities, and in most cases the licensed health professionals function only
in a supervisory role and are present only periodically. Additionally, no medical
director is required, and rarely is a physician on site. Instead, residents generally
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receive medical care outside of the facility in medical offices. The communication
between physician and facility staff may be minimal, unless initiated by the physi-
cian. Medications, injections, glucose monitoring, and tube feeding are more often
performed by medication aides or the residents themselves as opposed to licensed
health professionals. Although some training for such duties is required, in most
cases the training consists of a short course, and therefore, the knowledge base of
these personnel is not extensive. In comparison to NHs, it may be difficult for a
physician to handle medical symptoms and acute problems over the phone, since a
licensed health professional may not be present to make nursing assessments.

Physicians and other clinicians should not assume that patients with special
nutritional needs can be accommodated in an AL setting. A facility’s ability to
provide special diets, feeding assistance, tube feedings, glucose monitoring, and
other types of monitoring, such as frequent weigh-ins and monitoring of amount of
oral intake, should be clearly established prior to admission. As the resident’s con-
dition changes after admission, additional discussions may be needed to determine
whether the resident can remain in the AL facility. It is often up to the physician to
recommend a higher level of care to the patient and family when the needs of the
patient can no longer be adequately met.

20.5.1 MEDICATIONS

The population living in AL is medically frail and disabled, much like the population
in NHs. Data from the 1998 Medicare Current Beneficiary Survey showed that the
mean number of medications per month was 8 for both AL and NH populations.
Further, 69% of residents in AL compared with 70% in the NH setting received
psychotropic medications. In this survey, 39% of AL residents had hypertension,
31% heart disease, 29% dementia, 17% arthritis, and 16% diabetes.22 Medication
review becomes particularly important when malnutrition is present in this frail and
highly medicated population. Many medications commonly used in older adults can
lead to malnutrition. Nonsteroidal anti-inflammatory drugs such as ibuprofen and
even the newer cox-2 inhibitors such as celecoxib can cause dyspepsia, ulceration,
bleeding, and diarrhea, which may decrease oral food intake. Acetylcholinesterase
inhibitors such as donepezil and galantamine used in the treatment of Alzheimer’s
disease may cause nausea, vomiting, diarrhea, anorexia, and weight loss. Even the
short-term use of antibiotics can lead to nausea, anorexia, or loss of taste sensation
that impact nutritional status. Medication-related symptoms that may affect nutri-
tional status include nausea/vomiting, anorexia, altered taste and smell, dry mouth,
dysphagia, early satiety, reduced feeding ability through sedation, diarrhea, and
hypermetabolism.23 The list of offending medications is long and also includes
commonly prescribed medications such as antidepressants and bisphophonates.

The primary care physician is the individual most likely to monitor for adverse
drug events. In contrast to NHs, pharmacists do not review patient charts in AL. The
facility may have a specific pharmacy through which they ask patients and families
to fill their prescriptions, but many facilities allow patients and families to fill
prescriptions using unaffiliated pharmacies in the community or through mail order,
thus decreasing the ready availability of a pharmacist for consultation when questions
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or problems arise. In many facilities, medications are administered by medication
aides rather than licensed nurses. Nonadherence to drug regimens or medications
errors may contribute to adverse nutritional effects of medications. Some AL envi-
ronments do not assume responsibility for medication administration, but may pro-
vide prompts and allow for the use of pill boxes that simplify medication adminis-
tration for the patient. The physician should know how much assistance with
medication administration is provided. If medications are administered by facility
staff, the physicians should always review the medication administration record. This
can help to avoid medication errors, especially when more than one physician is
involved in the care of the patient.

20.5.2 DEMENTIA

At least half of all AL residents have some form of dementia. A national random
sample of AL facilities in 1998 revealed a 32 to 36% prevalence of moderate to
severe dementia.24 Similarly, a four-state survey conducted in 1997 to 1998 found
55% of residents with any degree of dementia, with 27% having moderate to severe
dementia.25 Weight loss and subsequent malnutrition may be an unavoidable part of
the natural history of Alzheimer’s disease (AD) and other dementias.26 Whether
nutritional intervention can delay functional decline and morbidity is largely
untested. However, observational data from subjects with AD indicate that weight
gain is associated with a reduced risk of mortality.27 An understanding of the nutri-
tional consequences of AD along with appropriate assessment and a thoughtful
approach to intervention may help to avoid the complications associated with mal-
nutrition, thus preserving a better quality of life up until death. The causes of weight
loss and malnutrition in the early stages of AD may range from simple food unavail-
ability and abnormal eating behaviors to taste and smell dysfunction, the effects of
inflammatory mediators, and disregulation of the delicate balance between energy
intake and energy expenditure.28 In the later stages of the disease, feeding dependence
and dysphagia become more prominent factors in the occurrence of malnutrition.

Patients in the mild to moderate stages of AD usually benefit greatly from the
prepared meals and social interactions that accompany mealtime in an AL environment.
Facility staff should ensure that patients attend meals and encourage them to stay until
the end of the meal. For the most part, getting patients with dementia to eat is a process
of trial and error. It is important to make sure that food is available, not just at
mealtimes, but whenever the patient is inclined to eat. Many patients need supervision,
constant reminders, and simple directions to complete a meal. Providing finger foods
can be helpful for patients who are challenged by the use of utensils.29 Appetite and
alertness may be better early in the day, so breakfast becomes the most important meal
and should be calorie and nutrient rich. Providing preferred foods can also increase
intake.30 Simplifying the environment so that there are fewer distractions during meal-
time may be helpful. Researchers have demonstrated that improving the ambiance
during mealtime by manipulating social and environmental aspects improves food
consumption and nutritional status.31 Studies that have implemented soothing dinner
music for dementia patients demonstrate that this intervention can improve mealtime
agitation and food intake.32 Taken together, these studies—although few in number
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and scope of intervention—suggest that a nutritional intervention that seeks to enhance
the hedonic reward during mealtime may significantly benefit AD patients who are at
risk for nutritional decline. AL facilities may vary in their attention to such factors and
their willingness or ability to make changes, but in general, much attention is paid to
the quality of the dining experience, which is a readily observed and appreciated aspect
of the care that is provided. As AD becomes more advanced and patients require more
assistance with eating, including hand feeding and altering food consistencies to
minimize aspiration due to dysphagia, the AL facility may not be able to provide the
degree of assistance necessary to maintain adequate nutrition.

20.5.3 DEPRESSION

Depression in the elderly is common and frequently results in unintentional weight
loss. The four-state sample of AL residents in 1997 to 1998 found that the prevalence
of depression was 13%, while 18 to 37% of residents displayed symptoms of
depression without meeting criteria for depression.25 Therefore, clinicians should
consider depression as a cause of malnutrition and weight loss. Brief depression
screens such as the Geriatrics Depression Scale33 or the Koenig Depression Scale34

can help identify symptoms of depression, which may be otherwise unnoticed.
In typical NH, the hospital-like atmosphere and advanced medical and cognitive

problems of the patient population can contribute to poor outlook and depression in
some residents; the right type of AL environment might provide a more upbeat
environment and encourage improved food consumption. However, there is generally
less medical supervision in the AL setting; it would not be an appropriate living
situation for a resident with severe depression.

20.5.4 CHRONIC MEDICAL ILLNESS

Many patients with chronic stable medical illness do well both medically and nutri-
tionally in an AL environment. The predictability of the food quantity and nutritional
quality can be very advantageous for patients with heart failure or hypertension if
their condition is particularly sensitive to dietary changes in salt, fluid, and fat content.
Patients with diabetes may also benefit from consistent meal schedules and the ability
of staff to reliably provide insulin and glucose monitoring at appropriate times.
However, for AL residents who have been hospitalized for an acute illness, especially
if they have been ill for more than a few days, it may not be appropriate for them to
return directly to their AL home. A period of rehabilitation in a skilled nursing facility
may be necessary to stabilize their medical and nutritional condition in a more
supervised setting where speech language pathologists, occupational therapists, and
registered dietitians are available on site for assessments and interventions.

20.6 REACHING THE GOAL OF OPTIMAL NUTRITION 
FOR AL RESIDENTS

It should be apparent from the foregoing discussion that although there are many
potential benefits of the AL environment, there is also substantial risk for nutritional
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decline in some AL residents. This is particularly true for individuals with nutritional
or medical risk factors. Identifying and addressing these concerns requires input
from the primary care physician and other appropriate health care professionals (e.g.,
registered dietitians, speech language pathologists, occupational therapists) and is
also subject to the influences of governmental regulation and oversight.

20.6.1 GOVERNMENT OVERSIGHT AND LICENSURE REGULATIONS

The complexity of addressing the diverse needs of AL residents can be potentially
exacerbated by inconsistencies in governmental oversight. There are no federal
government licensing criteria or other mandatory standards for AL; rather, the stan-
dards are established on a state-by-state basis.35 Most states, though not all, provide
licensure and other regulations for AL facilities, but their extent and scope differ
considerably by state. Moreover, the regulations are in a high degree of flux at
present; most states have recently revised their regulations or report that they are
currently working on revisions. In general, AL environments, compared to NHs, are
not highly regulated. The philosophy of AL begins with the key principle of maxi-
mizing autonomy for the residents, with this autonomy extending to the individuals
and corporations that operate the facilities. This lack of regulation helps to keep the
costs affordable and seems to promote a homelike environment, but the lack of
professional staff and minimal attention to patient assessment may not be readily
appreciated by community physicians. In particular, state regulations for food and
nutrition services are highly variable. In North Carolina, in order to be licensed as
an adult care home, an AL facility must serve each resident “three nutritionally
adequate, palatable meals a day at regular hours with at least 10 hours between the
breakfast and evening meals.” There are specific requirements for the number of
servings of milk, fruit, vegetables, eggs, protein, cereal and bread, fats, and water,
and menus for therapeutic diets need to be planned or reviewed by a registered
dietitian.36

While these guidelines might seem fundamental and even simplistic for facilities
housing residents at recognized nutritional risk, they are more complete than in
some other states. In fact, a survey in 2001 by the National Academy for State
Health Policy found that five states did not have any specific regulations for food
or nutrition services at all.8 More recently, we characterized (Bales et al., unpub-
lished data) nutritional regulations in a subset of states (n = 11) for which detailed
information about foods/nutrition was available for public access and used prees-
tablished criteria to categorize the types of regulations related to foods and nutrition.
As shown in Table 20.2, the major categories we evaluated were (1) food service
and presentation, (2) nutritional adequacy, and (3) medical/functional requirements.
The majority of states had one or more regulations regarding safe food handling.
Requirements about the number and nutritional content and standard composition
of meals served and the availability of therapeutic diets were stipulated by the
majority of states. In contrast, allowances for tube feedings or textural changes in
foods were not commonly delineated. In agreement with previous findings of Chao
et al.8 the AL regulations we reviewed did not include any requirements for nutri-
tional assessment, and it was uncommon for food intake monitoring to be required.
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The scarcity of requirements for nutritional assessment and treatment/intervention
in the AL setting underscores the substantial risk of underdiagnosis of malnutrition
in the AL setting.

In an attempt to establish more uniform standards, the Joint Commission Accred-
itation of Health Care Organization (JCAHO) has set regulations for accreditation
of AL facilities that require (1) “nutritionally balanced and varied meals” be provided
twice a day, (2) a registered dietitian review menus for nutritional adequacy, and (3)
the average daily number of servings of food correspond to the recommended number
of servings and food categories in the USDA Food Guide Pyramid. In addition, the
Assisted Living Federation of America offers a consumer guide that includes a
checklist for evaluating nutrition services in AL facilities.37

20.7 CONCERNS, RECOMMENDATIONS, AND AGING 
IN PLACE

The AL living environment offers a number of potential advantages for enhancing
nutritional status and quality of life. But pitfalls may exist for high-risk residents
with special nutritional or medical needs. Some of the many considerations that
influence the nutritional outcomes of residents living in AL are illustrated in Figure
20.3. Physicians and other health care providers must assume the responsibility of
monitoring AL residents for signs of nutritional decline, provide the plan of inter-
vention, and monitor the results.

When choosing a new AL environment, residents and their families can benefit
from collecting detailed information regarding the food and nutrition services at
the facility. They can ask current residents about the quality of the food and the
dining experience and talk to administrators about the ability to meet the specific
needs that the prospective resident has or anticipates. It may be helpful for family
members to ask to eat a meal in the facility with the prospective resident and current
residents to experience firsthand not only the nutritional quality of the food, but
also the broader quality of the dining experience. If patients or families encounter
nutrition-related issues that need to be addressed within the AL facility, they should
first approach the nursing supervisor or administrator. If this approach is unsuc-
cessful at reaching a solution, the patient or family member may contact an ombuds-
man (every state is required to have an ombudsman program). Ombudsmen serve
as advocates for NH and AL residents and work to solve problems between residents
and these facilities.

In some cases, changes in medical or nutritional needs may necessitate a move
from the AL environment to a skilled NH. But for some patients and their families,
it is not desirable to leave the AL environment as care needs increase. Rather, many
patients and families are interested in finding ways to allow the individual to age in
place. Home health services, hospice services, and additional services paid for by
the individual can sometimes make this scenario possible. Under these circum-
stances, even greater communication between the physician and other care providers
may be necessary to maintain nutritional well-being.
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Evidence suggests that oxidative stress may be important in the pathogenesis of
Alzheimer’s disease (AD). Beta-amyloid (A), which is found abundantly in the brains
of Alzheimer’s disease patients, is thought to be toxic in neuronal cell cultures
through a mechanism involving free radicals.1 This has generated an interest in the
potential role of antioxidants for the prevention of AD. The clinical course of
dementia represents the challenges this disease presents. AD presents an enormous
burden to individuals and society. So far, there are no truly effective therapies for
treating dementia. The mainstay of treatment is still symptomatic. Therefore, the
identification and treatment of risk factors for dementia may represent an important
strategy for prevention of dementia. Evidence linking diet to AD comes from epi-
demiological data. However, observational data are only useful for generation of
hypotheses and not for establishing a causal relationship. Data from clinical trials
are needed for dietary recommendations for the prevention of AD. This review
provides an overview of the literature as it pertains to dietary factors and AD.

21.1 NUTRITIONAL FACTORS

There has been an increased interest in the role of antioxidants from foods and
supplements in reducing the risk of AD by lowering oxidative stress. AD has not
been definitely linked to any environmental risk factors. It has been associated with
depressive illness, smoking, cardiovascular diseases, and diabetes.2–7 Some of nutri-
tional factors that will be discussed include:
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• Fish and omega-3 fatty acids
• Antioxidant vitamins
• Alcohol
• B vitamins
• Aluminum

21.1.1 FISH AND OMEGA-3 FATTY ACIDS

Epidemiological data support an association between dietary fish intake and slowing
of cognitive decline with age. Fish consumption and intake of omega-3 polyunsat-
urated fatty acids may be associated with a reduced risk for cognitive impairment.
Diets with a higher daily intake of cholesterol and saturated fat may increase the
risk of impaired cognitive function.8–12 However, the Rotterdam Study found no
association between intake of fats, cholesterol, and n-3 polyunsaturated fatty acids
and risk of dementia.13 The possible mechanisms by which omega-3 polyunsaturated
fatty acids reduce the risk of cognitive decline may include a reduction of inflam-
mation and cardiovascular protection.10 These associations may be confounded by
established links between poverty, poor diet, and failing health, especially in old age.

21.1.2 ANTIOXIDANTS

Laboratory findings have suggested that oxidative stress may contribute to the patho-
genesis of Alzheimer’s disease. Antioxidants have therefore been postulated to reduce
the risk of AD by lowering oxidative stress. Data from observational studies have
suggested that increased dietary intake of vitamin E may have a protective effect against
the development of Alzheimer’s disease.14,15 A longitudinal cohort study found that
both vitamin E and C supplementation protected against the development of vascular
dementia and improved cognitive function late in life.16 In another prospective study,
vitamin E from food, but not other antioxidants, was associated with a reduced risk
of AD among individuals without the APOE epsilon 4 allele.15 In both of these studies,
only antioxidant intake from food affected outcomes, and neither study found an
association between antioxidant supplements and AD risk. In the Age-Related Eye
Disease Study, participants were randomly assigned to receive daily antioxidants or
placebo. Daily antioxidant supplements did not show any beneficial effect on cognition
in older adults.17 In another randomized trial of selegiline, vitamin E, both, or placebo
among patients with Alzheimer’s disease, both selegiline and vitamin E were indepen-
dently associated with significant reductions in several outcomes, including functional
decline.18 A recent meta-analysis that examined the dose–response relationship
between vitamin E and overall mortality in a total of 19 randomized clinical trials
found that vitamin E supplementation with a dose of ≥400 IU/day was associated with
a significantly increased risk of all-cause mortality.19 Observational studies have shown
that diets rich in fruits and vegetables may decrease the risk of cognitive decline.20,21

21.1.3 ALCOHOL

Excessive alcohol consumption can result in impaired cognitive processing. Also, exces-
sive alcohol consumption has been associated with Wernicke–Korsakoff syndrome and
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dementia.22–24 There is growing evidence suggesting that a chronic pattern of light
to moderate drinking may have a protective effect against dementia, paralleling the
reports of the beneficial effects of moderate alcohol use on cardiovascular health.25–28

In a longitudinal study of a representative elderly cohort over an average of 7 years,
a pattern of mild to moderate drinking, compared to not drinking, was associated
with less average decline in cognitive domains.29 The Nurses’ Health Study indicates
that older women who consumed up to one drink a day had better mean cognitive
test scores and less risk of cognitive decline than nondrinkers.30 Most of the data
suggesting protective effects of alcohol on cognition come from observational stud-
ies. There are no randomized control trials studying the effects of alcohol consump-
tion on cognitive function. Thus, recommendations cannot be made based on the
current evidence available.

21.1.4 VITAMINS

Elevated serum homocysteine levels have been found to be an independent risk factor
for Alzheimer’s disease. Homocysteine levels are inversely related to cognitive
function in people with dementia.31–34 In a recent study by Miller et al., elevated
homocysteine levels were found to be more common among patients with vascular
disease than among those with Alzheimer’s disease.35 Studies have shown that the
plasma concentration of homocysteine is inversely related to hippocampal and cor-
tical volume in nondemented elderly.36,37 Results from the Nun Study show that low
serum concentrations of folate, but not vitamins B12 and B6, are associated with
atrophy of the cerebral cortex.38 The possible mechanisms by which homocysteine
contributes to AD could be secondary to an induction of vascular changes39 or
secondary to its direct neurotoxic effects.40 Animal studies suggest that homocysteine
and folic acid deficiency may impair DNA repair in hippocampal neurons, making
them susceptible to toxicity from AD.41

Current evidence relating vitamins B12, B6, and folate to cognitive decline and
AD is inconsistent. In a case-control study of 164 patients with a clinical diagnosis
of dementia of the Alzheimer’s type, low blood levels of folate and vitamin B12 and
elevated total homocysteine levels were associated with AD.33 In a prospective study
by Wang et al., low concentrations of B12 or folate were associated with doubling
of AD risk when compared to normal concentrations of these vitamins.42 However,
the Bronx Longitudinal Aging Study found no association between low serum B12
concentrations and AD risk.43 In the Framingham Study there was no relation of the
concentrations of folate, vitamin B6, or B12 to the risk of AD.31

Studies assessing the impact of supplementation of B vitamins on cognition are
also inconsistent. In a case series of patients with dementia, oral B12 and folate
supplementation in 17 patients with high homocysteine concentrations resulted in
improvement of cognitive scores.44 However, in a study by Kwok et al., intramuscular
B12 supplementation in patients with cobalamin deficiency showed no change in
cognitive scores.45 In another study, no improvement in neuropsychological test
scores was seen with B12 replacement in patients with dementia and vitamin B12
deficiency; however, there was an improvement in verbal fluency in patients with
cognitive impairment without dementia.46
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21.1.5 ALUMINUM

Evidence linking AD to aluminum has been based on reports of neurotoxic concen-
trations of aluminum in the brains of AD patients by Crapper et al.47,48 The role of
aluminum in potentiating oxidative and inflammatory events in the brain, resulting
in tissue damage, has also been suggested.49 Neuropathologic studies demonstrate
aluminosilicates at the center of senile plaque cores, suggesting that they may be
involved in the initiation or early stages of senile plaque formation.50 However, no
direct link has been established to AD. The results from a case-control study suggest
that lifetime occupational exposure to solvents and aluminum is not likely to be an
important risk factor for Alzheimer’s disease.51 Data from epidemiologic studies
examining the possible link between exposure to aluminum in drinking water and
AD have been conflicting. In a study by Martyn et al., the risk of AD was increased
by 1.5 times in districts with mean aluminum levels in tap water exceeding 0.11
mg/l.52 However, a population survey examining 800 residents age 81 to 85 con-
suming drinking water with aluminum concentration up to 98 mg/l found no asso-
ciation with AD.53 Clinical data linking aluminum to AD comes from dialysis
encephalopathy secondary to aluminum accumulation through hemodialysis fluids
and aluminum-containing pharmaceutical agents.54–56 Studies evaluating the role of
aluminum ingestion via antacids have shown no association with AD.57,58 In a single-
blind clinical trial of 48 patients with probable AD, a trivalent ion chelator, desfer-
rioxamine, was shown to reduce the rate of decline in the activities of daily living
in AD patients treated with desferrioxamine.59

The pathogenic role of aluminum in Alzheimer’s disease remains to be defined.
Current data do not support a causative role for aluminum in AD. The major dietary
sources of aluminum are food and food ingredients. Aluminum utensils increase the
aluminum content of food. Aluminum-containing food ingredients include preser-
vatives, coloring agents, leavening agents, and anticaking agents. These ingredients
have been evaluated for safety and have been approved by the Food and Drug
Administration.54

21.2 SUMMARY

The role of antioxidant supplements in the prevention of dementia remains controver-
sial. There is no conclusive evidence of reduced risk for AD for the antioxidant vitamins
E and C. A recent meta-analysis suggesting a significant risk of all-cause mortality
with high-dose vitamin E supplementation has heightened the controversy.19 Similarly,
evidence relating B vitamins to cognitive decline is controversial. Based on current
evidence, individuals with low levels of vitamin B12 and folate should be treated.
Epidemiologic data support the protective effects of fish and omega-3 polyunsaturated
fats on cognition. Similar effects seem to be seen with moderate alcohol intake;
however, it may not be reasonable to recommend alcohol to individuals who do not
consume alcohol. Table 21.1 summarizes the current evidence available.

The clinical course of dementia represents the challenges this disease presents.
AD presents an enormous burden to individuals and society. So far, there are no
truly effective therapies for treating dementia. The mainstay of treatment is still
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symptomatic. Therefore, the identification and treatment of risk factors for dementia
may represent an important strategy for prevention of dementia. However, the role
of dietary factors in the prevention of dementia still remains elusive. Epidemiologic
studies have provided conflicting results. The links between diet and dementia appear
to be rather complex. Based on current evidence, dietary recommendations for the
prevention of dementia cannot be made. A prudent approach would be to recommend
a balanced diet rich in fruits and vegetables.
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22.1 THE DEPRESSION–NUTRITION CONNECTION: 
CURRENT CONCEPTS

Understanding the neuropathophysiology of depression helps in understanding the
nutrition–depression connection. Depression has biological underpinnings that medical

3815_book.fm  Page 373  Friday, March 23, 2007  9:28 AM



374 Geriatric Nutrition

research has been unraveling in the past few decades, in addition to its psychosocial
bases. Several neurotransmitters and brain regions are implicated in mood regulation
and control of emotional behavior. The noradrenergic and serotonergic systems are
the major ones associated with depression, while other neurotransmitters, such as
dopamine, gamma acetyl butyric acid (GABA), glutamate, glycine, and neuroactive
peptides, may also be implicated. Involvement of the hypothalamus, the basal gan-
glia, and the limbic system in depression is supported by biological research and
symptoms of mood disorders. The neurobiogenic inputs to these structures play a
significant role in mood regulation and the pathogenesis of depression.1

The major concentration of noradrenergic neurons is in the locus ceruleus in the
mid-brain. Its neurons are projected upward through the forebrain to the cerebral
cortex, limbic system, thalamus, and hippocampus. Norepinephrine is a key neu-
rotransmitter involved in the control of mood and emotional behavior. Serotonin is
another key neurotransmitter that is involved in the control of mood. The axons of
serotonergic neurons originate in the raphe nuclei of the brain stem and project to
the cerebral cortex, limbic system, cerebellum, and spinal cord. Serotonin is involved
in the regulation of pain, pleasure, anxiety, panic, arousal, and sleep behavior.1

The limbic system has a major role in the production of emotions causing the
psychological symptoms of depression. Depressed people’s deregulation of sleep,
libido, appetite, and biological changes in immunoendocrine functions suggest hypo-
thalamic dysfunction. The typical stooped posture, motor slowness, and minor cog-
nitive impairment often seen with late-life depression are thought to be related to
the involvement of the basal ganglia. Dysregulation of multiple neuroendocrine
pathways has been reported in depression. While adrenal and thyroid abnormalities
are well studied, abnormalities in growth hormone, testosterone (in men), somatosta-
tin, and prolactine malfunction may also be implicated in depression. The correlation
between hypersecretion of cortisol and depression is well established, and 5 to 10%
of people with depression are diagnosed with thyroid problems.1

Most neurotransmitters are manufactured in the body from amino acids using
trace elements and vitamins as cofactors. Serotonin is produced from the dietary
amino acids tryptophan and 5-hydroxy tryptophan, while norepinephrine is synthe-
sized from the dietary amino acids tyrosine and phenylalanine. The synthesis of both
serotonin and norepinephrine requires vitamins B, C, folic acid, and essential min-
erals, including zinc, magnesium, manganese, iron, and copper. Depletion of these
nutrients has been shown to potentially worsen or induce depression.1,2

Inositol, a naturally occurring isomer of glucose, is a key intermediate of the
phosphatidyl–inositol (PI) cycle, a second messenger system used by several nor-
adrenergic, serotonergic, and cholinergic receptors.3,4 The role of certain fatty acids
such as omega-3 fatty acids in mood regulation is also a focus for investigative
inquiry. Omega-3 fatty acids, crucial components of synaptic cell membranes, main-
tain the stability of serotonin receptors and their functions and have been shown to
have a mood-stabilizing and antidepressant effect in unipolar and bipolar depres-
sion.16–19,25,74,75

Research has shown that excessive sugar and stimulant intake and lack of amino
acids, B vitamins (B12, folic acid, B6), and essential fatty acids (omega-3) are strongly
associated with depressive symptoms.2,12,13 Older adults with poor dietary habits,
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comorbid medical conditions, and who chronically abuse alcohol are prone to have
malnutrition that may result in depressive symptoms. Replacement of deficient nutri-
ents and healthy eating habits are associated with faster response to depression
treatment, longer periods of remission, and can be the key for effective treatment of
depression where they are the primary cause. The cycle of depression and malnutrition
may be vicious. Depression can cause or worsen nutritional problems, and nutrition-
ally compromised patients are prone to depression because of the intricate link
between the depression and nutrition.12,14–16 The understanding and application of the
nutrition–depression connection is of paramount importance, especially with the
elderly population, where both are more prevalent and often coexist.12,16,18

The other important connection point of clinical relevance in older adults is the
impact of depression and malnutrition on the immune system. The immune system
shows a general decline in the elderly, especially cell-mediated vs. humoral immu-
nity. Nutritional factors play a major role in the immune responses of aged individ-
uals, and nutritional influences on immune responses are of great consequence in
aged individuals, even in the healthy elderly. Different studies have shown that both
protein-energy malnutrition and micronutrient deficiencies are strongly associated
with immune dysfunction.19–22 Malnutrition, especially severe protein-energy mal-
nutrition, can affect all lines of immunity.20 In addition to general undernutrition,
reduced intake of iron, zinc, and vitamins may also contribute to the decline in
immune response.

The effect of depression on the immune system is shown with changes in several
immunological assays. Findings of immune changes accompanying depression have
included decreased lymphocyte count, increased neutrophil number, decreased mito-
gen responses of peripheral blood lymphocytes, and decreased natural killer (NK)
cell activity.23–26 Elderly patients who are severely depressed and malnourished are
at a greatest risk of suffering disease processes secondary to their frail immunity.
Infections are the most common manifestations.27 These patients often represent a
true psychiatric/medical emergency. Aggressive treatment of depression and malnu-
trition can be lifesaving.

22.2 EPIDEMIOLOGY AND CLINICAL FEATURES

22.2.1 EPIDEMIOLOGY

Depression is not a normal part of aging. However, it is widespread, often undiag-
nosed, and usually inadequately treated in older patients for various reasons. There
is wide variability in the estimated prevalence of late-life depression depending on
the setting of the sample, diagnostic criteria used, method of assessment, and rater
experience. Some of the methodological problems in prevalence studies include the
tendency of elderly persons to express psychiatric symptoms in somatic terms, their
reluctance to recall and report psychiatric symptoms, and the use of diagnostic
criteria that may be unsuitable for elderly individuals. Because of the many physical
illnesses and psychosocial problems of the elderly, clinicians often conclude that
depression is a normal consequence of these problems, an attitude often seen among
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older patients as well. All of these factors contribute to make the illness underdiag-
nosed and, more importantly, left untreated.

According to the Epidemiologic Catchment Area Study, approximately 15% of
community residents over 65 years of age experience depressive symptoms at any
one time, with an estimated prevalence of less than 3% for major depression. The
5% rate of major or minor depression among elderly people in primary care clinics
sharply increases to 15 to 25% in nursing homes. While 13% of residents of nursing
homes develop a new episode of major depression over a 1-year period, another
18% develop new depressive symptoms.28 Major depression is more common in the
medically ill, those older than 70 years of age, and among hospitalized patients.29,30

Medical conditions associated with higher rates of depression include coronary artery
disease, stroke, Parkinson’s disease, cancer, and dementia.29,30

Major depressive disorders (MDDs) in the elderly are often categorized as being
early-life onset (before the age of 65) or late-life onset (after the age of 65).31 A specific
cause for either type of depression has not been isolated and is multifactorial. No single
gene or single biological event has been associated with late-life depression. Cere-
brovascular disease appears to play a role in some late-onset depression and has led
to the vascular depression hypothesis.32,33 Magnetic resonance imaging (MRI) of the
brain shows extensive microvascular ischemic changes that are believed to disrupt
circuits involved in regulation of mood.34 Depression also has a high correlation with
stroke, especially if the insult is closer to the frontal pole and if the left cerebral cortex
is affected.35,36 Myocardial infarctions (MIs) and cancers are also associated with
depression.37 The highest risk is with pancreatic cancer, carrying a 50% risk of devel-
oping depression. It is also common for depression to present in patients with neuro-
psychiatric disorders such as Alzheimer’s disease or Parkinson’s disease.38–40

Psychosocial factors also may increase the risk of depression. Loss is a frequent
theme in the elderly and can be a strong stressor. Transition from active work or
play to retirement, the death of friends and loved ones, widowhood and divorce, low
socioeconomic level, and other adverse life changes can predispose an elderly indi-
vidual to depression. Suicide may be an outcome. Identifying risk factors early and
providing biological, psychological, or social support can help curb the incidence
of suicide among the elderly (Table 22.1 lists risk factors for suicide in the elderly).

Risk factors for depression include female sex, previous and family history of
depression, being single or divorced, substance abuse, use of certain medications,

TABLE 22.1
Risk Factors for Suicide in the Elderly

Male, white
Recent loss (e.g., death of spouse, divorce, illness)
Depression
Alcohol/substance abuse (including prescribed medications)
Alone/socially isolated
Lack of confidant/family resources
Multiple medical comorbidities
Past history or family history of depression/suicide
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medical and central nervous system illnesses, poor support system, and stressful life
events (Table 22.2 lists a variety of risk factors for late-onset depression).31,40–44

Protein-energy malnutrition and micronutrient deficiency have a significant associ-
ation with depression. This especially holds true for older patients, where malnutri-
tion is common. Older patients with depression often have poor nutritional status
and suppressed immunity, and hence enhanced vulnerability for certain illnesses,
especially infections.

As indicated above, malnutrition and depression have a complex interdependent
association.12 Both are common, potentially serious, and frequently underdiagnosed
conditions among elderly individuals. Age-related changes in combination with
medical and psychiatric illnesses may contribute to the development of malnutrition
in the elderly. The estimated prevalence for malnutrition among the elderly varies
from 15% in community-dwelling ambulatory elderly persons to 5 to 44% in home-
bound elders and 20 to 65% in hospitalized patients. The prevalence further increases
to 23 to 85% in nursing homes.18

Anorexia and weight loss are caused by multiple physiological and pathological
factors (Table 22.3).45–51 Physiological anorexia of aging is thought to be caused by

TABLE 22.2
Risk Factors for Late-Onset Depression

General Factors
Female sex (female–male ratio, 2.5:1)
Past history of depression
Family history of depression 

Medical Illnesses (Selected)
Hypothyroidism (50%)
Myocardial infarction (45%)
Macular degeneration (33%)
Diabetes (8–28%)
Cancer (24%)
Coronary artery disease (20%)

Central Nervous System Disorders (Selected)
Parkinson’s disease (25–70%)
Alzheimer’s disease (15–57%)
Multiple sclerosis (27–54%)
Stroke (26—54%) 
Huntington’s disease (9–44%)

Medications
Beta-blockers 
Interferon alpha
Many antineoplastic agents
Corticosteroids 

Source: Adapted from Raj, A., Postgrad. Med., 115, 26–42, 2004.

AU: With per-
mission?
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decrease in taste and smell as well as several neuroendocrine changes in both the
central feeding system and the peripheral satiety system. Pathological causes include
social (poverty, elderly abuse, inability to shop, cook, or feed oneself), psychiatric
(depression, dementia, late-life paranoia, later-life mania and anorexia tardive), and
physical (infections, cancer, medication side effects, stroke, neuroendocrine ill-
nesses, cardiopulmonary disorders).45–58 In addition to protein-energy malnutrition

TABLE 22.3
Causes of Anorexia and Weight Loss in the Elderly

Physiologic
Decreased central feeding drive
Decreased chemosensory function
Alteration of neuroendocrine functions

Social Factors
Poverty
Poor support system
Bereavement
Elderly abuse

Psychiatric/Neuropsychiatric
Depression
Dementia
Anorexia nervosa/tardive
Late-life paranoia
Late-life mania
Substance abuse/alcoholism
Anxiety disorders
Parkinson’s disease

Medical Illnesses
Infections
Oral/denture problems
Swallowing problems
Autoimmune/connective tissue diseases
Hyperthyroidism/hyperparathyroidism
Hypoadrenalism
Stroke
Cardiopulmonary illnesses
Chronic renal failure

Iatrogenic/Medications
Strict therapeutic diet, e.g., low fat, diabetic
Polypharmacy
Digoxin
NSAIDs
Theophylline
Psychotropics
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(PEM), deficiency of micronutrients is widely prevalent in the elderly with significant
psychiatric manifestations, including depression.12,46,59

22.2.2 CLINICAL FEATURES

Depression is not a single diagnosis but rather a manifestation of multiple psychiatric
and medical conditions. Patients who present with depressive symptoms can be
diagnosed with major depressive disorder, dysthymia, bipolar disorder, adjustment
disorder with depressed mood, schizoaffective disorder, depression secondary to a
general medical condition, or substance-induced mood disorder/depressive type. The
Diagnostic and Statistical Manual IV, Text Revision (DSM-IV TR) of the American
Psychiatric Association details the diagnostic criteria for each of these disorders.60

However, a greater number of older adults may have subsyndromal depressive
symptoms that do not fulfill the criteria for any of these disorders. Weight loss and
anorexia are very common in all these depressive syndromes.

The criteria for diagnosing major depressive disorder (MDD) according to DSM-
IV TR requires that five or more of the following symptoms be present on a day-to-
day basis for at least 2 weeks with at least one of the symptoms being depressed mood
or loss of interest or pleasure: (1) depressed mood, (2) loss of interest or pleasure in
activities, (3) change in weight or appetite, (4) insomnia or hypersomnia, (5) psycho-
motor agitation or retardation, (6) low energy, (7) feelings of worthlessness, (8) poor
concentration, and (9) recurrent suicidal ideation or suicide attempt.105 A score of more
than 10 on the Beck Depression Inventory or 10 or more on the 15-item Geriatric
Depression Scale also supports the diagnosis of depression in elderly patients. Although
the criteria for MDD are similar for both early-onset and late-onset depression, the
latter may have more prominent comorbid conditions or symptoms.

22.2.3 SPECIAL PRESENTATION OF DEPRESSION IN THE ELDERLY

In the elderly, MDD may present with anxiety, multiple somatic complaints, or
cognitive impairment as the chief presentation. The patient may present with pre-
dominantly somatic symptoms that may be particularly prominent, making it difficult
to diagnose depression. The patient may focus his complaints on physical problems
rather than openly address his depression or may admit to feeling depressed but only
as a result of his physical complaints. Anxiety symptoms may accompany depression
in the elderly. Comorbid psychotic symptoms, which often involve delusions that
are persecutory, guilty, nihilistic, or somatic in nature, are common among the
elderly. Elderly patients may present with cognitive impairment that resembles
dementia. This is referred to as pseudodementia or the dementia syndrome of depres-
sion, where a patient with a clinically significant depression may show objective
evidence of memory and cognitive changes secondary to his mood disorder. Unlike
other dementias, once the mood disorder is treated, the cognitive changes should
disappear, if they were solely secondary to depression.

Understanding the clinical presentation of depression and associated medical
comorbidities in the elderly is critical to properly treating it and appreciating its
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overlap and intricate relationship with nutrition. Clinically depressed elderly are
often malnourished, and severely malnourished older adults are invariably
depressed. At times, it is difficult to identify the cause of malnutrition. This is partly
because the causes for anorexia and weight loss in the elderly are multifactorial
and rarely due to one disorder. Thorough clinical evaluation is essential in treating
and preventing this potentially serious problem. Fortunately, most causes are revers-
ible if treated promptly and properly. Depressed patients have many symptoms that
can lead to weight loss, including weakness (61%), stomach pains (37%), nausea
(27%), anorexia (22%), and diarrhea (20%).51 See Table 22.3 for causes of weight
loss/anorexia.61

On the other hand, identifying clinical signs and symptoms of different nutri-
tional deficiencies is vital to treating both the underlying causes and disorders, such
as depression, which may be the direct outcome of malnutrition. Clinical data and
research show that deficiencies of B vitamins (thiamin, niacin, pantothenic acid,
pyridoxine, B12, and folic acid) and vitamin C and minerals (magnesium, calcium,
zinc, manganese, iron, and potassium) are linked with depressive symp-
toms.2,10,49,59,62–65 Clinical screening of depressed older adults for these deficiencies
should be considered.51,57,66 Clinical evaluation also needs to include the amount of
food per meal, number of meals per day, and the nutritional content of the patient’s
dietary routine.

22.3 DIFFERENTIAL DIAGNOSIS AND WORKUP

The assessment of a depressed older adult requires a thorough evaluation of multiple
biopsychosocial elements that may be predisposing, precipitating, and perpetuating
factors. History taking and physical/mental status examination are the most important
parts of the diagnostic process. In addition to current presentation, past psychiatric
and medical history, a history of substance abuse including alcohol and prescription
drugs, comorbid medical and psychiatric illnesses, a detailed history of compliance
and lists of past and present natural remedies, prescription and over-the-counter
medications, functional capacity and support systems, a comprehensive dietary his-
tory, and cultural and religious practices are essential in the formulation of a rea-
sonable differential diagnosis. A thorough physical examination may reveal impor-
tant data. A complete mental status exam gives useful information for diagnosis,
severity of illness, and future follow-up.

Screening tools are widely used in the assessment of malnutrition and depression
in the elderly. Commonly used nutrition screening tools include Instant Nutritional
Assessment (INA), the Subjective Global Assessment (SGA) and the Mini-Nutri-
tional Assessment (MNA).53 The Geriatric Depression Scale and Beck’s Depression
Scale are commonly used to screen for depression.

All medically ill older patients need to be screened for depression, and most
severely depressed patients may have one or more comorbid medical conditions.
Among the medically ill, those with acute MI and stroke, cancer, Parkinson’s
disease, multiple sclerosis, dementia, and autoimmune and most of the neuroendo-
crine illnesses are especially prone to depressive illnesses. Several medications,
including cardiovascular drugs such as beta-blockers, interferon alpha, corticosteroids,
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antibiotics, anti-Parkinson’s, anticonvulsants, and some psychotropics, may contrib-
ute to depression symptoms. Some features that suggest depression in the elderly
include frequent office visits or use of medical services; persistent reports of pain,
fatigue, insomnia, headache, changes in sleep or appetite, unexplained gastrointes-
tinal symptoms; and signs of social isolation and increased dependency. Delayed
recovery from a medical or surgical condition such as failure to rehabilitate after
stroke or a hip fracture, refusal of treatment, and resistance to discharge from a
hospital may also be signs of depression.

Micronutrient deficiencies may cause nonspecific constitutional and cognitive
symptoms. Whenever there is a suspicion, patients should be screened. Depression
can be part of the presentation and may become treatment resistant until the under-
lying cause is treated. Causes could be either dietary deficiency or medical comor-
bidies, which cause anorexia, swallowing problems, malabsorption, or increased or
faulty metabolism/excretion.51,53,54

Involuntary weight loss, otherwise termed as failure to thrive, in the elderly also
needs careful evaluation and workup. Weight loss can be due to decreased food
intake, accelerated metabolism, or increased loss of calories, which are caused by
factors related to age, social, psychiatric, or medical conditions. History should
include if the patient has an adequate support system, income level, and nutritional
knowledge. Psychiatric evaluation for dementia, depression, bereavement, anorexia
tardive, and alcoholism is vital. Medical conditions such as major organ system
diseases, cancer, medication side effects, dentition and swallowing problems, and
functional disability are not uncommon. Age-related sensory changes and appetite
suppression may also play a role. Once weight loss is confirmed and a complete
history and physical examination is done, the differential diagnosis will be narrowed.
However, in most instances further laboratory workup is required to reach to a more
specific diagnosis, determine the severity of the problem, and for follow-up purposes.

The basic laboratory workup for depression and anorexia/involuntary weight
loss is mainly guided by the findings of the initial evaluation and the differential
diagnosis considered. Initial or screening laboratory tests include an electrolyte
panel, fasting serum glucose level, liver function tests, creatinine level, complete
blood count, thyroid-stimulating hormone level, vitamin B12 and folic acid levels,
homocystiene level, electrocardiography, chest radiography, and urinalysis. Consider
further neurological testing or imaging if warranted by the neurological exam.
However, an MRI may prove useful in visualizing changes secondary to vascular
depression, dementia, or other neuropsychiatric causes. Where drug and alcohol
abuse are thought to be possible causes, a urine and serum drug screen may help.
Albumin and total protein levels may be checked to assess severity of malnutrition
in the absence of other chronic disease processes that can explain it. In anorexia of
undetermined cause, a workup for underlying malignancy should be completed and
a follow-up evaluation scheduled before settling on a diagnosis such as anorexia
tardive (otherwise known as late-onset anorexia nervosa where investigation reveals
no abnormality apart from changes that are consistent with malnutrition, and when
typical behavioral and psychological factors with suspected psychodynamic issues
are evident).66–68
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22.4 TREATMENT OF DEPRESSION AND RELATED 
ANOREXIA/WEIGHT LOSS

The management of depression and related symptoms is individualized, multidisci-
plinary, and should be systematic. Underlying causes and complications need to be
addressed. Treatment of depression is crucial, as are supportive measures and symp-
tomatic relief. A management plan may consist of treatment of depression, address-
ing underlying reversible causes, supportive/replacement measures, and symptomatic
relief (Table 22.4). The biopsychosocial model of understanding the disease process
and the diagnostic approach should also be utilized in the treatment process. In
addition to the patient, involvement of the family and other caregivers and providers
in an integrated manner is crucial for successful treatment outcomes.

22.4.1 TREATMENT OF DEPRESSION

Depression is diverse in its presentation, course, and severity. Choice of treatment
needs to be individualized and continually tailored. An accurate diagnosis is vital for
success of treatment, as is selecting the appropriate treatment modality. Pharmacother-
apy is the mainstay of treatment for major depression, and recent advances have made
it highly effective with minimal adverse effects.38,40,44,69–72 Other therapeutic modalities
such as psychotherapy and neuromodulation have been useful in combination with
medication or as a sole treatment. There is an increasing interest in natural remedies
and alternative medicines in the treatment of depression and other psychiatric illnesses.
Nutritional, herbal, hormonal, circadian rhythm regulation, and exercise are some of
the approaches that are reported to be variably effective in treating depression.

22.4.1.1 Pharmacotherapy

There are several classes of antidepressant medications with variable mechanisms
of action, side effects and safety profiles, costs, and limitations of use. Monoamine
oxidase inhibitors (MAOIs) and tricyclic antidepressants (TCAs) are among the
earliest groups of antidepressants, while selective serotonin reuptake inhibitors
(SSRIs) and dual-uptake inhibitors are among the newer generation of antidepres-
sants. Other miscellaneous antidepressants are also available. Mood stabilizers and
antipsychotics are indicated where a bipolar or psychotic depression is diagnosed.
Response to treatment, safety, proper dosing, length of treatment, and compliance
are main issues when considering antidepressant therapy.

22.4.1.1.1 MAOIs
MAOIs are the first group of medications that were developed to treat depression.
Their side effect profile, drug–drug interaction, and need for dietary restriction are
the main reasons for limited use in the elderly. Otherwise, they are efficacious
agents in treating depression. Hypertensive crisis is the feared complication when
they are mixed with high-tyramine-containing foods, including some alcoholic
beverages, cheeses, and fermented foods. Drug–drug reactions are another common
problem, including with other antidepressants. When properly used, hypotension
is another adverse effect that may limit their usage in the older population. A
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recently FDA-approved selegiline transdermal patch may be safer and require no or
less dietary restriction. It may also improve compliance in older adults. MAOIs are
mainly indicated for treatment-resistant depression.

TABLE 22.4
Therapeutics Used for the Treatment of Depression and Comorbid Symptoms

Antidepressants
Monoamine oxidase inhibitors
Trycyclic antidepressants
Selective serotonin reuptake inhibitors
Serotonin norepinephrine dual reuptake inhibitors
Dopamine norepinephrine dual reuptake inhibitors
Miscellaneous classes of antidepressants

Mood Stabilizers
Lithium and anticonvulsants

Antipsychotics
Typical antipsychotics
Atypical antipsychotics

Stimulants
Dextroamphetamine/methylphenidate, madafanil

Orexigenic/Appetite Stimulants
Megestrol acetate
Dronabinol
Ciproheptadine
Thalidomide
Growth hormone
Anabolic steroids
Prokinetic agents
Mirtazepine

Natural/Herbal Remedies
Omega-3 fatty acids
St. John’s wort 
SAMe
Tryptophan
Vitamins
Inositol

Hormonal Supplements
Testosterone, estrogen, DHEA

Psychotherapy

Neuromodulation
Electroconvulsive therapy (ECT)
Vagus nerve stimulation (VNS)
Repetitive transcranial magnetic stimulation (rTMS)
Deep brain stimulation (DBS)
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22.4.1.1.2 TCAs
TCAs are also an older group of antidepressants. Once extensively used in the
treatment of depression, they are now used less frequently because of their low
tolerability and high toxicity profile. Their anticholinergic, orthostatic, and sedative
side effects make them poorly tolerated by older adults. Intentional or accidental
overdose carries a high risk for cardiotoxicity, convulsions, coma, and death. How-
ever, when used properly and if tolerated, they are highly effective for treating
depression, neuropathic pain, and headaches. They improve sleep and most patients
gain weight on them, which could be an advantage for severely depressed elderly
patients.

22.4.1.1.3 SSRIs
SSRIs are the newest class of antidepressants and are often used as a first line of
treatment of depression in the elderly.69,72 The most significant reasons are their side
effects and safety profile. Since antidepressants are almost all equally effective, the
selection is often based on side effect profile and potential interaction with other
medications. An adequate trial is at least 8 weeks at the recommended dosage, and
none of the individual SSRIs are proven to be more safe or effective than the other.
It is generally recommended to start with half to one third of the recommended
dosage for younger adults and to titrate up slowly. When minor side effects occur,
decreasing the dose may help, but switching to another agent may be needed if side
effects persist. If the side effect is severe, consider switching to a different class of
antidepressant. Treatment of comorbid psychiatric illnesses with proper psychotro-
pics is crucial. Where symptoms resolve with treatment, continuation for 12 months
is recommended to prevent relapse. However, in patients who have had two or more
episodes of MDD in later life, long-term indefinite treatment is recommended at the
same dose which got them well.

22.4.1.1.4 Other Agents
There are several newer antidepressants that work differently than SSRIs. They are
used interchangeably with SSRIs when patients cannot tolerate or show poor
response to one group. These are serotonin–noradrenaline reuptake inhibitors
(SNRIs) like duloxetine and venlafaxine; dopamine–noradrenaline reuptake inhibi-
tors (DNRIs) like bupropion, and others such as mirtazepine, nefazodone, and tra-
zodone, which work through a slightly different mechanism. These medications are
not superior or more tolerable than SSRIs. However, mirtazepine has an additional
advantage of improving appetite and insomnia if given for patients who have poor
sleep and decreased appetite. Nefazodone is no longer used because of reported rare
hepatotoxicity. Trazodone is often used in low doses for mild irritability and at
bedtime as a sedative–hypnotic.

22.4.1.1.5 Stimulants
Stimulants are used where rapid onset is needed and apathy/psychomotor retardation,
concurrent medical illness, and intolerance for antidepressants are concerns.73,74

Effect is variable but can be lasting, and they may enhance appetite as well. Meth-
ylphenidate and dextroamphetamine are some of the commonly used stimulants.
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Modafinil, a newer agent developed for conditions causing excessive daytime sleep-
iness, is also beginning to be used.

22.4.1.2 Psychotherapy

Psychotherapy is the oldest modality of treatment for many psychiatric disorders,
including depression. It still has high efficacy as a mono- and combination treatment
when used in properly selected patients. It is underutilized and less recognized by
patients and providers alike in this age group. Moreover, physical limitations such
as mobility and transportation problems, hearing/vision loss, and physical frailty
may impact on the suitability of psychotherapy. The high prevalence of cognitive
problems and older patients’ perceptions of aging as an unchanging stage of life
make therapy less appealing. Reimbursement issues are also another challenge.
However, there is adequate theoretical and practice-based evidence for the effective-
ness of psychotherapy in the elderly.75,76 Depending on the severity and nature of
the illness and patient characteristics, psychotherapy can be used alone or in com-
bination with other treatment options.

Among the many options of psychotherapy modalities, interpersonal psycho-
therapy (IPT), family therapy, brief psychodynamic therapy, cognitive behavioral
therapy (CBT), problem-solving therapy, and psychoeducation are proven to be of
great benefit.75 The duration and choice of therapy may vary based on several factors,
including disease severity, presence of a support system, individual patient variabil-
ity, and use of combination treatment modalities. CBT focuses on the environment,
behavior, and cognition, in a structured, goal-directed, problem-focused, and time-
limited approach. It teaches patients how their thoughts may contribute to symptoms
of their affect and how to change these thoughts. It combines increased cognitive
awareness with specific behavioral techniques. It is the form of psychotherapy most
often used with older adults that is highly effective with depressed patients in both
hospital and community settings as well as in individual and group formats.76–79

Interpersonal therapy is a practical, focused, brief, and manual-based therapy
applicable in the treatment of depression in older adults both in the acute phase and
in relapse prevention. It works on dysfunctional current relationships with key themes
such as role transition/dispute, abnormal grief, and interpersonal deficit. Its aim is
improving communication, expressing affect, and facilitating renegotiated roles in
relationships to eventually reduce the impact of symptoms and improve functional-
ity.5,75,76 Interpersonal therapy has shown clear benefits in depressed older adults.80,81

Patients with personality disorders and past traumatic experiences, or those living
in highly dysfunctional relationships or isolation may benefit from a psychodynamic
therapeutic approach.75,76,80

In family therapy, the focus is on improving difficulties in communication and
relationships and helping the whole family, including the patient. If some of the
crucial members of the family can be engaged, it may help relieve the patient’s
depression and prevent future relapse. Controlled outcome studies support its positive
effect in the process of patient recovery and improved family function.76 Psycho-
education provides patients and families with information about their diagnosis,
treatment, how to recognize signs of relapse, relapse prevention, and strategies to
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cope with the reality of depression. It is widely used in many psychiatric illnesses
with the goal of reducing distress, confusion, and facilitating treatment compli-
ance.76,79 Problems with anorexia, weight loss, and nutritional deficiencies can be
addressed in these various modes of therapies by involving families, other caretakers,
and the patient.

22.4.1.3 Neuromodulation

Modulating the brain’s neurocircuitry using a device-based treatment is another
approach in the treatment of many psychiatric illnesses, especially mood disorders,
including depression. Electroconvulsive therapy (ECT) had been the sole method in
this class for many decades until the recent FDA approval of vagal nerve stimulation
(VNS) for treatment-resistant depression. Other options used extensively in clinical
trials with promising results are repetitive transcranial magnetic stimulation (rTMS),
deep brain stimulation (DBS), and magnetic seizure therapy.82,83 In addition to
opening a new paradigm in the understanding of mental illnesses, these treatments
have created a potentially effective therapeutic alternative for adults who are not
responding to or who are unable to tolerate pharmacotherapy.

ECT has become an important and effective treatment for selected serious neu-
ropsychiatric illnesses, including severe depression. In the past seven decades since
its advent, ECT has evolved into a sophisticated procedure with an excellent safety
profile. In severely depressed older adults, typically where there is a failure to respond
to or tolerate antidepressant medications, ECT is the treatment of choice. When we
do not have the luxury of time for the antidepressants to work, as in agitated,
psychotic, or actively suicidal patients or patients whose medical condition is seri-
ously compromised due to severe depression, ECT is used earlier and with greater
efficacy. Because of frequent medication side effects, severe comorbidities, severity
of illness, and poor response to treatment, elderly patients often will receive ECT
earlier than their younger counterparts.84 Cachexia due to depression with severe
anorexia is a true psychiatric emergency where ECT may be the first line of treatment.
ECT as a first-line treatment has response rates in the 80 to 90% range, while
medication-resistant depression may respond in the range of 50 to 60%.84 Treatment
is given under general anesthesia as unilateral or bilateral scalp electric stimulation
to obtain therapeutic seizures. The only absolute contraindications are increased
intracranial pressure and recent myocardial infarction. ECT has a very low mortality
rate and its main side effects are acute confusion and antero- and retrograde amnesia,
which mostly resolve in a few weeks, or more in the case of retrograde amnesia.84

Patients are maintained on their medications after ECT to prevent relapse.
Among the other options, only VNS is FDA approved for the treatment of

treatment-resistant depression in conjunction with medications.82 Under general
anesthesia, a pulse generator is implanted in the left chest wall and a wire threaded
into the neck and around the left vagus nerve. The stimulator, similar to a cardiac
pacemaker, is programmed through an external handheld device.83 So far, there are
minimal data in the geriatric population. However, it is a potentially beneficial
treatment option with a low side effect profile.85–87 rTMS is another noninvasive
technique that uses an electric coil to generate a magnetic field that stimulates the
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cerebral cortex.82,83,88 Unlike ECT, it does not require the use of anesthesia, and
cognitive impairment does not seem to be a concern. Some geriatric data support
potential benefits which can be accepted as an alternative where pharmacotherapy
is not tolerated.89–91 Randomized, controlled, and meta-analytic studies of rTMS have
produced conflicting results.89,92,93 DBS and transcranial magnetic seizure therapy
are other modalities with limited data, especially in the geriatric population. How-
ever, the treatment outcomes in adult patients are encouraging for patients where all
therapeutic options have failed.82,94

22.4.1.4 Natural Remedies: Alternative Treatments
for Depression

Natural remedies have always been available for a variety of illnesses, including
psychiatric disorders. In recent years, there has been a surge in the popularity of
natural or alternative medications. Despite this growing popularity, there is limited
evidence for the effectiveness of many of these natural treatments. Most natural
remedies are herbal, dietary, or hormonally synthesized, mainly from plant or animal
products. Depression is one area where these alternative treatments are widely used.
It is crucial to note that some recent studies revealed potentially fatal interactions
between herbal remedies and traditional drugs.95

Extracts of Hypericum perforatum (St. John’s wort) are widely used for the
treatment of depression of varying severity. Their efficacy in major depressive dis-
order, however, has not been conclusively demonstrated.96,97 Several studies have
shown equivalent results compared to other antidepressants for mild to moderate
depression, while some studies could not support its effectiveness in moderate to
severe depression.97,98 Its minimal side effect profile makes it appealing, especially
in the elderly population, while substantial drug–drug interactions and potential
hepatic enzyme induction are drawbacks. More data are needed to clearly set dosage
and indications as well as determine the extent of drug interaction and adverse effects
in the geriatric population.

S-adenosyl-L-methionine (SAMe) is one of the better studied natural reme-
dies.99,100 It is a methyl donor and is involved in the synthesis of various neurotrans-
mitters in the brain.101,102 A derivative of the amino acid L-methionine, SAMe has
been postulated to have antidepressant properties. Several double-blind studies have
shown that SAMe is effective, with few side effects.103–105 Its main drawbacks are
that it is very expensive, unstable, and most SAMe preparations sold in health food
shops are low potency or impure, and thus ineffective. Overall, SAMe appears to
be safe and effective in the treatment of depression, but more research is needed,
especially in the elderly, to determine optimal doses, and head-to-head comparisons
with newer antidepressants are lacking.102,103 Another amino acid that is highly linked
with depression is 5-hydroxy tryptophan (5-HT), which is a precursor of serotonin.
Its depletion is clearly associated with worsening of depression, and tryptophan
replacement has been seen to alleviate depression.2 Studies show that tryptophan
treatment may hasten response and prevent future relapse in patients who are on
other antidepressants.64,104 However, care should be taken not to induce a serotonin
syndrome in using it with SSRIs. Tyrosine and phenylalanine are precursors of
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dopamine, noradrenaline, and adrenaline. Supplements of these amino acids have
shown improvement in selected depressed patients, but controlled trials and geriatric
dosing guidelines are lacking.2

Micronutirients are known to be cofactors in the synthesis of essential neu-
rotransmitters. The B vitamins and minerals such as zinc, iron, magnesium, thia-
mine, manganese, and copper also take part in this process.2,63 Depressed elderly,
specifically those who are treatment resistant, can be deficient in these nutrients.
Screening for deficiency and supplementing low levels may be the key to treat-
ment.105,106 Serum homocysteine and methylmalonic acid levels are more sensitive
in detecting clinical significant deficiencies of folate and B12 in depressed
patients.59,65,106–109 One study has shown no association between vitamin E levels
and depression.110 Inositol, a naturally occurring isomer of glucose, is a key inter-
mediate of the phosphatidyl–inositol (PI) cycle, a second messenger system used
by several noradrenergic, serotonergic, and cholinergic receptors. Its cerebral spinal
fluid (CSF) level was found to be low in depression, and some studies have suggested
its beneficial effect in depression treatment.3,4

Other important nutritional treatment in depression is the use of polyunsaturated
fatty acids (PUFAs).5–8 Several studies have shown their benefit in depressed patients
who failed standard antidepressant treatment.8,9 Omega-3 fatty acids have been used
at various doses and forms with or without other antidepressant medications. They
may improve mood and hasten remission of symptoms even in severe depression.6,11

Omega-3 fatty acids additionally show little evidence of adverse effects, toxicity, or
drug interactions. Fish oil is a rich source of these fatty acids. Hormonal therapies
have been used in the elderly with variable success and significant limitations.111–113

Thyroid hormone treatment has been shown to enhance response in treatment-
resistant depression as an augmenting agent.62 Other hormonal therapies that have
shown promise in the treatment of depression in the elderly are melatonin, dehy-
droepiandrosterone (DHEA), estrogen (in perimenopausal women), and testoster-
one.111–113 However, there are insufficient data to recommend such treatments at this
stage in routine practice apart from clear deficiency states.

22.4.2 TREATMENT-RESISTANT DEPRESSION (TRD)

TRD has been variously defined as failure to respond to adequate trials of antide-
pressants, two or more trials of monotherapy with different antidepressants, or failure
to respond to four or more trials of different antidepressant therapies, including
augmentation, combination, and ECT.114,115 Patients who do not respond to TCAs,
MAOIs, or ECT after adequate trials of other classes of antidepressants are classified
as treatment refractory depressives. Partial response and recurrence of depression
while on treatment are also possible. Several factors, however, must be considered
before diagnosing TRD, including undiagnosed hypothyroidism and anemia, medi-
cations that can cause or exacerbate depression (e.g., methyldopa, beta-blockers, and
reserpine), poor compliance, and comorbid conditions such as substance abuse.
Depression subtypes such as bipolar depression, psychotic depression, or atypical
depression, which may require concurrent pharmacotherapy with mood stabilizers
or antipsychotics, also need to be ruled out.116
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The five commonly used strategies for treating TRD are optimization, drug
substitution, combination therapy, augmentation therapy, and neuromodulation.
Optimization of both the dose and duration of the antidepressant should be the first
step before considering other strategies. Inadequate antidepressant dosage and dura-
tion are particularly common in elderly patients.116 Nonresponders can be switched
to a different medication, preferably a different class relative to mechanism of action.
Improved compliance, fewer side effects, and cost effectiveness are advantages,
while possible withdrawal symptoms, reluctance to take new medication, and delayed
response are disadvantages. While switching to a different class is optimal for
patients who fail to respond to first-line therapy, targeting both noradrenergic and
serotonergic systems is one of the most effective combination strategies.117 One study
comparing switching and augmentation failed to find significant differences in effi-
cacy between the two approaches.118

In augmentation, a nonantidepressant drug is added to boost the effect of the
currently used antidepressant. While the most studied is lithium, other agents used
include buspirone, lamotrigine, bupropion, pindolol, thyroid hormone, S-adenosyl-
L-methionine (SAMe), omega-3 fatty acids, L-methyfolate, and L-tryptophan.62,114,118

Atypical antipsychotics are used mostly in psychotic depression, while preliminary
data suggest their augmenting benefit even in nonpsychotic TRD.119 Benefits are
rapid onset of action, no withdrawal symptoms, and maintaining the already achieved
partial response. Drug interactions, increased cost, and noncompliance are limita-
tions. Combination therapy is the concurrent use of at least two antidepressants. It
has similar pros and cons to augmentation. Nonpharmacological options include
ECT, psychotherapy, VNS, rTMS, and DBS.114 Psychotherapy is a good augmenta-
tion strategy in selected patients, as is VNS in the maintenance treatment of TRD.
Though its efficacy decreases in treatment-resistant depression, ECT often remains
the last resort in this group of patients.119 Patients who are refractory to these options
may be good candidates for DBS from the preliminary data available.82 It is important
to keep in mind that all the current, controlled studies looking at combination/aug-
mentation strategies in depressive illness are nongeriatric.

22.4.2.1 Treatment of Underlying Causes

Most elderly depressed patients have underlying medical comorbidities and compli-
cating psychosocial problems. Identifying and treating these predisposing, precipi-
tating, and perpetuating factors is part and parcel of the treatment. This requires a
multidisciplinary and systematic approach. The role of nutrition in geriatric depres-
sion cannot be overemphasized. A full nutritional evaluation and appropriate treat-
ment are crucial. Often, the underlying cause of depression and nutritional problems
is substance abuse or dependence, including alcohol and prescription medications,
rarely illicit drugs. Assessing and addressing the elderly patient’s support system,
living arrangements, financial condition, and physical capacity is vital. Elderly abuse
can be an indolent yet serious factor. Malnutrition may present with protein-energy
malnutrition (PEM), micronutrient deficiency, or obesity, all of which need to be
addressed accordingly.
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22.4.2.2 Symptomatic Treatments

Patients with depression have complex symptomatologies that may be related to
either the depression or underlying medical comorbidities. Pain, insomnia, weight
loss, anorexia, fatigue, psychosis, cognitive difficulties, and suicidality are some
symptoms that need prompt attention. Pain is very common and needs to be addressed
as it can worsen depression and anorexia. The use of narcotics should be reserved
for uncontrolled pain or terminal patients. Proper use of hypnotics and other inter-
ventions is part of the treatment of depression. Trazodone and zolpidem can be used
safely in insomnia patients. Newly released eszopiclone and rameleton are other
options that can be used in this age group. Antipsychotic agents may be helpful in
treating patients who refuse to eat because of delusions or other psychotic symptoms.

Management of weight loss and anorexia is beyond the scope of this chapter.45–55

However, boosting appetite using different medications may be crucial in patients
who remain anorexic and cachetic. This is important especially where underlying
causes are irreversible or protracted time is needed to treat them. Some of these
orexigenic agents are megestrol acetate, dronabinol (a cannabis derivative), cipro-
heptadine (an antiserotonergic agent), thalidomide, growth hormone, anabolic ste-
roids (like oxandrolone), prokinetic agents (like metoclopramide), and some antide-
pressants (such as mirtazepine).120–123 Each of these agents has its own risks and
benefits and needs to be used with care. Aggressive use of high-protein supplements,
enteral tube feeding, and peripheral parenteral nutrition may have a role in the
concommitant management of anorexia in depressed older adults.

22.5 CONCLUSION

Depression and malnutrition are common in geriatric patients. Often, they are inter-
dependent and demand aggressive evaluation and treatment. Older adults can benefit
from a range of pharmacologic and psychotherapeutic options for the treatment of
depressive syndromes. Often, these are used in combination. A range of treatment
options, including ECT, may be useful for treatment-resistant or treatment-intolerant
scenarios in late-life depression. Neuromodulation also appears to be a promising
treatment modality in selected geriatric depressives.
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Memory is a passion no less powerful or pervasive than love.

—Elie Wiesel, All Rivers Run to the Sea

23.1 NUTRITION AND BEHAVIOR

The concept that nutrition status can modulate behavior is well established. Severe
isolated nutrient deficiencies such as niacin can lead to the dementia associated with
pellagra, and thiamine deficiency results in Wernicke’s encephalopathy. The nutrient
alcohol can have devastating acute effects on behavior and the central nervous system
when ingested in excess. Long-term use of alcohol may result in the memory
disturbances and confabulation associated with Korsakoff’s syndrome. Minamata
disease occurred in persons ingesting fish that came from a bay in which excess
inorganic mercury compounds had been transformed by methanogenetic bacteria
into methylmercury. Minamata disease is characterized by delirium, memory prob-
lems, irritability, headaches, tremors, dysarthria, and an ataxic diet. The role of
nutrients in chronic diseases of the central nervous system is less clear. For example,
while high cholesterol levels are associated with atherothrombotic strokes, low
cholesterol levels are associated with hemorrhagic strokes. In older persons, nutrition
deficits rarely present with clear-cut changes, but rather often occur as borderline
deficiency states that may be associated with subtle behavioral alterations. This
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chapter briefly reviews some of the recognized effects of altered nutrient status in
older persons.

23.2 PROTEIN-ENERGY UNDERNUTRITION

Goodwin et al.1 found that older persons with poor protein, ascorbate, thiamine,
riboflavin, pyridoxine, niacin, or folate intake had poorer performance on the Wechsler
Memory Test than those with excellent intakes. The best studies of the behavioral
effects of poor nutrient intake in adults were those conducted at the University of
Minnesota during World War II.2 Caloric intakes were reduced from 3500 kcal daily
to 1570 kcal daily for 6 months. The major psychological findings of this study were
that decreased caloric intake resulted in a decrease in social initiative; apathy; a
feeling of tiredness; decreased mental alertness, libido, motivation, and self-disci-
pline; and increased moodiness and irritability. Cognitive performance did not show
a significant deterioration. There was an increased interest in food and its preparation,
with the subjects lingering longer over meals. Evidence that food may play a role
in memory function comes from anecdotal descriptions of marked deterioration in
functional status in Alzheimer patients when they lose weight and improved func-
tioning with refeeding.

Food can either have direct effects on the brain after absorption from the gas-
trointestinal tract or produce effects by releasing hormones from the gastrointestinal
tract, and then can either stimulate ascending fibers of the vagus or cross the
blood–brain barrier and produce direct effects on the brain.

It is now well established that if animals are fed following learning a task, they
have a better ability to recall the task.3 We showed that cholecystokinin (CCK) enhances
acquisition and memory by activating the ascending fibers of the vagus. We trace the
pathway for this memory-enhancing effect from the duodenum–vagus to the nucleus
tractus solitaries to amygdale to the hippocampus.2,4 Feeding releases CCK. A CCK
antagonist inhibits the ability of food to improve memory, providing evidence that this
is a physiologic effect.5 Other duodenal peptides that are released during feeding, e.g.,
glucagons-like peptide I and gastrin-releasing peptide, also improve memory.

Ghrelin is a peptide hormone that is released from the fundus of the stomach
and increases food intake and growth hormone release. Ghrelin receptors are present
in the hippocampus.6 Ghrelin enhances recall of memories in rodents and improves
long-term potentiation, an electrical measurement of activation of memory circuits.

Logically, this gut–brain axis makes sense. The ability of food to enhance
acquisition would allow the animal to remember the details of a successful hunt or
where it hid the leftovers from the meal. When hungry, the elevated ghrelin levels
would allow the animal to recall where the food was stored or what were the essential
elements to the success of the previous foraging expedition.

23.3 FAT–BRAIN AXIS

Adipose tissue produces a peptide hormone called leptin. Leptin has been demon-
strated to enhance memory.7 On the other hand, high triglycerides in obese animals
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and humans are associated with a decline in cognition. Central administration of
triglycerides impaired retention of a learned task and also decreased long-term
potentiation. Lowering triglyceride levels in rodents and humans with a PPAR-alpha
agent, gemfibrozil, improved cognitive capacity and cerebral blood flow.8 Hypertri-
glyceridemia blocks the ability of leptin to cross the blood–brain barrier, explaining,
in part, the failure of increased leptin levels in obese humans to enhance memory.

Adipose tissue also produces cytokines such as tumor necrosis factor (TNF)-
alpha and interleukin-1. These cytokines cross the blood–brain barrier and impair
memory.9 Elevated levels of the soluble TNF receptors have been shown to be highly
related to a decline in cognition and function. We have shown that a caloric supple-
ment with the prebiotic oligofructosaccharide can attenuate the production of µRNA
for interleukin-6 and TNF, thus potentially improving cognition.

23.4 GLUCOSE AND MEMORY

In a large human cohort the presence of diabetes for 6 years led to a two-fold increase
in cognitive impairment.10 Diabetes is associated with a decrease in reading, gar-
dening, telephoning, writing letters, and going out socially.11 Two studies have shown
that in older persons, lowering glucose improves memory.12,13 In addition, metabolic
control improved psychomotor speed and concentration.14

The effects of glucose on memory display a classic bell-shaped curve, i.e., high
and very low doses showing toxicity, with doses from normal to mildly increased
enhancing memory. Hypoglycemia produces delirium. Glucose levels greater than 200
ml/dl are associated with poor memory. Long-term diabetes leads to vascular dementia.

The causes of memory impairment in diabetes are multifactorial (Table 23.1).
Insulin is degraded by insulin-degrading enzymes, which also degrade beta-amyloid.
Thus, high levels of insulin can lead to a marked increase in beta-amyloid and a
cognitive deficit. Insulin can also lead to phosphorylation of Tau protein. These effects
are in concert with the findings that insulin can alter memory function and that type
II diabetes is associated with an increased prevalence of Alzheimer’s disease.

TABLE 23.1
Causes of Memory Impairment in Diabetes

1. Hyperglycemia
2. Oxidative stress
3. Small hippocampal volumes
4. Hypertriglyceridemia
5. Elevated homocysteine
6. Increased ACE activity
7. Elevated cytokines
8. Altered amylin levels
9. Hyperinsulinemia in type II diabetics

10. Hypogonadism
11. Vascular dementia and possibly Alzheimer’s disease
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23.5 ALZHEIMER’S DISEASE AND OXIDATIVE DAMAGE

Alzheimer’s disease is associated with oxidative damage. Protein oxidation by amy-
loid beta (1-42)-protein leads to abnormalities of the cytoskeleton, protein folding,
neuronal communication, energy metabolism, proteasome function, and cell signal-
ing. All of these are responsible for the neuronal degeneration that is a hallmark of
Alzheimer’s disease.

Studies with vitamin E have failed to demonstrate improved memory in patients
with Alzheimer’s disease.15 This has led to the search for other antioxidants that may
be more effective. Two of these are alpha-lipoic acid and N-acetyl cysteine. The
dextro form of alpha-lipoic acid, R(+)-lipoic acid, is transformed into dihydrolipoic
acid in mitochondria by private dehydrogenase. This decreases mitochondrial super-
oxide and increases methionine sulfoxide reductase, whose effects are beneficial in
preventing oxidative damage and enhancing cell repair. While the (–)-lipoic acid
may also have positive effects, it reduced glutathione synthase, thus potentially
increasing oxidative damage in some cells. Alpha-lipoic acid binds Fe, preventing
the Fenton reaction and thus further protecting neural tissue. Alpha-lipoic acid has
been shown to decrease oxidative damage in diabetic animals and in humans to
improve diabetic peripheral neuropathy.

In a rodent model of Alzheimer’s disease, the SAMP8 mouse, both alpha-lipoic
acid and N-acetyl cysteine improved memory. Alpha-lipoic acid restored protein
carbonyl levels, thiobarbituric acid, and oxidative changes in the synatosomal mem-
brane proteins to normal.16 Preliminary data suggest that alpha-lipoic acid may
increase the life span in SAMP8 mice.

Overall, limitation of oxidative damage would appear to be a reasonable
approach to attempting to prevent Alzheimer’s disease.

23.6 DIETARY FACTORS AND ALZHEIMER’S DISEASE

Numerous studies have suggested that high intake of fish and omega-3 polyunsatu-
rated fatty acids are associated with a reduced risk of cognitive impairment.17 These
benefits are stronger in persons without the APOE episolon-4 gene.18 In rodent
models, docosahexaenoic acid improves memory in young and old animals as well
as in a variety of Alzheimer’s disease rodent models.19 In an Alzheimer model,
docosahexanoic acid decreased amyloid burden.20

High cholesterol and saturated fats were associated with poor memory, but so
is low cholesterol.

Blueberry extracts reversed the deleterious effects of aging on motor behavior
and neuronal signaling and prevented memory deficits in rodents transgenic for the
Alzheimer gene.21 Blueberry extracts modulate oxidative stress in cells and block
the toxic effects of amyloid beta-peptide.22 These findings are in concert with epi-
demiological studies that suggest that high-fruit diets may be associated with a lower
prevalence of Alzheimer’s disease.23

The curry spice curcumin has antioxidant, anti-inflammatory, and antiamyloid
activity.24 In an Alzheimer transgenic mouse, curcumin lowered oxidative proteins,
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interleukin-1 beta, the astrocyte marker GFAP, and amyloid beta-peptide and the
plaque burden.25 There was also a decrease in microgliosis.

Moderate alcohol intake is associated with better cognitive scores.26 This appears
to be true not only of red wine, which contains resveratol, but of all alcohol.
Resveratol acts on the melatonin-3 binding site (quinine reductase 2) to reduce
oxidative damage in the brain.27

23.7 NEUROTRANSMITTER PRECURSORS
AND BEHAVIOR

Numerous studies have suggested that neurotransmitter levels in the central nervous
system may be modulated by circulating levels of their nutrient precursors. Choline
and acetyl coenzyme A (CoA) are transformed by choline acetyltransferase into the
neurotransmitter acetylcholine. Intake of foods with high concentrations of choline
or lecithin (phosphatidyl choline), e.g., eggs, liver, fish, and peanuts, leads to
increases in plasma choline levels. Choline readily crosses the blood–brain barrier,
and as choline acetyltransferase is normally unsaturated, ingestion of choline results
in increased synthesis of acetylcholine and enhanced release of acetylcholine with
stimulation of cholinergic nerves.

Certain diseases, such as tardive dyskinesia, Huntington’s disease, and Alzheimer’s
disease, are, in part, due to a deficit in cholinergic function. In each of these diseases,
both choline and lecithin have been demonstrated to ameliorate symptoms in some
but not all studies.28–30 The cholinergic hypothesis of Alzheimer’s disease has been
extremely well studied. Despite this, the majority of studies have found minimal or
no improvement in memory function when these neurotransmitter precursors are
given to patients with Alzheimer’s disease.31,32 However, there are continuing
attempts to administer choline or lecithin together with agents that inhibit the break-
down of acetylcholine (e.g., tacrine) to improve memory function in this disease.
Rodent studies have suggested that administration of oral ceridene-51-monophos-
phate increases the synthesis of cytidine diphosphatidye choline, the immediate
precursor of phosphatidyl choline, and that this enhances memory.33,34

Serotonin is synthesized when the amino acid tryptophan is taken up from the
blood into the brain. Tryptophan is one of a number of large neutral amino acids that
share the same transport system across the blood–brain barrier. High-protein meals
decrease tryptophan transport into the brain, as the other large neutral amino acids
compete with tryptophan for entry into the brain. High-carbohydrate meals stimulate
insulin release, which reduces the plasma levels of all the large neutral amino acids
except for tryptophan. Thus, high-carbohydrate meals result in greater amounts of
tryptophan entering the central nervous system. Tryptophan has been demonstrated
to increase sleep duration and frequency of awakenings.35 An uncontrolled trial has
demonstrated similar effects in older persons.36 The potential utility of L-tryptophan
in the management of insomnia has been limited by the development of eosinophilia-
myalgia syndrome in persons taking L-tryptophan. This syndrome consists of myal-
gias, edema, indurated skin, and dyspnea.37 Whether this was due to the high doses
of L-tryptophan ingested (~1.5 g/day), a contaminant in the L-trypotophan, or a
genetic defect in tryptophan in certain susceptible individuals is uncertain.
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23.8 VITAMINS

Thiamine deficiency can lead to sixth nerve palsies, nystagmus, ataxia, anorexia, and
delirium. Prolonged thiamine deficiency may lead to Korsakoff’s syndrome, which
is characterized by difficulty in forming new memories, hallucinations, and confab-
ulation. Brains from persons with thiamine deficiency show atrophy of the mamillary
bodies and thalamus. Thiamine deficiency is associated with a decrease in acetylcho-
line turnover and loss of glutamate and -aminobutyric acid nerve terminals. In older
Irish women, thiamine supplementation was demonstrated to increase activity, appe-
tite, and general well-being, improve sleep patterns, and decrease fatigue.38

Pyridoxine deficiency can lead to headache, sleepiness, dysarthria, convulsions,
depression, and paranoia. Pyridoxine is important for the synthesis of -aminobutyric
acid, dopamine, serotonin, and dopamine. Pyridoxine supplementation in older per-
sons enhanced long-term memory.39

Vitamin B12 deficiency can lead to cognition disturbances in the absence of
anemia. Vitamin B12 deficiency is also associated with autonomic dysfunction, which
can lead to postural hypotension and incontinence. Elevated serum or urine meth-
ylmalonic acid levels can facilitate the diagnosis of vitamin B12 deficiency in the
presence of borderline serum vitamin B12 levels. Epidemiological studies have shown
that elevated homocysteine and decreased folate are independent predictors of the
development of dementia.40 However, a randomized control trial was conducted of
a daily supplement containing folate (1000 µg) and vitamins B12 (500 µg) and B6

(10 mg) for 2 years of treatment. During the course, concentration showed no
significant differences between the vitamin and placebo groups in the scores on tests
of cognition.41

Chome et al.42 reported that healthy older subjects with marginal thiamine,
riboflavin, vitamin B12, or vitamin C levels were more likely to be fatigued and
dysphoric and have short-term memory impairment. Vitamin supplementation for 1
week improved mood in healthy young males who had suboptimal vitamin status.

23.9 ALUMINUM

Dementia occurs in 5% of persons over the age of 65 years. In the U.S. the majority
of persons with dementia have Alzheimer’s disease. Aluminum produces an enceph-
alopathy in cats, dogs, and rabbits that is characterized by degeneration of cerebral
neurons, brain stem demyelination, and neurofibrillary degeneration. Patients under-
going dialysis developed marked behavioral changes, cognitive decline, loss of muscle
coordination, and seizures. This appears to be due to high levels of aluminum in the
dialysis water, and symptoms can be reduced by utilizing deionized water.43,44 How-
ever, persons with dialysis dementia do not develop neurofibrillary tangles, as has
been reported in some animals exposed to excess aluminum.45 It has been suggested
that patients with dialysis dementia have an increase in amyloid beta protein, which
is a hallmark of Alzheimer’s disease and is associated with memory disturbances.46

Memory problems and visuospatial coordination problems have been associated with
high serum aluminum concentrations in normal elderly.47,48 Aluminum is strongly
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associated with the development of intraneuronal neurofibrillatory tangles in Alzhe-
imer’s disease,49 and aluminum complexing enhances amyloid beta-protein penetra-
tion of the blood–brain barrier.50

High concentrations of aluminum in the water supply have been correlated with
a high prevalence of Alzheimer’s disease in some epidemiologic studies.51 Elevations
of aluminum concentrations have been reported in the neurofibrillary tangles of
persons with Alzheimer’s disease.52 Nevertheless, the overall findings do not confirm
a primary role for aluminum in Alzheimer’s disease, but rather that it may play a
secondary role in the disease due to altered brain metabolism.53,54

23.10 CARBOHYDRATE METABOLISM

The hyperglycemia associated with diabetes mellitus produces cognitive distur-
bances.55 These memory disturbances associated with hyperglycemia interfere with
the ability of the diabetic to comply with medical advice.56 In animals, a single
injection of insulin, which normalizes glucose levels, also returns memory retention
to normal.57 Two studies have shown that normalizing glucose levels in older type
II diabetics improves memory function.12,13

Elevations of glucose levels are associated with an increased perception of pain.58

This appears to be secondary to glucose inhibiting the binding of beta-endorphin to
its opiate receptors.

Food intake (especially carbohydrates) in older persons can produce a marked
decrease in blood pressure, which can decrease cerebral perfusion, leading to the
“sundown” syndrome.59

23.11 LIPIDS

Lowering cholesterol levels in rats resulted in decreased memory retention by altering
brain membrane fluidity.60 The senescent-accelerated mice develop premature mem-
ory dysfunction, and this is associated with lower cholesterol levels than in the
control strain. Menhaden oil (a mixture of eicosopentanoic and docosahexanoic acid)
improved memory retention in mice.61 In identical twins, the twin with a lower
cholesterol level shows greater cognitive impairment with aging.62 There is epide-
miological evidence that at mid-life high cholesterol levels are associated with
subsequent development of Alzheimer’s disease.63 Statins (cholesterol-lowering
drugs) may attenuate this risk. Simvastatin lowers beta-amyloid levels in the cere-
brospinal fluid.64 However, in nondemented persons statins have failed to improve
cognition,65 and a small study suggested minimal improvement in patients with
Alzheimer’s disease treated with atovastatin.66 In contrast, hypertriglyceridemia also
results in memory dysfunction.67

Low cholesterol levels have been demonstrated to be associated with a greater
prevalence of depression in older persons.68 Whether this was secondary to depres-
sion producing weight loss and hypoglycemia or the low cholesterol levels played
a role in the development of depression could not be determined in this study.
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24.1 INTRODUCTION

Hypertension is a common condition in older persons with potentially devastating
consequences if left untreated. It is a major risk factor for atherosclerotic vascular
disease and may affect up to 70% of individuals over the age of 65.1,2 In the elderly,
as in younger adults, essential hypertension, that is, high blood pressure without an
identifiable cause, is by far the most common type of hypertension. To some extent,
hypertension is an affliction of modern society. Until recent history, humans employed
the hunter–gatherer lifestyle for survival. Such “primitive” peoples experienced vig-
orous daily physical activity and a diet rich in potassium and fiber and low in fat and
sodium. Patterns of nature led to periods of diminished food intake, and obesity and
high blood pressure were virtually unheard of in those communities. Modern-day
populations who enjoy relatively low incidences of hypertension tend to practice daily
routines that mimic the primitive lifestyle of old, particularly in relation to nutrition
and physical activity. Furthermore, blood pressure does not rise with age in these
populations, suggesting that this condition is not an inevitable consequence of aging.1,3

The blood pressure profiles of immigrants from such regions, however, may change
over the course of a few generations to resemble that of the host community. The
overabundance of foods rich in sodium, calories, and fat in Westernized societies
without doubt contributes to the epidemic of hypertension. Data from the third
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National Health and Nutrition Examination Survey (NHANES III) indicate that
dietary intake of potassium, calcium, and magnesium is below the Recommended
Daily Allowances (RDAs) for adults over the age of 50, whereas intake of sodium
and fat (saturated and total) exceeds the RDAs.4 Despite the multiple anatomical
and physiological age-associated changes responsible for the increasing prevalence
of hypertension with age, much can be done by way of lifestyle modification to
retard, if not arrest, the progression of hypertension. With the abundance of effective
medications available for treatment of hypertension, nonpharmacologic strategies
have received far less attention than they deserve at the clinical level. This is, in
part, due to the burden and high rate of discontinuation of lifestyle modification.

Nonpharmacological interventions have been shown to lower blood pressure by
a few mmHg at best. It is important to note at this point that from an epidemiological
standpoint, small declines in blood pressure can result in significant reduction in
mortality and morbidity from cardiovascular disease.5,6 For example, reduction of
systolic blood pressure (SBP) by only 3 mmHg will decrease stroke and cardiac
mortality by 8 and 5%, respectively. A reduction in SBP by 5 mmHg will increase
the decline in stroke and cardiac mortality by 14 and 9%, respectively.1 These blood
pressure changes can easily be achieved with dietary interventions, and patients
should be encouraged to adhere to lifestyle modifications, particularly in the absence
of a discernable decline in their blood pressure. Additional incentives are the health
benefits of dietary interventions independent of blood pressure.

Several dietary components, such as sodium and alcohol, have a well-known
influence on blood pressure regulation and have been studied extensively. The roles
of others, such as calcium, potassium, magnesium, and folate, are less established,
and study results are inconsistent. Nutritional research on single dietary factors
involves a host of challenging problems inherent to the study design.7 These include:

• Many observational and prospective trials utilize food frequency recall
questionnaires, which may be unreliable and do not reflect nutritional
intake during the duration of the trial.8

• When measuring small blood pressure changes in response to nutritional
factors, it is difficult to control for normal short-term blood pressure
fluctuations and for the multiple compounding factors that may affect
blood pressure.

• The effect of an individual nutrient may be too small to be detected in an
underpowered trial, yet be significant from a public health standpoint.

• Nutrients present in foods simultaneously may have a synergistic effect
on blood pressure.

• Nutrients supplied as supplements may have different physiological
effects than when obtained in their natural form.

• Manipulation of a single nutrient under isocaloric conditions will invari-
ably change the intake of other nutrients.

For these reasons, most clinically relevant trials are designed to study the influ-
ence of comprehensive dietary modifications on blood pressure, while controlling
for multiple nutritional factors simultaneously. This chapter will briefly review data
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supporting the role of individual nutrients on blood pressure, and dietary patterns
that have been proven effective in controlling blood pressure. Few trials have inves-
tigated disease outcome as an endpoint, rather than blood pressure per se. These will
also be discussed when available.

24.2 WEIGHT LOSS

The single most effective nonpharmacological intervention for lowering blood pres-
sure is weight loss, particularly in obese persons.9–13 In the Trial of Nonpharmaco-
logic Intervention in the Elderly (TONE), the hazard ratio of developing hypertension
requiring treatment or developing a cardiovascular event at 30 months follow-up in
older obese subjects randomized to the weight loss group was 0.64 (95% confidence
interval (CI), 0.49 to 0.85; p = 0.002) relative to usual care.14 Weight loss not only
reduces blood pressure in the immediate follow-up period, but has also been shown
to decrease the progression and development of hypertension in the future, even
though the long-term weight loss may not be sustained.11,14 A 5% or greater loss of
body weight is likely to reduce the need of antihypertensive medications in many
elderly.15 Despite encouraging results, weight loss in the elderly must be recom-
mended with caution, and perhaps only for those ≥10% above their ideal body
weight. The elderly are at high risk for continued weight loss and malnutrition, and
micronutrient deficiencies must be screened for.

24.3 INDIVIDUAL DIETARY COMPONENTS 
AFFECTING BLOOD PRESSURE

24.3.1 SODIUM

A large number of observational studies16–19 and interventional trials20–22 support the
relationship between sodium intake and hypertension. Reduced sodium intake has
been shown to lower blood pressure in subjects with hypertension and prehyperten-
sion. Prehypertension is defined by the seventh report of the Joint National Committee
on Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) as a systolic
blood pressure (SBP) of 120 to 139 mmHg or diastolic blood pressure (DBP) of 80
to 89 mmHg.23 Salt restriction furthermore prevented the recurrence of hypertension
in subjects previously controlled on antihypertensive medications.24 In a meta-analysis
of 32 randomized controlled trials, Cutler and colleagues estimated the overall impact
of moderate sodium reduction to be a decline in blood pressure of 4.8/2.5 mmHg in
hypertensive subjects and 1.9/1.1 mmHg for normotensive subjects.21 Similar findings
were documented by He and MacGregor in a meta-analysis of 28 trials.25 A reduction
of sodium intake of 78 meq/day for 4 or more weeks resulted in a reduction in blood
pressure of 5.0/2.7 mmHg in hypertensive subjects. In normotensive subjects, the
blood pressure reduction was 2.0/1.0 mmHg when sodium intake was reduced by 74
meq/day. In the International Study of Salt and Blood Pressure (INTERSALT),16 and
in the reanalysis of the original data,17 salt intake was positively associated with blood
pressure. INTERSALT included over 10,000 subjects from 52 centers around the
world. The 24-hour urinary sodium excretion was used as an indicator of salt intake.
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A 100 mmol/day (2.3 g sodium) increase in urinary sodium excretion was associated
with a 3 to 6 mmHg increase in SBP.17

Blood pressure in older patients tends to be more salt-sensitive than in younger
ones. A sodium load is excreted less rapidly and less completely as renal function
declines with age. African Americans have a steeper age-related decline in creatinine
clearance and are particularly sensitive to salt intake. Decreased vascular compliance
further limits the ability of the vascular system to adjust to intravascular volume
changes.1 Sodium reduction may therefore be particularly effective in managing
blood pressure in the elderly. In older nonhypertensive subjects, a greater blood
pressure response to salt restriction was found than in younger nonhypertensives.26,27

Finally, salt restriction has been found to prevent the development of overt hyper-
tension in elderly with normal blood pressure or prehypertension.

Salt restriction in the elderly is not without risk. Data on the potential ill-effects
of salt restrictions are incomplete and continue to be debated. Salt restriction, along
with fat and sugar restriction, renders food less palatable for older persons who may
already be suffering from loss of taste. Therapeutic diets should be recommended
with caution in nonobese elderly, as they have been shown to contribute to weight
loss and malnutrition. Up to 34% of older patients with salt restrictions reported
excessive fatigue compared to 16% of subjects with normal salt intake.28 In a meta-
analysis of 56 randomized trials, extreme sodium reduction was associated with a
10% increase in total and low-density lipoprotein (LDL) cholesterol levels, possibly
due to hemoconcentration effect of volume depletion.29 With moderate salt restriction
(80 to 100 meq/day), no such effect was noted.30

Although the effect of sodium intake on blood pressure is clearly established in
the elderly, very few trials have investigated the effect of salt restriction on clinical
outcome. Intuitively, one would expect the risk of cardiovascular disease to decrease
with salt restriction due to mitigation of hypertension, a major risk factor. This does
not bear out in the few imperfect trials that have addressed this issue. Analysis of
NHANES I suggested that low sodium intake may be associated with increased
mortality.31 In a multiple regression analysis, an inverse relationship was noted
between sodium intake and all-cause mortality (p = 0.007) as well as cardiovascular
mortality (p = 0.006) over nearly two decades. In another analysis of the same data
in which subjects consuming a low-salt diet at baseline were excluded, a statistically
significant positive association between salt intake and all-cause mortality (including
stroke and cardiac mortality) was noted only in subjects who were overweight. No
similar association was shown for subjects who were not overweight.32 Several study
limitations and design flaws prevent these results from being interpreted with any
degree of authority.

The NHANES III data indicate that the average American continues to consume
sodium in amounts that exceed the recommendations for blood pressure control.4

Current sodium intake in the elderly is approximately 2500 to 3100 mg/day, whereas
the recommendation of the World Health Organization and other groups is for 2300
mg/day or less4,23,33,34; 2.3 g of sodium is approximately 100 meq sodium and 6.0 g
of salt. Approximately 80% of ingested salt in a Western diet is derived from processed
foods.35 The most effective way of reducing sodium intake population-wide is to
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consume natural foods and to decrease the amount of salt involved in food processing
and preservation.36

24.3.2 POTASSIUM

An inverse relationship between potassium intake and blood pressure has been
documented in observational studies16,37–39 as well as interventional trials,40–43 but
the strength of the association varies widely. Increased potassium has also been
associated with decreased stroke-related mortality.38 Several investigators have indi-
cated that potassium has a greater antihypertensive effect in subjects with salt-
sensitive hypertension, and the mechanism appears to be related to natriuresis.7,43,44

In the Nurses’ Health Study II, Sacks and colleagues supplemented potassium,
calcium, magnesium, all three, or placebo in women with low habitual intake of
these minerals.42 After 4 months, only the potassium supplement group showed a
modest but significant drop in blood pressure. This trial, however, did not include
older subjects (mean age, 39 years). A smaller crossover trial was conducted on 22
subjects with mild hypertension age 60 years or older.43 Participants were adminis-
tered isocaloric controlled diets and supplemented with placebo or 120 mmol potas-
sium.43 In just 8 days, blood pressure decreased in the treatment group by an
impressive 8.6/4.0 mmHg. Urinary sodium excretion averaged 192 mmol/day after
placebo and 221 after potassium treatment (p < 0.02). The authors postulate that the
antihypertensive effect of sodium may be the result of potassium-induced natriuresis.
Other proposed mechanisms include an effect of potassium on aldosterone secretion,
the renin/angiotensin system, the renal kallikrein system, eicosanoids, and the atrial
natriuretic peptide, but none of these mechanisms have been proven. Potassium may
additionally have a direct effect on vascular smooth muscles.

The elderly consume less potassium than recommended by the JNC 7 for non-
pharmacological management of blood pressure. Potassium intake does not signif-
icantly change with age, but total body potassium declines with age in both sexes,
in part due to age-related sarcopenia, which starts as early as age 30,45–47 and the
consequent decline in lean body mass. Nonetheless, potassium intake should be
balanced against the risk of hyperkalemia, which occurs not infrequently in the
elderly. The risk is enhanced by certain pharmaceutical agents, such as angiotensin-
converting enzyme (ACE) inhibitors and potassium-sparring diuretics, particularly
in the face of declining renal function. Some commercial herbal blends intended to
replace table salt may be rich in potassium. Careful monitoring of serum potassium
is essential when changes in medications or eating habits are made. Current recom-
mendations are to obtain sufficient potassium from potassium-rich fruits and vege-
tables. Potassium supplements are reserved for those with low serum levels and play
no role in the management of hypertension.

24.3.3 CALCIUM

Over the past two decades, there has been considerable interest in the use of calcium
for the management of blood pressure. There is general consensus on a modest
inverse association between calcium intake and blood pressure, though not all trials
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have consistently shown this relationship. Several observational studies have indicated
a small association between lower blood pressure and consumption of greater amounts
of calcium,48–51 although the 24-hour calcium recall method and daily variations in
dietary intake and blood pressure may have obscured these findings. Interventional
trials and meta-analysis of these trials have similarly shown a modest relationship
between calcium and blood pressure.52–59 A few trials demonstrated a drop in the SBP
of up to 10 mmHg in some subjects supplemented with 1000 mg calcium daily,60,61

but most showed a small or nonsignificant drop in blood pressure.53,62

These inconsistent findings have led investigators to wonder if some individuals
are “calcium responders” and if criteria could be identified to determine calcium-
sensitive individuals,63 somewhat analogous to salt sensitivity in older African Amer-
icans. Calcium responders appear to be older than nonresponders and have higher
mean arterial blood pressure and parathyroid hormone levels and lower plasma renin
activity. Calcium supplementation appears to limit the salt-induced rise in blood
pressure in salt-sensitive persons, possibly by enhancing renal sodium excretion.57

Calcium responders also have lower serum calcium levels at baseline. There appears
to be a threshold of approximately 500 mg/day of dietary calcium intake, below
which the risk of hypertension increases significantly, and above which the effect
of increasing calcium intake on blood pressure is modest.7 Existing data do not
warrant public health recommendations to increase calcium intake specifically for
blood pressure control,7 but adequate calcium intake should be encouraged in the
elderly for other health benefits.

24.3.4 ALCOHOL

The benefit of alcohol consumption in small amounts on cardiovascular health has
received much attention lately.64,65 In larger amounts alcohol increases blood pressure
and the cardioprotective effect may be erased. While the mechanism behind alcohol’s
influence on blood pressure is not fully understood, ample clinical evidence sup-
porting the existence of such a link has accumulated.66–69 Over 20 years ago, Potter
and Beevers demonstrated that a reduction in alcohol consumption decreased SBP
as well as DBP, and when alcohol was reintroduced, blood pressure increased once
again.68 In a meta-analysis of 15 controlled trials of 2234 mostly younger subjects,
Xin and colleagues found that reduced alcohol intake was associated with a signif-
icant reduction in SBP of 3.3 mmHg and DBP of 2.0 mmHg.70 In an observational
study, reducing alcohol intake over a period of 20 years resulted in less age-associated
rise in blood pressure than in those who continued to consume alcohol.69 The type
of alcohol consumed does not appear to determine risk as much as the amount
consumed, and habitual users are more at risk than recent or binge drinkers.71 The
cutoff point for increased blood pressure risk is not firmly established, but men who
consume three or five drinks or more per day71 and women who consume two or
three drinks per day72 may be at particularly high risk. A drink is often defined as
2 ounces of alcohol, which is roughly equivalent to 12 ounces of beer, 5 ounces of
wine, or 15 ounces of 80-proof whiskey. Current recommendations are to limit
alcohol consumption to two drinks or less per day.
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24.4 COMPREHENSIVE DIETARY MODIFICATION 
TRIALS

Dietary modification for the management of high blood pressure and other conditions
seldom involves single dietary components. The Dietary Approach to Stop Hyper-
tension (DASH) eating plan was born from an initiative of the National Heart, Lung,
and Blood Institute (NHLBI) and combines dietary factors known to influence blood
pressure at that time. The DASH diet emphasizes fruits, vegetables, and low-fat dairy
products, and is rich in potassium, calcium, and magnesium. Components of the
DASH diet include:

• Vegetables: 4 to 5 servings a day
• Fruits: 4 to 5 servings a day
• Low-fat dairy products: 2 to 3 servings a day
• Grain and grain products: 7 to 8 servings a day
• Nuts and seeds: 4 to 5 servings a week
• Meat, poultry, and fish: 2 or fewer servings a day
• Fats and oils: 2 to 3 servings a day
• Sweets: 5 servings a week

Components of the DASH diet are naturally low in sodium. The low-sodium
DASH plan further encourages sodium restriction to ≤2400 mg, or ≤1500 mg for
those with established hypertension. Recipes adhering to the DASH principles are
readily available at local bookstores or on the Internet.

Many trials have been conducted using the DASH eating plan, but surprisingly
few have included older subjects. In the Treatment of Mild Hypertension Study
(TOMHS), over 900 participants with diastolic blood pressure of 90 to 100 mmHg
were started on a nutritional-hygienic program consisting of reduced weight, salt
intake, and alcohol intake and increased physical activity.73 Participants were than
randomly allocated to a placebo group or one of five active treatment groups. As
might be anticipated, the treatment groups had a greater drop in blood pressure than
the placebo group, but at 4 years follow-up, the placebo group had an average drop
in blood pressure of 8.6/8.6 mmHg. Furthermore, 59% of participants assigned to
the placebo group and 72% of those given drug treatment remained on their initial
medication as monotherapy. One might conclude, therefore, that dietary modification
might avert or delay the need for antihypertensive medications in over half the
patients with mild hypertension. Improvement in the serum lipid profile is an added
benefit. The oldest subject in this trial was 69 years of age, and the study limitations
include the relatively small number of subjects in each group.

The Trial of Nonpharmacologic Intervention in the Elderly (TONE) investigated
975 hypertensive subjects between the ages of 60 and 80 years.14 Interventions
included reduced sodium intake, weight loss, both, or “usual care.” During follow-
up, the reduction in blood pressure was 2.6/1.1 mmHg with sodium restriction, 3.2/0.3
mmHg with weight loss, and 4.5/2.6 mmHg with combined interventions. All three
treatment groups had statistically significant lower odds of remaining free of high
blood pressure, antihypertensive medications, or cardiovascular events at 30 months
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follow-up compared with usual care. Even a modest 40 meq/day reduction in salt
intake and a 4.7-kg weight loss in obese patients was accompanied by a 30% reduction
in hypertension or the need to reinstitute antihypertensive therapy at 30 months.

Many other trials conducted in younger subjects using the DASH or other dietary
plans have demonstrated impressive results.74–81 There is no reason to believe that
these findings will not extend to the elderly population based on the limited data
already available, but outcome trials are still necessary.

24.5 CONCLUSION

Although dietary means of controlling blood pressure have been shown to be effec-
tive, long-term adherence to nonpharmacologic interventions remains a challenge to
health care providers and patients alike. Health care providers must personalize the
treatment plan and choose interventions best suited for each case based on the
patient’s eating and drinking habits, nutritional status, body habitus, and likelihood
of compliance. Older patients should be offered the range of treatment modalities
available and encouraged to adhere to the treatment plan. Frequent contact and
counseling from health care professionals may favor adherence. The possibility of
delaying, averting, or discontinuing a blood pressure medication may add incentive.
It is estimated that up to 30% of the elderly on antihypertensive medications will
experience an untoward effect.
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Much has been written about nutrition and cancer, and much has been written about
cancer in the elderly. However, the overlap of all three of these subjects—nutrition,
cancer, and the elderly—yields a dearth of publications. In considering this conver-
gence of subjects, three points become apparent. First, malnutrition and its associ-
ation with poor outcomes is a foregone conclusion among older cancer patients, as
it is among their younger counterparts. For example, Fukuse and others described
postoperative complications in a cohort of 120 thoracic surgery patients, many of
whom had had lung cancer.1 Evidence of malnutrition was associated with a seven-
fold increase in air leaks (p = 0.045), which were presumably a consequence of
healing impairments related to nutritional compromise. Although this study provided
no comparative data from a younger cohort, it nonetheless makes the point that older
cancer patients do definitely suffer morbidity in the setting of malnutrition, and that
focusing upon and understanding the implications of malnutrition even among older
cancer patients is a worthwhile pursuit.

Second, although few studies seem to focus intentionally on malnutrition in
elderly cancer patients, shifting geriatric demographics are inevitably putting the
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focus of future studies squarely on the shoulders of older cancer patients. In 2000,
12.7% of the U.S. population was ≥65 years old, but projections suggest that by
2030, this percentage will increase to 19.9% and by 2050 to 20.3%.2 Because cancer
is often regarded as a disease of the elderly, it is inevitable that epidemiological and
therapeutic studies will eventually—although not necessarily intentionally—shift
focus to the elderly.

Third, for the time and in the absence of clear-cut data on malnutrition in elderly
cancer patients, it is perhaps reasonable to consider that the use of judicious nutri-
tional interventions that provide benefits to younger cancer patients may well provide
similar benefits to older cancer patients. Analogously, previous studies have sug-
gested that the benefits of cancer therapy are derived to a similar extent by both
young and old cancer patients. For example, the North Central Cancer Treatment
Group, a major cancer cooperative group in the U.S., recently published a reanalysis
of one of its therapeutic trials in patients with locally advanced non-small-cell lung
cancer.3 Separate analyses based on an age cutoff of 70 years led these investigators
to conclude that elderly patients benefit from chemotherapy and radiation for lung
cancer therapy to the same extent as younger patients with roughly equivalent
survival rates. Admittedly, nutrition support and palliative practices represent a very
different discipline than the administration of cancer therapy, but in view of these
data, one must assume that perhaps nutritional interventions are likely to bring about
the same favorable benefits to older cancer patients as they do to younger ones.

In short, much of what follows is derived from a younger population of cancer
patients, but the paucity of data on nutrition, cancer, and the elderly suggests that
making assumptions on relevance of age-unspecified studies to older patients is
pragmatic and justified. Thus, this manuscript focuses on malnutrition and cancer
with a heavy emphasis on the age-unspecified literature.

25.1 DEFINITIONS OF MALNUTRITION

Weight loss is often viewed as a simple but telling indicator of malnutrition. The
prognostic effect of weight loss has been well validated. In a seminal study from the
Eastern Cooperative Oncology group, DeWys and others observed that among 3047
cancer patients, patient-reported weight loss of greater than 5% in the preceding 6
months predicted a shorter median survival.4 Even after a multivariate survival anal-
ysis that adjusted for tumor stage, histology, and patient performance status, weight
loss continued to emerge as a powerful marker of poor outcome. Utilizing this tool
to its fullest extent, many have come to define a 10% or greater loss of weight, a
commonly used and validated threshold, as an indicator of severe malnutrition.4,5

It is true that several other parameters or tools are sometimes utilized to assess
nutritional status, but from the oncologist’s perspective, patient-reported or health-
care-provider-documented weight loss is perhaps the best. Because prescribing che-
motherapy often requires body surface area calculations that include weight, obtain-
ing periodic weight measurements on cancer patients is a routine practice in nearly
all medical oncology clinics. In contrast, other assessment tools, such as the Patient-
Generated Subjective Global Assessment of Nutritional Status, carry great value,6

but they might be viewed as more challenging to implement because they are more
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cumbersome. Particularly from the standpoint of the medical oncologist, who, on a
daily basis, participates in time-consuming discussions on prognosis, symptom con-
trol, quality of life, and end of life, a more detailed assessment of nutritional status
may create an unachievable effort of time and commitment. The simplicity of weight
alone, its validation, and its availability make it an ideal parameter for assessing
nutritional status.

25.2 WHEN AND HOW TO INTERVENE

In the setting of weight loss or other evidence of malnutrition, a variety of interven-
tions can be considered, but three stand out as commonly used: (1) nutritional coun-
seling, (2) nutritional support, and (3) pharmacological therapy to promote appetite.

25.2.1 NUTRITIONAL COUNSELING

Nutritional counseling is a valuable intervention, but not all studies have been
consistent in documenting it efficacy. Two recently published studies show positive
outcomes with nutritional counseling in cancer patients. First, Ravasco and others
evaluated 111 colorectal cancer patients prior to the initiation of radiation.7 Patients
were randomly assigned to receive (1) dietary counseling on the intake of regular
foods, (2) dietary counseling on the use of protein supplements, or (3) ad libitum
intake. Patients who received dietary counseling manifested better outcomes. Patients
assigned to groups 1 and 2 had higher levels of protein intake and lower rates of
anorexia, nausea, vomiting, and diarrhea. Some of these favorable effects were
sustained even 3 months after the completion of radiation. Utilizing validated instru-
ments and a thoughtful design, this study concluded that nutritional counseling
“positively influenced outcomes.”

Along similar lines, this same group observed that nutritional counseling also
helped head and neck cancer patients who were receiving radiation.8 Seventy-five
patients with this malignancy were randomly assigned to one of three groups: (1)
dietary counseling on the intake of regular foods, (2) dietary counseling with the
added intake of nutritional supplements, or (3) ad libitum intake. Again these inves-
tigators observed improved outcomes among the patients who received dietary coun-
seling. Energy intake was greater among patients who received dietary counseling.
At 3 months, favorable effects appeared sustained. Ninety percent of patients in the
first group manifested improvements in anorexia, nausea, vomiting, xerostomia, and
dysgeusia, whereas 67% of patients in the second group and 51% in the third group
described similar benefits.

In contrast to these two studies, two others show no such benefit. Ovesen and
others conducted a trial that included 105 cancer patients who were receiving che-
motherapy and were randomly assigned to either dietary counseling or ad libitum
intake.9 The group that was provided the dietary counseling ate more and overall
consumed approximately 1 MJ more calories than the other group. Despite this
difference in caloric intake, however, there was no difference in tumor response rates,
survival, or quality of life between the two groups. Although nutritional counseling
is important, the results of this study make the point that it is difficult to gauge patient
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benefits with the use of traditional oncology outcome measures. Overall, even if we
focus specifically on the quality of life data, it does not appear that dietary counseling
provided the same favorable impact as observed in more recent studies.

In a similar negative study, Evans and others focused on 192 cancer patients
with non-small-cell lung cancer and colorectal cancer.10 All patients were newly
diagnosed and about to initiate chemotherapy. These patients were randomly
assigned to dietary counseling or ad libitum food intake. The group that had been
assigned to the nutritional counseling arm manifested no evidence of favorable
impact in terms of improvement in the percent of planned dose of chemotherapy
administered, in lesser degree of toxicity or in lesser frequency of treatment delays.
Again, it appeared that dietary counseling provided no clinical impact that could be
clearly measured and referenced to justify its mandatory use in all chemotherapy-
treated cancer patients.

How might we reconcile the results of these four studies, which yielded two
very different sets of conclusions? First, the two earlier studies focused on radiation-
treated patients, and perhaps one might argue that radiation-treated cancer patients
are more likely to glean benefits from nutritional counseling than chemotherapy-
treated patients. Although we agree that the study populations in these trials are quite
distinct on the basis of outcome and type of cancer treatment administered, it
becomes difficult to conclude at this juncture that all radiation-treated cancer patients
should receive nutritional counseling. Instead, we would argue that the conclusion
to draw from these trials is that more research, specifically among radiation-treated
cancer patients, is appropriate and worthwhile. Second, it is important to point out
that nutritional counseling entails some degree of bias. It is impossible to construct
a “sham” nutritional counseling control group, and in general patients tend to tell
investigators and their health care providers what they think these individuals want
to hear. By virtue of simply implementing nutritional counseling—independently of
whether it truly helped—patients may have reported benefits. Thus, it is possible
that the investigators’ anticipation of certain findings, especially if these investigators
were strong advocates of dietary counseling, may well have affected the positive
outcomes observed in the first two studies described above. In view of this possibility
of bias, it would be important for other groups besides Ravasco and others to conduct
similar research and confirm the importance findings reported in the first two trials.

Despite the foregoing, it is difficult to contest the great value of a one-on-one
discussion between a cancer patient and a health care provider about eating, eating
strategies, and the cancer patient’s personal nutrition goals during cancer therapy.
Sometimes poor food intake becomes a terrible source of guilt and personal inade-
quacy for cancer patients and their family members, and even interpersonal strife
can occur as a result.11 We believe that an honest and forthright discussion of these
issues assuages many of these negative feelings. Moreover, the cost of nutritional
counseling appears to be far less than many other medical interventions that some
times entail high pharmacy costs and even higher personnel costs. Although the data
may remain controversial on its utility, it remains appropriate and humane to provide
nutritional counseling to cancer patients who desire it.

On a slightly more tangential note, it is also important to make the distinction
between nutritional counseling among cancer patients with advanced disease and
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nutritional counseling among cancer patients who have completed cancer therapy
with curative intent. The role of this intervention in the latter situation is gaining far
greater acceptance. For example, the Women’s Intervention Nutrition Study (WINS)
observed that among a 2437-patient cohort of women who had received breast cancer
therapy with curative intent, those patients who had been counseled to take 15% of
their caloric intake from fat manifested an improved cancer-free survival (hazard
ratio = 0.76, p = 0.034).12 Again, the patients in this study had received curative
cancer therapy, and thus represent a dramatic departure from the use of dietary
counseling for patients who have advanced cancer and have lost the desire to eat.
The results of this study underscore that under some circumstances dietary counsel-
ing does play an important role.

25.2.2 NUTRITIONAL SUPPORT

Should all cancer patients with weight loss receive supplemental calories in the form
of nutritional support? The answer is no. Only under highly select circumstances
does a nutritional intervention appear to favorably impact the outcome of cancer
patients, and usually these circumstances center around severe malnutrition in the
setting of highly treatable or curable cancers. Two circumstances where nutritional
support appears to provide benefit are discussed below.

First, the use of parental nutrition in cancer patients remains highly controversial,
but some data suggest that subgroups of preoperative cancer patients may derive
benefit from it. One study that suggests such benefit is the Veterans Affairs Coop-
erative Group study that evaluated 395 malnourished cancer patients, 65% of whom
had cancer.13 In this well-designed trial, patients were randomly assigned to receive
either 7 days of preoperative total parenteral nutrition along with continued therapy
for a few days after surgery or no total parenteral nutrition. Patients assigned to the
latter group did receive intravenous therapy, but without the same caloric value.
Importantly, this study did not support the use of total parenteral nutrition overall,
as outcomes based on the study arm were basically equivalent. However, an a priori
subgroup analysis revealed that those patients with severe malnutrition (n = 24)
appeared to benefit from nutritional support, as illustrated by the fact that fewer
noninfectious complications arose within that cohort. A few other studies, some of
which included an assessment of preoperative parenteral nutrition in patients with
hepatocellular carcinoma and colorectal and gastric cancer, have served to bolster
this same conclusion.14,15 Certainly the benefits do not appear dramatic, but the use
of total parenteral nutrition in the preoperative setting in severely malnourished
cancer patients can be justified.

Second, the use of prophylactic parenteral nutrition appears to provide benefit
to patients who are receiving high-dose antineoplastic therapy followed by blood or
marrow transplantation, especially when it appears that the risk for malnutrition is
high. In a seminal study to focus on and test this approach, Weisdorf and others
randomly assigned 137 cancer patients to one of two arms:16 (1) parenteral nutrition
or (2) intravenous fluids. The nutrition therapy or fluids were initiated very early on,
during cytoreductive therapy, in anticipation of the transplant. This study allowed a
crossover of the total parenteral nutrition, but despite the possibility of crossing over,
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the patients who were originally assigned to receive total parenteral nutrition did
better. Compared to patients who received intravenous fluids alone, those who
received the total parenteral nutrition manifested improvements in cancer-free sur-
vival as well as in overall survival. Other studies have observed similar favorable
outcomes,17,18 although nuances of administration, such as whether to include
glutamine,19,20 remain controversial. Although the study by Weisdorf and others was
completed over 20 years ago, and although many of the subsequent studies are also
not recent, their findings continue to resonate in cancer centers throughout the U.S.,
and these data continue to appear to be relied upon in clinical decision making.

Despite the compelling nature of the two studies discussed and referenced above,
an inevitable question centers around all the other clinical scenarios where the role
of nutritional support in the form of either parenteral or enteral has not been tested.
What should be recommended to patients in the absence of data? Based on the data
we do have available, it appears reasonable, in our opinion, to gauge the use of
nutrition support on the likelihood of making a favorable impact on the patient’s
cancer status. In other words, if it appears likely that the patient will acquire a marked
improvement in survival or a cure from the standpoint of the cancer, and if it also
appears that risk of severe malnutrition is high from the cancer treatment, it makes
sense to start some type of nutritional support either prophylactically or upon the
onset of weight loss. Nutritionists and oncologists may have different views on this
subject, but the above represents an approach often utilized by us and that has served
us well to date.

It should be noted that the American College of Physicians recommends against
the use of parenteral nutrition in most cancer patients who are receiving chemother-
apy.21 This well-respected group sites complications associated with the use of total
parenteral nutrition in the setting where this is little chance that cancer treatment
will provide a notable and favorable clinical impact. It becomes important once again
to point out that decisions on when to utilize nutrition support must be made hand-
in-hand with decisions on cancer therapy, and that the clinical goals of each should
be in complete alignment.

The vast majority of oncologists accept the rule as outlined by the American
College of Physicians, but very occasionally a need to deviate from this approach
arises. Indeed, a small but notable literature, comprised of case reports and small
series, suggests that occasionally even a cancer patient with incurable metastatic
disease may benefit from parenteral nutrition or a more aggressive approach to
nutrition support. The Mayo Clinic reviewed its 20-year experience on the use of
parenteral nutrition in patients with metastatic incurable cancer and confirmed that
deviating from this rule appears on occasion to be justified.22 The Mayo Clinic
experience included 52 incurable cancer patients who had been prescribed home
parenteral nutritional. This small cohort represents only a fraction of all the cancer
patients treated at this institution, and in fact, it represents only 15% of the clinic’s
total number of patients who were receiving home parenteral nutrition during this
interval. In effect, it appears that breaking the rules in this manner constitutes a rare
event, and one that certainly does not define standard of care.

Several aspects of this Mayo Clinic study caution against implementing total
parenteral nutrition in a wide variety of cancer patients with advanced, incurable
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disease. First, this Mayo Clinic retrospective study focused on cancer patients with
a relatively unusual mix of tumor types. For example, a large proportion of patients
with carcinoid and islet cell tumors were included. This finding in particular cautions
against extrapolating the observations from this study to all other cancer patients.
Second, this paper describes how the philosophy of utilizing home total parenteral
nutrition among advanced cancer patients is quite conservative, so at the outset it
appears that a tremendous selection bias occurred in choosing patients who would
receive nutrition support. Nonetheless, it is important to describe the study’s findings.
Some patients lived a relatively long time. The median time from initiation of total
parenteral nutrition to death was 5 months (range = 1 to 154 months); remarkably,
16 patients lived for over a year. Parenteral nutrition was well tolerated with few
complications.

In attempting to define factors to allow accurate prediction of outcomes with
total parenteral nutrition, the investigators were not successful. Tumor grade, interval
between diagnosis of metastatic cancer and initiation of total parenteral nutrition,
the presence of prominent cancer symptoms, and the administration of cancer therapy
after the initiation of total parenteral nutrition failed to predict long-term survival,
defined in this study as 1 year or longer. In short, these investigators concluded that
on rare occasion cancer patients with metastatic disease do appear to benefit from
parenteral nutrition, that it is difficult to predict who will benefit, and that a very
deliberate patient-by-patient assessment that carries a strong emphasis on multidis-
ciplinary, clinical judgment must be employed when considering the possibility of
starting parenteral nutrition.

Another very specific situation in which oncologists sometimes face the prospect
of considering total parenteral nutrition occurs in patients with a malignancy-asso-
ciated bowel obstruction. These patients sometimes have no surgical option because
of the multifocal nature of the obstruction or because of their severe debility.
Attempting to explore whether there is a role for total parenteral nutrition in this
group, Brard and others recently reported a retrospective study of 55 patients with
“terminal bowel obstruction,” or an inoperable bowel obstruction.23 All these patients
had previously treated ovarian cancer. Twenty-eight received total parenteral nutri-
tion and 21 did not. Patients who received nutritional support lived 72 days (range
= 16 to 485 days), and those who did not lived 41 days (range = 4 to 133 days).
This modest survival advantage becomes all the less clinically significant when one
acknowledges that in a retrospective study such as this selection bias alone may
account for improved outcomes. Nonetheless, this study also suggests that the role
of total parental nutrition in this cancer setting does not constitute the standard of
care, but that it might potentially benefit highly select cancer patients.

Although the foregoing applies primarily to total parenteral nutrition, the same
conclusions pertain to the use of enteral nutrition. The widely taught adage “If the
gut works, use it” is useful in deciding whether to implement enteral vs. parenteral
nutrition, but otherwise the rules for when to implement nutritional support apply to
either therapeutic modality. Recently, the European Society of Parenteral and Enteral
Nutrition provided evidence-based guidelines on the use of enteral nutrition in cancer
patients.24 Their recommendations, as relevant to indications for their use, describe
strong evidence in implementing nutritional support in severely malnourished patients
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in the perioperative setting and in patients who are at risk for nutritional decline
during aggressive cancer treatment. Again, the routine use of enteral nutrition during
chemotherapy is not considered useful, and these guidelines do not specifically
address the use of enteral nutrition in older cancer patients.

25.2.3 PHARMACOLOGICAL THERAPY TO PROMOTE APPETITE

As alluded to above, a sizable number of solid-tumor cancer patients do not carry
a promise of long-term survival by the time they manifest evidence of nutritional
compromise, particularly in the setting of an incurable cancer. Many of these patients
live only a few months, and the majority describe anorexia, or loss of appetite, as a
particularly troubling end-of-life symptom. In fact, various series describe how over
60% of solid-tumor cancer patients with metastatic disease suffer from anorexia and
describe it as among their top five most troubling end-of-life symptoms.25

What approach should be utilized in these patients, and is there any role for even
thinking about the topics of nutrition and cancer together in this setting? Four points
should be raised in order to answer these questions. First, in these patients, when
overall life expectancy is considered short, total parenteral nutrition or aggressive
enteral feeding should not be considered for the reasons discussed above. Second,
discussion of options at this juncture is often most informative if a dietitian is
involved and provides patients with guidance. Often frequent small meals, avoidance
of food smells immediately prior to eating, and a more liberal approach to trying a
variety of food types seem helpful to patients. Third, at this juncture, it appears
appropriate, as discussed earlier, to attempt to assuage any sense of guilt on the part
of the patient and family members about poor eating. This is a time to emphasize
to patients and family members that poor caloric intake is not their fault, but rather
the fault of the disease. Fourth, for some cancer patients, this is a time when
pharmacological therapy aimed at appetite stimulation is welcomed.

With regard to the latter, a large number of placebo-controlled trials point to two
different hormonal agents as effective appetite stimulants in cancer patients with
advanced metastatic disease: corticosteroids and progestational agents. Multiple pla-
cebo-controlled trials justify the use of these agents as appetite stimulants in the
setting of anorexia in patients with advanced cancer. In the first placebo-controlled
trial ever performed for purposes of palliating anorexia in patients with advanced
cancer, Moertel and others proved that dexamethasone is effective in this regard.26

Published in 1974, this paper, “Corticosteroid Therapy of Preterminal Gastrointestinal
Cancer,” put in place the groundwork for future symptom control clinical trials that
focused on anorexia. Similarly, the first reported double-blind, placebo-controlled
trial to test megestrol acetate proved that this progestational agent also carries positive
effects on appetite stimulation. This multi-institutional study was conducted by the
North Central Cancer Treatment Group and observed that 70% of advanced cancer
patients who received megestrol acetate at a dose of 800 mg/day described an improve-
ment in appetite.27 Weight gain also occurred: 16% of megestrol acetate-treated
patients gained 15 pounds or more in contrast to only 2% of placebo-exposed patients
who manifested this degree of weight gain (p = 0.003). After the publication of these
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two important studies, over a dozen others followed and have established these two
classes of drugs as the mainstay of palliation for cancer-associated anorexia.

Which works better, corticosteroids or progestational agents? A North Central
Cancer Treatment Group study that compared these two classes of agents found that
they basically tied with regard to efficacy: 66% of megestrol acetate-treated patients
and 70% of dexamethasone-treated patients improved their appetite.28 It is hard to
know for sure whether this equivalent efficacy reflects nothing more than equivalent
effects based on dose, or whether the maximally tolerated doses of each might have
yielded relative differences in symptom improvement. Based on what we know and
based on the findings of this study and others, reasonable palliative doses are as follows:
a dose of dexamethasone between 2 and 4 mg/day and a dose of megestrol acetate of
between 600 and 800 mg/day appear to carry reasonable and relatively equivalent
appetite stimulatory effects. In view of the fact that patients often suffer from gas-
trointestinal upset and proximal muscle weakness over several weeks, it appears best
to use corticosteroids if patients are anticipated to have limited life expectancy, in large
part to minimize its more long-term side effect profile. If it is anticipated that a patient
will live longer than a few weeks, a progestational agent might provide a better option.
Side effects of the latter include thrombophlebitis, impotence, and vaginal bleeding
upon withdrawal. It is important to point out that with either class of agents, abrupt
discontinuation can lead to adrenal insufficiency, and the empiric initiation of corti-
costeroids may be necessary under such circumstances.

In our own practice, relatively few cancer patients opt for receiving an appetite
stimulant, in large part because these agents appear to have only limited benefits.
These limitations are two-fold in nature. First, although cancer patients with loss of
appetite and weight die sooner than those who maintain their appetite and weight,
these agents do not reverse this prognostic effect. This point is well made in a large,
multi-institutional study that randomly assigned 243 extensive-stage small-cell lung
cancer patients who were about to receive chemotherapy to either megestrol acetate
or an identical placebo.29 The median survival within the former group was 8.2
months, and in the placebo-exposed group 10 months (p = 0.49). Although these
agents may augment appetite and weight, they do not impact the negative prognostic
effect observed with this symptom and sign. At best, they remain only palliative
agents that lessen the severity of anorexia in a subgroup of cancer patients with
advanced disease.

Second, these two classes of agents do not appear to provide a positive impact
on global quality of life.30 It is rare to observe a patient with advanced incurable
cancer return after the initiation of corticosteroids or a progestational agent and
report, “I feel 100% better than I did before starting this drug.” When patients do
report such an improvement, it is usually a result of either these agents providing
some antineoplastic effects in their own right or being combined with other chemo-
therapy agents that are conferring such antineoplastic effects. The global benefits of
megestrol acetate are in fact quite modest. Nonetheless, it is important to point out
that appetite improvement is an important goal to strive for. For this reason, pre-
scribing an appetite stimulant appears to be a reasonable option for some patients.

As stated earlier, data tend to be sparse among elderly patients with regard to
any of the interventions discussed above. Thus, noteworthy is a study from Yeh and
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others on the role of megestrol acetate in older patients.31 This study did not evaluate
cancer patients but did focus on geriatric nursing home patients who had either lost
weight or appeared to be at least 20% below their ideal body weight. These patients
were randomly assigned to receive either megestrol acetate 800 mg/day orally for
12 weeks or placebo. At the end of the 12-week treatment period, patients who had
been assigned to megestrol acetate reported improved appetite and sense of well-
being. Again, this study did not necessarily include cancer patients, but its focus on
geriatric patients suggests the plausibility of improved outcomes with this agent in
older cancer populations as well.

25.3 CONCLUSIONS

There remains no question that malnutrition is common and problematic in all cancer
patients, including geriatric cancer patients. Evidence of weight loss and loss of
appetite portends a less successful outcome than in patients without this sign and
symptom. At the same time, however, a multitude of studies have shown that improv-
ing prognosis with nutritional interventions occurs, at best, in only a few subgroups
of patients. The initiation of nutritional support appears justified in the setting of
severe malnutrition, particularly if cancer therapy offers a chance of favorably
impacting the patient’s outcome. Dietary counseling remains an important option.
For many cancer patients, especially if the cancer is unlikely to be positively impacted
from cancer therapy, the utilization of appetite stimulants might help patients.
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Diabetes mellitus has become one of the most common as well as complex of the
chronic diseases that affect most races and generations. Twenty million individuals
have diabetes, and an additional 26% of the U.S. population has an impaired fasting
glucose, making this epidemic in proportions.1 On the basis of increases in morbidity,
mortality, and cost, it poses a significant health burden, a fact that has been proven
without doubt.2 The objective of the third National Health and Nutrition Examination
Survey, 1988–1994 (NHANES III) was to examine the prevalence and time trends
for diagnosed and undiagnosed diabetes according to age, sex, race, or ethnic groups
in the U.S. population and show that the prevalence significantly increases with age,
in addition to being higher among certain racial minority populations. The health
care use, including office and inpatient visits, attributed to diabetes in an older
population was also shown to be substantial.3,4 NHANES 1999-2000 proceeded to
show that an inability to control risk factors, such as blood pressure and cholesterol,
in conjunction with a rise in the prevalence of type 2 diabetes at an earlier age leads
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to time-dependent vascular complications, which in turn increase as the population
ages and the general life span increases. Further studies went on to demonstrate that
although individuals with diabetes are at increased risk for vascular disease, including
macrovascular (coronary artery disease (CAD) and stroke) and microvascular (ret-
inopathy, neuropathy, and nephropathy), improved glycemic control definitely and
positively impacts these complications.5,6

Approximately 20% of patients over 65 years of age suffer from diabetes.1

Although age is a common denominator in this population, these patients are a
diverse group. Some have developed diabetes early in life and possess years of
complications. Others are recently diagnosed and may have had years of ongoing
undiagnosed complications. Some have a multitude of other chronic comorbidities,
not to mention limitations in physical or cognitive function, polypharmacy, risk of
falls, persistent pain, depression, and urinary incontinence. For example, there is an
association between diabetes and periodontal disease in that oral health problems
tend to complicate overall diabetes management and worsen glycemic control.7 These
factors, among many others, make this population challenging to treat, and consid-
ering the fact that there are minimal long-term studies, if any, to consult, we must
draw from what knowledge we have of both general diabetes management and
geriatric care in order to individualize treatment on a case-by-case basis.

26.1 METABOLIC SYNDROME

Diabetes in its very essence is a metabolic disorder. Type 1 diabetes is thought to be
autoimmune in nature, characterized by decreased or lack of insulin secretion, and
usually seen in young people. Type 2 diabetes is associated with age and obesity, but
the vast majority of patients seem to have a genetic risk as well that unveils an existing
defect in insulin secretion.8 The development of type 2 diabetes generally occurs over
time, involving a period of insulin resistance with a compensatory hyperinsulinemia,
in an attempt to maintain euglycemia and resulting in impaired glucose levels. Met-
abolic syndrome is this insulin resistance along with dyslipidemia, hypertension, and
visceral adiposity, which may eventually lead to overt diabetes. There are additional
environmental factors that interact with genetic susceptibility in the pathogenesis of
type 2 diabetes. These factors are mainly associated with a preexisting obesity,
including an elevation in free fatty acids, increased release of tumor necrosis factor-
alpha (TNFa), increased synthesis of interleukin-1-beta (IL-β) by the beta cell, and
a deficiency of adiponectin, in addition to a multitude of other factors in the milleu.9,10

26.2 MEDICAL NUTRITION THERAPY

Medical nutrition therapy (MNT) is an integral part of not only preventing diabetes
but also managing diagnosed diabetes. It is crucial in preventing associated complica-
tions or slowing the progression of others.11 Tailoring MNT to the individual patient
by considering aspects such as the patient’s tastes and ethnic or cultural backgrounds
through a coordinated team approach, including the patient and a supportive system
of care, is vital to achieving this goal.12 Older patients require additional considerations
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as well. Since the general population with diabetes, mainly type 2, is obese and insulin
resistant, moderate weight loss is encouraged. However, elderly patients may be
malnourished already, and any strict dietary restriction could further decrease their
quality of life. Weight loss and low body mass index (BMI) are associated with frailty,
micronutrient deficiencies, and accelerated morbidity and mortality rates.13

Additionally, elderly patients may fail to respond to a monotonous diet with
cravings for different foods.14 This low dietary variety may lead to inadequate intake
of energy and micronutrients, which could be ameliorated with dietary education
and counseling.15,16 There is no evidence that the prescription of “no added sugar or
concentrated sweets” is beneficial to elderly patients in long-term facilities.

26.3 PROTEIN

In patients with diabetes, the general recommendation for protein intake is 15 to 20%
of total daily energy intake, or approximately 0.8 g/kg body weight, and as long as
renal function is not impaired, there is no need for modification.12 Furthermore, protein
restriction intended for the prevention or delay of renal damage is not advocated.
Protein nutrition is a major factor for the geriatric population in general because of
various changes in body metabolism, composition, and daily activities.17,18 The appar-
ent protein requirement is metabolic demand divided by efficiency of utilization.
Healthy older persons with similar protein intakes have been shown to have lower
metabolic demands and efficiency of protein utilization than controls, but patients
with chronic illness actually require higher levels of protein.19,20 Unfortunately, few
studies exist that specifically focus on protein requirements in older diabetic patients.

26.4 FAT

The American Heart Association (AHA) currently recommends that the average diet
contain a maximum of 30% total fat, with less than 10% in the form of saturated
fat. Most studies on dietary fat and risk factors for diabetes, the older population
included, are short term, but there are certain beliefs that are generally accepted.

Saturated fats tend to increase low-density lipoprotein (LDL) as well as total
cholesterol. However, there are fats that have probable beneficial effects.

Polyunsaturated fats decrease LDL, while monounsaturated fats may be neutral.
Some studies have shown a decrease in LDL with the addition of olive oil to the
diet. It is important to note that decreasing the fat in any diet will probably also
result in a decline in high-density lipoprotein (HDL) and any potential benefit
associated with a higher HDL.21 The general consensus of the American Diabetes
Association (ADA) is to remain flexible in the amount of fat and to individualize
the diet to the tastes of the patient.12

26.5 FIBER

Dietary fiber has many health benefits, particularly considering the health needs and
complications of diabetic patients. Fiber has positive effects on LDL and triglycerides
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and has been shown to be beneficial in the control of weight and blood pressure. Of
most interest in diabetes, dietary fiber has been shown to decrease postprandial serum
glucose values.22,23 A fiber intake of 25 to 50 g/day is currently recommended in
diabetic individuals.12 Water-soluble fiber, in the form of whole grains, legumes,
vegetables, and fruit, is preferred over nonsoluble forms, like bran. Dietary fiber is
not recommended for all elderly diabetic patients. Patients who are ambulatory may
benefit from a moderate increase in fiber intake; however, since part of the benefit
of fiber on lipid and carbohydrate metabolism is derived from retarding food diges-
tion and nutrient absorption,24 older patients who are less mobile or bed-bound may
suffer bowel impaction.

26.6 CALCIUM AND VITAMIN D

Calcium and vitamin D are important factors in bone metabolism, and deficiencies
of either are major risk factors for fractures. Aging in itself is associated with loss
of bone and can be aggravated by multiple other influences, some modifiable and
others not, such as smoking and alcohol vs. race and sex. Residents of nursing homes
and people over the age of 65 have been found to have a prevalence of hypovitami-
nosis D of up to 50%.25,26 Since 1,25-dihydroxyvitamin D (calcitriol) is the major
regulator of intestinal calcium absorption, lower calcium absorption in the elderly
may be due to lower levels of calcitriol, among other factors that may affect absorp-
tion. The relationship between diabetes and osteoporosis is poorly understood, but
older diabetic populations have a definite increased risk of clinical fractures. Patients
with type 1 diabetes are considered to have high rates of bone resorption and
subsequent low bone mineral density. However, patients with type 2 diabetes have
been found to have bone mass that is greater, lesser, or equal to controls without
diabetes.27 A recent study suggests that diabetic adults with a bone mineral density
similar to that of nondiabetic adults have a greater than 60% higher risk of fracture
at sites, including the hip, radius/ulna, spine, and foot.28 The higher risk of fractures
in older diabetic adults may be due to associated underlying factors, including
obesity, medications, and motor or neurologic impairments.29 Considering the
increased mortality associated with hip fractures, it is important to ensure strategies
not only to prevent falls, but also to maintain bone density. This includes maintaining
an adequate calcium intake of at least 1.0 to 1.5 g of elemental calcium and 400
international units (iu) of vitamin D every day.

26.7 OTHER MICRONUTRIENTS OF INTEREST:
ZINC AND CHROMIUM

26.7.1 ZINC

Zinc is an essential nutrient and acts as a catalyst for many enzymes and a cofactor
for other proteins and enzymes, as well as being important in gene expression. It
also plays a structural role in cell membranes, and any deficiency may lead to
oxidative changes and free radical damage of the membrane. Clinically, zinc defi-
ciency in the general population may lead to growth retardation, hypogonadism,
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immune dysfunction, and alterations in taste and may manifest similarly in the
diabetic and geriatric population.

The estimated average requirements for zinc are 9.4 mg/day for elderly men
and 6.8 mg/day for elderly women. A study using the data of the NHANES III to
calculate usual dietary intakes for adults greater than 60 years of age found that up
to 45% of elderly adults had inadequate dietary zinc intakes and up to 25% had
inadequate combined dietary and supplement intakes.30 Zinc supplementation has
been shown to aid in the healing of leg ulcers in zinc-deficient geriatric patients.31

Diabetic patients have been found to have alterations in zinc metabolism and have
also been shown to possess elevated urine levels of zinc, a factor that may play a
part in impaired immune function.32 The exact role of zinc supplementation in older
diabetic individuals is unclear but may be beneficial in those that are found deficient
in this nutrient.

26.7.2 CHROMIUM

An important nutrient required in both carbohydrate and lipid metabolism is chro-
mium, and it has been reported to decrease body fat as well as improve lipid profiles,
both of which tend to worsen with aging.32 Studies evaluating chromium and its
use in the setting of diabetes have been largely inconsistent, and its use is currently
not recommended by the ADA due to lack of definitive randomized trials, some
showing beneficial effects on both insulin sensitivity and glucose tolerance and
others showing none. Adequate intake of chromium in adult men over 50 years of
age is 30 µg/day, and for women older than 50 years of age adequate intake is >20
µg/day.33 A recent study did, however, find that the addition of 500 µg of chromium
picolinate, the most common supplemental form of this nutrient, twice daily to a
regimen of sulfonylurea in patients with type 2 diabetes improved glycemic control
and increased insulin sensitivity.34

26.8 FISH OIL SUPPLEMENTS

Omega-3 polyunsaturated fatty acids (PUFAs) are a group of polyunsaturated fats that
can be found in fish sources in the form of eicosapentaenoic acid (EPA) and docosa-
heaenoic acid (DHA), as well as in some vegetables, oils, and nuts in the form of an
alpha-linolenic acid (ALA).35 Several studies have evaluated the beneficial impact of
omega-3 PUFAs in fish oil upon secondary prevention of cardiovascular endpoints.

Additionally, daily doses of 3 to 12 g of omega-3 PUFAs have also been shown
to decrease triglycerides when used in conjunction with diet in patients with elevated
triglyceride levels.36 Currently, Omacor is the only fish oil supplement approved by
the FDA for the treatment of hypertriglyceridemia. Type 2 diabetes is generally
associated with a dyslipidemia that is composed of low HDL, high LDL, as well as
hypertriglyceridemia. Fish oil supplementation in this population has been proven
statistically significant in lowering triglycerides by almost 30% without significantly
increasing fasting glucose or hemoglobin A1c.37 The elderly diabetic population may
particularly benefit from this intervention. In addition to the obvious cardiovascular
risks, elevated triglyceride levels are associated with poor cognitive performance by
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way of decreased verbal fluency and impaired memory tasks,38 possibly further influ-
enced by accompanied poor glycemic control and overall metabolic abnormalities.

26.9 EXERCISE

An additional component of diabetes management, along with diet and medication,
is exercise. Most studies on the therapeutic benefit of exercise up until fairly recently
have focused on young and middle-aged patients with type 2 diabetes and have
shown the effectiveness of exercise in reducing glycolated hemoglobin independent
of body weight and the association between training intensity and the amount of
change in that value.39,40 Aerobic exercise, such as walking, bicycling, or jogging,
has generally been the focus of training programs for diabetic patients, but the older
patients may not be able to tolerate this form of activity.41 Increased age is associated
with a decline in muscle mass along with a decline in metabolic control42; therefore,
resistance exercise, activity that uses muscular strength to move a weight or work
against a resistive load, has been shown to be an effective alternative. Two separate
trials have evaluated high-intensity progressive resistance exercise in older diabetics,
with a mean age of 66, and both succeeded in showing a significant decrease of
more than 1% in hemoglobin A1c compared to the control subjects.43,44

26.10 CONCLUSION

Considering the growing rate of diabetes, especially in the elderly population, as
well as the morbidity and mortality associated with complications, caring for the
older diabetic patient is a challenge that is best met with an interdisciplinary approach
and extrapolation of experience in both diabetes and geriatrics. MNT is crucial in
diabetes management but should be flexible and individualized to the specific patient
and should not be too restrictive, which can lead to micronutrient deficiency and
further frailty. Protein restriction in the absence of renal insufficiency is not recom-
mended. Calcium and vitamin D supplementation is encouraged for bone mainte-
nance and prevention of fractures, an increased complication that is seen in type 2
diabetes. Zinc and chromium may further prove to be supplements of significance.
Older patients with hypertriglyceridemia may benefit from the addition of fish oil.
Finally, exercise implementation, resistance training in particular, should be consid-
ered in elderly diabetic persons who could be suitable candidates.
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27.1 INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is an important cause of morbidity
and mortality in the U.S. As many as 16 million Americans have symptomatic COPD;
it is the fourth most common cause of death in the U.S. and results in direct medical
costs of $15 billion in the U.S. alone. It is the only one among the top 10 causes of
death with a continuing increase in morbidity and mortality.1 The diagnosis of
chronic obstructive pulmonary disease is based on the presence of clinical symptoms
such as chronic cough with sputum production and objective information measured
in the lung function test to confirm the diagnosis and classify the disease.2

The treatment of COPD is complex and involves interventions at many levels
in order to limit the decline in respiratory function over time. The routine use of
inhalers such as bronchodilators and anti-inflammatory are well-established therapies
to improve respiratory symptoms; regular vaccination to prevent infections and
antibiotics when indicated are also part of the standard treatment for COPD. Lifestyle
and environmental modifications, such a smoking cessation, exercise, physical ther-
apy, and pulmonary rehabilitation, may improve functional status.3

Poor nutritional status is associated with an increased morbidity and mortality
in patients with COPD. While a number of factors have been shown to produce
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tissue catabolism, no single mechanism has been clearly identified as a primary
cause for weight loss in patients with severe COPD. The association between weight
loss and COPD has been recognized since the late 19th century. Attempts to describe
different COPD classifications found that body weight may be an important discrim-
inant.4 This observation led to the classic descriptions of the pink puffer (emphysema)
and the blue bloater (bronchitic type). The pink puffing patient is characteristically
thin and breathless; the blue and bloated patient may not be particularly breathless,
at least when at rest, but has severe central cyanosis. In the 1960s, several studies
reported that a low body weight and weight loss are negatively associated with
survival in patients with COPD.5

Approximately 35 to 60% of patients with COPD are undernourished, and low
body weight is associated with an impaired pulmonary status, reduced diaphragmatic
mass, lower exercise capacity, and higher mortality rate than seen in adequately
nourished individuals with this condition. Weight loss in COPD is a consequence
of increased energy requirements and unbalanced dietary intake. Both metabolic and
mechanical inefficiency contribute to the elevated energy expenditure. An imbalance
between protein synthesis and protein breakdown may cause a disproportionate
depletion of fat-free mass in some patients.6

Weight loss includes both fat and lean body mass, and it may occur even in the
presence of an appropriate dietary intake for predicted energy requirements. Mal-
nourished patients have worse scores on a respiratory disease-specific quality of life
questionnaire than well-nourished individuals.7

27.2 WEIGHT LOSS AND BODY COMPOSITION
IN COPD

Weight loss in patients with COPD may be a multifactorial phenomenon, resulting
from a combination of various pathophysiological events. Abnormalities in energy
balance, increased levels of cytokines, chronic hypoxia, exacerbations of COPD,
and corticosteroid intake can all influence food intake, substrate utilization, and
metabolic efficiency.8 Weight loss and particular loss of fat mass occur if energy
expenditure exceeds dietary intake. More specifically, muscle wasting is a conse-
quence of an imbalance between protein synthesis and protein breakdown. Alter-
ations in both parts of the energy balance have been extensively reported in COPD.

Airflow obstruction and loss of alveolar structure have been commonly pointed
as the hallmarks for COPD symptoms, even though skeletal muscle dysfunction is
also an important determinant of symptoms like dyspnea and impaired exercise.9

Muscle mass is the single largest tissue of body cell mass and can be assessed
indirectly in clinically stable individuals by measurement of fat-free mass (FFM).
The importance of measuring FFM, indicating loss of muscle mass, contributes
significantly to peripheral muscle weakness and impaired exercise tolerance in
COPD, as well as to health-related quality of life.10 Patients with an FFM lower
than normal are characterized as having a lower peak oxygen consumption, lower
peak work rate, and early onset of lactic acidosis compared to individuals with
normal FFM.
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Body weight and composition are significantly different between patients with
chronic bronchitis and the group of patients with emphysema, as shown by Engelen
et al.: lean mass depletion was found in 37% of the emphysema patients compared
to only 12% of the chronic bronchitis patients. Body weight, body mass index (BMI),
and FFM index were lower in the emphysema group than in healthy controls, and
these results were the consequence of a lower lean mass index and a lower bone
mineral content.11

Fat mass also plays an important role in energy metabolism besides being just
an energy reservoir. Fat produces the adipocyte-derived hormone leptin, the feed-
back mechanism to the brain for fat mass regulation, increases thermogenesis, and
has a role regulating the lipid and glucose balance. Serum leptin levels are lower
in COPD patients than in healthy individuals, and also correlates well with body
mass index and percentage of fat.12 Furthermore, leptin levels have been reported
to be significantly lower in patients with emphysema (30%) than in patients with
chronic bronchitis (11%), and a link among leptin levels, cytokines, and tumor
necrosis soluble receptor (sTNF-R) levels in emphysematous patients was
reported.12 Leptin and sTNF-R55 are inversely related to dietary intake adjusted
for resting energy expenditure.13

27.3 ABNORMALITIES IN ENERGY BALANCE

In mammals, there is a very tight connection between oxygen consumption and
adenosine-5'-triphosphate (ATP) production and utilization; 90% of oxygen con-
sumption is responsible for 90% of ATP synthesis, and 10% of ATP synthesis in our
body is independent of oxygen. Under normal conditions, the rate of oxygen delivery
to the cell must be precisely adjusted to avoid excessive free radical production. The
mitochondrial respiratory chain is an essential element in the transduction of energy
during life. Mitochondria occupy a pivotal position in aerobic ATP reduction through
oxidative phosphorylation of adenosine diphosphate (ADP). All energy-producing
reactions generate reducing equivalents in the form of reduced nicotinamide adenine
dinucleotide (NADH) and reducing flavins, which are ultimately oxidized by oxygen
through a chain of oxidoreduction reactions occurring in complexes that reside in
the inner mitochondrial membrane.14 This process of oxidative phosphorylation is
pushed by the redox potential (NADH/NAD) and is limited by the phosphate poten-
tial (ATP/ADP.Pi).

Loss of fat mass is seen in undernourished patients as a result of reduced caloric
intake or increased energy expenditure. Total energy expenditure can be considered
the score of resting energy expenditure (REE), diet-induced thermogenesis, and
energy spent during daily activities. REE comprises the sleeping metabolic rate and
the energy cost of arousal, and it amounts to about 70% of total energy expenditure
in sedentary persons.

Pulmonary symptoms such as shortness of breath and cough can cause loss of
appetite and energy for eating. Shortness of breath may increase during the effort
of eating, making this an unpleasant task. It is difficult to swallow and breathe at
the same time, and the extremely dyspnoeic patient may be unable to coordinate
breathing alternately with swallowing in an efficient manner.15
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Schols et al.13 reported an inadequate dietary intake for energy expenditure, espe-
cially in the more disabled COPD population; these authors found that sTNF-R55, a
marker of inflammation, and leptin were significantly related to dietary intake in
absolute terms as well as adjusted for REE. This theory has been emphasized with the
studies by Creutzber et al.,30 demonstrating a significant relationship between baseline
dietary intake and soluble intracellular adhesion molecule-1. Aging, relative anorexia,
and elevated systemic inflammatory markers, as assessed by circulating levels of sTNF-
R55, might be associated with nonresponses to nutritional therapy.16

Mannix et al. found that malnourished patients with COPD tend to have lower
forced expiratory volume in 1 second (FEV1) and forced vital capacity values,
higher carbon dioxide partial pressure, lower arterial pH values, and elevated total
energy expenditure; this may be largely because of an elevated cost of breathing
in these patients.31

27.4 INFLAMMATORY MARKERS

Cytokine production and release during smoking and frequent infections may con-
tribute to the anorexia and weight loss in COPD patients. The cytokine profile is
unique, and unlike that seen in asthma patients, increased levels of tumor necrosis
factor (TNF)-, interleukin (IL)-1, and interleukin-8 may induce a catabolic response
in tissues, triggering muscle proteolysis with increasing protein degradation. Multi-
ple molecules, including leukotrienes, hormones, TNF-, C-reactive protein, and
lipolysaccharide, have been associated with increases in REE and weight loss in
patients with COPD, even though elevated circulating levels of TNF- are strongly
associated with impaired oxygen delivery in weight-losing patients.17

Chronic hypoxia is another potent stimulus to cytokine production, increasing
the synthesis of IL-1B and TNF- in human macrophages in stable malnourished
patients with COPD. In addition, inverse correlations between soluble TNF receptor
levels and percentage of fat have been noted in this group of patients. The exact
mechanism to explain this phenomenon is under study; however, evidence suggests
that hypoxia may induce TNF- expression via induction of the NF- pathway in rats
and mammalian cell cultures. Cyclic adenosine monophosphate response elements
(CREs), which are responsible for inhibiting TNF- expression, are also diminished
by hypoxia.18

Hypoxia is also thought to reduce serum insulin-like growth factor (IGF)-1 levels
and cause grow impairment and tissue catabolism in chronic hypoxemic patients. IGF-
1 injections have been shown to increase weight in hypoxic rats, as well as increase
the serum total protein and albumin when the hypoxic exposure was terminated.19

27.5 PROTEIN AND MUSCLE DEGRADATION
IN COPD

Depletion of FFM is a prominent finding in COPD patients. Accelerated muscle
proteolysis is considered the primary cause of the loss of lean body mass, not only in
COPD, but also in many other chronic diseases. The ubiquitin–proteaosome pathway
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is perhaps the most important during the normal turnover of most cellular proteins in
catabolic states; this is a multienzymatic process of degradation that requires ATP.

The activation of the ubiquitine–proteasome system occurs in many clinical
conditions involving elevated glucocorticoid levels and acidosis. Glucocorticoids
together with other signals are required to increase messenger RNAs encoding
ubiquitin and proteasome subunits; glucocorticoids also inhibit protein synthesis and
the transport of amino acids into the muscle to promote the mobilization of amino
acids for gluconeogenesis.20

Fiber types can be classified based on differences in immunoreactivity for anti-
bodies specific to different myosin heavy-chain (MHC) isoforms. In human muscles,
three different MHC isoforms are expressed: MHC-1, MHC-2A, and MHC-2B. In
the same way, myosin light-chain (MLC) isoforms can be determined. The following
MLC isoforms can be discerned: the fast and slow isoforms of regulatory MLC
(MLC-2s and MLC-2f) and three isoforms of alkaline MLC (MLC-1s, MLC-1f, and
MLC-3f). Satta et al.32 studied the fiber type composition of the musculus vastus
lateralis in COPD patients. They found that the proportion of the fast MHC-2B
isoform was increased in patients with COPD. While diffusing capacity, vital capac-
ity, and FEV1 were positively correlated with slow MHC isoform content, only
diffusing capacity was negatively correlated with fast MHC isoform content. The
coordinated expression between MHC and MLC isoforms was also altered in COPD
patients, suggesting that the coordinated protein expression was lost in the skeletal
muscles of COPD patients. The authors suggest that these changes can partially be
explained by reduced availability of oxygen. An impaired diffusing capacity is
generally considered a feature of emphysema in a COPD population, and arterial
oxygen desaturation is a frequently reported finding in patients with impaired dif-
fusing capacity.21

These adaptations of skeletal muscle toward a predominance of anaerobic gly-
colytic type 2 muscle fibers affect the aerobic capacity of the muscle and may cause
the type 2 predominant muscle to be more prone to fatigue, because anaerobic fibers
synthesize ATP less efficiently than aerobic metabolism, and because production of
lactic acid is markedly higher.

27.6 NUTRITIONAL INTERVENTIONS IN COPD 
PATIENTS

The first clinical trials investigating the effectiveness of nutritional intervention
consisted of nutritional supplementation by means of oral liquid supplements or
enteral nutrition. Short-term studies (2 to 3 weeks)22 showed a significant increase
in body weight and respiratory muscle function. This short-term effectiveness is
probably partly related to repletion of muscle water and potassium, as well as
constitution of muscle protein nitrogen. Only one study addressed the immune
response to short-term nutritional intervention in nine patients with advanced COPD.
Refeeding and weight gain were associated with a significant increase in absolute
lymphocyte count and with an increase in reactivity to skin test antigens after 21
days of refeeding.22
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Also, for patients not responding to oral supplementation, prolonged interven-
tions of 4 months with nocturnal enteral nutrition support via percutaneous endo-
scopic gastrostomy tube were provided. The treated group had nightly enteral feeding
adjusted to maintain a total daily caloric intake greater than two times the measured
resting metabolic rate for sustained weight gain. Despite the magnitude of the
intervention, a mean weight gain of only 3.3% (0.2 kg/week) was seen in the treated
group. The majority of increase in body weight was fat mass, and no significant
improvement of physiologic function was observed. The limited therapeutic impact
of isolated aggressive nutrition support could be related to the fact that the selected
patients (weight-losing, unresponsive to oral supplements) were both hypermetabolic
and hypercatabolic, or results could be attributed to the absence of a comprehensive
rehabilitative strategy.23–27

The effect of oral nutritional supplementation during acute exacerbation of COPD
has been evaluated. Thirty-three adults hospitalized for an acute exacerbation of
COPD were randomly assigned to receive extra nutritional support or regular hospital
care. Almost all patients were in negative nitrogen balance, indicating muscle wasting.
The degree of muscle wasting was strongly correlated with the dose of corticosteroids.
An additional intake of 10 kcal/kg/day was achieved in the supplemented group. After
2 weeks, the percentage of predicted forced vital capacity improved in the treatment
group but declined in the control group (+8.7% vs. +3.5%, respectively, p = 0.015).
No change in the FEV1 was seen (p = 0.10). There were no changes in handgrip
strength or respiratory muscle strength. A trend toward more improvement in the
general well-being score was seen (+11.96 vs. +10.25, p = 0.07). The use of corti-
costeroids in these patients may have contributed to muscle wasting.24

Use of anabolic steroids has been associated with increases in body mass index,
lean body mass, and anthropometric measures of arm and thigh circumference. No
significant changes in endurance exercise capacity have been demonstrated. In a
prospective, randomized, controlled, double-blind study of 17 undernourished men
with COPD undergoing pulmonary rehabilitation, 250 mg of testosterone was admin-
istered intramuscularly at baseline, and 12 mg of stanozolol per day was given orally
for 27 weeks in the study group and compared with placebo. Weight increased in 9
of 10 persons who received anabolic steroids (mean weight gain = +1.8 kg ± 0.5
kg) compared with a loss in the control group (–0.4 kg ± 0.2 kg, p < 0.05). No
change in the 6-minute walking distance or in maximal exercise capacity was
identified in either group.25–28

Recombinant human growth hormone (rhGH) treatment has been studied in
patients with stable COPD. Sixteen patients whose mean age was 66 years and whose
weight was 77% of ideal body weight were randomly assigned to receive 0.15 IU/kg
rhGH or placebo. After 21 days, body weight was similar in the two groups, but
lean body mass increased by 2.3 ± 1.6 kg in the rhGH group compared with 1.1 ±
0.9 kg in the control group. By 81 days, patients in both groups had lost some of
the weight gained, but the rhGH group retained more weight than the control group
(1.9 ± 1.6 kg vs. 0.7 ± 2.1 kg, p < 0.05). The changes in maximal respiratory
pressures, handgrip strength, maximal exercise capacity, and subjective well-being
were similar in the two groups. Paradoxically, the 6-minute walking distance
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decreased in the rhGH group (–13% ± 31%) and increased in the control group
(+10% ± 14%, p < 0.01). Despite an increase in lean body mass, administration of
0.15 IU/kg rhGH does not improve muscle strength or exercise tolerance in under-
weight patients with COPD.26–29

27.7 CONCLUSIONS

Nutritional depletion in COPD is common and has a negative impact on respiratory
as well as skeletal muscle function, contributing to the morbidity and mortality of
this condition. Strategies directed toward increasing energy balance in order to
increase weight and FFM are very valuable.

Most COPD patients tolerate CHO loads; however, diet content and volume per
meal may have to be modified for patients with severe dyspnea or hypercapnia.
Although short-term studies of nutritional supplementation have reported a positive
nitrogen balance, weight gain, and improved muscle function, nutritional support
for >2 weeks did not show a significant effect in any of the main outcomes measured.

The poor response to anabolic steroids may be related to the effects of systemic
inflammation on dietary intake and catabolism. Evidence for a relationship between
metabolic changes and cytokine-induced inflammatory mediators has been reported
among patients with COPD. Studies of nutritional repletion in COPD suggest that
cytokine-induced inflammation may be the source of the nutritional deficiencies. If
that is true, nutritional supplementation may not overcome this effect.

Alternative approaches to increasing appetite and caloric intake are to be encour-
aged. A more precise understanding of the pathophysiology of weight loss and the
alterations in cellular metabolism will assist with identifying the nutritional
approaches most likely to be successful for those with COPD.
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Despite an earlier increase in body weight, older persons experience a loss in both
lean body mass and bone mass by the seventh decade. The loss of lean tissue, with
the accompanied

 

 

 

rise in the proportion of body fat, is mirrored by a decline in physical
and metabolic output. The term 

 

anorexia of aging

 

 was coined to reflect the poor
appetite and decreased appreciation of food commonly seen in older persons. Weight
loss, however, can also be due to difficulties with food ingestion, intestinal absorp-
tion, or nutrient metabolism.

Gastrointestinal (GI) complaints are very common in older adults. While many
changes in the function of the gastrointestinal system are considered aging related,
only a few play a role in developing gastrointestinal pathology. The prevalence of
gastrointestinal complaints in older persons can be attributed to chronic disease
conditions rather than aging itself. Based on that, it is not surprising that many of
the slowly developing conditions affecting the gastrointestinal tract are almost exclu-
sively diseases of aging (Table 28.1).

This chapter covers the normal gastrointestinal functions with the relevant
changes experienced by older persons. It will also discuss common conditions
affecting the gastrointestinal system and their mutual effect on nutrition.
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28.1 THE ESOPHAGUS

 

Between swallows, the esophagus is a 25-cm-long neuromuscular tube that is sealed
at both ends by the upper esophageal and lower esophageal sphincters. This prevents
both entry of air and reflux of acid into the esophagus. Once the food bolus is
prepared in the oral cavity, it is consciously propelled by the tongue toward the
pharynx. The entry of bolus into the pharynx triggers the swallowing reflex, which
is involuntary and consists of a complex, precisely orchestrated series of neuromus-
cular events. The soft palate ascends to seal the nasopharynx while the vocal cords
approximate to protect the larynx. The upper esophageal sphincter, formed by the
cricopharyngeal muscle, relaxes to allow entry of the bolus into the esophagus in
response to the strong contraction of the pharyngeal muscular walls. This contraction
propagates through the esophageal body as a peristaltic wave guiding the bolus down
the esophagus and into the stomach. Entry of food into the stomach is permitted by
the spontaneous relaxation of the lower esophageal sphincter, which occurs at the

 

TABLE 28.1
Changes with Aging in Gastrointestinal Function with Resulting Morbidity 
and Nutritional Consequences

 

Change Observed with Aging Cause Consequence

 

Delayed swallowing Incomplete relaxation of UES and LES Increased mealtime
Increased gastroesophageal reflux 

(GER)
Decreased LES resting pressure with or 
without hiatal hernia

Decreased secondary esophageal 
peristalsis

Esophagitis
Peptic strictures
Barrett’s esophagus
Esophageal cancer

Decreased mealtime fundic 
receptive relaxation

Decreased nitric oxide production? Early satiation

Decreased acid production Chronic atrophic gastritis
Decreased number of parietal cells?

Iron, B12, folate, and 
calcium deficiency

Bacterial overgrowth
Decreased mucosal defense

 

Helicobacter pylori

 

, NSAIDs Gastritis, peptic ulcers
Minor delay in SB transit time Decreased contraction amplitude None
Shortening of the absorptive villi Aging None
Lactose intolerance Decrease in lactase production Bloating, diarrhea
Bacterial overgrowth Decreased gastric acid production Bloating, diarrhea
Decreased vitamin D absorption 
and synthesis

Decreased SB vitamin D receptors
Decreased exposure to sun

Osteoporosis

Slow colon transit Decreased colon motility? Constipation
Decreased rectal compliance Fibrosis Defecation urge
Decreased external sphincter tone Thinning of external sphincter Fecal incontinence
Decreased first-pass metabolism Decreased perfusion and hepatic mass Drug toxicity
Increased lethogenic potential Increased cholesterol

Decreased GB motility
Cholelithiasis

 

Note: UES = upper esophageal sphincter; LES = lower esophageal sphincter; SB = small bowel.
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initiation of swallowing and continues until the bolus has passed. The oropharynx
and upper esophagus are composed of striated muscle, which is controlled by the
central nervous system via the glossopharyngeal and vagus nerves. The distal esoph-
agus is composed of smooth muscle, which is controlled by an intrinsic neuromus-
cular network necessary for normal peristalsis. Diseases affecting the central nervous
system, the striated muscle, or the smooth muscle can lead to a derangement of the
swallowing process.

Normal aging is associated with many changes that are observed but have unclear
clinical significance. Changes include delayed swallowing,

 

1

 

 incomplete relaxation
of both upper and lower esophageal sphincters,

 

2

 

 decreased secondary esophageal
peristalsis, and possibly increased gastroesophageal reflux.

 

3

 

 Increased gastroesoph-
ageal reflux is likely caused by increased prevalence of hiatal hernias rather than an
age-associated decrease in the lower esophageal sphincter tone.

 

4

 

 Some of these
changes are bundled together and referred to as presbyesophagus, but the clinical
significance of this term is questionable.

 

5

 

 Many of the changes seen with aging may
actually be a result of comorbid conditions affecting the esophageal function through
its neurological component (stroke), muscular component (hypothyrodism), or both.

 

6

 

Overall, it appears that the physiologic function of the esophagus is preserved with
aging in normal healthy individuals with the possible exception of the very old (>80
years old), in whom the amplitude of esophageal contractions is decreased.

 

7

 

 Dys-
phagia is common in older persons with an estimated prevalence of 6.9% in a
Midwestern community.

 

8

 

 The prevalence of dysphagia is higher in long-term facil-
ities, reaching 30 to 40%.

 

9

 

 Dysphagia is more common in older persons because the
conditions responsible for it are typically seen more frequently with aging.

Oropharyngeal dysphagia is caused by diseases that lead to disturbance in the
oropharyngeal phase of swallowing and interference with food entry into the esoph-
agus. Oropharyngeal dysphagia can result in food entry into the nasopharynx,
leading to nasal regurgitation, or food entry into the larynx, leading to coughing
during or right after eating, risking aspiration with possible pneumonitis. Causes
of oropharyngeal dysphagia that are prevalent with aging include neurologic con-
ditions (cerebrovascular events,

 

10

 

 Parkinson’s disease,

 

11

 

 amyotrophic lateral
sclerosis

 

12

 

), muscular disorders (myasthenia gravis,

 

13

 

 dermatomysitis,
polymyositis

 

14

 

), and metabolic conditions (hypothyroidism, diabetes mellitus). In
tobacco users, consideration must always be given to the possibility of head and
neck tumors. Despite a higher prevalence of cervical arthritis and spur formation
in older persons, dysphagia secondary to compression of the esophagus is unusual.

 

15

 

Suspicion of oropharyngeal dysphagia should trigger a bedside swallowing evalu-
ation best performed by a trained speech therapist. The diagnostic test is videoflu-
oroscopy, which is also referred to as modified barium swallow. Oropharyngeal
dysphagia is treated by attempting to improve the underlying cause. Manipulation
of the diet and proper positioning of the head are commonly used strategies to
decrease risk of aspiration. Although this approach is based on videofluoroscopic
findings, these findings do not always correlate clinically with the development of
aspiration pneumonia.

 

16

 

 Trials conducted to assess the efficacy of this approach
were inconclusive, and more trials need to be conducted.

 

17

 

 Aggressive postprandial
oral care (cleaning of teeth with an applicator of povidone iodine) was shown to
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be of borderline significance in preventing aspiration pneumonia in nursing home
residents.

 

18

 

 More research is needed before this strategy can be recommended. The
use of pharmacologic agents (amantadine or cilostazol) was shown to be beneficial
in small studies.

 

19

 

 Problems in studies’ design and the presence of significant side
effects prevent these agents from gaining widespread acceptance.

Diseases that interfere with food transfer through the esophagus are said to
cause esophageal dysphasia. If dysphagia is present with both solids and liquids,
it usually suggests a motility disorder or a very advanced obstruction. Achalasia is
the best understood esophageal motility disorder and is hallmarked by failure of
the lower esophageal sphincter to relax and the absence of esophageal peristalsis.

 

20

 

Dysphagia to solids can represent a benign or malignant mechanical obstruction.
Benign mechanical obstructions are seen with acid reflux disease; they are usually
progressive with peptic strictures while intermittent with Schatzki’s rings.

 

21

 

 Malig-
nant obstructions are suspected when significant weight loss is present. Esophageal
cancer is a disease of older persons, occurring most commonly in the sixth decade.
It affects more men than women and seems to be more aggressive in African
Americans. Risk factors include smoking, alcohol, and drinking hot mate (a popular
drink in South America) in the squamous cell type.

 

22

 

 Long-standing gastroesoph-
ageal reflux and prolonged esophageal exposure to acid can lead to the development
of Barrett’s esophagus, which is the principal risk factor for the adenocarcinoma
type. Unfortunately, avoidance of foods that can worsen reflux, such as dietary fat,
coffee, chocolate, and mint, does not provide any significant protection against
esophageal cancer. Routine intake of aspirin or nonsteroidal anti-inflammatory
drugs (NSAIDs) is the only intervention that may be associated with a reduction
in esophageal cancer risk (of both histological types) with evidence for a dose
response. A meta-analysis found a lower risk of esophageal cancer among persons
who reported frequent use of NSAIDs than in those who reported intermittent use.

 

23

 

Unfortunately, most studies did not collect information on the specific doses taken.
The association between aspirin or NSAID use and the decreased risk of esophageal
cancer should be interpreted cautiously. Use of aspirin and NSAIDs may be asso-
ciated with certain behaviors that may have an influence on cancer risk, such as
use of vitamin supplementation.

 

24

 

 Also, it is likely that those with upper GI symp-
toms such as heartburn and regurgitation, which are risk factors for esophageal
cancer, are less likely to be prescribed NSAIDs or aspirin.

 

25

 

 Based on that, and
despite their promise, NSAIDs are not yet recommended for the prevention or
treatment of any cancers.

 

26

 

Older persons are at a particularly increased risk for medication-induced esoph-
ageal injury presenting with odynophagia and chest pain. Risk factors in older
persons include decreased salivary production, increased number of medications
taken, and decreased mobility. Women are affected twice as much, possibly due to
the prevalent use of certain offensive pills such as alendronate.

 

27 

 

Diagnosis of esoph-
ageal dysphagia is accomplished by visualizing the esophageal lumen either directly
by endoscopic means or indirectly by a barium swallow test. Definitive treatment is
by removal of the mechanical obstruction, which is accomplished by endoscopic
dilatation of the esophagus in the case of benign strictures. In cases of esophageal
cancer, the treatment is by surgical resection in the early stages, which is usually
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preceded by chemoradiation. Obstruction in advanced inoperable cancers can be
ameliorated by chemotherapy or endoscopic techniques such as laser debulking or
placement of an intraluminal stent.

Gastroesophageal reflux disease (GERD) can frequently be seen in older persons,
with the current estimate that 20% of persons above 65 years of age have GERD.
This can be a consequence of age-related physiologic changes in the lower esoph-
ageal sphincter pressure or the presence of a hiatal hernia. Use of medications that
diminish esophageal sphincter tone (e.g., theophylline, calcium antagonists) can be
a cofactor. Chronic acid exposure can lead to complications such as peptic strictures
and Barrett’s esophagus, which is associated with a 0.5% per year chance of devel-
opment of esophageal cancer.

 

28 

 

Gatsric acid reflux occurs after meals or at night and
can lead to significant decline in the quality of life. Lifestyle modifications carry a
modest rate of healing (20 to 30%) and include elevation of the head of the bed,
avoiding bed within 3 hours of eating, moderate-size meals, moderate amount of fat
per meal, reduced intake of caffeine, chocolate, and alcohol, and smoking cessation.
Effective treatment of GERD is achieved by using proton pump inhibitors, which
are most effective during maximal acid production (mealtime).

 

29 

 

Although proton
pump inhibitors have a long half-life, a peak in plasma concentration appears shortly
after oral administration. This suggests that the best time for their administration is
30 minutes before what is considered to be the largest daily meal.

 

30

 

 The largest daily
meal is usually dinner for most people living in the Western hemisphere.

 

28.2 THE STOMACH

 

The stomach plays a central role in food intake and regulation of appetite. The major
function of the stomach is to receive ingested food and mix and triturate it into
suspensions suitable for emptying into the duodenum. To best fulfill these functions,
the stomach can be functionally divided into three regions: proximal stomach (cardia,
fundus, proximal corpus), distal stomach (distal corpus, antrum), and pylorus. On
initiation of a meal, the gastric fundus undergoes vagally mediated receptive relax-
ation, resulting in a dramatic two- to three-fold increase in gastric volume.

 

31

 

 Food
is then subjected to mechanical breakdown by gastric contractions and to a thorough
mixing with hydrochloric acid, which is produced by the parietal cells in the gastric
fundus. The food mix then moves to the antrum, where further trituration of the food
occurs. Food particles have to be smaller than 2 mm to pass through the pylorus
into the duodenum. Stretching of the antrum regulates appetite as it signals to the
body that the stomach is full.

 

32

 

 Aging appears to be associated with a decrease in
fundic receptive relaxation, leading to early transfer of food to the antrum and
stretching of the antrum, signaling satiation with much smaller amounts of food than
in young adults.

 

33 

 

This is one of the theories proposed to explain early satiation seen
in older persons, possibly due to a decrease in the nitric oxide necessary for fundic
relaxation.

 

34

 

 Fundic activities play a very important role in liquid emptying. This is
particularly true in cases of nutrient-containing liquids such as liquid nutritional
supplements, since carbonation delays gastric emptying of liquids.

 

35

 

 A decline in
fundic activities may be responsible for the delay in gastric emptying of liquids in
elderly

 

 

 

patients, resulting in early satiation and decreased intake of solids afterwards.
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Based on that, it is best to offer liquid nutritional supplements to older persons
between meals (on an empty stomach) rather than with meals. Liquids swallowed
on an empty stomach are quickly transported to the duodenum in a linear fashion
under effects of the vagus nerve. Transport of solids is delayed as they are broken
down into smaller particles, after which transport becomes linear. The rate of the
transport is mediated by several duodenal mechanisms, including the “acid brake”
effect. Aging results in a delay in the transfer of liquid and mixed liquid–solid meals
into the duodenum. This leads to prolonged stretching of the antrum and prolonged
sense of satiety. It is not clear whether solid transport is affected by aging since
studies have shown mixed results.
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The primary role of hydrochloric acid is to dissolve the particulate matter in
food. This is essential to allow the release of macro- and micronutrients from food.
A decrease in hydrochloric acid is known to be associated with several nutritional
deficiencies, including vitamin B12, iron, calcium, and folic acid. Aging is associated
with a gradual decrease in acid production.
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 Until the discovery of 

 

Helicobacter
pylori

 

, this was thought to be an aging-related process. 

 

H. pylori

 

 is histologically
associated with loss of gastric glandular pattern and intestinal metaplasia, leading
to a significant decrease in acid production and a resultant increase in gastrin levels.

 

H. pylori

 

 impairs duodenal mucosal integrity and increases its susceptibility to ulcer
formation. Infection with 

 

H. pylori

 

 increases with aging and is most probably
responsible for the hypochlorhydria seen with aging, much more than the aging
process itself.
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H. pylori

 

-mediated gastric inflammation is referred to as chronic
atrophic gastritis (or chronic gastritis type B) and can be responsible for nonulcer
dyspepsia. Nonulcer dyspepsia can occasionally lead to a significant weight loss and
failure to thrive necessitating treatment. 

 

H. pylori

 

 eradication is accomplished by
administering a 2-week course of triple therapy, including two antibiotics and a
proton pump inhibitor, with more than a 90% success rate.

 

39

 

 Chronic gastritis type
A is usually associated with a variety of autoimmune conditions and hallmarked by
the presence of antibodies against the gastric parietal cells or against the intrinsic
factor.
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 This condition leads to a decrease in acid production and a decrease in the
ability to absorb vitamin B12 (pernicious anemia). Type A chronic gastritis is sig-
nificantly less common than type B in older persons.

Peptic ulcer disease is seen more frequently in older persons with more serious
ramifications due to higher rates of hospitalization and ulcer-related mortality. This
is usually due to decreased mucosal defense mechanisms thought to be due to aging
itself, the presence of chronic gastritis, the presence of 

 

H. pylori

 

, and extrinsic factors
such as NSAIDs.
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 An estimated 10 to 15% of older Americans use prescription
NSAIDs daily, with over-the-counter use possibly being up to seven times greater.

 

42

 

NSAIDs alter mucosal circulation and mucosal ability to produce bicarbonate nec-
essary for defense against mucosal insults. This can lead to acute inflammation,
erosions, ulcers, and bleeding. One of these complications can be seen in more than
30% of old NSAID users.

 

43

 

 Based on this information, routine use of NSAIDs in
older individuals should be discouraged.

Uncomplicated peptic ulcers typically present with abdominal pain that is most
common 2 to 3 hours after meals (when acid production is maximized) and noctur-
nally (when food is no longer protectively coating the ulcer). Other symptoms may
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include nausea, dyspepsia, and weight loss. Complications can occur and include
bleeding, which can present as hematemesis or melena, perforation with full-thick-
ness ulcers, gastric outlet obstruction when the ulcer is located in the pylorus and
is associated with severe inflammatory reaction, and fibrosis. The diagnosis of ulcers
is possible with an upper GI series, but the gold standard is endoscopic visualization,
which also allows for biopsies. Treatment of peptic ulcers is accomplished by using
twice-a-day proton pump inhibitors, which lead to ulcer healing in more than 90%
of cases in 8 weeks. Although many ulcer patients report that certain foods (e.g.,
spicy foods) can worsen their symptoms, there is no evidence that diet has a causal
role in peptic ulcer disease or that dietary adjustments affect the rate of healing.
Continuous use of acid suppression medications is indicated in older persons with
high risk for recurrence (e.g., continuous use of NSAIDs, steroids, warfarin). The
presence of antral or duodenal ulcers should always trigger a workup for 

 

H. pylori

 

and treatment if found. Treatment of 

 

H. pylori

 

 is associated with a decrease in the
1-year ulcer recurrence from 90% to less than 2%.

Like most cancers, gastric cancer is a disease of older individuals. In the U.S.,
the majority of patients present between the ages of 65 and 74 years.
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 Risk factors
include a family history of gastric cancer, cigarette smoking, pernicious anemia, and
hypertrophic gastropathy (Menetrier disease). A recent meta-analysis suggested a
two-fold increase in risk of gastric cancer in persons with 

 

H. pylori

 

.

 

45

 

 Numerous
dietary factors have been implicated as risk factors for gastric cancer, such as highly
preserved foods due to rich content of salt (pickled foods, salted fish and meat, soy
sauce), nitrates, and polycyclic aromatic amines.
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 Other dietary risk factors that are
suspected but not proven include fatty and fried foods and high intake of red meat.
On the other hand, a high intake of fresh fruits and raw vegetables has been found
to provide a 40% decrease in the risk of gastric cancer due to its rich content of
antioxidants that reduce reactive DNA damage induced by free radicals.
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28.3 THE SMALL INTESTINES

 

Most digestion and absorption occurs in the small intestines. Fat is digested utilizing
bile salts and pancreatic lipase, while proteins are digested utilizing pancreatic pro-
teases (trypsin, chemotrypsin, and elastase). Carbohydrate digestion requires pancre-
atic amylase and several disaccharide-specific mucosal proteases, of which lactase is
the best known. Most macronutrients are absorbed in the proximal small bowel. With
the exception of vitamin B12, which is absorbed in the terminal ileum, micronutrients
are also absorbed in the proximal small bowel. About 9 l of fluids pass through the
small intestines daily as a result of oral intake and intestinal secretion. Most of it gets
absorbed in the small bowel, so only 1 to 2 l of fluids reach the colon, where further
water absorption occurs. Progress of chyme from the duodenum to the colon is
mediated by intestinal peristaltic movements that occur largely between meals. These
peristalses originate in the duodenum and progress as a migratory motor complex
toward the colon. After meals, another type of regional contraction occurs to allow
mixing of chyme with the digestive enzymes and ensure adequate contact time with
intestinal mucosa.
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Studies have shown that intestinal motility remains intact with aging, and despite
a possible decrease in the amplitude of contractions, the speed at which chyme
progresses through the small bowels remains preserved.
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 Except for a possible
shortening of the absorptive villi, no significant histologic or functional changes are
seen with aging. Absorption of macronutirents remains adequate, particularly pro-
teins and fat (in the absence of bacterial overgrowth). Carbohydrate absorption may
be affected in individuals who develop lactase deficiency. These individuals typically
present with bloating, abdominal discomfort, and diarrhea after consuming milk or
dairy products and are known to be milk intolerant—better referred to as lactose
intolerant. There is no specific treatment for this condition except for avoiding dairy
products or using lactose-free dairy products. Several differences in micronutrient
absorption or clearance exist between old and young individuals. Vitamin A clear-
ance, for instance, decreases with aging, predisposing older persons to vitamin A
toxicity at lower doses. On the other hand, most older persons require supplemen-
tation with vitamin D. This is usually due to decreased skin synthesis (decreased
exposure to sunlight), decreased intestinal absorption (decreased intestinal recep-
tors?), and decreased renal production of 1,25-dihydroxy-vitamin D. The decrease
in vitamin D levels, in the absence of adequate supplementation, leads to a decrease
in calcium absorption and an increased risk of osteoporosis. Folate absorption is
impaired in older persons with atrophic gastritis due to failure to decrease duodenal
pH for optimal folate absorption. This may lead to an increase in homocysteine
levels, predisposing individuals to atherosclerotic complications. This is also true in
the presence of vitamin B12 deficiency. Vitamin B12 has a complex absorption
mechanism that requires adequate gastric acidity (to release vitamin B12 from food),
normal pancreatic function (to produce enough bicarbonate to alkalinize the duode-
num), and adequate intrinsic factor production by the parietal cells (to bind to ileal
receptors). According to the Framingham Study, 11.3% of elderly subjects had
laboratory evidence of vitamin B12 deficiency compared with 5.3% of younger
adults.
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 Despite these facts, the need for universal screening in older adults remains
controversial.
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Small bowel bacterial overgrowth is seen more commonly in older persons,
likely due to hypochlorhydria and decreased ability to kill bacteria in the stomach.
Bacteria colonizing the small bowels deconjugate bile salts, thus interfering with
the absorption of fat and leading to diarrhea and eventual weight loss.
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 Fat malab-
sorption is usually associated with a decrease in the absorption of fat-soluble vitamins
(A, D, E, K). Bacterial metabolism can lead to the production of various gases,
causing bloating and possibly nausea. Increased folate on blood tests can be a subtle
sign of bacterial overgrowth because bacteria manufacture folate in the intestines.
Diagnosis is by duodenal aspiration or a sugar breath test (observing a quick rise in
hydrogen due to early bacterial metabolism of the used sugar). Treatment with a
course of antibiotics is usually effective and can be repeated periodically if over-
growth recurs.

Celiac sprue is far more common than once realized and continues to be one of
the leading underdiagnosed diseases in the U.S. Although it is usually discovered at
a young age, it is not uncommon for it to be diagnosed in older persons. Celiac
sprue involves atrophy of the intestinal villi due to hypersensitivity to a protein called
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gluten, which is found in wheat, rye, and barley. This hypersensitivity leads to the
formation of antibodies that attack intestinal villi and lead to their destruction.
Although severe diarrhea, malabsorption, and weight loss represent the picture of a
full-blown condition, celiac sprue rarely presents in this dramatic fashion. Celiac
sprue can present with milder gastrointestinal symptoms such as nausea, dyspepsia,
abdominal pain, bloating, and diarrhea. It can also present with nongastrointestinal
symptoms, particularly psychiatric and neurologic symptoms such as ataxia. Screen-
ing can be done with serologic testing, but confirmation is accomplished endoscop-
ically with a small bowel biopsy. The best serologic test is the use of tissue trans-
glutaminase (TTG) immunoglobulin A (IgA) antibodies, which is a highly sensitive
and specific test.
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 Antigliadin antibodies are less sensitive and less specific and are
rarely used. Antiendomesial antibodies are not as sensitive but are very specific.
Biopsy of the proximal small bowel reveals intraepithelial lymphocytic infiltrates
and loss of villi. Celiac sprue is treated by following a gluten-free diet, which
necessitates avoidance of wheat, barley, and rye. Despite not containing gluten, in
the U.S. oats are often contaminated with gluten and should also be avoided.

 

28.4 THE COLON

 

The colon is a 3-foot-long muscular tube that measures about 7 cm in diameter. It
starts with a blind pouch called the cecum and ends with the rectum. The chyme
enters the colon via the ileocecal valve into the cecum. Muscular contractions
generate peristaltic colonic movements that propel chyme toward the rectum.
Although constipation is the most common gastrointestinal complaint among older
persons, there is no concrete evidence that colonic motility decreases as part of
aging. Chyme reaching the colon consists primarily of water, electrolytes, and
indigestible food remains. Further water absorption occurs in the colon and seems
to be proportionate to the time spent in the colon. Constipated individuals experience
further water absorption and drying of stool, which turns into pellets, creating a
vicious cycle, as this worsens constipation. Undigested and unabsorbed material in
the colon can be the subject of further metabolism by the colonic bacteria. This is
physiologically important since bacteria manufacture certain vitamins that the colon
then absorbs. Vitamin K is the main vitamin produced by colonic bacteria. Prolonged
use of antibiotics eradicates the natural colonic flora, predisposing the patient to
vitamin K deficiency with easy bruising and prolongation of prothrombin time (PT).
This is important to realize particularly in patients who are also on warfarin, as they
can be at an increased risk of bleeding.

The rectum, a 12- to 15-cm tubular structure, serves as a storage cavity for stool
in preparation for its exit. Compliance of rectal walls gives the rectum the ability to
relax to accommodate stool. With aging, this ability to relax may diminish, leading
to stool frequency or even fecal incontinence. Continence is maintained by the func-
tion of two muscles: the internal sphincter, which is a nonvoluntary smooth muscle,
and the external sphincter, which is a voluntary striated muscle. The internal sphincter
is contracted tonically at rest, preventing the involuntary loss of stool and gas. A mild
increase in the thickness of the internal anal sphincter is noted with aging (probably
connective tissue) without a clear functional significance.
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 Voluntary external anal
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sphincter pressures are consistent with the overall body muscle mass, and thus are
generally lower in women than in men. With the loss of skeletal muscles noted with
aging, a significant thinning of the external anal sphincter occurs, possibly contrib-
uting to a reduction in its pressure.
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Constipation is very common in older persons, as complaints of infrequency and
difficulty with evacuation seem to increase with age, as does the frequency of regular
laxative use. Constipation is practically endemic among nursing home residents.
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The Rome criteria were developed to define constipation, but they not very practical
for clinical use and are better suited as a research tool. Constipation is simplistically
defined as having less than three bowel movements per week. Severe constipation
can lead to decreased enteric motility and possibly decreased appetite and nausea,
which ultimately affects nutrition. Besides ensuring that the patient received the
appropriate colon cancer screening, most cases of constipation are mild and do not
require an extensive workup. Excluding causes of secondary constipation requires
screening for electrolyte abnormalities, hypothyroidism, and a thorough review of
medications to identify anticholinergics and smooth muscle relaxants. Once this
basic workup is completed, the most physiologic approach to treatment is to recom-
mend adequate fluid and fiber intake, as there is a proportionate relation between
water and fiber intake and fecal output.
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 The goal is to reach 25 g of fiber daily in
a gradual fashion to avoid bloating and cramping. Cereal fibers resist digestion and
retain water within their cellular structures, enhancing fecal bulking effects. Fiber
found in citrus fruits and legumes stimulates the growth of colonic flora, thereby
increasing fecal mass.
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 Adding raw bran (3 to 4 tablespoons with each meal)
followed by a glass of water can be very effective. Among fruits, prunes are rich in
fiber and can be added to daily nutrient intake. The daily target of fiber may be hard
to reach solely from dietary sources, and a fiber supplement is often necessary.
Psyllium is the fiber most studied and proven to increase stool frequency, but many
others are avilable. Increased physical activity may be beneficial in treating consti-
pation by increasing propulsive movements of the colon.
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 When fighting constipa-
tion, it is helpful to utilize the gastrocolic reflex by attempting defecation shortly
after meals. Increased contractile activity of the colon and rectum is known to occur
half an hour after consumption of a large meal (usually more than 400 cal). If simple
measures are ineffective, a small dose of a daily laxative such as sorbitol or ethylene
glycol is recommended. Stimulant laxatives such as senna or bisacodyl can be used
judiciously on an as needed basis. Resistant cases justify further workup by a
gastroenterologist. A new type of 4,5-hydroxytryptamine (5-HT4, serotonin-4) ago-
nist, tegaserod (Zelnorm

 

®

 

), was recently approved for refractory cases of constipation
in both men and women under age 65. No trial has specifically targeted elderly
patients yet.

Colonic diverticulosis is another condition associated with aging and is related
to poor nutritional habits. While diverticulosis is rarely seen before age 45 years, its
prevalence increases to reach 80% by age 85 years. There is an association between
diverticulosis and a Western diet high in refined carbohydrates and low in dietary
fiber. Chronic constipation leads to increased intraluminal colonic pressure, with the
resulting protrusion of the colonic mucosa through weak areas in the colonic muscle.
Diverticuli are usually asymptomatic and are found incidentally during colonoscopy
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or radiographic imaging of the colon. Complications may occur in 20% of people,
such as inflammation or bleeding. Prevention and treatment of uncomplicated diver-
ticuli is accomplished by dietary changes to allow for more fibers and by preventing
constipation.

Colorectal cancer (CRC) is mostly a disease of older persons. Less than 5% of
cases are seen before age 45 years. Furthermore, aging results in a significantly
higher chance of acquiring adenomatous polyps with high-grade dysplasia. CRC is
the third most common cancer in the U.S. and the second killer among cancers.
However, it is completely preventable with regular screening and removal of polyps
before their malignant transformation. This underscores the significance of regular
screening. Colon cancer is prevalent in urban industrialized countries with poor
dietary habits and significantly less prevalent in agricultural communities. A diet
high in fat and red meat and low on fiber seems to be associated with colon cancer.
Fat stimulates secretion of primary bile acids, which are transformed eventually to
secondary bile acids by colonic bacteria. In addition to the colonic toxicity induced
by the secondary bile acid, fat itself can directly affect the colonic mucosa and
increase mitogenesis. Consumption of heavily browned red meat is thought to be
associated with a higher incidence of colorectal cancer, possibly due to the formation
of chemicals called heterocyclic amines (HCAs), which are potent procarcinogens.
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Current data support the notion that meat consumption more than once a week can
increase the risk of CRC, particularly the left side. Fiber, on the other hand, is thought
to dilute the carcinogenic secondary bile salts and decrease transit time and time of
contact with the colonic mucosa. Surprisingly, intervention trials failed to show a
protective effect of fiber against CRC.
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 High consumption of fresh fruits and veg-
etables is thought to help prevent colon cancer by providing helpful antioxidants,
but results of studies have been inconsistent.
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 Higher calcium intake (>1250 mg
daily) was associated with a significant 35% reduction in the risk of distal colon
cancers according to the Nurses’ Health Study and the Health Professionals’ Follow-
Up Study.
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 Another meta-analysis concluded that the risk of recurrence of colorectal
adenomas was significantly lower in patients randomized to calcium.
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 This benefi-
cial effect is believed to be due to calcium’s ability to bind with intraluminal toxins,
possibly by positively influencing mucosal proliferation. Folate deficiency may be
associated with an increased risk of CRC since folate is an important supplier of the
methyl groups necessary for gene regulation and nucleotide synthesis. The Nurses’
Health Study suggested a protective effect from folic acid supplementation (400

 

µ

 

g/day for at least 15 years), as it reduced the chance of developing CRC (relative
risk (RR) = 0.25). Vitamin B6 (pyridoxine) intake was also inversely related to colon
cancer risk (RR = 0.51).
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 Physical activity was found to decrease the risk of left-
sided CRC by half, probably due to induction of colonic activity and a decrease in
transit time. Alcohol and smoking are both associated with an increase in the risk
for CRC. A meta-analysis of cohort studies revealed that alcohol consumption in
excess of 45 g/day can lead to a 40% increase in the risk of CRC (45 g/day equals
four 12-ounce beers, four 4-ounce glasses of wine, or three 1.5-ounce shots of 80-
proof liquor).
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 The risk may be related to alcohol interference with folate absorption
and decreased folate intake. Tobacco consumption for more than 20 years was shown
to increase the incidence and mortality from CRC.

 

66
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28.5 THE LIVER

 

The liver plays a significant role in maintaining normal nutrition and energy balance.
Bile salts are manufactured in the liver and excreted in bile to help digest fat. The
liver also plays a central role in the synthesis and degradation of important proteins
such as albumin, transferrin, ceruloplasmin, and coagulation factors, among others.
Depending on energy needs, the liver regulates the synthesis and breakdown of
glycogen as an energy reservoir. The liver cells are also capable of enzymatically
synthesizing glucose from several precursors when necessary in a process called
gluconeogenesis. Mitochondrial fatty acid breakdown occurs in situations of glu-
cose/glycogen deficiency as a source of energy, such as in the case of prolonged
starvation. Triglyceride synthesis occurs in the liver in conditions of energy excess,
after which they are stored in adipose tissues. Hepatic perfusion and liver mass seem
to decrease with aging, mounting to a 30% decline by the eighth decade. This can
lead to a decrease in first-pass drug metabolism in the liver and a prolonged half-life.
Although some microsomal oxidating functions decline with aging, those responsible
for drug metabolism are usually preserved. Histologic examination of the aged liver
may reveal clinically insignificant increased fibrosis. Liver functions as reflected by
liver enzymes and synthetic functions remain normal in the healthy aged.

Acute hepatitis of any kind is often associated with decreased appetite, nausea,
and vomiting. Fasting hypoglycemia may be seen due to depleted glycogen and
impaired gluconeogenesis. Luckily, the nutritional consequences of acute liver injury
are minimal, as most cases are short-lived. Regardless of origin, cirrhosis is likely
to cause patients to have abnormal anthropometric measurements (i.e., muscle wast-
ing) and low levels of water- and fat-soluble vitamins. These nutritional deficiencies
arise as a result of inadequate dietary intake, maldigestion, malabsorption, or defec-
tive metabolism.
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 There is no good clinical evidence supporting protein restriction
in patients with acute hepatic encephalopathy, except for severe refractory cases. In
chronic hepatic encephalopathy, vegetable proteins may be superior to proteins
derived from fish, milk, or meat with regard to nitrogen balance.
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 Nonalcoholic
steatohepatitis (NASH) is a liver condition that has a connection to dietary habits.
It is associated with insulin resistance and is typically seen in overweight individuals
with risk factors such as type II diabetes mellitus and dyslipidemia. NASH is usually
asymptomatic, presenting with mildly elevated liver enzymes without other expla-
nation. Ultrasound or computed tomography (CT) of the liver usually suggests
presence of fat, but the gold standard diagnosis is by liver biopsy. Only 28% of
patients slowly progress to significant fibrosis and cirrhosis. No specific treatment
for NASH exists, but to ameliorate risk factors, one can lose weight and control
diabetes and dyslipidemia. Because of the slow progression of the disease, it should
not be of great concern as a new diagnosis in an older person.

 

28.6 THE GALL BLADDER

 

The main function of the gall bladder is to store and concentrate bile to be readily
available for fat digestion when needed. Bile in the gall bladder consists mainly of
bile acids, cholesterol, and bilirubin. A balance between these components prevents
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stone formation. With aging there is an increase in the lithogenic potential in the
gall bladder due to an increase in cholesterol, while the bile acid pool, necessary to
keep cholesterol solvent, does not change. This is particularly important in obese
individuals or those with diets rich in fat. Acute weight loss can also lead to stone
formation due to mobilization of lipid stores and to gall bladder stasis. Based on
that, most gall bladder stones seen in older persons are cholesterol stones. Older
persons are more likely to have silent and complicated gall bladder stones than
younger adults. Also, cholecystectomy is among the most common abdominal sur-
geries performed in older individuals.

Most gall bladder stones remain asymptomatic, with only 20 to 30% presenting
as colicky pain. This, however, may become recurrent, leading to food aversion and
gradual weight loss. Complications of gall bladder stones, such as cholecystistis or
acute pancreatitis, occur in 2% of patients. Asymptomatic gall bladder stones do not
require any treatment. Those with recurrent pain attacks can be considered for
elective cholecystectomy. Complicated gall bladder stones often require urgent sur-
gical intervention. The best approach to gall bladder stones complicated by acute
cholecystitis can be subject to a difference of opinion, but most agree that early
surgical intervention (during the same hospitalization) in patients with low surgical
risk decreases morbidity and cost.
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 Patients with high surgical risk, particularly
those with advanced cardiac or pulmonary disease, should be managed conserva-
tively. A postcholecystectomy diet should take into account the patient’s inability to
adequately digest a large fatty meal in the absence of preprepared stored bile. Many
patients will experience an increase in the frequency of bowel movements, which
improves with time and is usually manageable.

 

28.7 THE PANCREAS

 

The pancreas is a combined endocrine and exocrine gland that plays a central role
in macronutrient digestion. Pancreatic lipase is responsible for fat digestion, while
pancreatic trypsin, chemotrypsin, and elastase are responsible for protein digestion.
Aging can lead to morphologic changes observed by specialized imaging. This
includes epithelial hyperplasia and ductal fibrosis. Large ducts may become ecstatic
and sometimes may be confused with chronic pancreatitis. Physiologic decline in
pancreatic function is observed with aging and demonstrated by a steady decline in
the amount of secreted pancreatic enzymes and bicarbonate. This, however, does not
seem to be enough to cause overt clinical problems.

Chronic pancreatitis is usually alcohol related. In young individuals, long-term
chronic pancreatitis can lead to exocrine insufficiency, fat malabsorption, and weight
loss. Disease progression is significantly slower in the elderly; therefore, only a few
if any show evidence of exocrine insufficiency. Pain is also less common in older
persons.

About 90% of pancreatic adenocarcinomas arise in the head of the pancreas and
are associated with obstruction of the pancreatic duct and severe exocrine pancreatic
insufficiency. Fat malabsorption, cancer cachexia, and increased cytokines are the
leading causes of weight loss in pancreatic cancer. Treatment should be optimized
with aggressive pancreatic enzyme replacement, but prognosis is typically poor.
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28.8 SUMMARY

 

It is very important for all clinicians caring for older persons to be familiar with the
gastrointestinal function and aging-related changes affecting it. This is particularly
important for those interested in nutrition and nutritional health, considering that the
gastrointestinal system is the portal for all nutrients into the human body. Table 28.2
summarizes some of the dietary interactions that may promote gastrointestinal health
in the presence of certain gastrointestinal ailments.
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TABLE 28.2
Dietary Intervention for Promotion of Gastrointestinal Health and General 
Nutrition with Specific Gastrointestinal Ailments

 

Condition Affecting GI Tract Dietary Recommendations for GI Health

Oropharyngeal dysphagia– 
laryngeal penetration

Thickened fluids to honey consistency
Chin tuck

GERD Avoiding bed within 3 hours of eating
Moderate-size meals
Moderate amount of fat per meal
Reduced intake of caffeine, chocolate, and alcohol
Smoking cessation

Early satiation Smaller meals
Liquid nutritional supplement between meals

Gastric cancer prevention Avoid highly preserved foods (pickled foods, salted fish and meat, 
soy sauce)

Increase fruits and vegetables
Lactose (milk) intolerance Avoid dairy products, use lactose-free products
Small bowel aging Vitamin D and calcium supplement
Celiac sprue Avoid wheat, barley, rye; also avoid oat (in the U.S.)
Constipation with or without 
diverticulosis

Adequate water intake
Ensure 25 g fiber daily (bran, fruits, psyllium)

Colon cancer prevention Avoid fat, browned red meat
Increase fruits and vegetables
Adequate fiber (questionable)
Calcium intake (>1250 mg/day)
Avoid folate and vitamin B6 deficiency

NASH Calorie restriction, weight loss
Gall bladder stone prevention Avoid harsh dieting leading to acute weight loss

Decrease daily cholesterol intake
Avoid prolonged fasting

Aging pancreas/chronic 
pancreatitis

Avoid large fatty meals
Consider pancreatic enzyme supplement
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29.1 INTRODUCTION

Orally administered drugs are absorbed from the gastrointestinal tract through a
number of distinct mechanisms. At the same time, nutrients are absorbed through
similar mechanisms. At times, this leads to a competition that alters the adsorption
of either the drug or the specific nutrient, or both. A drug–nutrient interaction is
defined as an alteration of the pharmacokinetics or pharmacodynamics of drug
absorption, or of a nutritional element, or a compromise in nutritional status as a
result of the addition of a drug.1

Drug–nutrient interactions result from at least four mechanisms. First, a direct
interaction can take place between the drug and the nutrient before they enter the
body. Examples include precipitation of the drug by an alteration of pH, binding of
a nutrient by the drug, or insolubility of the drug in the nutrient medium. Often this
interaction depends on the method of delivery, particularly with enteral feeding
formulas. Most of these interactions can be avoided by not mixing the nutrient and
drug in the same infusion device.

Second, the drug–nutrient interaction can affect absorption. Gastric pH, gas-
trointestinal transit time, dissolution of tablet forms, binding of the drug to the
intestine, or rate of bile flow can interact to change drug bioavailability. This effect
can result in either an increase or a decrease in bioavailability of the drug. Examples
of the effect of gastric pH on drug absorption are shown in Table 29.1. The timing
of the meal, or whether the meal contains fats, can also affect the pharmacokinetics
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of the drug.2 The transport of a drug across the intestine can be delayed by compe-
tition for a transport site or by a physical interaction with the food. The gastric and
intestinal epithelial tissues contain enzymes necessary for drug metabolism. For
example, cytochrome P450 (CYP) 3A4 isoenzyme in the small bowel regulates the
oral bioavailability of approximately 50% of currently prescribed drugs.3 A classic
example of inhibition of intestinal cytochrome P450 3A4 by nutrients is the effect
of grapefruit juice on drug metabolism. Most of these second types of interactions
involving metabolism and transport cannot be avoided by separating the time of
administration of the drug from the mealtime.

Third, a drug–nutrient interaction may occur after the drug is absorbed. The
mechanism can be either direct or indirect. Direct interactions affect the systemic
metabolism or the tissue distribution of the drug or nutrient to a specific organ.
Indirect interactions affect a hormone or another cofactor necessary for drug metab-
olism. These types of interactions cannot be prevented, but may occasionally be
overcome. For example, inhibition of folate metabolism by phenytoin or metho-
trexate can be overcome with supplemental folate administration. Pyridoxine defi-
ciency caused by isoniazide can be overcome by supplemental pyridoxine.

Fourth, drug–nutrient interactions can affect the elimination or clearance of a
drug or a nutrient through either renal or enterohepatic excretion. Examples include
erythuria from the interaction of ranitidine and beets,4 malodorous urine after eating
asparagus, or the interaction of fava beans and monoamine oxidase inhibitors.

The interaction of drugs and nutrients is complex. There is no easily intuitive
way to determine the specific influence of drug–nutrient interactions (or vice versa).
A few categories of drug–nutrient interactions can be memorized; others can be
covered in general guidelines. However, it is often necessary to research the specific
drug prescribed for pharmacokinetic interactions with nutrients. Examples of com-
mon drug–nutrient interactions are given in Table 29.2.

TABLE 29.1
Examples of Interaction of Gastric pH with Drug Absorption

Drug Acid pH Alkaline pH

Omeprazole Decreased absorption
Penicillins Decreased absorption
Dicloxacillin Not affected
Erythromycin Decreased absorption
Phenytoin Decreased absorption
Phenobarbital Decreased absorption
Aspirin Decreased absorption
Ketoconazole Decreased absorption
Iron Decreased absorption
Amphetamines Increased absorption
Tricyclic antidepressants Increased absorption
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TABLE 29.2
Examples of Drug–Nutrient Interactions

Drug Effect on Nutrient

Interaction with an Electrolyte
Amphotericin B Decrease in potassium and magnesium
Albuterol Decrease in potassium
Prednisone Decrease in potassium
Furosemide, hydrochlorthiazide Decrease in potassium, calcium, magnesium
Laxatives Decrease in potassium and chloride
Lithium Increase in excretion with sodium
Spironolactone Increase in potassium
Terbutaline Decrease in potassium

Interaction with a Vitamin
Aspirin Decrease in ascorbic acid
Cholestyramine Decrease in fat-soluble vitamins, folate absorption
Colestipol Decrease in fat-soluble vitamin absorption
Hydralazine Decrease in pyridoxine metabolism
Phenytoin Decrease in folate metabolism
Methotrexate Decrease in folate metabolism
Trimethoprim Decrease in folate metabolism
Triamterene Decrease in folate metabolism
Warfarin Decrease in vitamin K

Nutrient Interaction with Drug
Levodopa Inhibited by pyridoxine-containing foods
Isoniazide Interaction with salmon, mackeral, or tuna; inhibits vitamin D 

metabolism
Monoamine oxidase inhibitors Hypertensive crisis with tyramine

Nutrient Interaction with Drug Absorption
Antivirals: didanosine, 
indinavir, zidovudine, 
saquinavir

Do not take within 2 hours of food

Bisphosphonates Do not take within 2 hours of food, coffee, milk, orange juice, 
antacids, mineral supplements (iron or calcium)

Cancer chemotherapy drugs: 
estramustine, melphan, 
methotrexate, mercaptopurine

Do not take within 2 hours of food

Carbamazepam Do not take within 2 hours of food or enteral feeds
Digoxin Do not take within 2 hours of food, fiber, or antacids (calcium or 

magnesium)
Furosemide Inconsistent relationship to food
Iron Do not take within 2 hours of food, antacids, minerals; vitamin C 

may improve absorption
Nifedapine Do not take within 2 hours of food
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Drug–nutrient interactions can vary between serious and life-threatening (hyper-
tensive crisis with monamine oxidase inhibitors) to clinically mild (electrolyte deple-
tion with diurectics). Although examples of drug–nutrient interactions are given in
the tables, no judgment is rendered on the clinical relevance of the interaction.

29.2 THE EFFECT OF TIMING OF MEALS

A number of drugs are not influenced by the presence of food in the stomach or
gastrointestinal tract. For these drugs, no consideration need be taken in regard to
mealtimes. For other drugs, improved absorption occurs in the presence of food. For
example, the absorption of some lipid-lowering drugs in the presence of food is
improved. Lovastatin has poor bioavailability when administered orally. Although the
exact mechanism is not clear, lovastatin absorption is increased by up to 33% when
administered after a meal.5 The bioavailability of nitrofurantoin is increased in the
presence of food because of delayed gastric emptying, resulting in increased absorp-
tion. The absorption of griseofulvin is improved by foods with a high fat content
because the drug is lipid soluble. Some theophylline products also show increased
rate of absorption when taken with high-fat meals. For example, when sustained-
release theophylline is administered with a high-fat meal, almost 50% of the drug
may be absorbed within 4 hours of administration.6 This may result in toxic serum
concentrations. Because of increased absorption with food, sustained-release the-
ophylline formulations should be taken on an empty stomach. An immediate-release
formulation should be selected if the medication is administered with food.

The increase in absorption of some drugs may result in higher serum concen-
trations of the medication, as with griesofulvin. However, increased absorption may
also result in an increased incidence of side effects.

A number of other drugs exhibit a delayed absorption from the gastrointestinal
tract in the presence of food. In some instances, advantage can be taken of the
delayed absorption to prevent or delay gastrointestinal side effects, for example, with
iron preparations. At other times, the presence of food in the stomach can decrease
absorption to the extent of interfering with the pharmacological effect of the drug,
for example, with certain antibiotics. Antibiotic drugs are one of the most frequently
affected by the presence of food. In most, but not all, circumstances, absorption is
delayed. Table 29.3 gives examples of the effect of food on antibiotic absorption.

The most common recommendation from pharmaceutical manufacturers is to
administer a medication either 1 hour before a meal or 2 hours after a meal.7 In
the absence of knowledge of a specific drug–nutrient interaction, this is the most
prudent strategy.

29.3 THE EFFECT OF ENTERAL FEEDING

As a general rule, enteral feeding formulas and drugs, regardless of their formulation,
should not be mixed.8 The oral absorption of warfarin, tetracycline, fluoroquinolone
antibiotics, and phenytoin is decreased with concomitant enteral feeding.9 Interaction
of warfarin with enteral feeding may result from increased vitamin K for those formulas
that contain vitamin K or from an interaction of warfarin with protein in the formula.10
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The classic interaction of enteral feeding formulas and a drug is observed with
phenytoin. Administration of phenytoin sodium with food or different physical
properties of dilantin preparations has been thought to decrease absorption, poten-
tially leading to loss of seizure control.11 Although food slows absorption of pheny-
toin, it does not appear to have an affect on the bioavailability of phenytoin. Thus,
phenytoin by mouth may be taken without regard to meals.12 However, the situation
is very different in the presence of enteral feeding formulas. The absorption of
phenytoin is significantly decreased, resulting in a 70 to 80% reduction in steady-
state blood levels. This apparently results from phenytoin–calcium and pheny-
toin–protein complexes that are not absorbed through the gastrointestinal tract.13

Phenytoin doses should be administered at least 2 hours after a feeding, and the
feeding tube should be flushed with 60 ml of water. After phenytoin administration,
the feeding tube should be flushed with another 60 ml of water and the enteral
feeding starting no sooner than 2 hours after dosing. Because phenytoin suspension
is often administered in three to four doses per day, intermittent enteral feedings
(bolus) are more desirable to deliver adequate nutrients. Serum phenytoin levels
should be monitored and the dosage adjusted to achieve therapeutic concentrations.
If continuous enteral feeding is necessary, intravenous phenytoin should be used.

29.4 OTHER FACTORS AFFECTING DRUG–NUTRIENT 
INTERACTIONS

Medications are formulated to dissolve at predictable rates, insuring a desired drug
delivery. Extended-release drugs are designed to delay absorption and produce a

TABLE 29.3
Examples of Interaction of Food with Antibiotics

Drug Effect with Food

Erythromycin base (E-mycin, EryTabs, EYRC) 
and erythromycin stearate (Erythrocin) 

Decreased absorption

Erythromycin estolate or erythromycin 
ethylsuccinate

Less decreased absorption

Fluoroquinolones: ciprofloxacin, ofloxacin, 
lomefloxacin

Decreased absorption (14 to 50%) with divalent 
cations (aluminum, calcium, magnesium, zinc); 
decreased absorption (90%) with antacids; 
decreased absorption with calcium and calcium-
containing orange juice

Griseofulvin Increased absorption with fats
Isoniazid Decreased absorption 
Ketoconazole Decreased absorption 
Nitrofurantoin Increased absorption
Penicillin salts Decreased absorption
Rifampin Decreased absorption 
Tetracycline and doxycycline Decreased absorption (50%)
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sustained drug delivery over time. Most, but not all, extended-release products
contain abbreviations affixed to their brand names. The abbreviations can be a clue
that crushing these products should be avoided. Some examples of common abbre-
viation affixes are listed in Table 29.4.

In persons who cannot swallow, or who are fed by enteral feeding tubes, the
crushing of solid medications can change their pharmacokinetic properties and may
alter the delivery of the medication. Medication formulations, including sublingual
or buccal, enteric-coated, and extended- or sustained-release tablets or capsules,
should not be crushed for this reason.

Often, a liquid or suspension formulation of a drug is used for enteral feeding to
avoid this problem. However, the pharmacokinetics of liquid forms of a drug may differ
from the tablets or capsules, and dosage adjustment may be necessary when a liquid is
substituted, particularly if the preferred tablet or capsule is an extended-release medi-
cation. In addition, the liquid formulations may need to be administered more frequently.

29.5 ALTERATIONS OF DRUG METABOLISM

A few nutrients have a direct effect on drug metabolism. Usually, this is mediated
through a particular genetic predisposition in an individual. Fava beans have been
shown to interact with the antimalarial agent primaquine and can precipitate symp-
toms of glucose-6-phosphorylase deficiency.14 Watercress contains phenethyl isothio-
cyanate, which can inhibit CYP 2E1. Ingestion of 50 g of watercress when taken
with acetaminophen, results in a reduction of the serum level of acetaminophen.15

The classic example of the effect of a nutrient on drug metabolism is the effect of
grapefruit juice on inhibition of intestinal cytochrome P450 3A4 (Table 29.5).

29.6 PHARMACOLOGIC INTERACTIONS
OF MEDICATIONS WITH NUTRIENTS

Nutrient–drug interactions can interfere with the pharmacokinetics of drugs. The
most common reactions include the interaction of vitamin K-rich foods and warfarin
and the interaction of pyridoxine-rich foods and levodopa. Foods associated with
these interactions are shown in Table 29.6 and Table 29.7.

TABLE 29.4
Abbreviations for Long-Acting Medications

CR Controlled release
CRT Controlled-release tablet
LA Long acting
SA Sustained action
SR Sustained release
TD Time delay
TR Timed release
XL Extended release
XR Extended release

3815_book.fm  Page 474  Friday, March 23, 2007  9:28 AM



Drug–Nutrient Interactions 475

29.7 CONCLUSION

Drug–nutrient interactions result from several different mechanisms, including the
absorption, metabolism, and excretion of either the drug or a nutrient. In general, it
is prudent to avoid the concomitant administration of a drug with meals or enteral

TABLE 29.5
Potential Interaction of Grapefruit Juice with Drugs

Drug Class Example

Antiarrhythmic Amniodarone
Antiallergenic Desloratadine

Fenoxfenadine
Antibiotic Erythromycin
Anticoagulant Warfarin
Antidepressant Sertraline
Antifungal Intraconazole
Antihypertensive Felodapine

Nifedapine
Nisolodapine
Pranidapine

Antilipid Atorvastatin
Lovastatin
Simvastatin

Antiretroviral Saquinavir
Indinivir

Antiseizure Carbamazepine
Anxiolytic/sedative Diazepam

Midazolam
Triazolam
Buspirone
Zaleplon

Bronchodilator Theophylline
Chemotherapeutic agent Cyclophosphamide

Tammoxiphen
Vincristine
Vinblastine

Estrogen Ethinyl estradiol
Immune suppressant Cyclosporine

Tacrolimus
Sirolimus

Impotence Sildenafil
Tadalafil

Pain Methodone

Note: Compiled from various lists. The magnitude and clinical important
of the interaction may vary.
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feeding. In certain circumstances, however, the interaction can be used to increase
the absorption of a drug or to minimize the adverse effects of a drug. For known
interference of a drug with a specific nutrient, strategies to overcome the interference
with the nutrient must be taken.
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Aging processes induce multiple changes in the hormonal network (hormonal pause),
immune system, and nutritional state and can modulate their effectiveness in deter-
mining a response to stressors. There is increasing evidence of the coupling of
immune status to the metabolic system. This communication is mediated via complex
interaction of hormones, nutrients, cytokines, and neuropeptides.

Aging or frailty is a syndrome characterized by reduced functional reserve and
impaired adaptive capacity that results from cumulative declines of multiple sub-
systems, including the endocrine system. Aging is associated with anatomic changes
of the endocrine glands, as a result of programmed cell death (apoptosis), autoim-
mune-mediated destruction of the gland, or neoplastic transformation. Age-related
changes in hormonal secretion occur secondary to physiological alterations in cir-
cadian and seasonal rhythms or in the frequency and peak of hormonal pauses.1,2

Some of these changes are compensatory for the age-related reduction in hormonal
clearance, and others are the results of changes in glandular sensitivity to secreta-
gogues or inhibitory stimuli, altered bioactivity, altered transport of hormones to the
binding sites, hormone–receptor interactions, or postreceptor changes. Aging is also
associated with alterations in plasma membrane properties, intrinsic changes in
cellular enzyme activity, and alterations in calcium mobilization and gene expression.
Some of these changes are directly related to aging, while others are secondary to
age-associated diseases and changes in nutritional state. This chapter briefly reviews
the relationship of nutrition and the endocrine system in aging and some of the
common endocrine disorders in the elderly population.
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Dietary restriction, which prolongs life in animals, produces many of the hor-
monal changes that are seen in old age.3 This suggests that these hormonal changes
may play a physiologic role in slowing the aging process.

30.1 THYROID

Several studies have pointed out that hypothyroidism occurs with increasing fre-
quency in older populations, with a prevalence of 7 to 11% and with women being
more commonly affected than men and subclinical more common than overt
hypothyroidism. Virtually all cases of hypothyroidism are due to autoimmune thyroid
disease with measurable titers of thyroid autoantibodies. The prevalence of hyper-
thyroidism is approximately 0.5 to 3% in the elderly. Thyroid nodules do occur with
increasing frequency in the elderly, and well-differentiated cancers do predominate,
but their course is frequently less predictable than in younger patients. Major changes
in thyroid hormones occur when the person becomes ill—so-called euthyroid sick
syndrome4 (Table 30.2). Protein-energy malnutrition is a common cause of euthyroid
sick syndrome in the aging population. The available evidence for age-induced
changes in the hypothalamic–pituitary–thyroid axis in healthy aging humans is given
in Figure 30.1.5

Overall, the combination of low TSH and low T3, together with normal T4 and
increased reverse T3, in the elderly is interpreted as an age-induced partial central
hypothyroidism, associated with an impaired activity of type I deiodinase. Sensi-
tivity to thyroid hormones is decreased in most organs with the exception of
pituitary. All these age-induced physiological changes should not lead to abnormal
serum levels of thyroid hormones in the elderly. Therefore, abnormal TSH levels
in the elderly have to be explained and need further investigation. In the elderly,
thyroid dysfunction develops insidiously and is dominated by nonspecific symptoms
and clinical findings typically related to normal aging or age-associated disease.
So, case finding in combination with low threshold for biochemical control is

TABLE 30.1
Effects of Dietary Restriction and Aging on Hormones in Rodents

Hormone Aging Dietary Restriction

Insulin Decrease Decrease
Insulin receptor mRNA Increase Increase
Corticosterone Increase Increase
Insulin growth factor-1 Decrease Decrease
Growth hormone Decrease Decrease
Thyroxine Decrease Decrease
Testosterone (males) Decrease Decrease
Estradiol (females) Decrease Decrease
Norepinephrine Increase No effect
25(OH) Vitamin D Decrease No effect
Parathyroid hormone Increase Decrease

3815_book.fm  Page 480  Friday, March 23, 2007  9:28 AM



Nutrition and the Endocrine System 481

recommended. Additionally, the diagnosis of hyper- or hypothyroidism can be more
difficult in the elderly because the symptoms may be more subtle. Hyperthyroidism
may be disguised by a very apathetic presentation, myopathy, and unexplained
weight loss without many of the typical adrenergic symptoms, such as tachycardia
and nervousness. Some of the many ways in which hypothyroidism may present
include occult congestive heart failure, severe fecal impaction, depression, or cog-
nitive impairment.

TABLE 30.2
Typical Changes in Thyroid Levels with Various Diseases

Hormone Aging Hyperthyroid Hypothyroid Euthyroid Sick

Thyroxine Normal Increase Decrease Normal/decrease
Triiodothyronine (T3) Mild decrease Increase Normal/decrease Decrease
T3 uptake Normal Increase Decrease Increase
Free thyroxine index Normal Increase Decrease Normal/decrease
Thyroid-stimulating 
hormone

Basal Normal Decrease Increase Decrease/normal
increase

Response to thyrotropin-
releasing hormone

Decrease Decrease Increase Decrease

FIGURE 30.1 Changes in the hypothalamic–pituitary–thyroid axis with aging.
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Because of the decrease in the plasma clearance rate and the vulnerability of
elderly people to the side effects of thyroid hormones, it is recommended to start
thyroid replacement at a lower dose than in younger patients (0.050 to 0.10 mg).

Thyroid extract or Armour thyroid should never be used because of wide vari-
ations in effect from batch to batch. The development of sensitive assays for TSH
has led to the discovery of what is called subclinical thyroid dysfunction (isolated
elevation or suppression of TSH levels). The decision to treat elderly subjects with
subclinical thyroid disorder should be based on a careful assessment of risk of
treatment vs. progression of the disease state. The effects of thyroid disease on
vitamins are delineated in Table 30.3.

30.2 ADRENAL HORMONES

Aging in humans is accompanied by an increase in adrenal glucocorticoid secretion
and a decline in adrenal androgen synthesis and secretion.6 The intense interest in
adrenal function in aging individuals in recent years is related to the potential impact
of cortisol excess in the development of cognitive impairment and hippocampal
neuronal loss and to the desire to provide hormone replacement and healthy aging.

TABLE 30.3
Effects of Thyroid Diseases on Vitamin Status

Vitamin Hypothyroid Hyperthyroid

Vitamin A Increase Decrease
Retinol-binding protein Decrease
Thiamine

Erythrocyte transketolase ? Decreasea

In vitro thiamine pyridinylase
(Thiaminase) ? Noneb

Riboflavin ? Increase
Erythrocyte glutathione reductase Decrease ?
Flavine adenine nucleotide Decrease ?
Pyridoxine

Xanthurenic acid excretion after trytophan administration ? Increasec

Vitamin B12 Decrease/normal Decrease
Homocysteine Increase Normal
Folate Normal ?
Vitamin C Normal Normal
25-Hydroxyvitamin D3 Normal Normal
1,25-Hydroxyvitamin D3 Increase Decrease
Alpha-tocopherol (vitamin E) Increase Decrease
Vitamin K ? Decrease

a The decrease in erythrocyte transketolase suggests thiamine deficiency, but the failure of in vitro
thiamine augmentation suggests other causes.
b About 5 to 10% have pernicious anemia.
c Suggests pyridoxine deficiency.

3815_book.fm  Page 482  Friday, March 23, 2007  9:28 AM



Nutrition and the Endocrine System 483

During the anabolic growth period (early adulthood) the body is exposed to relatively
high levels of DHEA and DHEA-S and to the relatively high levels of cortisol during
infancy and the aging phase. The cortisol/DHEA-S ratio during the life span follows
a U-shaped curve.

The above physiological changes in the HPA axis in aging construct the corpus
of a syndrome named andrenopause, which is manifested as sarcopenia, osteopenia,
atherosclerosis progression, cognitive impairment, and deterioration of the immune
function.

Serum levels of norepinephrine increase and renin and aldosterone decrease in
the elderly. Target organ responses to beta-adrenergic stimulation in the heart and
also vascular smooth muscle decrease due to postreceptor changes contributing to
hypertension and orthostatic hypotension, which characterize the elderly.

Less than 10% of patients with Addison’s disease are over 60 years of age.
Addison’s disease, which is rare, is often missed in older patients, leading to inap-
propriate nursing home admissions. The classic signs and symptoms of Addison’s
disease include weakness, fatigue, weight loss, abdominal plain, constipation or
diarrhea, salt craving, vomiting, hyponatremia, hyperkalemia, hypoglycemia, pos-
tural hypotension, hyperpigmentation, and eosinophilia. Diagnosis is made by ACTH
stimulation test, demonstrating an inadequate cortisol response.

Cushing’s syndrome is very rare in older persons. However, ectopic ACTH
production secondary to cancer is relatively common. This is characterized by
cachexia rather than obesity, proximal muscle weakness, hypokalemic alkalosis,
delirium, and hyperpigmentation. The common cause of elevated corticosteroid
levels in older persons is exogenous steroid administration. Glucocorticoids promote
gluconeogensis, negative nitrogen balance, hyperglycemia, hyperinsulinemia, free
fatty acid mobilization, hypertriglyceridemia, osteopenia, and altered vitamin D
metabolism.

In older patients with severe weight loss and difficult-to-control hypertension,
the possibility of pheochromocytoma should be considered.

30.3 GROWTH HORMONE

Aging is associated with a decline in the somatotroph axis.7–10 Consequently, insu-
lin-like growth factor (IGF)-1 levels decline progressively. This mainly reflects the
impaired GH secretion, but decline in gonadal sex steroids and malnutrition also
play a role. Decrease in GH secretion may partially explain the age-related changes
in the metabolism, bones, muscles, cardiovascular system (CVS), central nervous
system (CNS), immune system, and sense of well-being. Normal aging and GH
deficiency share several clinical signs and symptoms. Owing to clinical similarities
between aging and GH deficiency, the relative GH insufficiency of elderly subjects
has been postulated as one important factor contributing to frailty. Hence, the
assumption that hormonal therapy is a potential “fountain of youth” appears logical.
However, it is currently unclear whether treatment with exogenous GH can retard
or reverse age-related changes in body structure and function. Several studies
showed that GH treatment was followed by an increase in lean mass, a decrease in
fat mass, and an increase in bone turnover, but had no impact on physical function.
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Recombinant human growth hormone (rhGH) treatment was associated with greater
risk of neoplasm, hyperglycemia, and gynecomastia; hence, there is less enthusiasm
for reversing the changes of somatopause with rhGH.

30.4 HYPOGONADISM

The permanent cessation of the menses (menopause) occurs at an average age of 51
years in women. Ovarian secretion of estrogens and, to lesser extent, androgens
decreases, and secretion of follicle-stimulating hormone (FSH) and luteinizing hor-
mone increases rather abruptly in about the sixth decade in women. The major meta-
bolic effect of the lack of estrogen is rapid bone loss, which can be retarded by estrogen
replacement. Estrogen therapy increases high-density lipoprotein (HDL) levels and
triglycerides and decreases low-density lipoprotein (LDL) levels. But the Women’s
Health Initiative Study showed that estrogen replacement increases the risk of heart
attack, stroke, and venous thromboembolism in high-risk individuals. So, hormone
replacement therapy (HRT) is not routinely used to prevent postmenopausal bone loss.

Men have a more gradual decline in their gonadal hormones.11 Nevertheless, by
50 years of age over half have testosterone levels below those seen in young men.
Because serum sex hormone-binding globulin concentrations increase with age, older
men have a greater decline in serum-free testosterone concentrations than in serum
total testosterone concentrations. This decline is referred to as andropause. However,
unlike menopause, where complete estrogen deficiency with known clinical conse-
quences occurs, the decline in androgens in aging men varies from modest to severe
and has unclear clinical consequences. Short-term testosterone therapy has been
shown to improve muscle strength and surprisingly decrease LDL cholesterol. Low
testosterone levels have been associated with minimal hip fracture in older men in
nursing homes. Low testosterone levels predict mortality in older males.12 Testoster-
one therapy may also decrease dehydration in older persons, increase hematocrit,
produce gynecomastia, and potentially accelerate prostate growth. Sperm production
is stable from soon after the completion of puberty to about age 70 years, after which
it declines progressively by about 50% by age 90 years. This is accompanied by
tubular fibrosis, shrinkage of testicular volume, and modest elevations of FSH.

30.5 OTHER HORMONES

Aging shifts the serum vasopressin–osmolality relationship toward increasing serum
vasopressin due to altered baroreceptor input, contributing to the tendency toward
hyponatremia in the elderly.13 Paradoxically, renal responsiveness to vasopressin is
reduced in older, compared with younger, subjects, making them more vulnerable
to water deprivation. The vasopressin response to osmotic stimulation may or may
not be increased in older subjects, whereas the vasopressin response to volume
depletion, a response mediated via baroreceptors, is increased. There is a parallel
decrease in thirst in response to osmotic stimulation. As a result of the decreases in
thirst and renal responsiveness to vasopressin, older subjects can become more easily
dehydrated, even if vasopressin secretion rises.
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Aging also produces mild carbohydrate intolerance and a minimal increase in
fasting serum glucose in healthy, nonobese elderly individuals, primarily due to
decreasing postreceptor responsiveness to insulin (see Chapter 26).

Serum parathyroid hormone (PTH) concentrations are slightly higher in older
subjects than in younger subjects. The likely cause of this increase is a fall in serum
calcium concentration due to mild vitamin D deficiency and also phosphate retention
caused by declining renal function. Vitamin D levels need to be maintained above
30 mg/dl in older persons. Melatonin secretion is lower in older subjects than in
younger subjects, particularly the surge in melatonin secretion that occurs during
sleep at night. This decrease is a possible cause of poor sleep in many older persons.

Leptin, a hormone produced by adipose tissue in proportion to body fat mass,
decreases appetite.14 Serum leptin concentrations decrease with increasing age,
although some find this to be so only in women. The modest fall in serum leptin
concentrations with age may contribute to increasing adiposity in older persons.
Adiponectin is a protein hormone secreted by adipocytes. It reduces insulin resis-
tance, is associated with lower risk of atherosclerosis, and has anti-inflammatory
properties. Recent research shows that plasma adiponectin concentrations do not
change significantly with age in women, but were higher in men over age 70 than
in younger men. The higher levels of adiponectin observed in older men could reflect
a longitudinal aging change or simply enhanced survival of men with more of this
adipokine hormone.
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Anemia is a common disorder in the elderly population and is an independent
predictor for increased morbidity and mortality over 5 years, even after adjustment
for comorbid disease.1 Older patients with anemia have a higher likelihood of
physical decline, disability, hospital admission, and institutionalization.2 Anemia has
been associated with both frailty3 and mobility impairment,4 has been shown to lead
to functional impairment,3,4 and is a risk factor for falls in older persons.5–7 Women
with a hemoglobin concentration between 13 and 14 g/dl have better mobility and
lower mortality than those with a hemoglobin concentration of less than 12 g/dl.4

Anemia is strongly associated with an increase in myocardial infarction and poor
outcomes following an infarct.8 Prolonged anemia results in left ventricular hyper-
trophy.9 Quality of life is impaired in persons with anemia10 and produces a high
level of fatigue.11 Treatment of anemia increases hemoglobin concentration,
improves quality of life, and may decrease mortality.10–12 Patients with congestive
heart failure and an ejection fraction of less than 40% who received treatment for
anemia had a 42% improvement in a New York Heart Association class, compared
with the control patients, who had a decrease of 11.4%.13 The correction of anemia
also produces a decrease in left ventricular hypertrophy.9

Despite the growing evidence of these poor outcomes associated with anemia in
older persons, the diagnosis is often overlooked and, more importantly, undertreated.
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31.1 DEFINITION AND PREVALENCE

The World Health Organization defines anemia as a hemoglobin concentration of
less than 13 g/dl in men and less than 12 g/dl in women.14 Hemoglobin and hematocrit
values differ little between the healthy elderly population and the younger population.
Thus, anemia is not a normal finding in older persons, and hemoglobin concentration
should not be adjusted downward in older persons.15,16

In a noninstitutionalized population assessed in the third National Health and
Nutrition Examination Survey (1988 to 1994), 11% of men and 10.2% of women
65 years and older were anemic by World Health Organization standards. Anemia
prevalence increased to greater than 20% at age 85 and older. In the established
population database, 9% of men and women age 71 to 74 years were anemic. The
proportion of anemic persons increased differentially with age, reaching 41% for
men and 21% for women age 90 years or older, respectively.17,18 In this population,
nutrient deficiency accounted for a third of anemia; either chronic kidney disease,
anemia of chronic disease, or both accounted for an additional third,; and one third
was unexplained.19

A marked sex difference in the frequency of anemia is observed. The corrected
annual incidence of anemia was higher in men older than 65 years (90.3 per 1000
subjects) than in women older than 65 years (69.1 per 1000 subjects) in a population-
based study.20 Sex differences in hemoglobin concentration may result from differ-
ences in testosterone concentration. Hypogonadism in older males (andropause) is
commonly associated with approximately a 1 g/dl fall in hemoglobin concentration.21

Furthermore, men who have functional hypogonadism from pituitary adenomas are
anemic,22 and men with prostate cancer who are undergoing therapy with total
androgen blockade are anemic.23

31.2 CAUSES OF NUTRITIONAL ANEMIA

The manufacture of blood proceeds in the bone marrow in a complex, regulated
process. The causes of anemia can be grouped into failure of the bone marrow to
manufacture adequate blood components, gradual or rapid blood loss from hemor-
rhage, or a rapid breakdown of blood components (hemolysis) in the marrow or
peripherally. The bone marrow may fail to produce adequate blood components
because of inadequate nutrients (vitamin B12, folate, pyridoxine, or iron) necessary
for blood production, altered maturation of blood cells (myelodysplastic syndromes),
or primary impairment of hemoglobin synthesis (hemoglobinopathy) (Table 31.1).

This review focuses on the nutrient-related causes of anemia.

31.3 IRON DEFICIENCY ANEMIA

Iron deficiency anemia occurs in 3% of children age 1 to 2 years, 2% of adolescent
girls, 1% of adolescent boys and men, and 5% of women of childbearing age. Seven
percent of persons older than 50 years have iron deficiency anemia.24 Although iron
deficiency, due to low iron intake or low bioavailability of dietary iron, is a main
cause of anemia in younger populations, it appears to be less important in old age.
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The most common cause of iron deficiency in older persons is a result of acute or
chronic loss through the gastrointestinal tract.25 A dietary deficiency of iron is rare
in older populations.

Since gastrointestinal (GI) blood loss accounts for most causes of iron deficiency
anemia in older adults, patients should undergo both upper and lower endoscopy
procedures. Upper GI endoscopy can be expected to reveal a cause in between 30
and 50% of patients. All patients should undergo examination of the lower GI tract
because a second, separate disease occurs in 10 to 15% of patients. In those subjects
who cannot tolerate endoscopy, barium studies may be helpful.26

Ferritin values less than 15 ng/ml are considered diagnostic of iron deficiency.
The cutoff point for the diagnosis of iron deficiency anemia can be varied to achieve
optimum sensitivity or specificity. Serum ferritin values less than 30 ng/ml will
include 92 to 98% of all anemia due to iron deficiency. Levels greater than 100
mg/dl generally exclude iron deficiency. Intermediate ferritin values (30 to 99 mg/dl)
represent an area of uncertain significance in terms of iron stores.

The most difficult differential diagnostic problem is distinguishing iron defi-
ciency anemia from anemia associated with the presence of chronic inflammatory
disease. Serum iron, total iron-binding capacity, and transferrin saturation do not
accurately distinguish iron deficiency anemia from anemia of chronic disease. Since
ferritin concentrations are elevated in inflammatory disease states, as well as in liver
disease, renal disease, cancer, and in some elderly women, soluble transferrin recep-
tors can be of use in making the diagnosis of iron deficiency.

Circulating soluble transferrin receptors is a relatively new tool in the diagnosis
of anemia. The receptor assay is elevated in iron deficiency anemia even in the
presence of chronic disease, but normal or only slightly raised in anemia of chronic
disease. Soluble transferrin receptor divided by the log of ferritin (<2.55) is the best
method of differentiating anemia of chronic disease from iron deficiency anemia27,28

(Table 31.2).
Chronic inflammatory disease states impair iron absorption from the gut and

release iron from marrow stores. Recently, attention has focused on hepcidin, a
polypeptide synthesized in the liver. Chronic inflammation is a potent stimulus for
the production of hepcidin. Hepcidin has been shown to reduce the intestinal absorp-
tion of iron and to block the effective use of iron stores from the reticuloendothelial
system.29 Both digestive iron absorption by enterocytes and iron recycling by mac-
rophages appear to be controlled by hepcidin, likely through a hormonal action.30

TABLE 31.1
Causes of Anemia

Bone marrow failure
Inadequate nutrients
Inadequate erythropoiesis
Genetic
Hemorrhage
Hemolysis
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This mechanism is a likely explanation for the relative poor absorption of iron
in chronic kidney disease. Anemia of chronic inflammation has also been reported
to be associated with a diminished response to erythropoietin and a shortened red
blood cell survival.31 Whether these effects are independent of the inflammatory
process or result from the restriction of iron availability is not yet known. Some
patients respond to treatment with erythropoietin, but treatment of the underlying
inflammatory process is the only means of restoring normal iron balance. The role
of cytokines in the pathogenesis of the anemia of chronic inflammation suggests that
specific modulation of the cytokine cascade may lead to development of new ther-
apeutic approaches to the treatment of iron utilization anemia.

31.4 VITAMIN B12 AND FOLATE

Vitamin B12 and folate are two interrelated vitamins that have interdependent roles
in nucleic acid synthesis (Figure 31.1). Deficiencies of either vitamin can cause
megaloblastic anemia; however, inappropriate treatment of B12 deficiency with
folate can cause irreversible nerve degeneration.

Little data exist about the population prevalence of pernicious anemia. Data are
largely based on surveys of subjects with florid manifestations or from retrospective
analyses of previously diagnosed disease. In one population-based survey, the esti-
mated prevalence was 2.7% in women and 1.4% in men. The frequency of pernicious
anemia was higher in both black women (4.3%) and white women (4.0%).32

Macrocytic red cell morphology is often used to highlight suspicion of a meg-
aloblastic anemia. However, drug therapy, followed by alcohol, liver disease, and
reticulocytosis, is the most common cause of macrocytosis (mean corpuscular vol-
ume greater than 100 fl) in a sample of 300 hospitalized subjects. Megaloblastic
hematopoiesis accounted for less than 10% of cases. On the other hand, a mean
corpuscular volume greater than 120 fl was usually caused by B12 deficiency.33

The recommended daily allowance for vitamin B12 is 2.4 µg, but elderly people
should obtain their vitamin B12 from either supplements or fortified foods (e.g.,
fortified ready-to-eat breakfast cereals) to ensure adequate absorption from the gas-
trointestinal tract. Absorption of crystalline vitamin B12 does not decline with
advancing age. However, compared with the younger population, absorption of
protein-bound vitamin B12 is decreased in the elderly, owing to a high prevalence

TABLE 31.2
Comparison of Anemia of Chronic Disease and Iron Deficiency Anemia

Iron Deficiency Anemia Anemia of Chronic Disease

Mean corpuscular volume Normal or decreased Decreased or normal
Serum iron Decreased Decreased
Total iron-binding capacity Increased Normal to decreased
Serum ferritin Decreased Increased
Soluble transferrin receptor Increased Decreased
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of atrophic gastritis in this age group. Atrophic gastritis results in a low acid–pepsin
secretion by the gastric mucosa, which in turn results in a reduced release of free
vitamin B12 from food proteins. In addition, hypochlorhydria in atrophic gastritis
results in bacterial overgrowth of the stomach and small intestine, and these bacteria
may bind vitamin B12. The ability to absorb crystalline vitamin B12 remains intact
in older people with atrophic gastritis. Because the American food supply is now
fortified with folic acid, concern is increasing about neurologic exacerbation in
individuals with marginal vitamin B12 status and high-dose folate intake.34

Measurement of vitamin B12 and folate concentrations will determine these ane-
mias in the majority of cases. However, serum cobalamin analyses have a poor sensi-
tivity for B12 deficiency. Using a serum methylmalonic acid value of less than 0.376
µmol/l as the reference standard for B12 deficiency, a serum cobalamin assay less than
300 pmol/l had a diagnostic sensitivity of only 0.40 but a specificity of 0.98.35

Confirmation of vitamin B12 deficiency in those patients who have values in the
lower normal range should be obtained, since about 50% of patients with subclinical
disease may have normal B12 levels. A more sensitive method of screening for vitamin
B12 deficiency is measurement of serum methylmalonic acid and homocysteine levels,
which are increased early in vitamin B12 deficiency. A homocysteine level will be
elevated in both vitamin B12 and folate deficiencies, but a methylmalonic acid level
will be elevated only in vitamin B12 deficiency (Figure 31.2). Renal failure is the only
other confounding cause of an elevated methylmalonic acid concentration.

Although elderly people with low vitamin B12 status frequently lack the classical
signs and symptoms of vitamin B12 deficiency, e.g., megaloblastic anemia, precise
evaluation and treatment in this population are important. Low folate/cobalamin
levels have been linked to delirium, confusion, psychosis, depression, and dementia
(Alzheimer-related dementia as well as the vascular type).36,37 Folate/homocysteine
levels have been strongly associated with cardiovascular risk. However, pharmaco-
logical interventions using folate have been disappointing.38

Folates are water-soluble vitamins in the vitamin B group and are found in fruit,
fresh vegetables, and corn products. Insufficient food intake of folate is a common
cause of low folate levels.39 Inadequate folate nutrition during early pregnancy can
cause neural tube defects in the developing fetus. In addition, folate and vitamin
B12 deficiency and the compensatory increase in homocysteine are significant risk
factors for cardiovascular disease.40

FIGURE 31.1 Metabolism of cobalamin and folate.
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31.5 OTHER NUTRITIONAL FACTORS

Vitamins B1, B2, and B6 have been implicated in nutritional anemias. The primary
cause of these anemias appears to be interference by drugs with vitamin metabolism,
particularly in the case of pyridoxine. In renal dialysis patients maintained on
recombinant human erythropoietin, a significant increase in erythrocyte vitamin B2
and significant decrease in erythrocyte vitamin B6 was observed. Supplementation
with 20 mg/day of pyridoxine led to a significant increase in vitamin B6 at the end
of the 9 months. The study suggests that erythrocyte vitamin B6 is consumed by the
hemoglobin synthesis during erythropoietin therapy.41,42

Pyridoxine-sensitive sideroblastic anemia occurs as an X-linked genetic defect
and in certain disease states such as tuberculosis and porphyuria.43,44

31.6 MANAGEMENT OF NUTRITIONAL ANEMIAS

In persons with iron deficiency, the recommended treatment is 325 mg ferrous sulfate
three times a day,45–47 providing 150 to 200 mg of elemental iron per day.48 The
sulfate moiety can cause gastrointestinal distress, and if this occurs, iron in the form
of ferrous gluconate or fumerate may be helpful.

The duration of iron therapy may be longer when once-a-day dosing is used.
Whatever the chosen dose, a reticulocyte count should be obtained 1 week after starting
iron. If there is not a robust reticulocyte response, intravenous iron should be consid-
ered. Iron therapy may be discontinued when the ferritin level is normalized.

Some controversy exists about the necessary amount of iron and the frequency
of dosing. Dosing iron once a day may have a similar effect to three-times-a-day
dosing if absorption is normal. In a study of 90 hospitalized patients with iron
deficiency anemia, subjects were randomized to receive either 15 or 50 mg of

FIGURE 31.2 Differential diagnosis.
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elemental iron as liquid ferrous gluconate or 150 mg of elemental iron as ferrous
calcium citrate daily. Hemoglobin and ferritin levels were similar in each group after
60 days, but adverse effects, including abdominal discomfort, nausea, vomiting, and
changes in bowel movements, were higher with the higher iron doses.49 The time to
complete resolution of the anemia was not reported. The duration of iron therapy
may be longer when once-a-day dosing is used (Table 31.3).

Anemia due to vitamin B12 or folate deficiency is treated by replacement of the
vitamin. Vitamin B12 can be replaced either by injections (1000 µg weekly for 1
month, then monthly thereafter), orally (1000 µg daily, which should not be given
with food), or intranasally. Folate (1 mg) should be used to treat folate deficiency
as well as during the first few weeks of vitamin B12 deficiency.

In 18 subjects with newly diagnosed B12 deficiency, cyanocobalamin was given
either as 1 mg intramuscularly on days 1, 3, 7, 10, 14, 21, 30, 60, and 90 or as 2
mg orally daily for 120 days. There was no difference in correction of hematologic
and neurologic abnormalities between the two groups. Significantly higher levels of
serum cobalamin and lower serum methylmalonic acid levels were found in the oral
group than in the parenteral group 4 months after treatment.50

31.7 SUMMARY

Nutritional anemia is easily correctable and should be aggressively sought. Anemia
in older persons is a risk factor for increased mortality and decline in physical activity
performance of daily living activities. The positive clinical outcomes for treating
anemia, such as improved quality of life, decreased hospitalization, and decreased
mortality, demand that a hemoglobin concentration of less than 12 g/dl be investi-
gated and treated whenever possible.
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32.1 INTRODUCTION AND BACKGROUND

Wound healing is intricately linked to nutrition. Severe protein-calorie undernutrition
in humans alters tissue regeneration, the inflammatory reaction, and immune func-
tion.1 Undernourished patients are more likely to have postoperative complications
than well-nourished patients.2 After vascular surgery, hypoalbuminemia and low
transferrin levels have predicted wound healing complications.3 Hospitalized patients
with severe undernutrition are at a higher risk for death, sepsis, infections, and
increased length of stay.4

Experimental studies in animal models suggest a biologically plausible relation-
ship between undernutrition and development of pressure ulcers. When pressure was
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applied for 4 hours to the skin of well-nourished animals and malnourished animals,
pressure ulcers occurred equally in both groups. However, the degree of ischemic
skin destruction was more severe in the malnourished animals. Epithelialization of
the pressure lesions occurred in normal animals at 3 days postinjury, while necrosis
of the epidermis was still present in the malnourished animals.5 These data suggest
that while pressure damage may occur independently of nutritional status, malnour-
ished animals may have impaired healing after a pressure injury.

Further indication of a relationship between nutrition and tissue damage is
suggested by the finding that mitotic activity in normal epidermis is severely
depressed in mice whose food intake was reduced to 70% of normal.6 Dietary
restriction to 60% of normal intake in other animal models is associated with
impaired collagen cross-linking 1 week after wounding.7 Classical studies have
shown that wound dehiscence occurs more commonly in dogs with chronic protein
undernutrition.8 Nevertheless, animal studies may not accurately reflect human
wound healing. For example, collagen deposition is completed in 42 days in animal
wounds compared to 88 days in human wounds.9 Hypoalbuminemia is not associated
with impaired wound healing in analbuminemic rats.10 The effects of short-term
starvation are much more severe in animals than in humans.11

32.2 EPIDEMIOLOGICAL ASSOCIATIONS
OF NUTRITION AND PRESSURE ULCERS

Nutritional status has been associated with the incidence, progression, and severity
of pressure sores. Undernutrition, defined by an index of biochemical and anthro-
pometric variables, including hemoglobin, albumin, lymphocyte count, history of
weight loss, body weight, triceps skinfold thickness, and mid-arm circumference,
was present in 29% of patients at hospital admission in a prospective study of high-
risk patients. At 4 weeks, 17% of the undernourished patients had developed a
pressure ulcer, compared to 9% of the nonundernourished patients. Thus, patients
who were undernourished at hospital admission were twice as likely to subsequently
develop pressure ulcers as nonundernourished patients (relative risk (RR) = 2.1, 95%
confidence interval (CI) = 1.1 to 4.2).12

Elderly patients with decreased mobility, limited mental status, and increased
skin friction and shear may have a higher risk of developing a pressure ulcer.13

In a study in a long-term-care setting, 59% of residents were diagnosed as
undernourished on admission. Among these residents, 7.3% were classified as
severely undernourished. Pressure ulcers occurred in 65% of these severely under-
nourished residents. No pressure ulcers developed in the mild to moderately under-
nourished or well-nourished groups.14

Dietary intake has been linked to development of pressure ulcers. In a long-term-
care setting, the estimated percent intake of dietary protein, but not total caloric intake,
predicted development of pressure ulcers. Patients with pressure ulcers ingested 93%
of the recommended daily intake of protein compared to an intake of 119% of the
recommended protein in the non-pressure ulcer group. Only dietary intake of protein
was important in this study. The total dietary intake of calories or the calculated intake
of vitamins A and C, iron, and zinc did not predict ulcer development.15
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Impaired nutritional intake, defined as a persistently poor appetite, meals held due
to gastrointestinal disease, or a prescribed diet less than 1100 kcal or 50 g protein/day,
predicted pressure ulcer development in another long-term-care setting.91 However, no
other nutritional variable, including albumin, serum protein, hemoglobin, total lym-
phocyte count, body mass index, or body weight, was univariately significant.

Table 32.1 demonstrates the association of serum albumin and other nutritional
variables with the development of a pressure ulcer. Pressure ulcers appear to be

TABLE 32.1
Epidemiological Association of Nutritional Markers with Development of a 
Pressure Ulcer

First Author Setting
Associated with 
Presence of PU

Not Associated
with Presence of PU

Allman86 AC Albumin Weight, hemoglobin, TLC, 
nutritional assessment

Gorse87 AC Albumin Nutritional assessment score
Inman88 AC, ICU Albumin (measured

at 3 days)
Serum protein, hemoglobin, 
weight

Allman78 AC BMI, TLC Albumin, TSF, arm 
circumference, weight loss, 
hemoglobin, nitrogen balance

Hargrink50 AC, orthopedic Nocturnal enteral feeding
Anthony89 AC Albumin < 32 g/l
Moolten90 LTC Albumin < 35 g/l
Pinchcofsky-Devin13 LTC Severe malnutrition Mild to moderate malnutrition or 

normal nutrition
Berlowitz91 LTC Impaired nutritional 

intake
Albumin, serum protein, 
hemoglobin, TLC, BMI/weight

Bennett92 LTC Weight, BMI, weight gain
Brandeis93 LTC Dependency in 

feeding
BMI/weight, TSF

Trumbore94 LTC Albumin, cholesterol
Breslow95 LTC Albumin, hemoglobin Serum protein, cholesterol, zinc, 

copper, transferrin, body weight, 
BMI, TLC

Bergstrom14 LTC Dietary protein intake 
93% of RDA vs. 
119%, dietary iron

Serum protein, cholesterol, zinc, 
copper, transferrin, weight, 
BMI, TLC

Ferrell96 LTC Albumin, serum protein, BMI, 
hematocrit

Bourdel-Marchasson49 LTC Oral nutritional supplement
(26 vs. 20% incidence)

Guralnik97 Community Albumin, BMI, impaired 
nutrition, hemoglobin

Note: AC = acute care; LTC = long-term care; BMI = body mass index; TLC = total lymphocyte count;
TSF = triceps skinfold thickness; ICU = intensive care unit; RDA = Recommend Daily Allowance.
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associated with traditional markers of nutritional status in some, but not all, studies.
However, serum albumin acts as an acute phase reactant.16 Physiological stress (such
as surgical operations), cortisol excess, and hypermetabolic states reduce serum
albumin even in the presence of adequate protein intake. Decreases in serum albumin
may reflect the presence of inflammatory cytokine production or comorbidity rather
than nutritional status. Thus, serum albumin has not consistently been an independent
predictor of pressure ulcers.

32.3 NUTRITIONAL INTERVENTIONS TO PREVENT 
PRESSURE ULCERS

Several attempts have been made to improve nutritional status and thus decrease the
incidence of pressure ulcers (Table 32.2). Despite an epidemiological association,
results of trials of nutritional intervention in prevention of pressure ulcers have been
disappointing.17 One trial of nutritional supplements has demonstrated a decrease in
risk of developing pressure ulcers,18 while others have not shown effectiveness in
prevention of pressure ulcers.19–21

The effect of oral nutrition supplements was observed in 672 hospitalized,
severely ill patients older than 65 years. Nurtritional supplements were given to
32.6% of one nonrandomized group compared to 86.9% of subjects in another
hospital ward. After 15 days, the incidence of pressure ulcers (including stage 1)
was 40% in the nutritional intervention group and 48% in the control group (relative
risk = 0.83, 95% confidence interval (CI) = 0.70 to 0.99). There was no difference

TABLE 32.2
Nutritional Interventions in the Treatment of Pressure Ulcers

First Author Setting Intervention Outcome

Breslow18 Long-term care 24% protein vs. 14% protein 
enteral feeding

–4.2 cm2 vs. –2.1 cm2 decrease 
in surface area 

Chernoff17 Long-term care 1.8 g/kg protein vs. 1.2 g/kg 
protein enteral feeding 

73% vs. 43% improvement in 
surface area

Henderson53 Long-term care 1.6 times basal energy 
expenditure,1.4 g of 
protein/kg/day

65% PU at onset; 61% 
prevalence at 3 months

Mitchell54 Long-term care Enteral feeding RR of death 1.49 (1.2–1.8) vs. 
RR of death 1.06 (0.8–1.4) 
after 2 years

Hartgrink52 Acute hip
fracture patients

Enteral feeding No difference in incidence

ter Riet34 Long-term care Vitamin C, 10 mg vs. 1000 mg No difference in healing rate
Taylor32 Acute surgical

patients
Vitamin C, large dose vs. none 84% vs. 43% (control) reduction 

in surface area at 30 days
Norris40 Acute hip fracture Zinc No difference

Note: RR = relative risk (95% confidence intervals).
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between groups in pressure ulcer prevalence at discharge (14.7% vs. 10.3%), mor-
tality (15.6% vs. 14.2%), length of stay (17.3 days vs. 17.4 days), or nosocomial
infections (26.4% vs. 19.0%).22

In a trial of elderly people recovering from hip fractures, the control group
received a standard hospital diet and the treatment group received one oral nutrition
supplement daily in addition to their hospital diet. At 6 months follow-up, there was
no difference in the number of pressure ulcers among groups (relative risk = 0.79,
95% CI = 0.14 to 4.39, p = 0.8).23

Attempts to prevent development of pressure ulcers in patients with hip fracture
by provision of enteral nutrition have not been successful in randomized clinical
trials. The effect of overnight supplemental enteral feeding in patients with a fracture
of the hip and a high-pressure-sore risk score has been evaluated. Of the 62 patients
randomized for enteral feeding, only 25 tolerated their tube for more than 1 week,
and only 16 tolerated their tube for 2 weeks. No differences were found for the
development of a pressure ulcer, total serum protein, serum albumin, or the severity
of pressure sores after 1 and 2 weeks (RR = 0.92, 95% CI = 0.64 to 1.32, p = 0.6).
Comparison of the actually tube-fed group (n = 25 at 1 week, n = 16 at 2 weeks)
and the control group showed two to three times higher protein and energy intake
(p < 0.0001) and a significantly higher total serum protein and serum albumin after
1 and 2 weeks in the actually tube-fed group (all p < 0.001). However, the devel-
opment of pressure ulcers and severity were not significantly influenced in the
actually tube-fed group.24

A study of enteral tube feedings in patients with pressure ulcers in a long-term-
care setting observed 49 patients for 3 months.25 Patients received 1.6 times basal
energy expenditure daily, 1.4 g of protein/kg/day, and 85% or more of their total
recommended daily allowance. At the end of 3 months, there was no difference in
number or healing of pressure ulcers.

In a study of survival among residents in long-term care with severe cognitive
impairment, 135 residents were followed for 24 months.26 The reasons for the
placement of a feeding tube included the presence of a pressure ulcer. Having a
feeding tube was not associated with increased survival; in fact, the risk of death
was slightly increased (odds ratio (OR) = 1.09). There was no apparent effect on
the prevalence of pressure ulcers in this group of enterally fed persons.

32.4 NUTRITIONAL INTERVENTIONS TO TREAT 
PRESSURE ULCERS

32.4.1 PROTEIN

Table 32.2 summarizes the interventional trials for pressure ulcers. Greater healing
of pressure ulcers has been reported with a higher protein intake irrespective of
positive nitrogen balance.27 Clinical trials have examined dietary interventions in the
healing pressure ulcers. In 48 patients with stage II through IV pressure ulcers who
were being fed enterally, undernutrition was defined as a serum albumin below 35
g/l or body weight more than 10% below the midpoint of the age-specific weight
range. Total truncal pressure ulcer surface area showed a greater decrease (–4.2 cm2
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vs. –2.1 cm2) in surface area in patients fed the enteral formula containing 24%
protein than in patients fed a formula containing 14% protein. However, changes in
body weight or biochemical parameters of nutritional status did not occur between
groups. The study was limited by a small sample size (only 28 patients completed
the study), nonrandom assignment to treatment groups, confounding effects of air-
fluidized beds, and the use of two different feeding routes.28

In a small study of 12 enterally fed patients with pressure ulcers, the group who
received 1.8 g/kg of protein had a 73% improvement in pressure ulcer surface area
compared to a 42% improvement in surface area in the group receiving 1.2 g/kg of
protein, despite the fact that the group that received the higher protein level began
the study with larger-surface-area pressure ulcers (22.6 cm2 vs. 9.1 cm2). None of
the patients in the high protein group and four patients in the very high protein group
had complete healing of their ulcer, showing no difference in the relative risk of
healing (0.11, 95% CI = 0.01 to 1.70).27

32.4.2 AMINO ACIDS

The association of dietary protein intake with wound healing has led to investigation
of the use of specific amino acids. Glutamine is essential for the immune system
function, but supplemental glutamine has not been shown to have noticeable effects
on wound healing.29 Arginine enhances wound collagen deposition in healthy vol-
unteers,30,31 but few studies on sick, wounded patients have been done. Supplemen-
tation with 17 g of arginine did not have an effect on immune status or pressure
ulcer healing compared to control in nursing homes subjects with pressure ulcers.32

No improvement in wound healing has been demonstrated by using high supplements
of branched-chain amino acid formulations.33

32.4.3 VITAMINS

Two clinical trials have evaluated the effect of supplemental vitamin C in the treatment
of pressure ulcers. In a multicenter, blinded trial, 88 patients with pressure ulcers were
randomized to either 10 or 500 mg twice daily of vitamin C. The wound closure rate,
relative healing rate, and wound improvement score were not different between
groups.34 An earlier trial in acute surgical patients with pressure ulcers found a mean
reduction in surface area at 1 month in 84% of patients treated with 1000 mg of vitamin
C compared to a reduction in surface area of 43% of the control group (p < 0.005).35

Vitamin C is essential for wound healing, and impaired wound healing has been
observed in clinical scurvy. However, in studies of clinically impaired wound healing,
6 months of an ascorbate-free diet is required to produce a deficient state.36 In animals
who are vitamin C deficient, wound healing is abnormal at 7 days but completely
normal at 14 days.37 Although essential, there is no evidence of acceleration of wound
healing by vitamin C supplementation in patients who are not vitamin C deficient.38,39

The recommended daily allowance (RDA) of vitamin C is 60 mg. This RDA is
easily achieved from dietary sources that include citrus fruits, green vegetables,
peppers, tomatoes, and potatoes.
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Vitamin A deficiency results in delayed wound healing and increased suscepti-
bility to infection.40 Vitamin A has been shown to be effective in counteracting
delayed healing in patients on corticosteroids.41 Vitamin E deficiency does not appear
to play an active role in wound healing.42

Zinc was first implicated in delayed wound healing in 1967.43 No study to date
has shown improved wound healing in patients supplemented with zinc who were not
zinc deficient.44,45 Zinc levels have not been associated with development of pressure
ulcers in patients with femoral neck fractures.46 In a small study of patients (n = 10)
with pressure ulcers, no effect on ulcer healing was seen at 12 weeks in zinc-supple-
mented vs. non-zinc-supplemented patients (weighted mean difference = 4.1 ml, 95%
CI = 8.10 to 16.30, p = 0.5).47

The RDA for zinc is 12 to 15 mg, but most elderly persons intake 7 to 11 mg
zinc/day,48 chiefly from meats and cereal. Indiscriminate or long-term zinc supple-
mentation should be avoided since high-serum zinc levels may inhibit healing, impair
phagocytosis, and interfere with copper metabolism.49–51

Vitamins should be given only when a suspected or defined deficiency state is
present.

32.5 RECOMMENDATIONS FOR GENERAL 
NUTRITIONAL SUPPORT FOR PERSONS
WITH PRESSURE ULCERS

32.5.1 ENERGY

Daily caloric requirements range from 25 kcal/kg/day for sedentary adults to 40
kcal/kg/day for adults with burns, pressure ulcers, cancer, infections, and other
similar conditions. In general, caloric requirements can be met at 30 to 35
kcal/kg/day for elderly patients under moderate stress. Various formulas, including
the Harris–Benedict equation, can be used to predict caloric requirements, but
controversy exists over accuracy in obese or severely undernourished individuals.52

Other formulas have been adjusted for severely stressed hospitalized subjects.53

Considerable debate exists over whether to use ideal body weight or an adjusted
body weight in calculations. The best instrument for predicting nutritional require-
ments in older, undernourished individuals in whom ideal or usual body weight is
often unknown is not clear.

The optimum dietary protein intake in patients with pressure ulcers is unknown,
but may be higher than the current adult recommendation of 0.8 g/kg/day. Current
recommendations for dietary intake of protein in stressed elderly patients lie between
1.2 and 1.5 g/kg/day. Yet half of chronically ill elderly persons cannot maintain
nitrogen balance at this level.54 On the other hand, increasing protein intake beyond
1.5 g/kg/day may not increase protein synthesis and may cause dehydration.55 The
optimum protein intake for these patients has not been defined, but may lie between
1.5 and 1.8 g/kg/day.
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32.6 FACTORS CONTRIBUTING TO THE 
NUTRITIONAL PARADOX

Although correction of poor nutrition is part of total patient care and should be
addressed in each patient, controversy exists about the ability of nutritional support
to reduce wound complications or improve wound healing.56,57 Despite a strong
association, a causal relationship of poor nutritional status to pressure ulcers has not
been established. The reported association is often confounded by lack of adjustment
for comorbidity or severity of illness.58

Involuntary weight loss, reduced appetite, and severe undernutrition are common
in the geriatric population and are often unexplained.59 A common cause may be
loss of appetite, due to dysregulation of a variety of psychological, gastrointestinal,
metabolic, and nutritional factors.60 Loss of appetite may initiate a vicious cycle of
weight loss and increasing undernutrition.

The controversy may have roots in the physiological variables used to define
malnutrition. There is no accepted gold standard for the diagnosis of undernutrition,
and the markers for nutritional status may reflect underlying disease rather than
undernutrition in older, ill persons.

Several cytokines, particularly interleukin (IL)-1, IL-1, and IL-6, have been sug-
gested to be elevated in subjects with pressure ulcers.61 Levels of IL-1 are elevated
in persons with pressure ulcers but low in acute wound fluid.62 Circulating serum
levels of IL-6, IL-2, and IL-2R are higher in spinal cord-injured patients than in
normal controls, and highest in subjects with pressure ulcers. The highest concentra-
tion of cytokines was in subjects with the slowest-healing pressure ulcers.63 In other
studies, IL-6 serum levels were increased in patients with pressure ulcers, but IL-1
and tumor necrosis factor (TNF) were not elevated.64 In 72 male subjects admitted
to a geriatric rehabilitation unit, soluble IL-2 receptor was negatively associated with
albumin, prealbumin, cholesterol, transferrin, and hemoglobin.65 This suggests that
inflammation increases the incidence of hypoalbuminemia and other markers used

TABLE 32.3
Documented Relations among Cytokines, Undernutrition,
and Chronic Wounds

Undernutrition
Poor wound healing
Increased risk of infection
Increased incidence of pressure ulcers

Proinflammatory Cytokines
Suppress appetite
Promote/interfere with wound healing

Chronic Wounds
Source of cytokines
Increased association with undernutrition
Increased serum levels of cytokines
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for nutritional status. The use of albumin and cholesterol in these patients as nutritional
markers could potentially lead to overdiagnosis of malnutrition.

A number of cytokines are also known to increase in severe undernutrition. TNF-
levels are elevated in patients with severe undernutrition and congestive heart failure,
but not in patients with congestive heart failure who do not have severe undernutri-
tion.66 IL-1 concentrations are elevated in elderly patients with severe undernutrition
of unknown etiology,67 and levels of IL-1 and IL-6 can be increased in elderly persons
without evidence of infection or cancer.68

Existing studies are not clear on whether the elevation of cytokines is due to the
presence of a pressure ulcer or to underlying severe undernutrition. Alternatively,
the elevation of cytokine levels may be a common pathway for both conditions. The
hypotheses are demonstrated in Figure 32.1.

Severe undernutrition occurs in both chronic infections and neoplastic disorders,
suggesting that severe undernutrition develops along a common pathway and is not
dependent on a specific infection or a particular neoplasm. Large reductions in body
weight may indicate disease-associated cachexia rather than impaired intake alone.

Cytokines may regulate appetite directly through the central feeding drive. Sig-
nificant interaction among the central feeding drive, neuropeptide Y, and IL-1 have
been demonstrated in rats.69,70 IL-1, IL-6, TNF, interferon-, leukemia inhibitory factor
(D-factor), and prostaglandin E2 have all been implicated in cancer-induced severe
undernutrition.71,72 TNF may either promote wound healing or induce cascades that
interfere with inflammatory resolution and foster autoimmune reactions.73 Leptin, a
central regulator of food intake and body fat mass, increases under the stress of hip
operations,74 but is low in undernourished men.75

Serum albumin and weight loss may be independent markers for poor outcome
regardless of nutrient intake. Poor nutritional status defined by these biochemical
variables may indicate poor health rather than poor nutrient intake.

FIGURE 32.1 Interaction between proinflammatory cytokines, undernutrition, and pressure
ulcers.
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The lack of effect of hypercaloric feeding in pressure ulcers may reflect that the
underlying pathophysiology is cytokine-induced cachexia rather than simple starva-
tion. Starvation is amenable to hypercaloric feeding in all but the terminally under-
nourished patients. Cytokine-induced cachexia is remarkably resistant to hyperca-
loric feeding.76,77

Interventions to modulate cytokine activity are possible. Cytokine modulation
has been postulated as a potential treatment for cachexia.78–84 If a significant positive
relationship exists between circulating cytokines and pressure ulcers, an opportunity
for potential intervention to promote healing exists.

32.7 CONCLUSIONS

Wound nutrition is whole-body nutrition. Unquestionably, providing nutritional sup-
port can prevent the effects of starvation. Death is an inevitable consequence of
starvation. Whether nutrition can improve the outcome of a disease remains disputable.
Improvements in nutritional markers, such as serum protein concentrations, nitrogen
balance, and weight gain, have not usually been accompanied by clinical benefits.77,85

There is no doubt that undernutrition does not have a positive effect on wound
healing. However, there is no magic nutritional bullet that will accelerate wound
healing. General nutritional support should be provided to persons with pressure
ulcers, consistent with medical goals and patient wishes. Some evidence demon-
strates that two daily supplement drinks may be able to reduce the number of older
people recovering from acute illness who develop pressure ulcers.

32.8 CLINICAL RECOMMENDATIONS

1. Nutritional supplementation may prevent some pressure ulcers.
2. Optimize protein intake with a goal of 1.5 to 1.8 g/kg/day of protein in

persons with pressure ulcers.
3. Consider vitamin A supplements in patients on corticosteriods.
4. No data support the routine use of vitamin C and zinc in patients with

pressure ulcers.
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Osteoporosis is a devastating disease that affects more than 10 million people in
the U.S., with annual costs in excess of $13.5 billion.

 

1

 

 According to the U.S. Surgeon
General’s Report, by the year 2020, 50% of all Americans older than 50 years will
be at risk of an osteoporotic fragility fracture. Approximately 1.66 million hip
fractures occur each year worldwide,

 

2

 

 and that the incidence is set to increase four-
fold by 2050 because of the increasing numbers of older people and because the
age-adjusted incidence rates are many times higher in affluent developed countries
than in sub-Saharan Africa and Asia.

 

3,4

 

 Nearly all fractures in the elderly result
from osteoporosis. The incidence of vertebral and hip fractures increases exponen-
tially with advancing age (while that of wrist fractures plateaus after the age of 60
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years).

 

5

 

 Calcium and vitamin D are commonly prescribed for the prevention and
treatment of osteoporosis. The paradox that hip fracture rates are higher in devel-
oped countries, where calcium intake is higher than in developing countries, clearly
calls for an explanation. The report of the Joint FAO/WHO Expert Consultation on
Vitamin and Mineral Requirements in Human Nutrition

 

6

 

 made it clear that the
recommendations for calcium intakes were based on long-term (90-day) calcium
balance data for adults derived from Australia, Canada, the European Union, the
U.K., and the U.S., and were not necessarily applicable to all countries worldwide.
The report also acknowledged that strong evidence was emerging that the require-
ments for calcium might vary from culture to culture for dietary, genetic, lifestyle,
and geographical reasons. Within these limitations, this chapter will attempt to
review the available data for micronutrients as they apply to fracture prevention in
the elderly.

Osteoporosis is characterized by low bone mass and microarchitectural deteriora-
tion of bone tissue, leading to bone fragility and a consequent increased risk of fracture.
Bone is made of both organic and inorganic components. Collagen type I is the most
abundant organic molecule, while crystals containing calcium and phosphorus make
up most of the inorganic weight. Highly regulated at local, distant, and central levels,
cells of the skeleton, the osteoclasts, which resorb bone, and the osteoblasts, which
lay down new bone, are part of a process to afford the individual with adequate support
for locomotion and a ready store of essential ions for homeostasis. Human bone is

 

FIGURE 33.1

 

Areal bone mineral density of various bones as a function of advancing age.
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about 60% mineralized. Variations in tissue mineral density affect function, such as
the enamel of teeth having the highest tissue density of calcium. The composition and
degree of collagen cross-linking also influence function.

 

7

 

 The cross-links in collagen
keep its three helixes fastened. The enzymes responsible for this cross-linking require
trace metals for normal functioning. The skeleton’s resistance to fracture is determined
by geometric properties (size, shape, and connectivity of bones), the activities of the
osteoclasts and osteoblasts in the tissue, and the material properties of the tissue.

 

8–10

 

The material properties of bone include the mineral content,

 

8

 

 mineral composition and
crystal size,

 

9

 

 and matrix content and composition.

 

8

 

 Bone is composed of type I collagen
stiffened by crystals of hydroxyapatite (HA) [Ca

 

5

 

(PO

 

4

 

)

 

3

 

OH] that may have substitu-
tions of carbonate, acid phosphate, strontium, magnesium, or fluoride.

 

11

 

 Substitutions
affect the size, shape, and solubility of the crystal. HA crystal size and perfection were
first suggested to contribute to the mechanical strength of bones in the early 1980s.

 

12

 

Increased bone mineral particle size is associated with increased bone fragility

 

12

 

;
crystals that are too small do not reinforce the bone composite, suggesting that there
also is an optimal size range for bone mineral crystals.

 

13

 

 Compositional changes may
be caused by alterations in crystal size (smaller crystals have more surface area to
adsorb foreign ions) or may be indicative of the size changes. In osteoporosis and
aging, there are reports of increased magnesium content and decreased fluoride, acid
phosphate, boron, strontium, and carbonate contents. Variation in mineral content in
osteoporosis is important, but other material properties beyond content alone contribute
to the loss of mechanical strength in osteoporotic bones.

 

14–17

 

To ensure adequate calcification of the bony matrix, two major hormones, par-
athyroid hormone (PTH) and vitamin D, are synthesized. Release of PTH is largely
dependent upon signaling by the calcium-sensing receptor on parathyroid gland cells.
Phosphorus, magnesium, and vitamin D levels also modulate PTH induction, pro-
cessing, and release (Table 33.1). Its major focus is fostering a normal extracellular
calcium and phosphorus level. Vitamin D physiology may be visualized graphically
in Figure 33.2. Note that the plant source of vitamin D is called ergocalciferol (D

 

2

 

)
and animal vitamin D is called cholecalciferol (D

 

3

 

). For reasons of clarity, vitamin
D will refer to all forms of vitamin D unless otherwise stated.

 

FIGURE 33.2

 

Synthesis of vitamin D.
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Growth and strengthening of the skeleton occur due to a positive balance between
bone formation and bone resorption. First, an organic matrix is laid down, or osteoid;
only then can subsequent mineralization occur. Without osteoid, crystallization will
not occur. During the lifetime of an individual, bone responds to increased loads by
increasing bone matrix and bone mineralization as well as repairing microcracks
that result from fatigue damage. Bone mineral density (BMD) is currently used as
a surrogate for fracture risk, to be considered along with risk of falling when
developing a treatment strategy. BMD is determined by measuring the grams of
calcium content based on the absorbance of a transmitted x-ray beam, calibrated to
a bone phantom, of a defined area, typically of the proximal femur and lumbar spine,
and dividing that total by the area (areal BMD). A widely available instrument for
BMD measurement with high reproducibility and low external radiation is the dual-
energy x-ray absorptiometry machine (DXA). One of the complexities of using BMD
is that widening of the bone with the same calcium content or changes in microar-
chitecture may lead to false assumptions that fracture risk is truly changed. Many
factors contribute to changes in BMD, including age, genetic heritage, tobacco and
ethanol use, performance of weight-bearing exercise, body weight, concentrations
of sex steroids, and pharmacologic agents. Peak BMDs for different regions of the
skeleton are attained at different ages. BMD of the hip reaches a peak in the late
teens, whereas the spine may continue to accrue calcium until age 25. Similarly,
loss of bone may also occur at different rates, depending on the bone and age of the
individual. This discussion of micronutrients must therefore consider effects on bone
formation, bone resorption, or both, when addressing mechanisms of dietary inter-
ventions. Particular problems with regard to bone density interpretation that are
specific to the elderly population are the development of osteoarthritis and vascular
calcification. Both of these conditions interfere with the interpretation of spinal as
well as hip BMD and may be impacted by interventions such as calcium and vitamin
D administration, though little data are available to answer that question. One must
also consider in the evaluation of fracture studies effects on falls that are independent
of changes in bone mineral density. The absorption, distribution, and excretion of
micronutrients may also be altered in the geriatric patient, and this population must
be evaluated before making recommendations. The issue of interaction with another
micronutrient must also be considered when evaluating interventions with such
minute quantities.

Based on the bone mineral density exam, one cannot readily distinguish between
osteomalacia, a condition of undermineralized bone, and osteoporosis, as Fuller
Allbright put it, the lack of bone in bone. The concept that osteoporosis is due
primarily to calcium deficiency, particularly in the elderly, was initially put forward
as a counterproposal to Albright’s estrogen deficiency theory. One should note,
however, that bone histomorphometry shows the absence of bone, not the absence
of crystallization.

Decreased calcium intake, impaired intestinal absorption of calcium due to aging
or disease, as well as vitamin D deficiency can result in secondary hyperparathy-
roidism. The active hormonal form, 1,25-dihydroxyvitamin D (calcitriol), is not only
necessary for optimal intestinal absorption of calcium and phosphorus, but also exerts
a tonic inhibitory effect on parathyroid hormone (PTH) synthesis, so that there are
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dual pathways that can lead to secondary hyperparathyroidism.

 

18

 

 Vitamin D defi-
ciency and secondary hyperparathyroidism can contribute not only to accelerated
bone loss and increasing fragility, but also to neuromuscular impairment that can
increase the risk of falls.

 

19,20

 

 Clinical trials involving older individuals at high risk
for calcium and vitamin D deficiency indicate that supplementation of both can
reverse secondary hyperparathyroidism, decrease bone resorption, increase bone
mass, decrease fracture rates, and even decrease the frequency of falling.

 

18

 

 However,
in a large recent study, calcium and vitamin D supplementation did not reduce
fracture incidence significantly, perhaps because this population was less deficient
in vitamin D.

 

21

 

 The remainder of this chapter will discuss micronutrients in regards
to osteoporosis.

 

33.1 RISK OF OSTEOPOROTIC FRACTURES WITH AGE

33.1.1 C

 

ALCIUM

 

Calcium is required for normal cell function. A sophisticated system of absorption,
storage, release during lactation, and excretion in a manner that maintains the delicate
balance between mineralization and dissolution has evolved to maintain optimal
extracellular calcium concentration. The skeleton stores 99% of the body’s calcium.
Sustaining this depot requires adequate calcium absorption to overcome the oblig-
atory losses of calcium through urine, feces, and sweat. This system must also
regulate the highest rates of calcium accrual at a mean age of 12

 

1

 

⁄

 

2

 

 years in girls
and 14 years in boys. After the rapid formation of new bone, prospective longitudinal
studies in premenopausal woman have suggested that BMD falls less than 0.5%/year.
During the perimenopausal period, bone resorption accelerates, causing substantial
losses of bone. Fuller Albright elucidated this form of osteoporosis in 1940.

 

22

 

 This
form of osteoporosis was further characterized by Riggs et al.:

 

23

 

 female-to-male ratio
of 6:1, women between 51 and 65 years old, affects mostly trabecular bone, and is
associated with decreased parathyroid function. Senile osteoporosis (type II) still
affected women more than men (2:1), but occurred in men and women older than
75, affected cortical and trabecular bone, was not associated with increased bone
resorption, and had mild elevations of parathyroid hormone.

Riggs et al.,

 

24

 

 in cross-sectional studies evaluating women, showed a continued
decline in BMD even before the onset of menopause. Efforts by some investigators
to correlate changes in bone mineral density to dietary intake of calcium in otherwise
normal postmenopausal women have not always been successful. Riggs et al.

 

25

 

 and
others

 

26,27 

 

did not show a benefit with higher calcium intake on bone mineral density.

 

TABLE 33.1
Parathyroid Hormone Regulation

 

Increase PTH Lower PTH
Hypocalcemia 1,25-Dihydroxyvitamin D
Hyperphosphatemia Hypermagnesemia
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A study evaluating bone mineral density in two districts of low and high calcium intake
did show an increase in BMD in the high calcium district, but differences in physical
activity were not taken into account.

 

28

 

 

 

This same level of bone loss in elderly women
occurs in elderly men

 

29 

 

as well. As one might expect, urine calcium excretion in
postmenopausal woman was inversely correlated with BMD (Table 33.2).

 

30,31

 

This change in calcium metabolism then may make the analysis of intervention
studies more challenging. In subjects on very low calcium diets (<400 mg/day),
below the predicted requirement to balance obligatory losses, BMD does decline
significantly in postmenopausal women.

 

32

 

 In a study addressing perimenopausal
bone loss,

 

33

 

 large doses of total calcium intake (1700 mg/day) were associated with
gains in BMD of the femoral neck and whole-body calcium by a neutron

 

 

 

activation
technique. The total-body calcium

 

 

 

measurement is a mass measurement that has
greater precision than BMD. This study was placebo controlled and double blinded

 

TABLE 33.2
Contributors of Reduced Bone Mineral Density

 

Endocrine Disorders
Hypogonadism
Hyperthyroidism
Hyperparathyroidism
Hypercortisolism
Diabetes mellitus

Medications
Glucocorticoids
Anticonvulsants
Progestins
GnRH agonists
Immunosuppressives

Nutritional Disorders
Low calcium intake
Milk intolerance
Malnutrition
Anorexia nervosa
Excess dietary protein malabsorption

Surgery
Gastric bypass
Gastrectomy
Other

Alcoholism
Tobacco use
Malignancy
Chronic kidney/liver disease
Rheumatoid arthritis
Idiopathic hypercalciuria
Immobilization
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for the placebo and calcium arms. In this study, a confounder was the administrator
of 400 IU of vitamin D in the form of a multivitamin.

What are the calcium requirements? The classical way for this to be determined
was by the use of calcium balance studies. The assumption is that healthy adults
should be in balance. In a review of 212 balances,

 

34

 

 the calcium requirement was
calculated to be 500 to 600 mg daily. Nordin’s review mentions an obligatory loss
of calcium in sweat, which raises this total to nearly 800 mg daily.

 

35

 

 On average,
100 to 200 mg of calcium is lost in gastrointestinal (GI) secretions daily, 50 to 300
mg/day is lost through urinary excretion, and about 100 mg is lost in sweat on a
warm day.

If elderly individuals are losing bone, then calcium supplementation must over-
come this deficit to maintain adequate calcium stores.

 

33.1.1.1 Absorption

 

Calcium absorption can range from 10 to 60%.

 

36

 

 The highest rates occur in lactating
women. This transport may occur through a vitamin D-dependent saturable trans-
cellular means or a nonsaturable paracellular pathway. High calcium intake leads to
downregulation of active transport. Two groups have evaluated calcium absorption
in older subjects: Need et al.

 

37

 

 and Wolf et al.

 

38

 

 asked whether the efficiency of
facilitated calcium absorption declines with age. In their population of 80-year-old
men, Wolf et al.

 

38

 

 found a significant drop in fractional calcium absorption. Other
studies have documented similar findings.

 

39,40

 

 Menopause represents a major loss of
bone density. Heaney et al.

 

41

 

 documented the changes in calcium balance with the
onset of menopause.

The average adult woman over 60 years of age in the U.S. consumes 15 mol/day
of calcium, whereas a man takes in 19 mmol.

 

42

 

 Because a large majority of calcium
is complexed, high acidity is necessary for its absorption. At the duodenum, gastric
acidity is still effective in generating ionized calcium, whereas biliary and pancreatic
juices neutralize the acid in the more distal portions of the intestine. 1,25-Dihydrox-
yvitamin D induces synthesis of the calbindins, calcium-binding proteins that are
important in the transcellular transport of calcium.

 

43

 

 Other dietary agents that may
influence calcium absorption include a high-fat diet, forming insoluble soaps, and a
high-fiber diet. Most of the ingested calcium is lost in the feces. A small amount is
excreted by the kidney (4 mmol/day). Renal Ca

 

2+

 

 absorption occurs in the proximal
tubules where 70% of the filtered load is reabsorbed.

 

44

 

 Paracellular transport of Ca

 

2+

 

is mediated by a transepithelial electrochemical gradient that is generated by sodium
and water reabsorption. Twenty percenet of filtered calcium is absorbed at the loop
of Henle, and this process requires the protein paracellin-1.

 

45

 

 Fifteen percent is
absorbed through an active transcellular process that is tightly regulated by parathy-
roid hormone (PTH), an activated form of vitamin D or 1,25-dihydroxyvitamin D
{1,25(OH)

 

2

 

D} and calcitonin. Vitamin D facilitates the diffusion of calcium for
absorption by its induction of epithelial calcium channels (ECaC) at the anterolateral
membrane,

 

46

 

 increasing the expression of calbindins in intestinal and renal epithelial
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cells as well as expressing a plasma membrane Ca

 

2+

 

-ATPase (PCMA) that actively
transports calcium across the basolateral membrane.

 

47

 

By using two separate American databases, the 1994–2004 IMS HEALTH
National Disease and Therapeutic Index and the 1999–2002 National Health and
Nutrition Examination Survey (NHANES), Stafford et al.

 

48

 

 assessed calcium intake.
Among osteoporosis patients in NHANES, 64% reported using calcium-containing
supplements. Reported median calcium intake was 433 mg/day for calcium supple-
ment nonusers and 1319 (845–1874) mg for calcium supplement users. Overall, 40%
of osteoporosis patients had calcium intake exceeding 1200 mg/day.

 

33.1.1.2 Bone Mineral Density

 

Early calcium intervention trials with doses as high as 1500 mg failed to show a
significant benefit on bone mineral density in postmenopausal bone loss.

 

49,50

 

33.1.1.3 Fracture Prevention

 

Although this review was not exhaustive, there has been little discussion regarding
the contents of placebo tablets and how they themselves may affect other micronu-
trients involved in bone metabolism. It is also important to recognize that mineral-
ization of bone occurs after the matrix is produced and not before. The skeletal
demands for calcium are governed by the rate of matrix synthesis rather than vice
versa.

 

51

 

 In addition to this consideration, calcium has effects on phosphate absorp-
tion.

 

52

 

 Calcium citrate also increases the alkali load to the individual. The best
evidence to support the routine use of calcium supplementation is a randomized,
placebo-controlled clinical trial. In the largest trial, Chapuy et al.

 

53

 

 enrolled 3270
women and showed 26% reduction in nonvertebral fractures but were confounded
by vitamin D as part of the active treatment group in nursing home subjects, many
of whom were vitamin D deficient. Other, smaller studies did not show a benefit
with calcium administration of 800 to 1600 mg daily.

 

54–57

 

A double-blind, placebo-controlled study enrolled 301 healthy postmenopausal
women, half of whom had a usual daily calcium intake of 400 mg/day; the other
half had an intake of 400 to 650 mg/day.

 

32

 

 Subjects were randomized to 2 years of
therapy with placebo or 500 mg/day calcium, formulated as either calcium carbonate
or calcium citrate malate. Although calcium supplementation did not affect bone
loss from the spine in early postmenopausal women with low calcium intake, there
were small gains in BMD at the femoral neck and radius and reductions in BMD
loss at the spine among women who had been postmenopausal for >6 years and who
had received calcium citrate malate. Calcium carbonate maintained BMD at the
femoral neck and radius, but had no effect on spine BMD.

 

32

 

A second trial, conducted in healthy postmenopausal women who received
calcium or placebo for 4 years (median intake, 640 mg/day at 4 years), found
sustained, significant reductions in the rate of loss of total-body BMD in the calcium
group throughout the study period.

 

55

 

 Significantly fewer fractures occurred in the
calcium group than in the placebo group. Combining vitamin D supplementation
with calcium has been shown to reduce risk of fracture. In a 3-year double-blind
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study conducted in men and women age 65 years, 389 subjects were randomized to
calcium (500 mg/day) plus 700 international units (IU) of vitamin D3.

Compared with placebo, combined therapy significantly increased BMD at the
femoral neck and spine and over the total body. These differences were significant
at 1 year; at 3 years, only total-body BMD was significantly improved by cal-
cium/vitamin D therapy. Furthermore, the incidence of nonvertebral fracture was
significantly reduced among subjects who received active therapy.

 

58

 

 Reid et al., in
a follow-up of their initial analysis of the longest trial of over 1400 postmenopausal
women using calcium (citrate) intervention, showed a beneficial effect on BMD and
markers of bone remodeling, yet failed to show a reduction in fractures.

 

59

 

 Of note,
the mean 25-hydroxyvitmain D {25(OH)D} levels were below 21 

 

µ

 

g/l, the glomer-
ular filtration rate (GFR) was 61 ml/min/1.73 m

 

2

 

, and nearly a third had prevalent
low trauma fractures. This suggested an excellent opportunity to see the benefit of
calcium supplementation, yet a reduction in fractures was not seen in this group.
This finding occurred in light of the increase in bone mineral density of the total
hip. Based on previously mentioned work, the subjects may not have been able to
synthesize 1,25(OH)

 

2

 

D due to low stores of 25(OH)D, diminished GFR, and reduced
ability to respond to vitamin D. Also of concern is the increased incidence of hip
fractures in the calcium-treated group. Based on the intention-to-treat analysis, 5 hip
fractures occurred in the placebo group and 17 in the treatment group. At other sites
there was a trend favoring calcium, but it was not considered statistically significant.

The RECORD study

 

60

 

 also suggested a disconnection between BMD efficacy and
fracture prevention efficacy. Participants in this secondary prevention trial were ran-
domly assigned to four equal groups and given two tablets with meals daily consisting
of 800 IU vitamin D3, 1000 mg calcium (given as carbonate), 800 IU vitamin D3
combined with 1000 mg calcium, or placebo. By 2 years, compliance (defined as a
participant who took >80% of tablets) was 60% of those who returned questionnaires.
25-Hydroxyvitamin D levels were measured in only a small sample (1.1% of the study
population). Thus, the vitamin D status of the trial population at baseline remains largely
unknown, although because the patients were younger than in other studies, ambulatory,
and living in the community, they were less likely to have vitamin D deficiency. Given
the latitude of the study sites, vitamin D may still be significantly deficient.

The recommended dietary intake of calcium is 1000 mg/day for men and women
age <50 years. For those >50 years, the recommended intake is 1200 mg/day.

 

61

 

The current recommended dietary intake for vitamin D (Table 33.4) is 400
IU/day for men and women age 51 to 70 years and 600 IU/day for those 71 years.

 

61

 

Women at risk for deficiency due to inadequate sunlight exposure should receive
up to 800 IU/day.

Heaney et al.

 

62

 

 used an isotopic method and urinary calcium load test to show
that there is no significant difference between calcium carbonate when given with
a light meal and calcium citrate.

 

33.1.1.4 Risks of Calcium Supplementation

 

In the Reid study,

 

59

 

 18% of subjects complained of constipation and a significant
number stopped the active intervention because of it. This raises another important
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issue of trials using calcium: the high frequency of nonadherence due not only to
constipation, but also to the need for multiple daily doses. Using data generated by
the Women’s Health Study, Curhan et al.

 

63

 

 showed that women with the highest
calcium intake had the lowest risk for symptomatic kidney stone; however, those
women who took supplemental calcium were more likely to get nephrolithiasis. They
also pointed out the problem of improper administration of the medication, with
67% not taking it at mealtimes or with a low oxalate meal. Similar findings of
reduced stones with high calcium intake were noted in a study of men, but calcium
supplements were not significantly associated with increased risk in that population.

 

64

 

33.1.2 V

 

ITAMIN

 

 D

 

Cholecalciferol (D

 

3

 

) is the predominant form of vitamin D in fish, milk, egg yolks,
and food products that are fortified with vitamin D. Bile acids bind to vitamin D in
the small intestine to form micelles that are necessary for its absorption. Vitamin D
is then transported into hepatocytes, where it is 25-hydroxylated. The newly formed
steroid then binds to vitamin D-binding protein (DBP) or GC globulin, a globulin
protein, where 99% of 25-hydroxyvitamin D is bound. The final step in the activation
of vitamin D is the rate-limiting 1-hydroxylation that occurs principally in the kidney,
though many tissues express the 1-alpha-hydroxylase. The expression of the enzyme
is increased by low calcium, low phosphorus, and high parathyroid hormone. Vitamin
D

 

3

 

 may be generated endogenously by the effect of UV-B light on 7-dehydrocholes-
terol that is synthesized in the skin. Melanin absorbs light at the same wavelength as
the light required for the formation of D

 

3

 

; dark-skinned individuals synthesize less
vitamin D for the same amount of light exposure. Although 1,25-dihydroxyvitamin
D is considered the active compound, serum levels of total 1,25(OH)

 

2

 

D correlate
poorly with clinical disease. 25(OH)D levels are measured to assess vitamin D body
stores based on a 100-times-higher concentration in serum and the now known ability
of cells, including bone cells, to 1-alpha-hydroxylate 25(OH)D. The lowest plasma
25(OH)D cutoff is based on ensuring that plasma PTH will not be further reduced
following a vitamin D and calcium challenge, or that seasonal variations in plasma
PTH are abolished. Generally, the adverse effects of low plasma 25(OH)D begin to
accumulate at levels below 50 nmol/l (20 ng/ml). This cutoff continues to be debated.

 

65

 

Center et al.

 

66

 

 evaluated 25(OH)D levels and found a high correlation of fractures
with serum levels below 68 nmol/l in both high-risk and low-risk elderly men. These

 

TABLE 33.3
Contributors to Vitamin D Deficiency in the Elderly

 

Inadequate dietary vitamin D intake
Inadequate sun exposure
Reduced cutaneous production
Inadequate gastrointestinal absorption
Diminished renal production of 1,25-dihydroxyvitamin D
Medication-induced metabolism of vitamin D
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findings were also corroborated by the work of Bischoff-Ferrari et al.

 

67

 

 In a com-
prehensive study in Leeds, England, there was an almost linear fall in mean plasma
25(OH)D in females from about 50 ng/ml at age 25 to about 15 ng/ml at age 95.

 

68

 

Even in subjects over 60 there is a significant negative correlation of plasma
25(OH)D with age.

 

69

 

As mentioned earlier, vitamin D has multiple effects on calcium metabolism.
The main way that serum calcium is regulated is by the effect of activated vitamin
D on absorption of calcium. The skeletal effects of vitamin D are complex and seem
to be dependent upon dose and differentiation state.

 

70

 

 Bone formation and mineral-
ization are impaired in the vitamin D receptor (VDR) knockout mouse. Supplying
a rescue diet returns growth to similar levels as the wild-type mouse.

 

71

 

 Osteoblasts,
the cells of bone formation, express receptors for vitamin D. Differentiation of
preosteoblasts and expression of matrix proteins, including alkaline phosphatase, a
protein required for crystal formation, are induced by vitamin D.

 

72

 

 Metabolism of
1,25-dihydroxyvitamin D

 

3

 

 occurs by 24-hydroxylation. Recently, though, the role
of 24,25-dihydroxyvitamin D

 

3

 

 has been readdressed with the finding that bone
accrual increases in a rat model of osteoporosis.

 

73

 

A number of effects occur with aging that impact on vitamin D (Table 33.3).
There is less 7-dehydrocholesterol available in the skin to interact with UV-B radi-
ation produced by the sun.74 This reduces vitamin D synthesis. Vitamin D absorption
from the duodenum may also be reduced.40,75,76

Evidence for resistance to the effects of vitamin D have been provided by Ebeling
et al.76 In their study they used labeled calcium with and without 1,25(OH)2D
administration, showing resistance to its effects, despite higher levels of baseline
parathyroid hormone, due to reduced numbers of VDR in the elderly subjects based
on intestinal biopsies. Manolagas et al.77 also noted deficient synthesis of 1,25(OH)2D
in a population of elderly. This finding has been confirmed by others.78,79 Data
generated by Tsai and colleagues80 suggested that the reduction in 1,25(OH)2D
synthesis is related to a diminished ability by PTH (using a bovine PTH(1–34)
fragment) to stimulate 1-alpha-hydroxylation of vitamin D.

33.1.2.1 Vitamin D and Women

Multiple studies have shown a positive effect of calcitriol on preventing bone loss81

and reducing the incidence of spinal fractures.82–85

TABLE 33.4
Adequate Intake of Vitamin D

Age (years) Female Male

31–50 5 5
50–70 10 10
>70 15 15

Vitamin D (Calciferol 1 microgram = 40 IU)
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Intervention trials with vitamin D have also given conflicting data. Lips et al.86

gave vitamin D to a Dutch population, while Heikinheimo et al.87 used parenteral
vitamin D. The oral route did not show a significant difference, while the intramus-
cular vitamin D did. Cholecalciferol was administered to 213 women in Boston58

whose mean 25-hydroxyvitamin D was 26 ng/ml with a calcium intake of 14 mmol
daily. Of the 32 nonvertebral fractures that occurred, the absolute risk of fracture
was not able to be calculated from the data provided, as women and men were
grouped together. The results of Dawson-Hughes et al. also confirmed the findings
of other groups of reduced bone remodeling by showing lower osteocalcin and
pyridinoline cross-links.88,89

Trivedi et al.90 examined the effects of vitamin D (100,000 IU every 4 months
for 4 years) on a population of patients in Suffolk, U.K. They enrolled 2037 men
and 649 women. Less than 10% of patients had assessments of vitamin 25(OH)D3

or PTH. Compliance was recorded as 76%. Incident fractures at any site were reduced
20% for women but not for men by the addition of vitamin D in this study. Most
of the effect seemed to come from wrist fractures. Effects on vertebral fractures and
hip fractures were not considered significant in either gender. An open-label study91

of over 3300 elderly female primary care clinic patients at high risk of fracture also
demonstrated no benefit of 1000 mg calcium and 800 IU vitamin D3 after 2 years.
Adherence to therapy was quoted as 69%, while 25 (OH)D levels were not recorded.
The latest intervention trial92 using calcium and vitamin D was with 36,000 post-
menopausal women between the ages of 50 and 79, receiving 500 mg of elemental
calcium as calcium carbonate with 200 IU of vitamin D3 twice daily (for a total
daily intake of 1000 mg of elemental calcium and 400 IU of vitamin D) or matching
placebos for an average of 7 years. Annualized rates of hip, total, and site-specific
fractures were compared between the groups. Personal use of calcium and vitamin
D was permitted, as was the use of bisphosphonates or calcitonin. In addition, more
than half of the participants were receiving hormone replacement therapy on entry,
many as part of the active hormone replacement treatment program of the World
Health Institute (WHI). Calcium with vitamin D supplementation increased total hip
bone mineral density by 1% compared with placebo. According to an intention-to-
treat analysis, there was no significant effect of calcium with vitamin D supplemen-
tation on any of the fracture endpoints. Calcium with vitamin D supplementation
increased the risk of renal calculi by 17%. When data were excluded at the time a
woman’s adherence to therapy fell below 80%, the risk of hip fractures was signif-
icantly reduced (hazard ratio = 0.71, 95% confidence interval (CI) = 0.52 to 0.97).

WHI Points of Concern

Large percentage already taking vitamin D and calcium supplements
Not adequately powered to detect differences in hip fracture risk
Dose of vitamin D (10 µg) below previously published intervention trials
More than half receiving hormone therapy
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In terms of data from histomorphometric analysis, Orwell et al.95 followed a
group of postmenopausal women on calcium, calcium plus vitamin D, or placebo.
Interestingly, the bone biopsies suggested improved mineralization with vitamin D.

The first intervention trial of community-dwelling males did not suggest a
reduction in bone loss in those that had received 25 µg of cholecalciferol. The study
included individuals who were not elderly and had calcium intakes on average of
over 1000 mg daily.96 Dawson-Hughes et al.97 used 700 IU of cholecalciferol in the
elderly, showing a benefit on spinal bone mineral density over the 3-year trial. Only
five fractures total occurred in the males. In a younger population, Orwell and
colleagues94 found no differences in bone density with regard to male subjects who
were taking adequate oral intake of calcium.

Calcitriol or alphacalcidol (1-alpha-hydroxycholecalciferol) an activated ana-
logue of vitamin D was used in interventions to reduce incident fractures; however,
no significant difference was seen between active treatment and placebo-treated
groups in these studies with a duration of up to 3 years.95–99

Based on previous data in women, Ebeling et al.100 evaluated 41 men over a 2-
year period that already had a baseline fracture. Administering 0.5 µg calcitriol daily
did not show a benefit on spinal or femoral neck BMD when compared to 1000 mg
calcium carbonate daily. A positive benefit on fractional calcium absorption was
observed in the calcitriol group even though mean baseline characteristics suggested
no evidence of 25-hydroxyvitamin D deficiency or elevations in parathyroid hormone.

33.1.2.2 Fall Prevention

Vitamin D has been shown to be beneficial in deficient subjects. Both calcium and
phosphorus are important for muscle contraction and relaxation. Vitamin D is thought
to play a role in regulating entry of these substances. Eight weeks of vitamin D3
treatment with 800 IU (20 µg) per day combined with 1200 mg calcium was reported
to reduce secondary hyperparathyroidism, body sway, and number of falls after 1 year
in elderly ambulatory women.101 The number of fallers was not reduced, but the risk
of falling was, by 49% (95% Cl, 14 to 71%, p < 0.01). Individuals with repeated falls
had the greatest benefit of the treatment. However, the crude number of fallers was
not reduced by the treatment. In a double-blind randomized study, 122 otherwise
unselected elderly women between the ages of 63 and 99 years (mean = 85 years) in
a geriatric department were treated with 800 IU (20 µg) vitamin D3 + 1200 mg calcium
daily (n = 62) or 1200 mg calcium daily (n = 60) and followed for 12 weeks. Plasma
25(OH)D increased 71% (p < 0.0001) and plasma PTH decreased 29% (p = 0.002) in
the group receiving vitamin D. Muscle function improved significantly in this group
(p < 0.01). The nursing staff registered falls. An intention-to-treat analysis using a
Poisson regression model to adjust for baseline covariates disclosed that calcium and
vitamin D, compared with calcium alone, reduced falls. In a randomized controlled
study,102 150 women were recruited following surgery for hip fracture and assigned to
a single injection of 300,000 IU (7500 µg) D2, injection of vitamin D2 + 1000 mg
Ca/day, 800 IU (20 µg) oral D3 + 1000 mg Ca/day, or no treatment and followed for
1 year. The relative risk of falling was reduced by 52% (95% Cl = 10–74, p < 0.05)
in the groups supplemented with vitamin D compared with controls.
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33.2 OTHER TRACE MINERALS OF POTENTIAL INTEREST

33.2.1 MANGANESE

Manganese deficiency results in abnormal skeletal development in a number of animal
species. Manganese is the preferred cofactor of enzymes called glycosyltransferases,
which are required for the synthesis of proteoglycans that are needed for the formation
of healthy cartilage and bone.103 In humans, demonstration of a manganese deficiency
syndrome has been less clear. Young men who were fed a low-manganese diet developed
decreased serum cholesterol levels and a transient skin rash.104 Blood calcium, phos-
phorus, and alkaline phosphatase levels were also elevated, which may indicate
increased bone remodeling as a consequence of insufficient dietary manganese. Young
women fed a manganese-poor diet developed mildly abnormal glucose tolerance in
response to an intravenous (IV) infusion of glucose, but changes in calcium metabolism
were not noted.105 Manganese deficiency is characterized by enlarged joints, deformed
legs with thickened and shortened long bones, and lameness in pigs, ruminants, and
poultry.106 No clear syndrome of manganese deficiency has been characterized in
humans. Because there was not enough information on manganese requirements to set
a Recommended Dietary Allowance (RDA), the Food and Nutrition Board (FNB) of
the Institute of Medicine set an Adequate Intake (AI) level, a recommended intake value
based on observed or experimentally determined estimates of nutrient intake by a group
of healthy people that are assumed to be adequate. Studies in the elderly are lacking.
Women with osteoporosis have been found to have decreased plasma levels of manga-
nese and an enhanced plasma response to an oral dose of manganese, suggesting they
may have lower manganese status than women without osteoporosis. A study in healthy
postmenopausal women found that a supplement containing manganese (5 mg/day),
copper (2.5 mg/day), and zinc (15 mg/day) in combination with a calcium supplement
(1000 mg/day) was more effective than the calcium supplement alone in preventing
spinal bone loss over a period of 2 years.107 However, the presence of other trace
elements in the supplement makes it impossible to determine whether manganese
supplementation was the beneficial agent for maintaining bone mineral density.

33.2.2 MOLYBDENUM

Molybdenum (Mo) is a cofactor for at least three enzymes in humans: sulfite oxidase,
xanthine oxidase, and aldehyde oxidase. It is considered essential because it is
required for the function of these enzymes, which play a role in the catabolism of
sulfur amino acids and purine and pyrimidine. Metabolism of sulfur-containing
amino acids and the synthesis of sulfate used in the production of glycosaminogly-
cans are essential processes for bone growth.108 Isolated sulfite oxidase deficiency
has been described in which infants are born with severe brain damage. The Rec-
ommended Dietary Allowance (RDA) for molybdenum was most recently revised
in January 2001.109 It was based on the results of nutritional balance studies con-
ducted in eight healthy young men under controlled laboratory conditions. Legumes,
such as beans, lentils, and peas, are the richest sources of molybdenum. Grain
products and nuts are considered good sources, while animal products, fruits, and
many vegetables are generally low in molybdenum.
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33.2.3 COPPER

Lysyl oxidase is required for the cross-linking of collagen and elastin, which are
essential for the formation of strong and flexible connective tissue. The action of
lysyl oxidase helps maintain the integrity of connective tissue in the heart and blood
vessels and plays a role in bone formation.110 Abnormalities of bone development
related to copper deficiency are most common in copper-deficient low-birth-weight
infants and young children. Cow’s milk is relatively low in copper.110 Copper may
have a significant role in bone metabolism given its role in lysyl oxidase. The RDA
for copper reflects the results of depletion–repletion studies and is based on the
prevention of deficiency.111–114 Supplementation with copper prevented postmeno-
pausal bone loss when compared to placebo.115,116 Copper is found in a wide variety
of foods and is most plentiful in organ meats, shellfish, nuts, and seeds. Wheat bran
cereals and whole-grain products are also good sources of copper.

33.2.4 PHOSPHORUS

Approximately 85% of the body’s phosphorus is found in bone. Phosphorus is a
major structural component of bone in the form of hydroxyapatite. Although
osteoporosis is a multifactorial disease, vitamin D insufficiency can be an important
contributing factor. Without sufficient vitamin D, calcium absorption cannot be
maximized and the resulting elevation in PTH secretion by the parathyroid glands
results in increased bone resorption, which may lead to osteoporotic fracture.117 A
prospective cohort study that followed more than 72,000 postmenopausal women in
the U.S. for 18 years found that those who consumed at least 600 IU/day of vitamin
D from diet and supplements had a risk of osteoporotic hip fracture that was 37%
lower than women who consumed less than 140 IU/day.118 The results of most clinical
trials suggest that vitamin D supplementation can slow bone density losses or
decrease the risk of osteoporotic fracture in men and women who are unlikely to be
getting enough vitamin D.

Supplementation of postmenopausal women in the U.S. with 500 mg/day of
calcium and either 100 or 700 IU/day of vitamin D for 2 years slowed bone density
losses at the hip only in the group taking 700 IU/day.119 Daily supplementation of
elderly men and women with 500 mg/day of calcium and 700 IU/day of vitamin D
for 3 years reduced bone density losses at the hip and spine and reduced the frequency
of nonvertebral fractures.58 When the calcium and vitamin D supplements were
discontinued, the bone density benefits were lost within 2 years.120 In Denmark,
supplementation of elderly women with 400 IU/day of vitamin D for 2 years
increased bone density at the hip.121 An annual injection of 150,000 to 300,000 IU
of vitamin D2 (ergocalciferol) for 4 years decreased the incidence of fracture in
elderly Finnish women,89 and oral supplementation with 800 IU/day of vitamin D
and 1200 mg/day of calcium for 3 years decreased the incidence of hip fracture in
elderly French women.122 Oral supplementation of elderly adults in the U.K. with
100,000 IU of vitamin D once every 4 months (equivalent to about 800 IU/day) for
5 years reduced the risk of osteoporotic fracture by 33% compared to placebo.123

However, oral supplementation with 400 IU/day of vitamin D for more than 3 years
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did not affect the incidence of fracture in a study of elderly Dutch men and women.124

Overall, the evidence to date suggests that vitamin D supplements of about 800
IU/day may be helpful in reducing bone loss and fracture rates in the elderly. In
order for vitamin D supplementation to be effective in preserving bone health,
adequate calcium (1000 to 1200 mg/day) should also be consumed.

33.2.5 MAGNESIUM

Magnesium is required for cell energy production, nucleic acid and protein synthesis,
signaling, migration, ion transport, and a structural role in bone. Despite this, our
knowledge of osteoporosis prevention is limited. Part of the problem is the measure-
ment of an ion where only 1% is found in the blood.125 Inadequate blood magnesium
levels are known to result in low blood calcium levels, resistance to parathyroid
hormone (PTH), and resistance to some of the effects of vitamin D. The active form
of vitamin D (calcitriol) may increase the intestinal absorption of magnesium to a
small extent. However, magnesium absorption does not seem to be calcitriol depen-
dent, as is the absorption of calcium and phosphate. High calcium intake has not
been found to affect magnesium balance in most studies. In 1997, the Food and
Nutrition Board of the Institute of Medicine increased the Recommended Dietary
Allowance (RDA) for magnesium, based on the results of recent, tightly controlled
balance studies that utilized more accurate methods of measuring magnesium.126 A
large national survey indicated that the average magnesium intakes for men (about
320 mg/day) and women (about 230 mg/day) were significantly below the current
RDA. In men and women over 70 years of age, magnesium intakes were even
lower.127 Assessments for osteoporosis prevention are lacking with this trace mineral.
One epidemiologic study of magnesium intake seemed to suggest a positive relation
between total BMD and magnesium; however, the effect was only seen in Caucasian
populations.128

33.2.6 VITAMIN K

Vitamin K is a fat-soluble vitamin. The K is derived from the German word koag-
ulation, referring to the essential role of vitamin K in blood clotting. There are two
naturally occurring forms of vitamin K. Plants synthesize phylloquinone, also known
as vitamin K1. Bacteria synthesize a range of vitamin K forms, using repeating five-
carbon units in the side chain of the molecule. These forms of vitamin K are
designated menaquinone-n (MK-n), where n stands for the number of five-carbon
units. MK-n are collectively referred to as vitamin K2.129 MK-4 is not produced in
significant amounts by bacteria, but appears to be synthesized by animals (including
humans) from phylloquinone. MK-4 is found in a number of organs other than the
liver at higher concentrations than phylloquinone. This fact, along with the existence
of a unique pathway for its synthesis, suggests there is some unique function of MK-
4 that is yet to be discovered.130 The only known biological role of vitamin K is that
of the required coenzyme for a vitamin K-dependent carboxylase that catalyzes the
carboxylation of the amino acid glutamic acid, resulting in its conversion to gamma-
carboxyglutamic acid (Gla).131 Although vitamin K-dependent gamma-carboxylation
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occurs only on specific glutamic acid residues in a small number of proteins, it is
critical to the calcium-binding function of those proteins.132 Three vitamin K-depen-
dent proteins have been isolated in bone. Osteocalcin is a protein synthesized by
osteoblasts (bone-forming cells). The synthesis of osteocalcin by osteoblasts is
regulated by vitamin D. The mineral-binding capacity of osteocalcin requires vitamin
K-dependent gamma-carboxylation of three glutamic acid residues. The function of
osteocalcin is unclear, but is thought to be related to bone mineralization. Matrix
Gla protein (MGP) has been found in bone, cartilage, and soft tissue, including blood
vessels. The results of animal studies suggest MGP prevents the calcification of soft
tissue and cartilage, while facilitating normal bone growth and development. The
vitamin K-dependent anticoagulant protein S is also synthesized by osteoblasts, but
its role in bone metabolism is unclear. Children with inherited protein S deficiency
suffer complications related to increased blood clotting as well as to decreased bone
density.133 Epidemiological studies have demonstrated a relationship between vita-
min K and age-related bone loss (osteoporosis). The Nurses’ Health Study followed
more than 72,000 women for 10 years. Investigators found that women whose
vitamin K intake was in the lowest quintile (1/5) had a 30% higher risk of hip fracture
than women with vitamin K intakes in the highest four quintiles.134 The Framingham
Heart Study followed 800 elderly men and women for 7 years and found that men
and women with dietary vitamin K intakes in the highest quartile (1/4) had only
35% of the risk of hip fracture experienced by those with dietary vitamin K intakes
in the lowest quartile (approximately 250 µg/day vs. 50 µg/day of vitamin K).
However, the investigators found no association between dietary vitamin K intake
and bone mineral density (BMD) in the Framingham subjects.135 Because the primary
dietary source of vitamin K is generally green leafy vegetables, high vitamin K
intake could just be a marker for a healthy diet that is high in fruits and vegetables.136

Osteocalcin, a bone-related protein that circulates in the blood, has been shown to
be a sensitive marker of bone formation. Vitamin K is required for the gamma-
carboxylation of osteocalcin. Undercarboxylation of osteocalcin adversely affects
its capacity to bind to bone mineral, and the degree of osteocalcin gamma-carbox-
ylation has been found to be a sensitive indicator of vitamin K nutritional status.137

Circulating levels of undercarboxylated osteocalcin (ucOC) were found to be higher
in postmenopausal women than premenopausal women and markedly higher in
women over the age of 70. In a study of 195 institutionalized elderly women, the
relative risk of hip fracture was six times higher in those who had elevated ucOC
levels at the beginning of the study.138 In a much larger sample of 7500 elderly
women living independently, circulating ucOC was also predictive of fracture risk.139

Although vitamin K deficiency would seem the most likely cause of elevated blood
ucOC, investigators have also documented an inverse relationship between measures
of vitamin D nutritional status and ucOC levels, as well as a significant lowering of
ucOC by vitamin D supplementation.140 It is also possible that an increased ucOC
level is a marker for poor vitamin D or protein nutritional status.

Certain oral anticoagulants, like warfarin, are known to be antagonists of vita-
min K. A meta-analysis of the results of 11 published studies found that oral
anticoagulation therapy was associated with a very modest reduction in bone density
at the wrist, and no change in bone density at the hip or spine.141 In the absence
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of long-term intervention studies using nutritionally optimal doses of vitamin K,
evidence of a relationship between vitamin K nutritional status and bone health in
adults is considered weak. Further investigation is required to determine the physi-
ological function of vitamin K-dependent proteins in bone and the mechanisms by
which vitamin K affects bone health and osteoporotic fracture risk.

33.2.7 ZINC

The biology of zinc is linked extensively to hormone metabolism. Notable examples
are the zinc finger motifs of regulatory proteins required for hormonal signals to
regulate gene transcription.142 Zinc has been reported to have roles in the synthesis,
transport, and peripheral action of hormones. Low dietary zinc status has been
associated with low circulating concentrations of several hormones, including tes-
tosterone,143 free T4,144 and insulin-like growth factor (IGF)-1.145 Previous studies
of animal models have suggested a correlation between zinc deficiency and bone
disease.146 In women, a role for zinc has also been suggested.147,148 However, no
studies have directly related hormone concentrations to decreases or increases in
zinc intake. In the Rancho Bernardo cohort, BMDs for the hip, spine, and distal
wrist were significantly lower in men in the lowest plasma zinc quartile (11.3 mol/l)
than in men with higher plasma zinc concentrations. The association between plasma
zinc and BMD was cross-sectional, longitudinal, and independent of age or body
mass index. However, zinc levels were not predictive of future bone loss during the
4-year trial. Most of the nutrients that were correlated with zinc intake were from
animal products. The strong collinearity between zinc intake and other protein-
related nutrients precludes the designation of any single nutrient, including zinc, as
causally associated with osteoporosis.149 The investigators previously reported that
animal protein (correlated with zinc) is positively associated with BMD among
Rancho Bernardo Study participants.150

33.3 CONCLUSIONS

Osteoporosis continues to claim the lives and livelihoods of many older adults. Our
current view has focused on attainment of high bone mineral density as our best
defense against fracture, as the reviewed studies have demonstrated that changes in
bone mineral density do not always correlate with fracture reduction. Clearly, benefits
from treatment with calcium supplements and vitamin D occur in those individuals
with negative calcium balance and vitamin D deficiency, respectively. The recom-
mendations to go beyond these needs do not seem to be supported by the current
evidence. Fortunately, the side effects of exogenous calcium are usually low impact
and self-limited. In a Westernized society, our concern is our convenience; it is
usually easier to take a pill than to keep milk products available. We should continue
to take extensive diet histories and counsel on lifestyle factors to attain adequate
calcium intake, especially in growing adolescents, when the need is greatest. Much
more research is needed to address the trace minerals in our environment that may
have special applications for the elderly due to physiologic changes that occurs in
these individuals. At the same time, we must be wary of those who sell various
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supplements for attaining better bone health, making claims that may not be sup-
ported by the available evidence. Finally, this research points to the need to better
understand the matrix of bone, as this is where the crystals reside. If there is no
ground substance, no castle may be built.
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Tomatoes and oregano make it Italian; wine and tarragon make it French. Sour cream
makes it Russian; lemon and cinnamon make it Greek. Soy sauce makes it Chinese;
garlic makes it good.

—Alice May Brock

34.1 INTRODUCTION

The U.S. prides itself as the “melting pot of the world.” This is reflected in many
ways, from our fashions to our transportation choices to our food. Fast food, ranging
from Southern fried anything to salad bars to stir-fried Chinese dishes, is readily
available in most towns anywhere in this country with more than 10,000 residents.
However, we forget how recent this phenomenon is and how much of it has been
driven by the youth of the nation. A visit to the local fast food restaurant may find
several elderly men drinking coffee and discussing world events, but few of them are
eating food that is not some variation of steak and eggs with a side of fried potato
covered with ketchup. These staples got them through years of hard work and are
seldom replaced by soft drinks, flavored lattes, and rice. Although some have certainly
embraced hamburgers as a more chewable substitute for steak, and some have even
come to appreciate the piquante qualities of fresh salsa, most continue to enjoy good
old-fashioned home cooking (even if it is done in a commercial kitchen rather than
at home). Familiar food is enticing and comforting. This chapter summarizes research
that shows health care providers why they should consider ethnic food preferences
in diets of elderly people for whom they are making nutrition choices.
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34.2 CULTURAL INFLUENCES IN FOOD PREFERENCES

Much research has shown that ethnicity plays a role in food preferences of both
young1 and old2 humans. Gender also plays a role in food preferences for many
ethnic groups.3–6 Such results have been complemented by more cross-cultural
research7–9 on the Food Habits in Later Life (FHILL) study, in which cohorts of
participants 70 years of age and older from five long-lived cultures (Swedes in
Sweden, Greeks in Greece and Australia, Anglo-Celts in Australia, and Japanese in
Japan) were asked about health, lifestyle, and diet. Participants were followed for 7
years. This study showed that diet is the most positive predictor of survival in these
cohorts, and smoking was the most important negative predictor of survival. Nutri-
tional variables such as a high intake and variety of plant foods (especially vegetables,
legumes, and fruit) and seafood and a low intake of meat contributed to longevity
across cultures.9 The most easily recognized diet of this type is the Mediterranean
diet,10 which was the dietary pattern of people living in olive-growing areas of the
Mediterranean region in the mid-20th century. Indeed, there is evidence that the
overall dietary pattern of the Mediterranean diet, rather than specific food items, is
what is responsible for overall survival of people over the age of 70 who are living
in the Mediterranean region.11 Another diet associated with longevity was first
recognized in a study of the Okinawan food culture of the Ryukyu Island of Japan.12

Okinawans have one of the longest life expectancies and lowest disability rates in
the world. Their diet consists of large amounts of Satsamu sweet potato, plant foods
such as seaweed and soy, herbaceous plants, fish and pork, and green tea and
kohencha tea. Cultural food-centered festivals are thought to maintain strong ties
between food and health.12 Food and health are also strongly correlated in other
cultures. Chinese philosophy holds that there must be a balance of hot and cold
foods.13 Elderly Vietnamese consume rice for both lunch and supper and 94% do
not snack.14 African Americans in Philadelphia reported specific cultural attitudes
about where and with whom food is eaten.15 African Americans in Florida reported
a general perception that “eating healthfully” meant turning their back on their
culture in an effort to conform.16 Ojibway-Cree Indians in northern Ontario perceived
Indian foods as healthy and white man’s food as unhealthy.17

Culture, however, is not static. Therefore, neither is food culture static. This
concept is particularly important now that the world is experiencing increased glo-
balization, where both acculturation and ethnic mixing are becoming more common
cultural phenomena.

34.2.1 FIRST-GENERATION PATTERNS

A study of Hispanics, 60 years of age and older, in Massachusetts showed that
Hispanic elders consumed significantly less saturated fats and simple sugars and
more complex carbohydrates than did non-Hispanic whites. However, the more
acculturated the Hispanic elders became, the fewer ethnic foods and the more foods
related to a non-Hispanic-white diet they consumed.18 Similar changes in food
consumption occurred in Chinese Americans living in Pennsylvania.19 After immi-
gration, dietary variety increased, with consumption frequency of American food
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increasing and consumption frequency of traditional Chinese foods decreasing. The
longer they remained in the U.S., the greater their consumption of vegetables,
fats/sweets, and beverages. Similar dietary changes were observed in a study com-
paring food habits of ethnic Japanese living in Hiroshima with those of ethnic
Japanese living in the Hawaiian Islands and in Los Angeles.20 The Japanese Amer-
icans had increased the amount of animal fat, simple carbohydrates, and total energy
intake and had decreased the complex carbohydrates in their diet,20 compared to the
Japanese. A comparison of elderly Greek immigrants in Australia with Greeks in
Greece showed similar dietary changes: greater consumption of meat, legumes,
protein, margarine, polyunsaturated fats, and beer and lower consumption of cereals,
carbohydrates, wine, and olive oil, with corresponding increases in deteriorating
health (as defined by self-reported health conditions and prescribed medications).21

Immigrant Asian Indian families in Newfoundland self-reported that they felt that
their changing eating patterns, due either to their inability to find traditional Indian
foods or to the fact that they had to change methods of food preparation, carried
potential health risks.22 One study has shown that Asian American elderly in Chicago
consume too little dietary calcium,23 which puts them at risk for falls and fractures.
This study also reports that many Korean elderly consume too little protein and
vitamins A and C,23 leaving them vulnerable to fatigue, vision problems, and weight
loss. Finally, most Asian Americans are underweight,23 implying that caloric intake
should be a priority for this group.

34.2.2 HEALTH CONSEQUENCES OF IMMIGRATION ARE NOT ALL BAD

Although immigration often causes decreased nutrition-related health of the immi-
grants, oftentimes the host citizenry experiences increased nutrition-related health.
Australia is a prime example. Australian eating patterns have become increasingly
diverse following 300 years of immigration from Europe, China, Afghanistan, Viet-
nam, and Southeastern Asia. Food security has increased, as has food diversity, and
fresh foods have become more prevalent.24 In Melbourne, the adoption of the Med-
iterranean diet for 3 years by both elderly Anglo-Celts and Greek Australians
increased their survival.25 Thus, there appears to be a compelling benefit to elderly
people who adopt healthier diets than they have been accustomed to.

34.3 NOT ALL ETHNIC DIETS ARE PERFECT

Despite the plethora of research studies that have shown that specific ethnic diets
improve longevity, it is also true that there is room for improvement in many ethnic
diets. Several examples exist in the literature of how specific diets are correlated
with increased morbidity. The amounts of sodium, potassium, and calcium ingested
by South African ethnic groups differ. White South Africans have higher sodium
and calcium intakes than their black and mixed-ancestry counterparts. All studied
groups had potassium intakes below the recommended dietary level. These dietary
differences were correlated with differences in blood pressure.26 Risk of colon cancer
in the U.S. is correlated with high refined carbohydrate and red meat consumption
in Caucasians, and with frequent intake of dairy food in African Americans.27 The
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risk can be mitigated somewhat in both populations with increased consumption of
fruits and vegetables (particularly dark green vegetables). The role that salt plays in
traditional foods in southern rural communities of African Americans, Native Amer-
icans, and Caucasians is often at odds with biomedical links to chronic disease.28

None of the survey participants met minimum U.S. Department of Agriculture
(USDA) recommendations for meats, fruits, and vegetables, and all three groups
overconsumed fats, oils, sweets, and snacks.29 A multicenter case-controlled study
of African American, Caucasian, Japanese, and Chinese men in Canada and the U.S.
has uncovered a link between prostate cancer and the lack of legumes and yellow-
orange and cruciferous vegetables in the diet in all ethnic groups.30

Studies such as the ones described above have all contributed to the publication
of the position paper of the American Dietetic Association that states that older
Americans should have access to comprehensive food and nutrition services that are
appropriate and culturally sensitive,31 regardless of whether they live at home or in
a congregate living setting. The position paper goes on to indicate that dietetics
professionals can take the lead in researching and developing appropriate networks
to deliver food and nutrition services across the spectrum of aging. In response to
this position paper, the remainder of this chapter will discuss some of the challenges
and opportunities that are faced by health care providers in accomplishing this
laudable goal.

34.4 BARRIERS AND PROPOSED SOLUTIONS
TO MAINTAINING NUTRITIONAL HEALTH

Good nutrition is necessary to maintain quality of life. Elderly nutrition programs
(ENPs) were mandated in 1972 through Title III of the Older Americans Act. These
ENPs include both pre-prepared meals and nutrition education. Some ENPs are
provided to people living at home, and others are provided to elders in congregate
living settings. The need for ENPs has been so great nationwide that state, local,
and volunteer agencies have joined the federally financed programs in addressing
the demand.

Delivery of nutritious meals is just the first step in improving the nutritional
health of elderly persons. The success of these programs is also affected by how
well elderly recipients perceive and utilize these meals. Several studies have
addressed the various components of a successful nutrition education program, and
some have addressed the role that ethnicity plays in those components.

The adoption of healthy eating habits has many influences, including the types
of choices elderly persons make about their lives. European elders in Dublin iden-
tified three reasons to practice healthy eating: (1) to stay healthy, (2) to prevent
disease, and (3) to promote quality of life. They also identified three barriers that
prevented them from doing so: (1) self-control, (2) resistance to change, and (3)
cost.32 Knowing what needs to be done is one thing, but deciding to act, regardless
of the barriers, is quite another.

Getting people to adopt healthy eating practices takes time. Perkins-Porras et
al.33 showed that people go through stages of precontemplation, contemplation, and
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adoption. Individuals most likely to adopt more fruits and vegetables in their diets
are younger, more educated, and more likely to be female than those who are not
about to change eating habits. ENPs may provide fruits and vegetables, but meal
recipients may not be prepared to eat them.

Eating patterns (number and timing of meals) should also be considered when
developing nutritional programs. Traditional Greek eating patterns (greater number
of meals/snacks daily, two or more cooked meals daily, main meal consumed at
lunchtime, consumption of alcohol with meal) were self-reported to be positively
correlated with lack of obesity.34 Such constraints may not be practical in ENPs that
provide one or two meals daily, especially for elders who live in the community, but
they should be considered in congregate care settings.

Some barriers to participation by ethnic populations in ENPs are due to percep-
tions and attitudes on the part of the people who are eligible for the service. These
barriers include (1) lack of knowledge about the availability of the meal programs
or misunderstanding of the eligibility rules, (2) unfamiliarity with and dislike of
foods served by the ENPs, and (3) a sense of stigma attached to receiving the meals.35

Such concerns must be addressed in education and recruitment programs associated
with ENPs.

Another special aspect of ethnic meals involves the delivery of religiously appro-
priate meals. For example, Muslims and Mormans do not eat food prepared with
alcohol. Jews require kosher food and Muslims require halal meals. The availability
of these special foods is often prevented by lack of provider knowledge of special
dietary laws, lack of assistance in supporting the higher cost of these meals, and
difficulty in keeping up with growing demand.36 Again, knowledge about these
barriers allows the health care provider to be better prepared to address these barriers.

Delivery of nutrition education has special barriers in ethnic populations for
whom English is not the primary language or for whom literacy level is low. These
literacy challenges suggest that menus for healthy meals must be presented visually
in a manner that is informative, engaging, appetizing, and ethnically appropriate.37

Life is replete with examples of miscommunications about packaging. For example,
care should be taken if pictures of animals are included in explanatory literature.
While a picture of a goat or a cow may elucidate the origins of the entrée, mood-
setting pictures of common household pets may cause misunderstanding about what
is about to be eaten.

34.5 EFFECTIVENESS OF ELDERLY NUTRITION 
PROGRAMS (ENPS)

Because poor nutrition is associated with longer hospital stays, early entry into
nursing homes, compromised immune systems, and reduced quality of life, it is
important to provide nutritious meals and nutrition education through the ENPs to
elders at high risk for undernutrition. Huge demands for ENPs and limited funds
for such meals mandate careful allocation of resources. Therefore, it is important
for programs to determine who their most vulnerable potential recipients are. People
at highest nutritional risk in northern Florida are most often dwelling in urban areas,
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female, African American, self-reported to be in poor health, and have limited access
to medical care.38 Those at greatest risk for poor nutrition in the Texas Lower Rio
Grande Valley appear to be unmarried, rural, homebound Mexican Americans.39 The
more vulnerable DeKalb County, Georgia, residents have been identified as African
American women,40 people who live alone,41 and people who voice specific food
preferences.42 Thus, people living in the community have multiple factors that deter-
mine their degree of vulnerability to nutritional risk. Those factors differ between
communities and must be reassessed periodically to determine each factor’s contin-
ued applicability. Such reassessments ensure that limited resources are going to the
areas of greatest need.

For nursing home residents, the maintenance of adequate nutritional intake is a
special challenge. Illness, disability, and declining quality of life have already led
to nursing home placement. To varying degrees, these folks require assistance with
eating, from food selection to meal preparation to the actual act of eating. Dietary
supplements, multivitamins, nutraceuticals, and special diets are the focus of other
presentations in this book and will not be discussed here. However, one final topic
of discussion for this chapter, in relation to ethnic foods, remains: the role that the
ultimate ethnic food, comfort food, plays in nutritional risk.

Mealtime is an intensely social event. Shared dining experiences, most particu-
larly those with family and friends, provide all of us with powerful memories.
Whether the memories are of good food, special recipes, celebrations, special holi-
days, Sunday dinners, or even favorite cooking disasters, those stories add richness
and pleasure to eating.43 Comfort foods play a special role in those memories. These
are foods that evoke strong memories that provide comfort and a feeling of well-
being when ingested. The particular food is individualistic and often related to
childhood memories of security and happiness. The identity of comfort foods differs
across age, gender, and culture. In a study of 1416 individuals in North America,
men were found to prefer warm, hearty comfort foods, such as steak, casserole, and
soup, and reported strong positive feelings when eating these foods; women preferred
foods such as chocolate and ice cream and often reported feelings of guilt when
eating them; and people younger than age 55 preferred snack-related comfort foods.44

These findings were corroborated with a different study, a Web-based survey of 275
Canadians.45 In this study, men self-reported that they consumed comfort food when
feeling positive and women reported that they consumed them because they were
feeling negative. Additionally, those who were of French cultural background
reported eating comfort foods when they were feeling positive, and those of English
cultural background reported intense negative emotions prior to consuming comfort
foods. Recent research46 indicates that the physiological basis of eating comfort
foods is stress that results in elevated glucocorticoids (GCs). The GCs, in turn,
stimulate the drive to ingest comfort foods. The resulting deposition of these
increased energy stores as abdominal fat appears to reduce the influence of chronic
stress. While many weight-conscious individuals may not welcome this scientific
explanation, it is good news for people who are planning menus for nursing home
residents. The offering of comfort foods and tasty, high-calorie beverages in a social
setting tends to stimulate caloric intake in people who are underweight and at risk
of undernutrition.47
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34.6 SUMMARY

Good food is an essential key to quality of life. Even as disease and disability take
their toll, quality of life can be sustained if food is enjoyed and nutritional risk is
minimized. The conscientious health care provider must use every arrow in the
armamentarium to ensure that adequate quantity and quality of food is ingested.
This provider is best aided by a more complete understanding of the psychology, as
well as the physiology, of eating. Tantamount to the psychology of eating is an
understanding of the role that ethnicity plays in food, its choice, its presentation, its
preparation, and its ingestion. This chapter has summarized many of the studies that
have contributed to that understanding. Ethnic food choices can be either good or
bad for health. Adoption of the good components to maintain health is appropriate
both for ethnic elders who prefer that food and for others who embrace variety in
their eating choices. Limited but appropriate use of the bad components to stimulate
appetite and interest in food is warranted for those ethnic elders who have lost interest
in food and perhaps would benefit from increased socialization and feeling increased
security, which are often associated with familiar foods. Finally, the judicious use
of comfort foods, those foods that evoke feelings of security but are often of poor
nutritional value, is also warranted in cases of elders who have lost interest in eating.
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Enteral and parenteral nutrition may provide sustenance to patients unable to eat or
absorb food. Patients require this form of nutrition for a multitude of reasons that
has led to a decline in their health, leading to death. Malnutrition is known to increase
infection risk, lead to poor wound healing, prolong hospital stays, lead to multiorgan
dysfunction, increase postoperative complications, and increase mortality. As in all
aspects of medical decision making, one has to ask whether the benefit of a treatment
outweighs its risks. The aim of providing hydration and nutrition is the perceived
benefit. Yet the decision to start enteral nutrition and whether it will change mortality
or improve quality of life is complex and is intertwined with much social, religious,
and psychological conflict. Misperceptions remain among physicians, patients, and
family members in regard to clinical tolerance to poor intake of nutrition and
hydration in terminally ill patients, the risks and benefits of long-term tube feeding,
and the ethical issues related to these treatments. The act of eating is of symbolic
importance for patients and families. Family members associate food with health,
and helping someone eat can be an important nurturing act. Thus, losing the ability
to eat is felt to lead to starvation.1 The legal system over the last several decades
has developed a framework of laws to help solve some of the nutritional choices
that we have. This chapter will review and analyze these issues to aid in decision
making for enteral nutrition.
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35.1 CONSIDERATIONS FOR ARTIFICIAL NUTRITION

Consideration for nutritional support must always take into account what the patient
desires and, to a lesser degree, the family’s wishes, especially if the patient is
cognitively impaired (delirium, dementia) or is incapacitated (persistent vegetative
state) to make a decision on the benefits or risk of nutritional support. Advance
directives, if available, must be respected. There are considerations that one must
consider before starting nutritional support (Table 35.1). A multitude of patients with
chronic illnesses commonly receive enteral feeds. In one study by Johnson et al.,2

8.2% of 190,769 patients with a cancer diagnosis were receiving enteral feeding. In
a group of demented patients (n = 1386), 9.7% were receiving enteral feeding.3

Starting enteral nutrition requires informed consent. The process must be explained
to the patient and its risks and benefits discussed.

The prognosis and outcome of the patient’s illness and the effect of nutritional
support on prognosis should also be discussed. Patient and surrogates should under-
stand that the potential benefit of enteral nutrition or lack of benefit will require on
their part a burden of undergoing a procedure as well as the risks from that procedure.
The psychological and religious burden may also be discussed. The potential benefits
discussed revolve around whether enteral feeding improves survival, improves qual-
ity of life, provides comfort, and corrects metabolic abnormalities that may have an
impact on outcome of medical care. This beneficence is required prior to the patient
giving consent. A physician is free to propose therapy, but not necessarily use such
therapy. A physician who cannot explain or will not explain the unbiased risks and
benefits should remove himself and find an alternate provider to obtain consent.
Since many patients rely on their physician for support in decision making, the
physician is also free to render an opinion or advise the patient. Self-determination
must be respected, and intrusion by family or physician must be avoided. If the value
of nutritional support is unclear or undefined, a limited trial may be considered and
goals of care and outcome evaluated. Nutritional support is not mandatory when it
is burdensome or of no proven medical value.4 Issues of perceived improvement in
quality of life and improvement in outcome must regard the underlying disease
process, because unrealistic or impractical goals may cause confusion among patients
and their families. There are noted appropriate indications for a percutaneous endo-
scopic gastrostomy (PEG) (Table 35.2).

TABLE 35.1
Nutritional Support Considerations

a) Potential benefit of therapy
b) Potential risk of therapy
c) Patient’s life expectancy
d) Patient’s quality of life
e) Patient’s wishes for feeding tubes
f) Family’s wishes if patient’s wishes are unknown or unobtainable
g) Patient’s prognosis
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Several strategies exist than can be used to assess the appropriate use of feeding
tubes. The feeding tube can be used as the sole source of nutrition. If oral intake is
insufficient to meet nutritional requirements, it can be used in a transitory or per-
manent way, and as an adjuvant to parenteral nutrition if it fails to meet the nutritional
needs of the patient. The percutaneous gastrostomy (PEG) tube is the most common,
and it is the preferred route when enteral feeding is expected to last for more than
4 weeks, as recommended by the American Gastroenterological Association.5 Naso-
gastric tube feeding carries a higher risk of self-extubation, aspiration, and patient
discomfort. Gastrostomy tubes can be inserted endoscopically, surgically, or radio-
logically. Tube feeding is physiologically more advantageous, has fewer complica-
tions, and is less costly than parenteral nutrition.6 Physicians, patients, and families
perceive tube feeding as less invasive. Gastric rather than jejunal feeding should be
used when possible. An infusion pump is not required for gastric feeding. Jejunal
feeding should be considered for patients with tube feeding aspiration, clinically
important gastrointestinal motility disorders, or insufficient stomach from previous
resection; children gastroesophageal with reflux; and those who require feeding distal
to an obstruction. Jejunal feeding requires a continuous infusion pump, and medi-
cation administration may be compromised due to certain medications being acti-
vated in the stomach or absorbed more proximally. Complications such as bleeding,
infection, and peritonitis have been reported to be about 1 to 3% of patients receiving
a PEG. The Veterans Administration PEG study showed serious complications to be
at 3.9% at 30 days.7 Although aspiration risk was low initially, long-term follow-up
over 11 months showed that the rate of complication, including aspiration pneumo-
nia, was 15%.7 PEG tubes are placed successfully 98% of the time.8 Tube feeding
can be initiated as early as 4 hours after placement.

35.2 PREVALENCE OF TUBE FEEDING

PEG tube placement was introduced in 1980 and has become the method of choice
for providing long-term nutrition.9 Approximately 61,000 PEG tubes were placed in
1988, and 121,000 were placed in 1995.10 These numbers reflect PEG tubes placed
in hospitalized patients and do not include tubes placed in outpatients or in
HMO–Medicare beneficiaries. The above estimates include tubes placed by all
methods. Nationwide, 18% of nursing home residents who were cognitively impaired
had a feeding tube in 1999, based on the National Repository of the Minimum Data

TABLE 35.2
Appropriate Indications for PEG

a) Dysphagia secondary to reversible disease
b) Incurable disease with survival potential
c) Loss of the ability to eat
d) Primary neurological disorders with likelihood of prolonged survival and improved quality of life
e) Severe upper gastrointestinal motility disorders (for decompression)
f) Growth failure in children
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Set among 385,741 nursing home residents.11 Resident characteristics associated with
greater likelihood of feeding tube use included younger age, nonwhite race, male sex,
divorced marital status, lack of an advance directive, recent decline in functional
status, and no diagnosis of Alzheimer’s disease. Residents who lived in facilities that
were for profit, were located in an urban area, had more than 100 beds, and lacked
a special dementia care unit had a higher chance of having a feeding tube.12 The
frequency of usage of enteral tube feeding varies from state to state but is not due to
variability in state laws.13 Overall, 18.1% of patients with severe dementia received
a feeding tube after initial evaluation; yet, there was significant state-to-state variation,
from as low as 3.8% of dementia patients in Nebraska receiving enteral feeds to as
high as 41.8% of patients in the District of Columbia.14 A European multicenter
survey15 showed differences among European centers in their usage of home enteral
feeding. It showed that enteral feeding is predominantly used in patients with dys-
phagia from neurological disorders or cancer. The rate of usage in Europe is two to
three times lower than in the U.S.15 Differences exist between countries in regard to
the age and underlying disease of those offered enteral feeding.15 In the U.K., from
1996 to 1999, only 146 patients with head and neck cancer were on enteral feeds,
compared with 5037 with cerebrovascular disease.16 In Italy, during the period of
1992 to 1999, 1900 patients who suffered from head and neck cancer and 1647 from
cerebrovascular disease received enteral feeding.17 Intercountry differences appear to
be due to recognized differences in medical practice.

35.3 IS ENTERAL NUTRITION AND ENTERAL TUBE 
FEEDING BENEFICIAL?

Identifying persons at risk for undernutrition is important so that prognosis can be
improved as well as quality of life. Without adequate nutrition, death will occur.
However, quality of life has subjective and objective meanings, and its definition
varies from person to person. It is difficult to assess quality of life in a person without
interference from one’s own bias. Many sick patients want to eat but are unable to
because of anorexia, nausea, dysphagia, depression, and altered sense of smell or
taste. Anorexia, which often accompanies illness, is mediated by cytokines. In the
elderly, anorexia related to illness may be superimposed with what is termed the
anorexia of aging. Conflict may arise when the patient’s underlying medical condi-
tion is unlikely to improve. As such, a care plan without enteral feeding can be
considered. The complication rate for enteral feeding is high. Several large-scale
studies have demonstrated persistent complications as well as high mortality rates
(Table 35.3). No prospective, controlled, randomized studies have been conducted
to examine the efficacy of PEG placement due to ethical reasons.

Enteral feedings have also not shown any benefits in existing wound healing or
with protection from new pressure sores.27,28 In an observational study, prevalence
of pressure ulcers was not affected by enteral feeding.28 Stratton et al.30 conducted
a meta-analysis on the effect of oral and enteral nutrition on wounds. They found a
trend toward improved wound healing, but a fair number of the studies had small
numbers of patients, historical controls, and lacked statistical power. Rimon et al.31
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looked at 674 patients in a prospective study who were severely demented and noted
higher mortality in males, those with feeding difficulty, those who were diabetic,
those over 80 years old, and those referred from the hospital (Table 35.4). The most
serious pulmonary complication of tube feedings is aspiration of gastric contents.
As many as 40% of deaths associated with tube feedings result directly from aspi-
ration pneumonia.32,33 Callahan et al.34 examined 150 patients who received a PEG
tube. They were monitored in a community setting. The patient groups in the above
study included stroke (42%), neurodegenerative disorders (35%), and cancer (13%).
Mortality at 30 days was 22 and 50% at 1 year. Nutritional as well as functional
and laboratory measures were followed. Although no control group was available,

TABLE 35.3
Enteral Feeding Outcomes

Reference Number of Patients Mortality

1) Oyoga et al.18 100 41% (1 month), 4% from procedure
2) Abuksis et al.19 Admitted from NH 39.5% (1 month)
3) Grant et al.10 81,105 (retrospective) 23.9% (1 month), 63% (1 year), 

81.3% (3 year)
4) James et al.20 126 (with CVA and dysphagia) 28% (died in hospital)
5) Kaminski et al.21 102 (N = 37 <65 years/old, N = 65 

>65years/old)
3% <65 years/old, 35% >65 
years/old

6) Loser et al.22 210 (followed for 4 years) 34% (1 year)
7) Nicholson et al.23 168 (NH) 34% (2 years)
8) Cataldi-Betcher et al.24 70 (NH) 46% (6 months)
9) Campos et al.25 70 (NH) 46% (6 months)
10) Mitchell et al.3 1386 dementia (NH) No difference in 2 years between 

tube-fed and not
11) Finucane et al.11 Dementia Survival not prolonged (wounds 

and ADLs not improved)
12) Dennis26 Stroke patients No improvement in clinical 

outcome

Note: NH = nursing home; ADL = activity of daily living

TABLE 35.4
Survival after PEG Using Cox Regression

Number
of Patients

Hazard 
Ratio

Confidence
Interval p Values

Male 365 1.22 1.00–1.47 <0.05
Feeding difficulty 280 1.22 1.00–1.47 <0.05
Referral from hospital 244 1.44 1.19–1.74 <0.001
Diabetes mellitus 98 1.40 1.09–1.80 <0.01
Age >80 years 365 1.39 1.15–1.68 <0.001
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no significant improvement was seen in body mass index, triceps skinfold thickness
(nutritional), activities of daily living, upper and lower body functions (functional),
and albumin and total cholesterol levels (laboratory). Stratton et al.35 looked at
dialysis patients in a meta-analysis in which oral supplements or enteral nutrition
was given. There was an improvement in albumin and an increase in caloric intake,
but no improvement in outcome or survival was noted. Several factors have been
associated with high risk of complications and early mortality after a PEG36 (Table
35.5). Several exceptions have been found that suggest tube feedings benefit elderly
patients. A study by Mazzini et al.37 showed that patients with amyotrophic lateral
sclerosis with bulbar involvement improved survival and enhanced quality of life.
Kaminski et al.21 looked at a cohort of ICU patients who were very sick and required
enteral feedings. There was some benefit in comatose patients. No benefit was seen
in patients who had chronic obstructive pulmonary disease, multiple-organ system
failure, and end-stage renal disease. In a meta-analysis by Simpson et al.,38 enterally
fed patients performed poorly compared to parenterally fed patients in an ICU setting
even though there was a higher risk of systemic infection in parenterally fed patients.
Studies suggest that nutritional support may be helpful for severely malnourished
patients with cancer in certain perioperative settings, those receiving chemotherapy
in the setting of hematopoietic stem cell transplantation, and patients with head and
neck cancer.39,40 Thus, enteral feeding has not shown benefits in demented patients
who are unable to eat; it does not improve pressure sore outcomes and has not been
shown to reduce infection. Functional status has not been improved, and demented
patients are not made more comfortable. Furthermore, multiple side effects have
been reported.41

35.4 THE ETHICS OF ENTERAL FEEDING

Beauchamp43 described four principles (Table 35.6) that are involved in the ethical
decision-making process between the physician, family, and patient when discussing
enteral nutrition. They are (1) autonomy (self-determination), (2) beneficence, (3)
nonmaleficence, and (4) justice. Autonomy necessitates that informed and educated
consent be given in order for care to be received by the patient. The physician cannot
decide what is good for the patient without respect to his or her autonomy. Benef-
icence is the perceived benefit of a medical intervention (enteral feeding) that will
provide a net positive effect on health or outcome. Nonmaleficence entails avoiding
a procedure or treatment that would bring harm to the patient. Justice refers to the

TABLE 35.5
Factors Associated with High Complications after PEG

1) Age >80
2) Dementia
3) BMI <16.5
4) Recent bronchopulmonary infection
5) Albuminemia <30 g/l
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quality of care being fair and involves the just allocation of medical resources across
a community. One can also consider futility, which involves the concept that an
intervention has no effect or would not provide benefit to the patient if it had an
effect. Precedence is given to autonomy over beneficence. If informed consent is
obtained, then the presumption is that enteral feeding will provide net benefit to the
patient and will not cause harm, the benefits outweigh the risk of the procedure
itself, and placement would be offered regardless of socioeconomic status and
financial circumstances.

Several landmark cases have shaped the laws and ethics that have influenced the
decision making for enteral feeding. In the 1970s, there was a prevailing attitude
that argued for providing nutritional support regardless of the disease process, clinical
prognosis, or patient population.44 Paternalism was felt to be an integral part of the
decision making, in which the doctor decided what was good for the patient. Pro-
vision of nutrition and hydration was seen as ordinary care. Providing nutrition was
considered a basic nonaiverable responsibility on the part of the physician. With-
drawal of nutrition and hydration was felt to result in a prolonged and painful death.44

In the last 25 years, four landmark cases have had judgments by the Supreme Court
that have led to changes in how we approach enteral feeding. The Karen Quinlan
case45 in 1976 involved a young woman who was in a vegetative state from a drug
overdose for 12 months. Her parents chose to withdraw mechanical ventilation,
which they viewed as extraordinary care. Her enteral feedings were continued
because they were viewed as ordinary care. She went on to live 9 more years. The
New Jersey Supreme Court allowed the withdrawal of mechanical ventilation, yet
it did not define whether certain categories of care could be stopped or continued,
and whether withdrawal of therapy was limited to incompetent patients or patients
suffering from terminal conditions.44 It confirmed that a competent person has the
right to refuse unwanted life-sustaining treatments and that this right is not lost if
the person becomes incompetent.

The Barber44 case in 1983 involved a man who suffered a severe anoxic brain
injury as a result of cardiopulmonary arrest after surgery. The patient’s spouse
requested cessation of intravenous fluids and enteral feedings because her husband
had specifically indicated he never wanted to be another Karen Quinlan. The patient
soon died after withdrawal of therapy. The physician and surgeon involved in the
case were indicted for murder but later had charges dropped because of the wife’s
assertion that her husband did not want to be in that state. This case highlighted the

TABLE 35.6
The Ethical Principles

Principle Approach

1) Autonomy The obligation to provide benefits and balance benefits against rights
2) Beneficence The obligation to avoid harm
3) Nonmaleficence The obligation to respect the decision-making capacities of autonomous persons
4) Justice Obligations of fairness in distribution of benefits and risk
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lack of a living will, power of attorney, or written statement by the patient regarding
his wishes. The Elizabeth Bouvia case in 198646 involved a 28-year-old woman with
severe cerebral palsy, who was completely bedridden, immobile, and in constant
pain from contractures and arthritis. She was totally competent, however. Her oral
intake was insufficient to sustain her nutritional needs. As her weight dropped to 65
pounds, a feeding tube was placed against her wishes. After placement, the patient
petitioned to have her tube removed. The lower court refused the petition on grounds
that this was a form of suicide. The appellate court upheld the patient’s decision for
the fact that a competent patient has a fundamental right to refuse medical support.
The court indicated that a nonterminally ill patient has as much right to refuse
medical care as someone who is terminally ill. The tube was removed and the patient
subsequently died. The Nancy Beth Cruzan case47 in 1990 involved a young woman
with severe anoxic brain injury sustained in a motor vehicle accident 7 years earlier.
She was receiving hydration and enteral feeding through a PEG tube. The parents
requested withdrawal of the PEG tube because they believed their daughter would
never regain consciousness. She had developed contractures and had continuous
drooling. A lower court upheld the parents’ decision. After an appeal by the nursing
home, the Missouri State Supreme Court reversed the decision on the grounds that
the parents did not have proof that their daughter would not have wanted such
treatment. The case went to the U.S. Supreme Court, which upheld the Missouri
State Supreme Court decision. Subsequent events, in which the facility physicians
reversed their position, allowed the family to repetition the Missouri lower court,
which granted the withdrawal of enteral feeds. Half of the staff at the hospital refused
to provide care for the patient, and 12 days later the patient died.44

The courts in the U.S. have determined that artificial nutrition and hydration are
indistinguishable from other life-sustaining therapy (such as mechanical ventilation),
and their provision should not be thought of as different from any other medical
therapy. Providing artificial nutritional support is not essential, and health care
providers are not obligated to provide it. All of these therapies, ranging from hydra-
tion and nutrition to provision of antibiotics, oxygen therapy, or pressure support,
are all bodily functions that the patient cannot provide on his or her own. Providing
artificial nutritional support is no more basic than dialysis or oxygen delivery. Health
care providers should assume that patients want therapy until proven otherwise or
unless evidence is found to the contrary. The decision to withdraw or withhold
nutritional therapy is no different than the decision to start provision. Thus, once
nutritional therapy is started, health care professionals are not bound to continue
feeding. Incompetent patients who do not have an advance directive must have “clear
and convincing evidence” in a written manner that they wish not to have enteral
nutrition.48 The concepts of patient autonomy and self-determination indicate that
patients have a right to decide for themselves whether to receive medical therapy.
The right to consent to medical treatment is meaningless without the right to refuse
medical treatment. Providing unwanted care contradicts established ethical principles
and diminishes patient dignity. Criminal liability has been eliminated from the ethical
dilemma of forgoing nutritional therapy. It is the underlying disease process that
results in the patient’s death and not the cessation of nutritional therapy.44 In the
Terri Schiavo case, a persistent vegetative state was concluded, and that there was
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“clear and convincing evidence” that she did not want prolonged enteral feedings.
As previously established, an individual has the right to withhold life-sustaining
therapy. When “Terri’s Law” was passed by the Florida legislature and signed by
Governor Jed Bush, a violation occurred in the separation of powers. The legislative
body felt that the patient was being discriminated against due to her state of disability,
and as such her alienable right for life had to be protected. The Florida Supreme
Court unanimously ruled that this law violated that state’s constitution because of
its “encroachment on the power that has been reserved for the independent judi-
ciary.”49 Living wills and health care proxies are available to help in the decision
process and, as shown above, can lead to ethical and legal dilemmas if not available.

In Australia, a study by Ashby and Mendelson50 showed that artificial nutrition
and hydration are often thought by Australian doctors to be mandated by both law
and ethics for elderly persons with impaired swallowing, irrespective of the patient’s
prognosis or the discomfort they may cause.51 The Medical Treatment Act of 198852

is the main legal guide for clinicians in Australia. Under this act, a guardian of an
incompetent patient may refuse medical treatment but not palliative care. Under the
Medical Treatment Act, a guardian or surrogate cannot make a decision on behalf
of the patient unless a medical practitioner and another person have discussed the
risks and benefits of a medical procedure. A surrogate may only refuse medical
treatment on a patient’s behalf if such medical treatment would cause unreasonable
distress to the patient or there are reasonable grounds to believe that the patient, if
competent, and after giving serious consideration to her or his health and well-being,
would consider the medical treatment to be unwarranted. Presumably, the guardian
will use personal knowledge of the patient, and the patient’s principles and convic-
tions, if they are known, will be respected. Enteral nutrition is felt to be equivalent
to artificial respiration, as in the Nancy Cruzan decision. Common law in England,
as established by Airedale NHS Trust v. Bland53 from 1993, gives importance to the
concept of autonomy or self-determination. Thus, historical cases in several nations
have given guidance for health professionals in dealing with enteral feeding.

35.5 IS WITHHOLDING ENTERAL FEEDING 
HARMFUL?

In certain clinical situations and patient populations clear benefits are noted from
PEG tube placement. It is appropriate to place PEG tubes in patients who have a
reversible disease process who likely require 4 weeks or more of enteral nutritional
support. Yet, controversy exists in regard to patients with severe dementia or incur-
able metastatic cancer. No consistent benefit has been shown from aggressive
artificial nutritional support in end-stage, incurable metastatic cancer.54,55 Patients
with terminal cancer may experience abdominal discomfort and nausea if they eat
to please their families.55 Patients who are terminally ill and do not receive artificial
nutrition do not consistently sense hunger or thirst. In a study of 32 patients who
were terminally ill from cancer, 63% never experienced hunger and 62% never
experienced thirst.55 Of those experiencing hunger or thirst, the symptoms were
transient, occurring initially, but were easily alleviated with small amounts of food
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and attentive care to the mouth to keep it from being dry (ice chips, lubrication of
lips). Lack of artificial nutritional support and hydration did not appear to lead to
suffering in these patients. They were able to experience comfort with only minimal
intake of food and fluids.55 A survey of hospice nurses found that voluntary dehy-
dration by patients resulted in a peaceful death that typically occurred within 2
weeks of stopping food and fluid intake.56 Reports in humans who fast for spiritual
reasons have observed preservation of mental function and alertness without suf-
fering.57–59Patients with irreversible dementia may have a life expectancy of 12 to
18 months when they have reached a point where they have loss of speech, smile,
and ambulation. Of the 121,000 PEG tubes placed in the U.S. in 1995, 30% were
estimated to be placed in patients with dementia.10 The global health status of the
patient with dementia may impact the decision of whether to place a feeding tube.
In a review of the literature, Finucane et al.11 proposed that PEG tube placement
in patients with advanced dementia was of no benefit. Although prevention of
aspiration has been the leading cause for tube placement in nursing home residents
with severe cognitive impairment, to date no study in patients with dementia shows
that tube feeding reduces the risk of regurgitation of gastric contents.11 Case-
controlled studies have identified enteral feeding as a risk factor for aspiration
pneumonia.60–62 In a study by Canel et al.,63 PEG tube placement reduced lower
esophageal sphincter pressure and increased the incidence of gastroesophageal
reflux. A study by Sullivan64 showed that patients with advanced dementia do not
suffer when oral intake declines. Urine volumes fall, and respiratory and gastrointes-
tinal secretions decrease, lessening cough, vomiting, and diarrhea. Suffering is not
aggravated in the absence of food and water, allowing caregivers to focus on comfort
care. Moreover, metabolic changes that accompany withdrawal of nutritional sup-
port in dying patients actually promote comfort.56 The majority of cognitively intact
elderly patients more often declined artificial feeding when presented with clinical
scenarios of advanced neurological disease such as dementia.65 On the other hand,
surrogates’ views of life-sustaining treatment in settings like this correlate poorly
with the patients’,  in whose interest they might be acting.66 Physicians, in one
survey, would order feeding tubes more often than they would for themselves were
they in similar circumstances.67 Other surveys of physicians’ attitudes generally
support not placing tubes when elderly patients, or those at end of life, are no longer
eating; yet in reality, feeding tubes appear to be used more often than such surveys,
or existing evidence already cited, would predict.68 Avoidance of conflicts with
families and fear of litigation may impact physician behavior. Practice patterns
favor feeding tube placement when dying patients no longer are eating; much time
and effort is required to counsel and educate patients and families about burdens
and benefits, and not surprisingly, a decision for tube placement is the easiest way
out in many circumstances.69 Studies have also found that the attitude for PEG
treatment in dementia patients differs between health care workers. Nurses believe
feeding is a basic human requirement that should not be denied irrespective of
cognitive function, whereas geriatricians are less willing to favor tube feeding in
severely demented patients.70–72 As such, withdrawal of enteral feeding in certain
patients is safe and causes minimal suffering.
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35.6 DO PEG TUBES IMPROVE QUALITY OF LIFE?

It is estimated that over 70% of patients with dementia on feeding tubes get
restrained.32 In a prospective study of 150 patients who were followed after PEG tube
placement for a mean of 14 months (a third of which had dementia), 70% showed
no improvement in functional status or overall subjective health status.73 A study by
Weaver et al.74 looked at 100 consecutive patients placed on PEG tube feeding or
surgical gastrostomy. Objective measures of quality of life were measured and no
change was noted from the time the tube was placed to 4 and 8 years follow-up.
Patients were divided by diagnoses of acute central system nervous disease, chronic
illness, and gastrointestinal tract dysfunction. Although no control group was available
for comparison, patients with chronic dementia and age over 76 years were less likely
to improve than younger patients whose tubes were placed for acute cerebrovascular
accident, head trauma, or abnormality of the GI tract.74 These studies show that quality
of life does not improve in demented patients, and as such, it should not be the primary
reason for PEG placement. Very short survival rates are seen in demented patients
with PEG placement, with 50% mortality at 1 month and 90% mortality at 1 year.7,10,75

In the FOOD trial collaboration, a randomized controlled trial in which stroke and
dysphagia were the main indications, early case fatality was reduced but at the expense
of increasing the proportion surviving with poor outcome.76 Enteral tube feeding in
terminally ill cancer patients has not shown beneficial effects on outcome or quality
of life.77 It also does not reverse weight loss from cachexia or improve outcome.78,79

However, once the PEG tube is placed, care for the patient becomes easier and more
manageable, and family and caregivers often experience a lesser sense of failure.
Bannerman et al.80 looked at two cohorts of patients and assessed quality of life. The
first cohort included 55 patients with PEG tubes placed 16 months earlier and the
second cohort included 54 patients who had PEG tubes placed and then followed
prospectively. Only 55% of patients reported an overall positive effect on their quality
of life in response to the PEG tube placement.80 In the study by Weaver et al.,74

although objective quality of life measures did not change, 75% of the relatives of
the patients claimed that the procedure benefited the patient, and 68% claimed that
it improved the patient’s quality of life. If it is agreed upon to start enteral feeding
because of lack of consensus, one can monitor benefits and adverse events.81 With-
drawal of a nonbeneficial or burdensome treatment, while difficult, is no different
from a moral perspective than having never initiated it.82 It is ethically and legally
permissible for patients with decision-making capacity to refuse unwanted medical
interventions and to ignore recommendations of the clinicians.83 This may differ from
a clinician’s desire to do good and avoid harm.84 If sufficient information in regard
to risks and benefits of acceptance and refusal are given to a patient, then the clinician
should respect the patient’s wishes.85

35.7 DECIDING TO PLACE A FEEDING TUBE

Advance directives (ADs) allow persons to express their future health care goals if
they lose decision-making capacity.86 There are two types of ADs: the living will
and the durable power of attorney for health care. The living will allows persons to
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list interventions and other actions that should or should not be taken in specific
circumstances, such as PEG tube placement. The durable power of attorney for health
care identifies a surrogate decision maker who can make health care decisions if the
patient no longer has decision-making capacity. Persons may also identify an alter-
nate surrogate in case the first person designated is not available. Clinicians com-
monly care for patients with impaired decision making who do not have an AD.87

When caring for a patient who lacks decision-making capacity and has not completed
a durable power of attorney, clinicians must identify a surrogate decision maker. The
ideal surrogate is someone who best understands the patient’s health care values and
goals.88 In the U.S., some states have hierarchies for surrogate decision making (e.g.,
spouse, next of kin), whereas others do not. In these situations, clinicians should
work with the patient’s family and health care team to determine the appropriate
surrogate. If the situation remains unresolved, an ethics consultation and, if neces-
sary, a court proceeding may be required to identify the most appropriate surrogate
decision maker for the patient. Surrogates must be fully informed of the risks,
benefits, and alternatives to a proposed procedure or treatment. Surrogates should
base their decisions on the patient’s previously expressed values and goals (substi-
tuted judgment). However, patients often do not discuss their health care values and
goals with their surrogate. In these situations, surrogates must make decisions based
on what they regard as most appropriate for the patient’s clinical condition, quality
of life, and best interest.88 Laws exist in all 50 states and the District of Columbia
relating to ADs, yet they vary from state to state. Several states allow surrogates to
make decisions about artificial nutrition and hydration for a patient only if the patient
specifically authorized the surrogate to do so. States typically restrict the authority
of default surrogates. Although none of the 50 states prohibit the forgoing or with-
drawal of a feeding tube, 15 states require a written advance directive to forgo
insertion of a feeding tube.89

When discussing tube feeding placement, clinicians overestimate the efficacy of
PEG feeding persons with dementia, as shown by a survey of 416 general internal
medicine and family practice physicians.68 A high percentage of physicians believed
that PEG tubes reduce aspiration pneumonia (76%) and improve pressure ulcer
healing (75%), survival (61%), nutritional status (94%), and functional status (27%).
The physicians’ decisions to place PEG tubes were influenced by the nutrition teams,
speech therapists, nursing staff, and nursing home requests. In addition, one third
reported that they would honor a family’s request to place a feeding tube even if the
patient had previously stated that his or her preference was not to have a PEG tube
placed. More than half responded that PEG tube use represents a standard of care
in advanced dementia, yet three fourths said they would not personally want a feeding
tube if they had advanced dementia. Surrogate decision makers listed several reasons
for choosing long-term tube feeding (Table 35.7).

A telephone survey of surrogate decision makers for elderly patients residing in
long-term facilities found that only 57% of surrogates felt confident that the person
would have wanted long-term tube feeding.90 Most of the patients had not completed
ADs, and only one patient had specifically expressed wishes to the surrogate regarding
long-term tube feeding. Approximately half of surrogates believed they had received
adequate support from the health care team in making the decision. Approximately
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one fourth of surrogates did not speak with or did not remember speaking with a
physician about the decision. Most surrogates believed they understood the benefits
of tube feeding, but less than half believed they understood the potential risks.
Prevention of aspiration and prolongation of life were medical benefits cited most
often as reasons for requesting long-term tube feeding. Accurate predictal of life
expectancy by physicians tends to be overly optimistic (Table 35.8).

On certain occasion conflict arises in defining futile therapy.91,92 Physicians may
perceive therapy as futile, whereas family may view it as prolonging and improving
life. If the goal of enteral nutrition is to restore good health to a patient with terminal
illness, then artificial nutrition and hydration are futile, and the medical team is
obligated to discuss the reasons that this treatment is futile with the patient and the
surrogate. However, if the goal is to respect the patient’s belief and values, provide
a means to palliate symptoms, and sustain life to allow closure for the family, then
treatment would not be considered futile.93 If conflicting views persist, an ethics
consult and ultimate transfer of medical care to another clinician or institution may
be necessary.94 Jonsen et al.95 have described a four-step approach to solve ethical
dilemmas. Rabeneck et al. have proposed an algorithm for PEG tube placement.81

Honoring a patient’s request to refuse or withdraw a life-sustaining treatment is
not the same as physician-assisted suicide (PAS). In PAS, a patient intentionally
terminates life by a means provided by the clinician, such as a drug. In contrast,
when a patient dies after a life-sustaining procedure is refused or withdrawn, the
underlying disease is the cause of the death. The intent is freedom from treatments
perceived as burdensome.96,97 The U.S. Supreme Court has rules that persons have
the right to refuse unwanted life-sustaining treatments, and that such refusal is not
suicidal, and that death after such refusal is not suicide, but rather due to the
underlying disease.46,98 No American court has found clinicians liable for wrongful
death after honoring a patient’s or surrogate’s request to refuse or withdraw life-
sustaining treatments.99 Clinicians must be certain that patients who refuse or request

TABLE 35.7
Reasons Why Surrogate Chose Tube Feeding

1) Improve nutrition (70%)
2) Increase patient comfort (22%)
3) Prolong life (18%)
4) Increase strength (14%)
5) Help overcome acute illness (10%)

TABLE 35.8
Survival of Patients as Predicted by Physicians

Reference Accuracy of Death Prediction Overestimation

1) Glare et al.73 20% 63%
2) Lamont et al.74 24-day survival 75-day survival (as predicted by doctor)
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the withdrawal of life-sustaining treatments have adequate decision-making capacity
and are informed of the consequences of their request.100 It is preferable that these
issues be discussed when patients are able to make decisions, and physicians should
encourage these discussions with their patients. Effective communication among cli-
nicians, patients, and surrogate decision makers may help prevent ethical dilemmas.101

Clinicians should take time to learn about the patient and patient’s values, goals, and
beliefs. The patient should be provided ample time to discuss his or her concerns
related to nutrition and hydration. When conveying medical information concerning
benefits and risks of long-term tube feeding, clinicians should avoid using complex
medical language and frequently should assess the patient’s comprehension.102 Inef-
fective communication among clinicians, patients, and surrogate decision makers may
result in ethical dilemmas.103 Layson et al.104 showed that discussions about life-
sustaining treatments between clinicians and patients are reportedly uncommon.

35.8 INFLUENCE OF FAITH, CULTURE,
AND MORALITY OF DECISION MAKING

Many ethical dilemmas exist in modern medicine, and understanding the culture and
religion of the patient, family, and clinician is imperative to know what is considered
right or wrong, and acceptable or not. These factors often influence the medical
decision made or not made. Many clinicians are not of the same religious persuasion
as their patients, and a lack of understanding of the patient’s religious conviction
may cause misunderstanding, conflict, and confusion.

Artificial nutrition is a supportive medical therapy aiming to achieve predefined
objectives, which should be adjusted for changing clinical situations.105 The goal of
nutritional support must be clearly defined within a global therapeutic plan. One
must consider several issues in regard to enteral feedings (Table 35.9).

In the Jewish faith, persons are responsible stewards of their bodies. The phy-
sician has clear obligations to the duty of healing. The patient has a comparable
obligation regarding the duty to be healed, which allows one to seek medical advice.
Although illness and death are considered a natural part of life, one is duty-bound
to strive to save a life. As such, collective and individual values are highly relevant.
Autonomy is felt to be of secondary importance and is secondary to the patient’s
health and welfare as judged by clinician and cleric. Relief of suffering is as impor-
tant as the duty to care for one’s parents in old age. The process of dying must be
respected when it is clearly occurring, is imminent, and is irreversible. Beneficence

TABLE 35.9
Perceived Goals of Enteral Nutrition

1) Will nutritional support be well tolerated by my patients?
2) Will nutritional support improve or sustain the nutritional status of my patient?
3) Will nutritional support improve or sustain the quality of life of my patient?
4) Will nutritional support improve the outcome and extend the survival of my patient?
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is a major goal, as is nonmaleficence. Distributive justice is also important. If the
patient is terminally ill, and enteral feeding will not reverse that, then withdrawing
or not starting support is acceptable. If it will preserve or extend life (sanctity of
life), then it is allowed because it will decrease suffering. Advance directives are
respected since they represent the patient’s wishes.

The Catholic faith directs one to behave as the steward and not simply owner
of his or her body. However, bodily life is not an absolute good to be maintained at
all cost. One is therefore not obliged to continue treatment if it merely prolongs
dying. Although suffering may have positive meaning from a theological perspective,
it is not to be sought as an end in itself. Pain management is encouraged, especially
in terminal illness. Beneficence and nonmaleficence are highly regarded. Respect
for life requires that one also recognize when the patient is dying and pay attention
to psychological and spiritual needs. Dying is considered a time for reconciliation
and forgiveness. As such, a process that prolongs and interferes with the dying
process and causes suffering is allowed to be withdrawn. It is also permissible,
although not obligatory, to insert a feeding tube, an act justified on the grounds of
respect for sanctity of life (beneficence) and autonomy. Advance directives are to
be respected. Autonomy is primary in a patient’s decision making at end of life
unless it interferences with beneficence or nonmaleficence.

In Islam, sanctity of life is a paramount principle. Every moment of life is precious
and must be preserved. Muslims believe that all healing comes ultimately from God,
yet they have a duty to seek out medical attention when ill, and have a right to receive
medical care. However, Islam recognizes that death is inevitable and part of human
existence. Thus, treatment does not have to be provided if it merely prolongs the final
stages of a terminal illness. Autonomy is recognized in Islam, and beneficence and
nonmaleficence are major, complementary goals. Distributive justice plays a minor role.

A feeding tube is allowed if it will extend life under the sanctity of life principle.
Furthermore, there is a religious obligation to provide nourishment unless such an
act shortens it. Nutritional support is viewed as a basic need rather than a medical
necessity. Advance directives are to be respected since they represent the patient’s
wishes. Autonomy is also felt to be of secondary importance and is secondary to
the patient’s health and welfare as judged by clinician and cleric.

In other cultures, such as Japan, it is not customary to inform the patient of a
terminal diagnosis, and therefore, the patient may wish to continue therapy. In a
terminally ill patient who is unaware of his diagnosis, 67.5% of surveyed multispe-
cialty Japanese physicians would provide total parenteral nutrition (TPN) for malnu-
trition, although only 36% of those surveyed (only 5% of Japanese American physi-
cians) would want such therapy for themselves in a similar situation.106 On the
contrary, only 33% of Japanese American general practice and internal medicine
physicians would recommend TPN to treat malnutrition in a terminal condition.
Thirty-six percent of the Japanese physicians indicated they would ignore the patient’s
request to withdraw TPN if the physician thought it necessary, although only 6.5%
of Japanese American physicians would do so. In comparison, a survey of American
neurologist and medical directors showed that 89% believed that withdrawal of
artificial nutrition and hydration in a patient who was in a persistent vegetative state
was ethical.107 A survey of 580 internists in the U.S. revealed similar opinions.108
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35.9 THE LAW AND ENTERAL FEEDING

The ethical principle of autonomy maintains the right of patients to refuse or request
the withdrawal of unwanted interventions. One may refuse therapy that was previ-
ously consented for. From a legal standpoint, patients in the U.S. have a constitutional
right to refuse any and all forms of medical intervention, whether or not they are
terminal and whether or not such refusal may lead to their death. As a result of the
Nancy Cruzan case, the U.S. Supreme Court ruled that states could adopt statutes
that require clear and convincing evidence to be present prior to withdrawal of long-
term enteral feeding in a patient unable to speak. Several states, such as Missouri
and Florida, have laws requiring clear evidence for withdrawing long-term feeding
in patients unable to speak.89 In Germany, the withdrawal of nutrition in patients
suffering from terminal illness may be considered active euthanasia unless death is
imminent109 and involves the potential of civil or criminal liability.110 Although
advance directive laws are present and recognized in all states, including the District
of Columbia, their absence may lead to difficulties in decision making for the care
of a patient. In this situation, a physician must identify a legal authorized surrogate.
States have hierarchies of surrogates, which vary from state to state. When a surrogate
is not acting in the best interest of the patient, it is the physician’s duty, using
beneficence, to appear in court and request the appointment of another health care
surrogate. In the Wanglie111 case, the hospital attempted to withdraw ventilatory
support because it was felt that Mrs. Wanglie’s medical condition was terminal and
further care was futile. A request for withdrawal of artificial respiration was asked
for as well, replacing her husband as surrogate. The court ruled in Mr. Wanglie’s
favor because he was clearly following the wishes of his wife as stated in her AD.
The Terri Schiavo case highlighted the divisions in society in regard to preserving
life at all cost and the respect of the autonomous decisions of patients to withhold
treatment. It made it more imperative that physicians and patients discuss this matter
among themselves and tell family members their wishes in regard to end-of-life care,
including long-term enteral feeding. Documenting conversation in the medical chart
is imperative, and ensuring that patients truly understand the advance directive and
reflect their wishes is of utmost importance. In many states, conscience clauses are
available to prevent discrimination against health care workers who feel withdrawal
of a treatment is against their moral convictions. The Missouri statute reads:

No physician, nurse, or other individual who is a health care provider or an employee
of a health care facility shall be discharged or otherwise discriminated against in his
employment or employment application for refusing to honor a health care decision
withholding or withdrawing life-sustaining treatment if such refusal is based upon the
individual’s religious beliefs, or sincerely held moral convictions.112

Medical futility has been addressed with variability through several cases. In the
1994 Baby K case, the court argued against the hospital that treating respiratory
distress in an anencephalic baby was medically futile.113 As in the Weigle case, the
courts determined that families should judge the appropriateness of continuing or
stopping treatment that physicians or ethics committees consider medically futile.
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However, in the 1995 case of Gilgunn v. Massachusetts General Hospital, the court
found that cardiopulmonary resuscitation need not be provided to a patient dying
with multiple-organ system failure, even if requested by the patent’s family.114 In
1993, Lundberg suggested that physicians define medical futility and that hospitals
develop guidelines for dealing with it.115 As the debate over medical futility pro-
gressed, some institutions developed policies for dealing with this area.115,116 In 1999,
the American Medical Association Council on Ethical and Judicial Affairs published
guidelines on medical futility.94 The guidelines recommended a process-based coun-
seling approach to futility disputes, which attempts to transfer the patient to alternate
providers if disagreements cannot be resolved. At the end of this process, if no
resolution can be arranged, it is ethically acceptable to halt futile treatments. The
council also noted that “the legal ramifications of this course of action are uncertain.”

In 1999, the Texas legislature passed a law called the Texas Advance Directive
Act.117 The law established a legally sanctioned extrajudicial process for resolving
disputes about end-of-life decisions. It grants immunity from civil and criminal
liability to hospitals and physicians. This form of dispute may be used in response
to a surrogate, living will, or medical power of attorney request to either “do
everything” or “stop all treatment” if the physician feels ethically unable to agree
to either request. A “medical futility” conflict is a situation in which the physician
is asked to “do everything” but feels withdrawal of treatment is most appropriate; a
“right to die” conflict is a situation in which the physician is asked to stop all
treatment but feels that it should be maintained. If requested by a physician, an ethics
consultation is initiated. If an outside hospital is willing to accept care, then with-
drawal of support is not indicated. The broadest experience has come from the Baylor
University Medical Center, in which the number of consults for medical futility
increased three-fold 2 years after the law’s implementation. Of the six futility cases
that were pursued through the dispute resolution process, three families agreed to
withdrawal of support a few days after receiving the formal written report from the
ethics committee. In two cases, the patients died during the 10-day waiting period
without an alternate provider being found. In one case, an alternate provider was
located, but the patient died while awaiting transfer.

In conclusion, the ethics of enteral nutrition and its long-term use remain con-
troversial and many unanswered questions remain. The legal system of the U.S. and
England has offered judicial advice on the placement of feeding tubes. Yet many
citizens and health care workers remain unaware and uneducated on these matters.
Advance directives have become the main tool to prevent undue suffering for families
and patients when filled. Hospitals have set up ethics committees to help in these
matters. I suggest a similar model be used in the long-term-care setting, where
outside ethics consultants can help families and patients deal with these issues. It is
the responsibility of health care professionals to know the laws of their state so that
they can avoid legal action for procedures that may be thought of as futile or limiting
suffering, yet in the end go against the wishes of the family, especially if the patient
is in a persistent vegetative state. The European parliament should adopt laws to
create a uniform guideline for the placement of PEG tubes. More needs to be done
to educate health care workers on the religious, ethnic, and religious beliefs of
patients in regard to terminal illness and enteral feeding. International consensus
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through dialogue can help develop guidelines using evidence-based medicine to help
the legal system adopt better laws. In the end, our ultimate goal is to do no harm.
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 Chronic obstructive pulmonary disease

Copper, 107, 118, 180, 182–183, 222, 525
Corneal perforation, 145
Coronary artery disease, 186
Corticosterone, 480
Cost of enteral nutrition, in nursing home, 305
Counseling, nutritional, 423–425
Creatine, 60
Crohn’s disease, 314
Crushed oral medications, 299
Cultural identity, 230–231, 346, 537–546, 560

food preferences, 538–539
first-generation patterns, 538–539

immigration, health consequences of, 539
loss of, 346
nutritional health, 540–541

Cutaneous hypersensitivity reaction, 84
CVA, 293
Cyanocobalamine. 

 

See also

 

 Vitamin B

 

12

 

deficiency, 222
Cystic fibrosis, 293
Cytokines, 60, 74–75, 82–83, 503

in cachexia, 64
elevated, 399
undernutrition, chronic wounds, relationship, 

503

 

D

 

Dark adaptation, poor, 189
DBS. 

 

See

 

 Deep brain stimulation
DCH reaction. 

 

See

 

 Delayed cutaneous 
hypersensitivity reaction

Decision making
capacity, enteral nutrition and, 303–304
morality of, 560

Decision to place feeding tube, ethical issues, 
557–560

Deep brain stimulation, 383
Dehydration, 66, 134

body composition, 135
body weight, 135
diagnosis, 135–136
laboratory parameters, 135–136
physical examination, 135

Delayed cutaneous hypersensitivity reaction, 84
Delirium, 226
Dementia, 226–227, 293, 350–351, 359–372

alcohol, 360–361
aluminum, 362
antioxidants, 360
fish, 360
nutritional factors, 359–362
omega-3 fatty acids, 360
vitamins, 361
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Dendritic cells, 72
Dentoalveolar infections, 251
Denture stomatitis, 254
Denture wearing, 260–261
Depression, 227, 273, 351, 373–396

anorexia, 382–390
clinical features, 379
differential diagnosis, 380–381
epidemiology, 375–379
late-onset, risk factors, 377
natural remedies, 387–388
neuromodulation, 386–387
pharmacotherapy, 382–385

MAOIs, 382–383
SSRIs, 384
stimulants, 384–385
TCAs, 384

presentation in elderly, 379–380
psychotherapy, 385–386
severe, 293
symptomatic treatments, 390
therapeutics, 383
treatment, 382–390
treatment-resistant, 388–390
underlying causes, treatment of, 389
workup, 380–381

Dextroamphetamine, 383
DHEA, 60, 383
Diabetes, 50–51, 222, 262, 333–334, 399, 

433–440, 516. 

 

See also

 

 
Hyperglycemia; Type 2 diabetes 
mellitus

enteral nutrition, 296–298
initiating feeds, 297–298
intermittent 

 

vs.

 

 continuous, 298
jejunum, 297
stomach, 297

memory impairment in, causes of, 399
nursing home nutrition management, 333–334

Diarrhea, 189
Dicloxacillin, 470
Didanosine, 471
Digestion, nutrition products, 295
Digoxin, 471
Dopamine norepinephrine dual reuptake 

inhibitors, 383
Doxycycline, 473
Dronabinol, 383
Drug-nutrient interactions, 469–478

drug metabolism alterations, 474
enteral feeding, 472–473
timing of meals, 472

Dry beriberi, 153
Dysphagia, 347

 

E

 

E-mycin, 473
ECT. 

 

See

 

 Electroconvulsive therapy
Electroconvulsive therapy, 383
Endocrine system, 479–486

adrenal hormones, 482–483
growth hormone, 483–484
hormones, 484–485
hypogonadism, 484
T3 uptake, 481
thyroid, 480–482
25-hydroxyvitamin D3, 482

Energy balance, 123–130
anorexia, 126–128
food intake, regulation of, 126–128
meal-induced thermogenesis, 125
physical energy expenditure, 126
resting metabolic rate, 124–125
total energy expenditure, 124

Energy expenditure, changes in, 48
Enteral feeding, 277–282, 291–310, 560–561

alternatives to, 305
aspiration, 301
cancer, 303
comfort issues, 301–302
complications, 299–300
contraindications, 294
cost of, in nursing home, 305
decision-making capacity and, 303–304
for diabetics, 296–298
drug administration with, 298–299
drug-nutrient interaction, 472–473
efficacy of, 300–302
Espen guidelines, 244–245
ethical issues, 550–555
feeding systems, 294–295
formulas, 295–297
goals of, 560–561
hip fracture, 303
indications for, 293–294
jejunal 

 

vs.

 

 gastric feeding, 295
legal issues, 562–564
life prolongation, 301
malnutrition, 300–301
mortality, 302
motor neuron disease, 302
outcomes, 551
Parkinson’s disease, 302
percutaneous endoscopic gastrostomy tube 

removal, 298–299
prevalence of, 292
religion and, 303
requirements, 279, 296
state laws, 304
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stroke, 302

 

vs.

 

 parenteral feeding, 312–313
withholding, 555–556
wound healing, 301

Eosinophils, 73
Epidemiology, 1–10
Erectile dysfunction, 189
EryTabs, 473
Erythematous candidiasis, 254
Erythrocin, 473
Erythrocyte glutathione reductase, 482
Erythrocyte transketolase, 482
Erythromycin, 470, 473
Erythromycin base, 473
Erythromycin estolate, 473
Erythromycin ethylsuccinate, 473
Erythromycin stearate, 473
Esophageal candidiasis, 270
Esophagus, 452–455
Espen guidelines, enteral nutrition, 244–245
Essential tremors, 270
Estradiol, 480
Estramustine, 471
Estrogen, 383, 475
Ethical issues, 547–570

artificial nutrition, 548–549
decision making, morality of, 560
enteral feeding, 550–555

legal issues, 562–564
withholding, 555–556

faith, influence of, 560
feeding tube, decision to place, 557–560
percutaneous endoscopic gastrostomy tubes, 

557
prevalence of tube feeding, 549–550

European community, nutritional assessment, 
234–248

Espen guidelines, enteral nutrition, n, 
244–245

independently living elderly
dietary intake, 236–237
meal pattern, 237
nutritional status, 237–238

malnutrition, 245
Malnutrition Universal Screening Tool, 241
National Risk Screening, 242
nutritional intake, 236–239

independently living elderly, 236–238
institutionalized elderly, 238–239

undernutrition, diagnosing, 239–244
Excess dietary protein malabsorption, 516
Exercise, 35–36, 438
Exertion, immunocompromised host after, 91
EYRC, 473

 

F

 

Falls, 222
prevention, 523

Fat, 109, 435
metabolism, changes in, 48

Fat-brain axis, 398–399
Fat-soluble vitamins, 143–152

Bitot’s spots, 145
carotenoids, 143–146
complete blindness, 145
corneal perforation, 145
follicular hyperkeratosis, 145
iodopsin in cones, 145
keratomalacia, 145
night blindness, 145
rhodopsin in rods, 145
squamous metaplasia, hair follicles, 145
vitamin A, 143–146
vitamin D, 146–149
vitamin E, 149–150
vitamin K, 151–152
xerodermia, 145
xerophthalmia, 145

Fatty liver, 51
Fiber, 109, 435–436
Financial issues, 230
Fish, 34, 360
Fish oils, 34, 437–438
Flavine adenine nucleotide, 482
Fluoride, 180, 183
Fluoroquinolones, 473
Folate, 106, 111–112, 158–161, 222, 482, 

490–491
Follicular hyperkeratosis, 145
Food service management, in nursing homes, 

324–329
Food texture, consistency, adaptation, 347
Formula selection, enteral nutrition, 295–296
Fractures, 511–536

absorption, 517–518
bone mineral density, 518
calcium, 515–520
calcium supplementation, risks of, 519–520
copper, 525
fall prevention, 523
GnRH agonists, 516
magnesium, 526
manganese, 524
molybdenum, 524
phosphorus, 525–526
prevention, 518–519
risk with age, 515–523
vitamin D, 520–523trace minerals, 524–528

in women, 521–523
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vitamin K, 526–528
zinc, 528

Free radicals, 12–17
antioxidant vitamins, 15–16
fruit polyphenols, 17

 

ginkgo biloba,

 

 16
mechanisms, 22

mitochondrial mechanisms, 22
systems mechanisms, 22

natural foods, 17
phytochemical supplements, 16
vitamin E, 15–16

Free thyroxine index, 481
Fruit polyphenols, 17
Furosemide, 471

 

G

 

Gallbladder, 270, 462–463
Gastric pH, drug absorption, 470
Gastrointestinal function, 451–468

changes with aging in, 452
colon, 459–461
esophagus, 452–455
gall bladder, 462–463
liver, 462
pancreas, 463–464
small intestines, 457–459
stomach, 455–457

Gastrostomies, discharge diagnoses, 292
Geriatric assessment, 217–234

cognitive assessment
delirium, 226
dementia, 226–227
depression, 227

comprehensive geriatric assessment, 219–220
medical evaluation, 220–229

cognitive assessment, 226–227
falls, 222
functional assessment, 228–229
incontinence, 224–225
polypharmacy, 220–222
prevention/screening, 226
sensory assessment, 225–226
weight loss, 222–224

psychosocial evaluation, 229–230
cultural factors, 230–231
financial factors, 230
social factors, 229–230
spiritual factors, 231

sensory assessment
hearing, 225
taste/smell, 225–226
vision, 225

Ghrelin, 60
GI obstruction-strictures, cancer, intestinal 

failure, 293
Ginkgo biloba, 16
Global per capita food consumption, 7
Glucocorticoids, 516
Glucose, 20, 399

tolerance, 50–51, 182
Glutamine, parenteral nutrition, 318
GnRH agonists, 516

fractures and, 516
Grapefruit juice, interaction with drugs, 475
Griseofulvin, 473
Growth hormone, 20–21, 60, 383, 480, 483–484
Growth retardation, 189
Gullian-Barre, 293
Gut-associated lymphoid tissues, 72

 

H

 

Hearing, 225
Heavy metal toxicity, 222
Hepatic encephalopathy, 314
Hepatitis, alcoholic, 314
Hip fracture, enteral nutrition, 303
Hippocampal volumes, small, 399
HIV infection, 262
Homocysteine, 399, 482
Hormesis, 23–24
Hormones, 484–485

effects of dietary restriction, 480
Humoral immunity, 71, 80–81

antibody response, 80–81
B lymphocytes, 80
immunoglobulin, 80
increased autoantibody production, 81

Hydralazine, 471
Hydration, 274
Hydrochlorothiazide, 471
Hypercalcemia, 222
Hypercholesterolemia, nursing home nutrition 

management, 334
Hypercortisolism, 516
Hyperglycemia, 222, 399
Hyperinsulinemia, in type II diabetics, 399
Hyperparathyroidism, 270, 516
Hyperplastic candidiasis, 254
Hypertension, 51, 409–420

alcohol, 414
calcium, 413–414
dietary components affecting, 411–415
dietary modification trials, 415–416
nursing home nutrition management, 334
potassium, 413
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primary prevention, 30–32
sodium, 411–413
weight loss, 411

Hyperthyroidism, 270, 516
Hypertriglyceridemia, 399
Hypocaloric nitrogen-containing intravenous 

infusions, 314
Hypogeusia, 189
Hypogonadism, 189, 399, 484, 516
Hypopharyngeal skin cancers, 36
Hypophosphatemia, 222
Hypovolemia, 134

 

I

 

IADL components, 228
ICG-1, 60
Identity, cultural, loss of, 346
Idiopathic hypercalciuria, 516
IGF system, 20–21
Immigration, health consequences of, 539
Immobilization, 516
Immune system, 21–22, 71, 86, 189. 

 

See also

 

 
Immunity

caloric restriction, 21
free radical mechanisms, 22

mitochondrial mechanisms, 22
systems mechanisms, 22

Immunity, 69–102
antibodies, 71
antibody-dependent, 72
basophils, 73
bone marrow, 71
cell-mediated cytotoxicity, 73
dendritic cells, 72
eosinophils, 73
gut-associated lymphoid tissues, 72
hypersensitivity immune responses, 73–76
immune reconstitution, 86–92

cancer prevention, 87–89
exercise, 90–92
nutrient deficiencies, 86–87
prebiotics, 89–90
probiotics, 89–90
psychosocial wellness, 92
vaccines, 86

immunosenescence, 76–83
anergy, 79–80
antibody response, 80–81
B lymphocytes, 80
cell-mediated immunity, 77–79
cytokines, 82–83
humoral immunity, 80–81
immunoglobulin, 80

increased autoantibody production, 81
innate immune cells, 81–82
peripheral blood lymphocytes, 78

inflammatory mediators, 73
iron deficiency, 87
lymph nodes, 72
lymphocytes, 72
macrophages, 72
malnourished individuals, 83–85

cell-mediated immunity in, 83–84
delayed cutaneous hypersensitivity 

reaction, 84
mucosal immune system, 84–85

mast cells, 73
monocytes, 72
natural killer cells, 72
null cells, 72
organs, cells, immune system, 71–73
overnutrition, 92–93
overview, 71
polymorphonuclear leukocytes, 73
vitamin E, 87
zinc, 87

Immunoglobulin, 80
Immunosenescence, delayed cutaneous 

hypersensitivity reaction, 79–80
Immunosuppressives, 475, 516
Impotence, 475
Incontinence, 224–225
Independence, loss of, 346
Independently living elderly, 236–238

dietary intake, 236–237
meal pattern, 237
nutritional status, 237–238

Indinavir, 471
Infection, 270
Inflammatory bowel disease, 314
Inflammatory markers, chronic obstructive 

pulmonary disease, 444
Innate immune cells, 81–82
Inositol, 383
Institutionalized elderly, 238–239. 

 

See also

 

 
Nursing homes

Insulin, 20, 480
Insulin growth factor-1, 480
Insulin receptor mRNA, 480
Insulin resistance, 60
Intensive care unit, parenteral nutrition, 313
Intravascular fluid loss, 134
Involuntary weight loss, causes of, 200–201
Iodine, 107, 180, 183
Iodopsin in cones, 145
Iron, 87, 107, 113, 470–471, 493
Iron deficiency anemia, 488–490

anemia of chronic disease, comparison, 490

 

3815_C036.fm  Page 577  Thursday, April 12, 2007  10:38 AM



 

578

 

Geriatric Nutrition

 

Isolation, social, 346
Isoniazide, 471, 473

 

J

 

Jejunal feeding 

 

vs.

 

 gastric feeding, 295

 

K

 

Keratinization, conjunctiva, 145
Keratomalacia, 145
Keshan disease, 186
Ketoconazole, 470, 473
Korsakoff amnestic syndrome. 

 

See

 

 Korsakoff's 
psychosis

Korsakoff's psychosis, 153

 

L

 

L-carnitine, 18–19
Late-onset depression, risk factors, 377
Laxatives, 471
Lead, 180, 183–184
Levodopa, 471

pyridoxine-rich foods with, 476
Licensure regulations, assisted living 

environment, 352–355
Life expectancy

at age sixty, 4
at birth

females, 3
males, 3

Life extension, 36–37
Lipids, 403
Lipoic acid, 19
Liquen planus, oral, 251
Lithium, 180, 184, 383, 471
Liver, 314, 462, 516
Lomefloxacin, 473
Long-acting medications, abbreviations, 474
Long-term total parenteral nutrition, 315–316
Low calcium intake, 516
Lymph nodes, 72
Lymphocytes, 72

 

M

 

Macronutrients, dietary reference intakes, 108
Macrophages, 72
Macular degeneration, 189
Magnesium, 107, 116–117, 526
Malabsorption syndromes, 270

Malnutrition Universal Screening Tool, 241
Manganese, 180, 184, 524
MAOIs, depression, 382–383
Mast cells, 73
Mastication, 250–252
Meal-induced thermogenesis, 125
Meals on Wheels, 202, 223
Megestrol acetate, 383
Melphan, 471
Memory, 399
Mercaptopurine, 471
Metabolic abnormalities, 262
Metabolic syndrome, 434
Methotrexate, 471
Methylphenidate, 383
Micronutrients, dietary reference intake, 144
Milk intolerance, 516
Minerals, recommended dietary allowances, 

106–107
Mini-nutritional assessment, 204–205
Mitochondria, 17–20, 22

coenzyme Q10, 19–20
interventions based on, 18
L-carnitine, 18–19
lipoic acid, 19

Mobility-related disability, 50
Moistening, 250–252
Molecular theories, 11–28

caloric restriction, 20–24
aging at systems level, 20–21
immune system, 21–22
nutritional interventions, 23–24

free radical mechanisms, 22
systems mechanisms, 22

free radicals, 12–17
antioxidant vitamins, 15–16
fruit polyphenols, 17

 

ginkgo biloba,

 

 16
natural foods, 17
phytochemical supplements, 16
vitamin E, 15–16

glucose/insulin system, 20
growth hormone/IGF system, 20–21
immune system, 21
mitochondria, 17–20, 22

mitochondrial aging, 17–18
mitochondrial aging

coenzyme Q10, 19–20
L-carnitine, 18–19
lipoic acid, 19

neuroendocrine/stress response system, 21
nutritional interventions

caloric restriction mimetics, 23
hormesis, 23–24

Molybdenum, 107, 180, 184–185, 524
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Monoamine oxidase inhibitors, 383, 471
Monocytes, 72
Mood disorders, 273
Mortality, 49–50

age sixty-five on, 70
Motor neuron disease, enteral nutrition, 302
Motor neurons, 60, 293
Mucosal immune system, 84–85
Mucosal trauma, 251
Multicultural issues, 537–546

food preferences, 538–539
immigration, health consequences of, 539
nutritional health, 540–541

Multiple sclerosis, 293
Muscle function, 258–259
Muscle metabolism, changes in, 47–48
Muscle weakness, 182, 186
MUST. 

 

See

 

 Malnutrition Universal Screening 
Tool

Myelopathy, 182

 

N

 

Nail changes, 186
National Risk Screening, 242
Natural foods, 17
Natural immunity, 71
Natural killer cells, 72
Natural remedies, depression, 387–388
Neuroendocrine/stress response system, 21
Neurological disorders, 293
Neuromodulation, depression, 386–387
Neurotransmitter precursors, 401
Neutropenia, 182
Niacin, 106, 111, 155–156. 

 

See also

 

 Vitamin B

 

3

 

Nickel, 180, 185
Night blindness, 145
Nitrofurantoin, 473
NK cells. 

 

See

 

 Natural killer cells
Norepinephrine, 480
Null cells, 72
Nursing homes

chronic conditions, medical nutrition therapy, 
333–334

congestive heart failure, 334
cost of enteral nutrition, 305
diabetes, 333–334
food service management, 324–329
hypercholesterolemia, 334
hypertension, 334
malnutrition in, 238
nutrition management in, 323–340
nutritional status, 268, 329–333

Nutrient deficiencies, 86–87
iron deficiency, 87
vitamin E, 87
zinc, 87

Nutritional anemia, 487–496
causes of, 488
defined, 488
folate, 490–491
iron deficiency anemia, 488–490
management of, 492–493
prevalence of, 488
vitamin B12, 490–491

Nutritional assessment, 197–216
instruments for risk assessment, comparison 

of, 206–207
involuntary weight loss, causes of, 200–201
mini-nutritional assessment, 204–205
new paradigm, 208–209
risk assessment tools, 201–202
simplified nutritional appetite questionnaire, 

205–206
subjective global assessment, 203–204
undernutrition

consequences of, 198–200
diagnosing, 207–208

Nutritional interventions, 23–24
caloric restriction mimetics, 23
hormesis, 23–24

Nutritional requirements, 103–122
macronutrients, 105–110

calories, 105–108
carbohydrates, 108–109
fat, 109
fiber, 109
protein, 108

minerals, 113–119
calcium, 113–115
chromium, 118
copper, 118
iron, 113
magnesium, 116–117
phosphorus, 115–116
potassium, 116
selenium, 118–119
sodium, 116
zinc, 117–118

recommended dietary allowances, 104–105
vitamins, 110–113

B vitamins, 111–112
carotenoid family, 110
vitamin A, 110
vitamin C, 110
vitamin D, 110
vitamin E, 110
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O

 

Obesity, 45–58
assessment, 48
autonomic nervous system dysfunction, 51
body composition, age-related changes, 7–48
cardiovascular disease, 51
cognitive function, 52
consequences of, 49–52
disease-specific risks, 50–52
energy expenditure, changes in, 48
fat metabolism, changes in, 48
fatty liver, 51
glucose tolerance, 50–51
hypertension, 51
management, 52–53
mobility-related disability, 50
mortality, 49–50
muscle metabolism, changes in, 47–48
nutrient intake, changes in, 48
prevalence of, 48–49
pulmonary function, 51
type 2 diabetes mellitus, 50–51
weight loss, 52–53

bariatric surgery, 53
calorie restriction, 53
modalities, 53
pharmacotherapy, 53
physical activity, 53

Omega-3 fatty acids, 360, 383
Omeprazole, 470
Oral cancer, 257–258
Oral candidiasis, 251
Oral cavity, 249–266

angular cheilitis, 254
atrophic glossitis, 255
bone, 258–259
burning mouth syndrome, 255–256
candidiasis, oral, 253–254
denture stomatitis, 254
denture wearing, 260–261
erythematous candidiasis, 254
hyperplastic candidiasis, 254
mastication, 250–252
moistening, 250–252
muscle function, 258–259
normal function, 250–252
oral cancer, 257–258
oral function, 258–262
oral mucosa, lesions in, 253
osteoporosis, 257
periodontal disease, 256–257
pseudomembranous candidiasis, 254
root caries, 252–253
salivary flow, 261

tasting, 250–252
temporomandibular joint function, 258–259
tooth loss, 259–260
xerostomia, 261–262

Oral conditions, 252
Oral liquen planus, 251
Oral medications, crushed, 299
Oral mucosa, lesions in, 253
Orexigenic drugs, 276–277
Organs, cells, immune system, 71–73
Osteopenia, primary prevention, 32–33
Osteoporosis, 182, 189, 257
Overnutrition, 92–93
Oxidative damage, 400
Oxidative stress, 399

 

P

 

Pancreas, 36, 463–464
Pancreatitis, parenteral nutrition, 313–315
Pantothenic acid, 106, 112
Parathyroid hormone, 480, 515
Parenteral nutrition, 282, 311–322

abdominal surgery, 315
arginine, 317–318
complications of, 318–319
enteral feeding 

 

vs.

 

 parenteral feeding, 
312–313

glutamine, 318
guidelines for, 314
at home, 314
in ICU, 317
indications for, 313
intensive care unit, 313
long-term total parenteral nutrition, 315–316
pancreatitis, 313–315
parenteral access, 316
peripheral parenteral nutrition, 316

Parkinson's disease, 270, 293, 302
PEG. 

 

See

 

 Percutaneous endoscopic gastrostomy
Penicillins, 470, 473
Percutaneous endoscopic gastrostomy

complications after, 552
indications for, 549
survival after, Cox regression, 551

Percutaneous endoscopic gastrostomy tube, 557
Periodontal disease, 251, 256–257removal, 

298–299
Peripheral blood lymphocytes, 78
Peripheral neuropathy, 153
Peripheral parenteral nutrition, parenteral 

nutrition, 316
Phenobarbital, 470
Phenytoin, 470–471
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Phosphorus, 107, 115–116, 525–526
Phrynoderma, 145
Physical energy expenditure, 126
Phytochemical supplements, 16
Pigmentation loss, 182
Polymorphonuclear leukocytes, 73
Polypharmacy, 220–222
Population over age sixty, 2
Potassium, 116, 413
Prebiotics, 89–90
Prednisone, 471
Pressure ulcers, 497–510

amino acids, 502
clinical recommendations, 506
energy, 503
nutritional interventions, 500

to prevent, 500–501
to treat, 501–503

protein, 501–502
vitamins, 502–503

Prevention of disease, 29–44
primary prevention, 30–37

cancer, 34–35
cholesterol, 33–34
exercise, 35–36
fish, 34
fish oils, 34
hypertension, 30–32
life extension, 36–37
nutrition, 30–32
osteopenia, 32–33

secondary prevention, 37–39
tertiary prevention, 39–40

Probiotics, 89–90
Progestins, 516
Prokinetic agents, 383
Promoting appetite, pharmacological therapy, 

428–430
Protein, 108, 435, 501–502

source, nutrition products, 278
Protein-energy malnutrition, 267–290, 398

differential diagnosis, 273–274
depression, 273
drugs, 273
hydration, 274
laboratory parameters, 274
medical conditions, 273–275
mood disorders, 273

nursing home residents, 270
nutritional intervention triggers, 270–273
treatment of undernutrition, 274–282

adequate food, 275
advanced directives, 274
enteral feeding, 277–282
environmental factors, 274–275

failure to improve, 277
irreversible causes, 282
nutritional supplements, 275–276
orexigenic drugs, 276–277
parenteral nutrition, 282

Protein-sparing therapy, 314
Pseudomembranous candidiasis, 254
Psychosocial evaluation, 229–230

cultural factors, 230–231
financial factors, 230
social factors, 229–230
spiritual factors, 231

Psychosocial wellness, 92, 346
nutritional health and, 229

Psychotherapy, depression, 385–386
Pulmonary disease, 270, 314
Pulmonary function, 51
Pyridoxine, 111, 402, 482. 

 

See also

 

 vitamin B

 

6

 

deficiency, toxicity, 222

 

R

 

Radiation, 293
Regional per capita food consumption, 7
Regulation of food intake, 126–128
Religion, enteral nutrition and, 303
Renal disease, 314
Repetitive transcranial magnetic stimulation, 383
Resting metabolic rate, 124–125
Retinol-binding protein, 482
Rheumatoid arthritis, 270, 516
Rhodopsin in rods, 145
Riboflavin, 106, 111, 154, 482. 

 

See also

 

 Vitamin B

 

2

 

Rifampin, 473
Risk assessment tools, 201–202
Risk factors for undernutrition, 5
Root caries, 252–253
rTMS. 

 

See

 

 Repetitive transcranial magnetic 
stimulation

 

S

 

Salivary flow, 261
Salivary gland aplasia, 262
SAMe, 383
Saquinavir, 471
Sarcoidosis, 262
Sarcopenia, 59–63, 66
SCALES, instrument for detection of malnutrition 

risk, 202
Screening for geriatric syndromes, 221
Secondary disease prevention, 37–39
Selective serotonin reuptake inhibitors, 383

 

3815_C036.fm  Page 581  Thursday, April 12, 2007  10:38 AM



 

582

 

Geriatric Nutrition

 

Selenium, 107, 118–119, 180, 185–187
SENIEUR criteria, 77
Sensory assessment, 225–226

hearing, 225
taste/smell, 225–226
vision, 225

Sensory loss, nutritional causes of, 222
Serotonin norepinephrine dual reuptake 

inhibitors, 383
Severe depression, 293
Silicon, 180, 187–188
Simplified nutritional appetite questionnaire, 

205–206, 224
Sjögren syndrome, 262
Small hippocampal volumes, 399
Small intestines, 457–459
Smell, assessment of, 225–226
SNAQ. 

 

See

 

 Simplified nutritional appetite 
questionnaire

Social isolation, 346
Social issues, 229–230
Sodium, 116

hypertension, 411–413
Soft tissue lesions, 251
Spiritual issues, 231
Spironolactone, 471
Squamous cell proliferation, 145
Squamous metaplasia, hair follicles, 145
SSRIs, depression, 384
St. John's wort, 383
Starvation, cachexia, distinguishing, 210
State laws regarding enteral nutrition, 304
Stimulants, depression, 384–385
Stomach, 455–457
Stomatopyrosis. 

 

See

 

 Burning mouth syndrome
Stress response system, 21
Stroke, enteral nutrition, 302
Subjective global assessment, 203–204
Suicide, risk factors for, 376
Systems level aging, 20–21

glucose/insulin system, 20
growth hormone/IGF system, 20–21
immune system, 21–22

caloric restriction, 21
free radical mechanisms, 22

mitochondria, 22
neuroendocrine/stress response system, 21

 

T

 

T cells
classes, functions, 72
dysfunction, 186
subsets, functions, changes in, 78–79

T3 uptake, 481
Taste, 250–252

assessment of, 225–226
disorders, oral factors associated with, 251

TCAs, depression, 384
Temporomandibular joint function, 258–259
Terbutaline, 471
Tertiary disease prevention, 39–40
Testosterone, 60, 383, 480
Tetracycline, 473
Thalidomide, 383
Thiaminase, 482
Thiamine, 106, 111, 152–154, 482. 

 

See also

 

 
Vitamin B

 

1

 

deficiency, 222
Thiamine pyridinylase, 482
Thyroid, 480–482
Thyroid disease, vitamin status and, 482
Thyroid level, changes with disease, 481
Thyroid-stimulating hormone, 481
Thyrotropin-releasing hormone, response to, 481
Thyroxine, 480–481
Timing of meals, drug-nutrient interaction, 472
Tin, 180, 188
TMJ. 

 

See

 

 Temporomandibular joint
Tobacco use, 516
Tooth loss, 251, 259–260
Total energy expenditure, 124
Total parenteral nutrition, 315
Trace elements, 179–196, 524–528

arsenic, 179–180
boron, 181
chromium, 181
cobalt, 182
copper, 182–183
fluoride, 183
functions of, 180
interaction, 190
iodine, 183
lead, 183–184
lithium, 184
manganese, 184
molybdenum, 184–185
nickel, 185
selenium, 185–187
silicon, 187–188
tin, 188
vanadium, 188
zinc, 188–190

Trauma, 293, 314
TRD. 

 

See

 

 Treatment-resistant depression
Treatment-resistant depression, 388–390
Triamterene, 471
Tricyclic antidepressants, 383, 470
Triiodothyronine, 481
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Trimethoprim, 471
Trytophan, xanthurenic acid excretion with, 482
Tuberculosis, 270
25-hydroxyvitamin D3, 482
Type 2 diabetes mellitus, 50–51, 433–440. 

 

See 
also

 

 Diabetes
calcium, 436
chromium, 437
exercise, 438
fat, 435
fiber, 435–436
fish oil supplements, 437–438
medical nutrition therapy, 434–435
metabolic syndrome, 434
protein, 435
vitamin D, 436
zinc, 436–437

 

U

 

Ulcers, pressure, 497–510
amino acids, 502
clinical recommendations, 506
energy, 503
nutritional interventions

to prevent, 500–501
to treat, 501–503

protein, 501–502
vitamins, 502–503

Undernutrition
consequences of, 198–200
diagnosing, 207–208, 239–244

 

V

 

Vaccines, 86
Vagus nerve stimulation, 383
Vanadium, 180, 188
Vascular dementia, 399
Ventilated patients, 293
Vision, 225
Vitamin A, 106, 110, 143–146, 482

toxicity, 222
Vitamin B

 

1

 

, 106, 111, 144, 152–154, 482. 

 

See also

 

 
Thiamine

deficiency, 222
Vitamin B

 

2

 

, 111, 144, 154. 

 

See also

 

 Riboflavin
Vitamin B

 

3

 

, 111, 144, 155–156. 

 

See also

 

 Niacin
Vitamin B

 

5

 

, 112
Vitamin B

 

6

 

, 106, 111, 144, 156–158, 222
Vitamin B

 

7

 

, 112
Vitamin B

 

9

 

, 111–112, 144

Vitamin B

 

12

 

, 106, 112, 144, 161–164, 222, 402, 
482, 490–491

Vitamin C, 106, 110, 144, 164–166, 482. 

 

See also

 

 
Ascorbic acid

Vitamin D, 60, 106, 110, 144, 146–149, 328, 436, 
480, 520–523

Vitamin disorders, 137–178
antioxidants, vitamins as, 166–168
dietary reference intakes, 142–143
fat-soluble vitamins, 143–152

Bitot’s spots, 145
carotenoids, 143–146
complete blindness, 145
corneal perforation, 145
follicular hyperkeratosis, 145
iodopsin in cones, 145
keratomalacia, 145
night blindness, 145
rhodopsin in rods, 145
squamous metaplasia, hair follicles, 145
vitamin A, 143–146
vitamin D, 146–149
vitamin E, 149–150
vitamin K, 151–152
xerodermia, 145
xerophthalmia, 145

historical perspective, 140–142
water-soluble vitamins, 152–166

ascorbate, 165
cardiac failure, 153
dry beriberi, 153
folate, 158–161
Korsakoff's psychosis, 153
peripheral neuropathy, 153
vitamin B

 

1

 

, 152–154
vitamin B

 

2

 

, 154
vitamin B

 

3

 

, 155–156
vitamin B

 

6

 

, 156–158
vitamin B

 

12

 

, 161–164
vitamin C, 164–166
Wernicke's encephalopathy, 153
wet beriberi, 153

Vitamin E, 15–16, 87, 106, 110, 144, 149–150, 
482. 

 

See also

 

 Alpha-tocopherol
deficiency, 222

Vitamin K, 106, 144, 151–152, 482, 526–528
Vitamin K-rich foods, warfarin with, 476
Vitamins, 361, 402

B vitamins
biotin, 112
pantothenic acid, 112
pyridoxine, 111
riboflavin, 111
vitamin B

 

1

 

, 111
carotenoid family, 110
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recommended dietary allowances, 106–107
vitamin A, 110
vitamin C, 110
vitamin D, 110
vitamin E, 110

VNS. 

 

See

 

 Vagus nerve stimulation

 

W

 

Warfarin, 471
with vitamin K-rich foods, 476

Water loss, 132
Water metabolism, 131–136

dehydration, 134
body composition, 135
body weight, 135
diagnosis, 135–136
laboratory parameters, 135–136
physical examination, 135

hypovolemia, 134
intravascular fluid loss, 134
regulation of, 132–133
water loss, 132

Water-soluble vitamins, 152–166
ascorbate, 165
cardiac failure, 153
dry beriberi, 153
folate, 158–161
Korsakoff's psychosis, 153
peripheral neuropathy, 153
vitamin B

 

1

 

, 152–154
vitamin B

 

2

 

, 154
vitamin B

 

3

 

, 155–156
vitamin B

 

6

 

, 156–158

vitamin B

 

12

 

, 161–164
vitamin C, 164–166
Wernicke's encephalopathy, 153
wet beriberi, 153

Weakness of muscles, 182, 186
Weight loss, 52–53, 222–224

bariatric surgery, 53
calorie restriction, 53
causes of, 378
modalities, 53
pharmacotherapy, 53
physical activity, 53

Wernicke's encephalopathy, 153
Wet beriberi, 153
Wound healing

enteral nutrition, 301
poor, 189

 

X

 

Xanthurenic acid excretion, after trytophan 
administration, 482

Xerodermia, 145
Xerophthalmia, 145
Xerostomia, 251, 261–262

causes of, 262

 

Z

 

Zidovudine, 471
Zinc, 87, 107, 117–118, 180, 188–190, 436–437, 

528
deficiency, 189
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