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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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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.! 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).? 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.?

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.*> The leading cause of death in older people worldwide is
vascular disease and associated chronic conditions.® There exists a great potential
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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 229
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.

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.?

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.
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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 71
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.

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.? 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).
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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
UK. 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.

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.’

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

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.!! Asian nations showed a decline
in the availability of complex carbohydrates and an increase in total fats.!> In Brazil,
obesity is prevalent among even the least-income sector.!* 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.'*
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.!> 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.'¢ In China, there is a greater fat intake from
both animal and vegetable sources.!” 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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TABLE 1.7
Global and Regional Per Capita Food Consumption

Calories Fat

(kcal/day), Meat Milk Vegetables (g/day),

Region 1997-1999 (kg/year) (kg/year) (kg/year) 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.

dense diet.'® In Chile, from 1988 to 1997, prevalence of obesity increased by 9%
in women and by 10% in men.' In China, obesity is associated with higher income
in both rural and urban regions.?®

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

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.



8 Geriatric Nutrition
REFERENCES

1. http://www.who.int/whr/1997/media_centre/50facts.

2. United Nations, Population Aging, 2002, http://unstats.un.org/unsd/demographic/
products/indwm/ww2005/tab39.htm.

3. World Health Organization, Gender, Health and Ageing, http://www.int/gender/doc-
uments/en/gender_ageing.pdf.

4. World Health Organization, Programming of Chronic Disease by Impaired Fetal
Nutrition: Evidence and Implications for Policy and Intervention Strategies, Geneva,
2002.

5. Godfrey, K.M. and Barker, D.J., Fetal nutrition and adult disease, Am. J. Clin. Nutr.,
71, 13448, 2000.

6. Murray, C.J. and Lopez, A.D., Mortality by cause for eight regions of the world:
global burden of disease study, Lancet, 349, 1269, 1997.

7. Solomons, N.W., Nutrition and aging: potentials and problems for research in devel-
oping countries, Nutr. Rev., 50, 224, 1992.

8. Solomons, N.W., Demographic and nutritional trends among the elderly in developed
and developing regions, Eur. J. Clin. Nutr., 54, S2, 2000.

9. Dangour, A.D. and Ismail, S.J., Tropical medicine and international health, Trop.
Med. Int. Health, 8, 287, 2003.

10. World Health Organization, Ageing and Nutrition: A Growing Global Challenge,
Geneva, 2001.

11. Popkin, B.M., The nutrition transition in low-income countries: an emerging crisis,
Nutr. Rev., 52, 285, 1994.

12. Drewnowski, A. and Popkin, B.M., The nutrition transition: new trends in global diet,
Nutr. Rev., 55, 31, 1997.

13. Monteiro, C.A., Mondini, L., deSouza, A.L., et al., The nutrition transition in Brazil,
Eur. J. Clin. Nutr., 49, 105, 1995.

14. Kromhout, D., Bosschieter, E.B., and deLezenne, C.C., The inverse relation between
fish consumption and 20-year mortality from coronary heart disease, N. Engl. J. Med.,
312, 1205, 1985.
15. Zhang, J., Sasaki, S., Amano, K., et al., Fish consumption and mortality from all causes,
ischemic heart disease, and stroke: an ecological study, Prev. Med., 28, 520, 1999.

16. Bourne, L.T., Langenhoven, M.L., Steyn, K., et al., Nutrient intake in the urban
African population of the Cape Peninsula, South Africa. The Brisk Study, Cent. Afr.
J. Med., 39, 238, 1993.

17. Popkin, B.M., Keyou, G., Zhai, F., et al., The nutrition transition in China: a cross
sectional analysis, Eur. J. Clin. Nutr., 47, 333, 1993.

18. Caballero, B., Introduction. Symposium: obesity in developing countries: biological
and ecological factors, J. Nutr., 131, 8558, 2001.

19. Vio, FE. and Albala, C., Nutrition policy in the Chilean transition, Public Health Nutr.,
3, 49, 2000.

20. Du, S., Lu, B., Zhai, F, et al., The new stage of the nutrition transition in China,
Public Health Nutr., 5, 169, 2002.

21. Tucker, K.L. and Buranapin, S., Nutrition and aging in developing countries, J. Nutr.,
131, 214178, 2001.

22. Russell, R.M., Micronutrient requirements of the elderly, Nutr. Rev., 50, 463, 1992.



The Aging Society and Nutrition Epidemiology 9

23. Hattersley, A.T. and Tooke, J.E., The fetal insulin hypothesis: an alternative explana-
tion of the association of low birthweight with diabetes and vascular disease, Lancet,
353, 1789, 1999.






2 Molecular Theories

of Aging and Nutritional
Interventions

H.J. Armbrecht, Ph.D.

CONTENTS
2.1 Aging at the Molecular Level: Free Radicals .........cccocoeveeniniininiininenen. 12
2.1.1 The Free Radical Theory of AZIng .......ccccccevireenieieneenenieeneeene 12
2.1.1.1  Scope of the Free Radical Theory .........ccccceeoerceinvenencnee. 13
2.1.1.2 Predictions of the Free Radical Theory .........c.ccceceevuenueenee. 13
2.1.2  Nutritional Interventions Based on the Free Radical Theory........... 14
2.1.2.1 Antioxidant Vitamins: Vitamin E..........c..ccccccoeevninnnnnn. 15
2.1.2.2 Phytochemical Supplements: Ginkgo biloba..................... 16
2.1.2.3 Natural Foods: Fruit Polyphenols ...........ccccooceeeinininncnee. 17
2.2 Aging at the Cellular Level: Mitochondria ...........ccceceevereeninccencnieneneenen. 17
2.2.1 Mitochondrial AZING.......ccccereroieiiriieniieiieiee et 17
2.2.2  Nutritional Interventions Based on Mitochondrial Aging................. 18
2.2.2.1  L-Carnitine........cccceveeiereerienieeieeieeieeeee et enees 18
2.2.2.2  LIPoiC ACI ..ouviuiiiiiieiiniiiinirieeeeceeeeeeeeee e 19
2.2.2.3 Coenzyme Q1O .....ccoociririniriniinieniiieiciceeeeeeeeeeeee s 19
2.3 Aging at the Systems Level: Caloric Restriction...........cocceeceeecererieenceneennen. 20
2.3.1 Aging at the Systems Level.........ccoocoviiiiniiniiiineeeeeeee 20
2.3.1.1 The Glucose/Insulin SyStem.........cccceceerereeereriieneereeneenne. 20
2.3.1.2 The Growth Hormone/IGF System.........cccccceeeerienencnee. 20
2.3.1.3 The Neuroendocrine/Stress Response System................... 21
2.3.1.4 The IMmuNe SYSEM.......ceceruerrierrieieeiienieeieie e seeenees 21
2.3.2  Caloric RESrICON ....cueveieieieieiieieteeeeeeeteeeee et 21
2.3.3 Possible Mechanisms of Caloric Restriction...........c.ccecevverveevenuenenne. 21
2.3.3.1 Free Radical MechaniSms .........c..coceeevvenvenvecieneeeenenennns 22
2.3.3.2  Mitochondrial MechaniSms ..........c.coeeververvenuenneeeenenennns 22
2.3.3.3  Systems MechaniSms.........cccceeveeruienenieninieneeeneeee e 22
2.3.4 Nutritional Interventions Based on Caloric Restriction.................... 23
2.3.4.1 Caloric Restriction MImetiCs.........cceveeererenrenrenvenuenuennenes 23
2.3.4.2  HOIMESIS c.uveeieniieiieieeite sttt ettt et 23
2.4 SUMIMATY ovveeitienitieieenite ettt estte sttt este e bt e s bt e bt e sate e bt e sateenbeesmeeebeesneesane 24
RETEICIICES ...ttt sttt 24



12 Geriatric Nutrition

Gerontological research has made great strides in recent years in understanding how
we age.! 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.? 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 RabpicAL 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.? 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*
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,’
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.’ 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.” 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.® 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.” 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 Old rats 14
stress

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 Young rats 23
pathways in brain

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 Old rats 30
function

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.!® 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.!!
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.'?
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.’® 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.!"* 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.!> 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.! 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.!” 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.'® 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.”” 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).?’ 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.?!

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.?? This parallels the effect of
vitamin E in the hypoxia model discussed previously.'! 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.?® 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.?* In a similar experiment, two different Ginkgo extracts increased the
survival of cultured neurons challenged by oxidative stress from hydrogen peroxide
and iron.” Likewise, EGb761 blocked the toxicity of Abeta(1-42) in primary hip-
pocampal cells in part by blocking the accumulation of free radicals.?® A similar
effect was demonstrated in a rat nerve cell line, perhaps by interacting with Abeta
itself.?” 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.?® 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.” 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.’® 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.3! 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.”

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.® There is also an increase in mitochondrial DNA
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mutations and oxidized proteins with age.’?3* This leads to functional changes such
as decreased mitochondrial membrane potential, decreased ATP production, and
increased free radical production with age.3*%

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.?® 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.?® 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.’” 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 Old rats 9, 38
reversed memory loss
Reduced toxicity of amyloid peptide Cultured neuronal cells 39
Lipoic Acid
Reduced mitochondrial oxidative damage and partially Old rats 9, 38
reversed memory loss
Reduced age-related oxidative stress in heart Aging mice 41
Improved age-related memory loss in mouse model SAMPS8 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.’ In addition, the same feeding schedule partially reversed
memory loss in old rats.?

The effects of ALCAR have also been studied in vitro in neuronal cell cultures.®
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.? It has been proposed as a therapy for diseases involving
oxidative stress and has proven effective in the treatment of diabetic neuropathy.*® Liu
and coworkers showed that feeding LA to old rats for 7 weeks ameliorated mitochon-
drial oxidative damage and dysfunction.” 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.3 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.*! 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 SAMPS8 mice.*> LA
also reversed indices of oxidative stress in the brain.

As with ALCAR, the effects of LA have been studied in neuronal cell cultures.*?
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.** Coenzyme Q10 has been reported to improve
stress tolerance in the myocardium of senescent rats.#> 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.*! Likewise, CoQ10 has been reported to have neuroprotective effects in a
mouse model of amyotropic lateral sclerosis (ALS).#

However, a long-term feeding study of CoQ10 started at 3.5 months in mice
found no effect on life span.* This is consistent with a study that found no effect
of CoQ10 started at 14 months on life span.*! 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.* 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.?

2.3.1 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.!

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.*’
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.*

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.*® 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.*® Likewise, partially



Molecular Theories of Aging and Nutritional Interventions 21

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.>
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.’! 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.”? Glucocorticoid levels have been shown to rise
with age in rats, making them suspects in the aging of the nervous system.>?

2.3.1.4 The Immune System

Changes in the immune system with age have been well documented.>* 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.>> An age-
related decline in spleen cell proliferation has been seen in rats,*® and a decline in
antibody production in response to influenza has been seen in mice.’’ Both of these
findings were linked to a decrease in naive 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.>

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.”® 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.” In general, it has been
thought that CR works by modifying the rate of aging rather than just delaying the
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time at which aging begins.”® However, this interpretation has sometimes been
called into question.®® 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.*®

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.* 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.®® 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.>®
CR reduced plasma insulin and glucose levels when measured over the whole life
span of the rat.%! 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.*

CR also markedly lowered levels of IGF-1, suggesting an effect on the growth
hormone/IGF-1 system.®> 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.% 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,’ and yet they live longer.** 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 naive T cell levels were blunted by CR in both
rats>® and mice.’” 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.% 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.5

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.>® 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.®’ 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.”® 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.%

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.® 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 Finch® 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.®

In addition to CR, other stressors that may work through hormesis include pro-
oxidants, irradiation, heat shock, and exercise.”” 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.”’ 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.
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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 NuUTRITION 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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FIGURE 3.1 Pictorial representation of the world record for the 1-mile run.

160/95 mmHg.' 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.? Studies such as the Systolic Hyperten-
sion in the Elderly Program (SHEP) have shown that lowering blood pressure has
decreased the occurrence of stroke.* 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.’> suggested that 25 to 30% of individuals over 40 years
of age may display sodium-sensitive blood pressure responses. A difference of 100
meg/day in sodium intake is associated with a 3- to 6-mm difference in systolic
blood pressure.® 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.” 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
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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.? There is some evidence that long-term use of
very low sodium diets may actually lead to an increased mortality.’

Low calcium intake has been associated with increased arterial pressure,'® and
high calcium intakes ameliorate systolic hypertension.!' 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.'>!?
Insulin resistance is associated with hypertension, and persons with insulin resistance
have increased salt sensitivity.'* Consuming one or two alcoholic drinks a day is
associated with a lower blood pressure than seen in persons who do not drink."”
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.!

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.!” 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.'8

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.! 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.? 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.?! 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.?? 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.?? 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.?* 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 Skrabanek?’ 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.,?® 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.?s 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.?” However, in other studies a high total cholesterol was
associated with longevity,” 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.?? 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.* In addition,
the Women’s Health Initiative could show no major health benefits of a low-fat
diet.3-33 Tt 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.3+3

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.3® 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.’” 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
Orr®® suggested that cancer in betel nut chewers was less prevalent in those with
high vitamin A intake. In the same year, Stocks and Karn* 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.*
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.*! 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.*> There is stronger
evidence to support a relationship between aggressive prostate cancer and fat intake.**
There is a 15% increase in colon cancer for each 100-g increase in red meat* and a
30% increase in prostate cancer in high-red-meat eaters* 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.*
Iodine deficiency predisposes to thyroid cancer.*’ Aflatoxin, from Aspergillus flavus,
is a contaminant of peanuts and cereals in some situations and has been associated
with hepatoma.*® In Japan, eating bracken fern is associated with a five-fold increase
in esophageal cancer.*

Epidemiologic studies have suggested a decrease in lung cancer in subjects with
high intakes or serum levels of beta-carotene or vitamin A.° 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.’! Long-term use of
folate supplementation reduced the risk of colon cancer by approximately 40%.5

Low selenium levels in the blood have been associated with an increase in cancer
incidence.’® The combination of low selenium and low vitamin E levels seems to be
highly predictive of increased risk, especially for gastrointestinal cancers.>* 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 EXERrcISE

There is mounting evidence that moderate exercise can prolong the life span.>
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 animal®® and human®’ studies suggests that



36 Geriatric Nutrition

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 — Increased risk with iron deficiency; decreased risk with selenium consumption
skin cancers

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.”® 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 Lire 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 Fries* 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.®® 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.! 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
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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).®? SIR2 is an NAD-dependent deacetylase. Besides altering histone
deacetylation, Sirt also suppresses p53 and Foxo medicated apoptons and inactivates
the proapoptotic factor, BAX. Sirtl 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.®?

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.5+% 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.®’-%

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.” 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 B, 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.”! Yet in approximately half of these individuals,



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).

D\
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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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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 Screening for diabetes Vigorous treatment of
hypertension mellitus PEM —early tube
feeding
Increased fish intake —cardiovascular disease ~~ No megavitamin use— Specialized eating
hypercalcemia utensils
Avoidance of very high fat diets—cancer Use of indicated drugs PEM

only—decrease
drug—nutrient interactions
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.

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.
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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?) 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.!? In general, fat mass increases with increasing age® and
tends to be redistributed viscerally, in both genders.* Muscle mass and strength
decrease by approximately 15 and 30%, respectively, between the second and
seventh decades.’

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.’> 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.° 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.”
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4.3 MECHANISMS RESPONSIBLE FOR THE CHANGES
IN BODY COMPOSITION WITH AGING

4.3.1 CHANGES IN ENERGY EXPENDITURE

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).2 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.’ 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.'

4.3.2 CHANGES IN NUTRIENT INTAKE

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

4.3.3 CHANGES IN FAT METABOLISM

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,” reduced adipose tissue lipoprotein lipase activity,'* and
catecholamine'? and leptin'* 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.'

4.3.4 CHANGES IN MUSCLE METABOLISM

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



48 Geriatric Nutrition

a decline in mitochondrial function.!® 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.!”:!8

4.4 ASSESSMENT OF OBESITY IN THE ELDERLY

Body mass index (BMI) calculated as kg/m?, 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 BMIL!* BMI is
therefore of limited use to evaluate the prevalence of overweight and obesity in the
elderly unless very high.?° Waist circumference is a good index of visceral fat mass
at all ages!>? and relates well to obesity-related health risks in the elderly.!

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.’ 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).?>?

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.” 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.>* 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.? 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.?® In a representative sample of elderly Mexicans
from five Southwestern states in the U.S., 23% of men and 35% of women were
obese.?”” 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.?®
The Dutch nutrition survey of 539 apparently healthy, independently living elderly
age 65 to 79 years found an overall prevalence of obesity of 13%.%

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.*® 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.>' 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.*?

4.6 CONSEQUENCES OF OBESITY IN THE ELDERLY
4.6.1 OVERALL MORTALITY

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.>* In another study, older men and women at a BMI range of 25 to less than 32
kg/m? were shown to have no excess mortality.>* 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 2> 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.®

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

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.’®

The elderly at greatest risk are those who are simultaneously sarcopenic and
obese.!” 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.! 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.*® 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.*

4.6.2 GEeNERAL HEALTH AND WELL-BEING

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 65.4!

4.6.3 Disease-SpeciFic Risks

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.*> 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.?! Sarcopenic obesity at baseline is particularly predictive
of independent activities of daily living (IADL) disability at follow-up after 8 years.*?

Large population-based studies have shown that obesity is a significant indepen-
dent predictor for older persons being homebound* or losing independence, partic-
ularly when associated with an unhealthy diet and physical inactivity.*> A paradoxical
increase in risk in disability has been associated with weight loss in very elderly
women.* 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.#’

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.*® 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.*
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.® Nevertheless, there
is evidence that insulin secretion decreases with age even after adjustments for differ-
ences in adiposity, fat distribution, and physical activity.’!

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.’> 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.”?

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.>* 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.>

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.”®

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.”” 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.’® Weight loss has been shown to improve static lung volume, not dynamic
pulmonary function, in moderately obese, sedentary men.>

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.5



52 Geriatric Nutrition

4.6.3.7 Cognitive Function

Obesity is defined by BMI and waist circumference is associated with poorer cog-
nition in the elderly.®! 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.®> A larger WHR may be related
to neurodegenerative, vascular, or metabolic processes that affect brain structures
underlying cognitive decline and dementia.®

4.6.3.8 Other Adverse Effects of Obesity in the Elderly

Obesity is independently associated with the presence and severity of urinary
incontinence®* and lower limb joint pain.5> 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.®

4.7 MANAGEMENT OF OBESITY IN THE ELDERLY
4.7.1 BEeNErITs 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.®”” 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.®® Many obesity-
related health conditions (e.g., hypertension, dyslipidemia, insulin resistance, glucose
intolerance) can be ameliorated independently of weight loss.” 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.®® 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.”® 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.”!
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.”

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,”®
and a reduction in all-cause and cardiovascular mortality.” Endurance training
increases fatty acid oxidation, leads to a reduction in visceral fat, and increases, or
attenuates, the decline in RMR.”* 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.”> 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.’67’
Improvements in fitness have been shown to attenuate age-related increases in
adiposity. People who exercise regularly have a lower risk of cardiovascular disease”
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.”®

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,”#! reduction of medication
needs, and very large cost savings.®® 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.! 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.23

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.* 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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TABLE 5.1
The Putative Factors Involved in the Pathogenesis of Sarcopenia

Genetic, e.g., angiotensin-converting enzyme polymorphism
Congenital —low birth weight
Testosterone

Vitamin D

DHEA

Growth hormone

ICG-1

Mechanogrowth factor
Ghrelin

Creatine

Myostatin

12.  Cytokines

13.  Insulin resistance

- =
mO 0 XN R WD

14.  Anorexia

15.  Lack of physical activity

16.  Motor neuron activity

17.  Atherosclerotic vascular disease

at 1 year of age, suggesting that in utero factors or genetics play a role in the
subsequent development of sarcopenia.’ 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.® 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.” Testosterone replacement therapy in older males increased muscle
mass and strength.-1° 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,
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FIGURE 5.1 The ying and yang of muscle survival. Muscle mass and strength is a balance
between anabolism and catabolism.
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FIGURE 5.2 The effects of aging on the exercise muscle injury and repair cycle. MGF =
mechanogrowth factor; = increased with aging; = decreased with aging.

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
anumber 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.
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FIGURE 5.3 The putative molecular mechanism by which testosterone regulates muscle
mass and strength in older persons.

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.!! Hypovitaminosis D is associated with declines in muscle strength and
reported disability.'> Low vitamin D and high parathyroid hormone levels are asso-
ciated with sarcopenia.'* Low vitamin D levels are an independent predictor of falls.!#
Vitamin D and calcium supplementation improves strength and performance only
in older persons with low vitamin D levels.!

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.!®

Growth hormone and ICG-1 levels decline with aging.!” 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
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levels. MGF enhances satellite cell proliferation. Localized MGF transgenic expres-
sion sustains hypertrophy and regeneration in senescent skeletal muscle.'®

Creatine is an amino acid supplement that is essential for muscle function. Creatine
is found mainly in meat in the diet. Chrusch et al." 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.?’ 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.!

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.?? This explains, in part, the decrease in muscle
function and increased falls in older diabetics.?

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 syndrome?* (Table 5.3). Cytokines have
direct effects on muscle, activating NF-kappa beta, resulting in decreased protein syn-
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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)
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

1. 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

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
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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.>* demonstrated that cardiac cachexia (defined as a weight loss of greater
than 7.5%) predicted survival independently of peak VO,, 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 alpha, 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.

Cancer — Anorexia Syndrome
Treatment Options
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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.> 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.?> 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 Decreased Decreased Increased Unchanged

rate
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




Sarcopenia and Cachexia 67

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!
and waning immunity to tetanus,? thereby increasing their susceptibility to diph-
theria.?> Furthermore, the aged population is known to have poor responses to
influenza vaccination*® and also has a higher incidence of infections and sepsis
after a traumatic injury than their younger counterparts.® 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.” Furthermore, nutrition, measured
by serum albumin, has been known to be a major contributing factor in mortality and
morbidity outcomes in hospitalized elderly,®' in recovering patients after discharge,’

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 79

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.!"'> 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).!?

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
Tyl-type Subclass of CD4 cells; secrete IL-2, IFN-r, IL-3, TNF-o, GM-CSF, and TNF-§;
(helper T cells) promote production of opsonizing antibodies and induction of cytotoxic T cells

and macrophage activation; mediate delayed hypersensitivity responses (HIV or
M. tuberculosis)

Ty2-type Subclass of CD4 cells; secrete IL-3, IL-4, IL-5, IL-6, IL-10, and IL-13; help to

(helper T cells) regulate humoral immunity and isotype switching; help B cell with specific Ig

production; help to regulate proinflammatory responses mediated by T1 cells

CD4+ and CD8+ Control immune responses; produce large amount of IL-10; can suppress T and
T regulatory cells 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; Ty1: 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 T2 (humoral immune
response) or Tyl (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-o.-secreting Ty1-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 Ty1 response. Tyl 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.!® During flu seasons, a mortality rate as
high as 90% can occur in the elderly,'® 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.?’ 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,?! and increased autoantibody levels in an apparent healthy
study group age 95 and older.? While some level of immune component decreases
with aging, others increase with aging, such as IL-6.2 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.?*

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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TABLE 6.4
Criteria for Very Healthy Elderly

SENIEUR criteria® 1. In good health

No ongoing, developing, or degenerative diseases

3. Normal adult values for laboratory variables (leukocytes with
differentials, blood glucose, SGOT, SGPT, urinalysis for protein,

N

(apparently healthy)

glucose sediment)

4. No drugs acting on the immune system
Additional criteria 1. No disease in the past 5 years

for the very healthy?® 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, folate,
B,,, A, and C)

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? (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?® (Table 6.4).
With that in mind, the findings discussed below are from the very healthy and the
apparently healthy elderly.

6.5.1 CeLL-MEDIATED IMMUNITY: CHANGES WITH AGING

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
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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.?”’” 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.?
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.?® 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.?® 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).?-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.

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-)* 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.?** 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 naive
(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.3® This is of immunologic impor-
tance since memory T cells are poor IL-2 secretors and have poor proliferative capacity.’

In addition, aging has been associated with an imbalance of Ty1:T,2 function
(decreased or unchanged in Tyl function and an enhanced T2 function). T cell
helper functions are assessed by the change in quantity of cytokines produced. Ty1
cells produce IL-2, IL-12, and IFN-y, resulting in T cell proliferation and macrophage
activation, features of cell-mediated immunity. In contrast, T;;2 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 Ty;1 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.?®340 Other cytokines studied to assess
Tyl function include interferon and IL-12. Interferon was reported as decreased or
unchanged in the very healthy elderly,**?> and IL-12 release was found to be similar
to young adult values.*® These findings suggest that Ty1 function does not decline
with age in the very healthy elderly, only in the very old population. And the observed
decreased Tyl 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 T2 subset, was found to be increased in
both the apparent healthy?3#44 and the very healthy elderly.3? 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.*® 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 Ty1 function
occurs only in the oldest olds but not in the healthy young elderly. The borderline
disequilibrium in Ty1:Ty2 function results in decreased CD8+ cytotoxic T cell
maturation and activation (Tyl function). However, CD4+ subset seems to be
unchanged in the elderly.*’-*

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.*84°

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 controls*®
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.’! The delayed
cutaneous hypersensitivity (DCH) reaction is mediated by Tyl 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.”> Anergy or decreased response
of the DCH reaction is due to impairment in cell-mediated immune system, namely,
changes in the Ty 1 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.>

6.5.3 HuMORAL IMMUNITY: CHANGES WITH AGING
6.5.3.1 B Lymphocytes

There is impaired production of naive 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>*

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,>>® 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 IgAl subclass, while IgA2 is significantly
decreased.’” 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 1gG4.5%%°
Oligoclonal Ig was also found in the healthy centenarian subpopulation.’$°

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.”® 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.’> 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.®' 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.®? 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).5>%* 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.® 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)®® and an increase in CD28- T cells with aging, resulting in
decreased IL-2 production.*+

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,® 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.%”-%8

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.!® 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.® 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.'®

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.).*>7 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,’”® and the incidence of cancer increases in the
subpopulation with lower NK cytotoxic activity.”! The NK cell proliferative response
to IL-2 is decreased by 40 to 60% among the elderly.”-3

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.”” Furthermore, TNF- was found to be an independent
prognostic marker for mortality in the very old (100 years and over).”? Cytokines are
generally classified based on the type of cells that produce them. Type 1 cytokines are
produced by the Ty1 (T helper 1) and Tcl (T cytotoxic 1) cells and are represented
by IFN- and TNF-. Type 2 cytokines are characterized by IL-4 production from T
helper 2 (T2) 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.”+”
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.™

In contrast to decreased IL-2 production in response to antigenic stimulation
in aged individuals, IL-10, a T2 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 T;1
cytokine production, particularly IL-12, the cytokine responsible for initiation of
cell-mediated immunity (CMI).7
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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.”’” 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.”® 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
1935,7 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.®8!

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.?®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.** 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/mm’, a level comparable to acute acquired
immune deficiency syndrome in human immunodeficiency virus infection.®?
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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®*? and when
replaced with nutritional supplement, the DCH reaction seems to improve?® In
hospitalized elderly at risk for malnutrition®85 and in idiopathic senile anorectic
elderly,® 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).8” 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.>* Deficiency of essential omega-3 fatty acids may
also contribute to cutaneous anergy in the malnourished elderly.3

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).*° 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-, IL-1PB, IL-6, and IFN-y,% and this
increase in proinflammatory cytokines may contribute to protein-energy malnutrition
(PEM), frequently found in chronic nonmalignant disorders.?

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,** 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.?°! 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.”

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.®*~7 Moreover, lactobacilli can be used to increase
a weak systemic immune response, even in an HIV-positive host.”>%

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:CDS8, 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.”®!% 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.!01-103

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.!®
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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%,'% as well as a 38% relative risk reduction for patients vaccinated with
pneumococcal vaccine.'% 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.!? 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.'?’

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.2443.108109 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 mortality''* and
impaired immune responses.'!!

TABLE 6.5
Available Therapies for Imnmune Enhancement in the Elderly

Vaccines

Intravenous immunoglobulin (only for special cases of immunodeficiency; quite costly)
Nutritional interventions

Exercise

MY

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.!''?
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,''? and lymphopenia is moderate.®* Supplemention with zinc signifi-
cantly improves the above biochemical parameters, increases DCH reaction, and
increases CMI responses.®3 Yet, oversupplementation with zinc may cause a
decreased benefit in a dose—response pattern.''?

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.!!*!17 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.!'® 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.!"®
However, long-term antioxidant treatment with vitamins E and C in healthy elder
men has no effects on inflammatory markers TNF-a, IL-6, and CRP.!?

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,'?!
and a low level of ascorbate was linked to increased all-cause mortality in older
people.'?? 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.'>* 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.'**

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 damage'? 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.'?® 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.!?” While some trials may show positive
effects, others fail to replicate the immune enhancement of beta-carotene and lyco-
pene in healthy study subjects.!?8:12°

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,'*® and may modify and inhibit
colorectal cancer development.'*! 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.'3? Furthermore, high folate intake was associated with
decreased lung cancer risk by 40% with an inverse dose—response relationship.!*?

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.'** 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.' In the cancer prevention study, vitamin E use has no significant
reduction on prostate cancer risk and incidence of bladder cancer.'3¢

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.'?’
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 ProsioTics 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-analyses'*®!3 in
children and in adults and have been recommended for use in gastroenterology as
level 1A evidence.'* 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 Medicine'#?

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.'* 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.'® 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.'!
However, other studies failed to show any modulatory effect of probiotics on phago-
cytic function.!#>!43 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.!*+!45 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.'*® 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.'*” 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.!4
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TABLE 6.7
Immunocompromised Host after Prolonged Strenuous Exertion'”

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

Increased inflammatory markers from granulocytes and monocytes

Decreased granulocyte oxidative burst activity

Decreased nasal neutrophil phagocytosis

Decreased NK cytotoxic activity

Decreased nasal mucociliary clearance

Decreased nasal neutrophil phagocytosis

Decreased mitogen-induced lymphocyte proliferation

e A

Decreased DCH response

—
e

Increased pro- and anti-inflammatory cytokines

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.'4’

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.'48149 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 infections'>® 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.'! 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
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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.'>? 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.'>
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.!>* 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.'> 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.'*¢ 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,'*® 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.'>713

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.!>®

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.'% 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.'®! 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.'®2 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.'®' 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.!®?
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
cytokines!®*165 and induces a shift in cytokine secretion of human T cells by inhib-
iting IFN-y and promoting IL-4 secretion.!® 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,
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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.! 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.? Sixteen to eighteen percent of community-dwelling
elderly persons consume less than 1000 kcal daily.?

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* 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.>

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.® 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.” 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.'” 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.?

7.3 MACRONUTRIENTS
7.3.1 CALORIES

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.®
Other formulas have been adjusted for severely stressed hospitalized subjects.'?
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TABLE 7.2
Dietary Reference Intakes (DRIs): Recommended Intakes
for Individuals, Macronutrients

DRI (1997-2001) DRI (1997-2001)
Age 50-79 Age >70
Total water 3.7 1 males; 2.7 1 females 3.7 1 males; 2.7 1 females
Carbohydrates 130 g 130 g
Fat ND ND
Protein? 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.

2 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.

7.3.2 PROTEIN

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.!!
However, some older persons are not able to maintain a positive nitrogen balance
at this level.'? For older persons under moderate stress, the requirement is likely to
be 1.0 to 1.2 g/day.

7.3.3 CARBOHYDRATES

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
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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 Far

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 FiBer

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)."* 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.!*

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.'”

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).'°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 THe VITAMIN A AND CAROTENOID FAMILY

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 VitamiN 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 VitamiNn 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 VitamN 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.



Nutritional Requirements in Older Adults 111

7.4.5 B VITAMINS

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 Sjogren’s syndrome.!”

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 pg intramuscularly for 1
month, followed by 125 to 500 pg daily orally for dietary deficiency or 1000 ug
daily orally for pernicious anemia.'®

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 IRON

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.'” 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.”

7.5.2 CaALcium

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.?!

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
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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 PHOSPHORUS

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 Sobium AND PoOTASSIUM

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 MAGNESIUM

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.'* 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.”

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.?

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.??

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.?*
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 CorPerR

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 (CrCly) 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.? 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.?® 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.”’

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.?

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.!

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%

FIGURE 8.1 Effects of aging on energy balance. RMR = resting metabolic rate; TEE =
thermic energy of eating.
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FIGURE 8.2 Changes in body mass with aging.

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? (Figure 8.2).

8.1 TOTAL ENERGY EXPENDITURE

As might be expected, TEE deceases with aging.*> In older persons, TEE is lower
in women and in blacks.® 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
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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.% 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.%° 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.!®!! 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.! 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.!?
Similarly, in patients with Alzheimer’s disease there is a decline in RMR.! RMR
increases in Parkinson’s disease, but TEE drops because of the marked decrease
in physical activity.”> RMR did not increase in chronic obstructive pulmonary
disease.'* 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.b

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." 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.'®!” 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.'® This decline is due to both a reduction in intermeal
snacking and early satiation that occurs in response to large meals.!” 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.?® 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.?'?2 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.?® 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.?* 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.?

The gastrointestinal tract appears to be a major system involved in the patho-
genesis of the physiological anorexia of aging.?® 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.?’” 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.?® 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.” 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.3

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.?' 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 1 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).!

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 1 of fluid a day, but only about 1% (1.5 1) 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.>? 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.?

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.
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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,* or infusion of
hypertonic saline.”> 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.® 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.” 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.?

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.’

9.4 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.!°

9.5.1 Bobpy ComMPOSITION

The components of body water can be accurately measured by research techniques such
as radiological dilution. Bioelectrical impedance''-'3 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 1. Moreover, these modalities may not be readily available in clinical settings.

9.5.2 Boby WEIGHT

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 PHysicAL EXAMINATION

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.'*

9.5.4 LABORATORY PARAMETERS

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. '3
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Serum osmolarity is very sensitive, rising in dehydration with as little as a 1%
change in body weight.'® 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,,, which is stored in the liver. Vitamins B, and By, 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,,). 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, By, and B,, 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,. 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 (vira) 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, (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, (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.

e Adequate Intake (AI): When the RDA cannot be established due to lack
of sufficient clinical evidence, the Adequate Intake level is used. Al 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 ViramIN A AND CAROTENOIDS

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



Geriatric Nutrition

144

*paUTULIANAP Jou (N

'SO0UBMO[[Y A[IB(] POPUWWOIAY I SIAYIO [[e ‘son[ea dyejul 9jenbape soyedrpu]
'O ‘U0ISUIYSEAN ‘ssald Awpedy [euoneN ‘(1007) 2UlZ pub wnippupp ‘UodIS 1aY2IN ‘Wnuapqljop ‘asaunuvpy ‘ouipoy “4addo)) ‘wmiuoy)
UOLOG “ONUISAY ‘Y UNUDIIA ‘Y UIUDIIA LOf SaYpIU] 20U242[2Y K4v121 (000T) SPIOURI0ID])) PUD WNIUI]IS ‘] UIUDIIA ‘D UIUDIIA L0f SaypIU] 20ua.2f2y £101217 (8661)
2U10YD) puv ‘UNNolg ‘proY JMUYIOMD ‘7] UNUDIIA ‘DID]O] ‘QF UNUDIIA ‘UIIDIN ‘UIADYOQLY ‘UNUDIY ] A0f SIYDIU] 20UdA2[0Y KAD121( ‘QUIDIPIIA JO AJMIISU] :90INOS

Sw 00T Sw 00T Sw 00T Sw 00T Swgy Sw 06 Swgy Sw 06 pIoe 21qI00sy
anN anN anN aN Sl g Sl g 81l g Sl g auruIe[eqod0uBA)
81 0001 81 0001 81 0001 81 0001 81 00v 81 00v 81 00v 81 00v proe orjo4
Sur 01 Sur 01 Sur 01 Suw 001 Sw gy Suwr /] Sw gy Suwr /] urxopLkd
Sw g¢ Sw g¢ Sw g¢ Sw g¢ Sw ] Sw 9] Sw ] Sw 9] UoBIN
an an an an Sw | Sw gy Sw | Sw gy urAegoqry
aN aN aN aN Sw 'y Swg Sw 'y Swg urwery,
an an an an 31 06 81 oz1 31 06 81 oz1 -
Sw 0001 Sw 0001 Sw 0001 Sw 0001 Swgy Swgy Swgy Swgy —
Sw g Sw g Sw g Sw g 3 g1 3 g1 31 o1 31 o1 S[0Io)10[BD)
81 000€ 81 000¢ 81 000¢ 81 000¢ 81 00L 31 006 81 00L 31 006 sprousjore))
JJewa4 Iew JJewa4 Iew JJewa4 Iew JJewa4 Iew awieN [ediway) uowwo)
SAea) (04< SAeoA 04-19S SAeap (04< SAeoA 0419

[9A97 12ddn 3jqessjor

«Saeju| agenbapy 1o
dUEMO||Y Ajleq papuawwIoddy

ORUEILIIIN
o ureyp =
og uweyp £
a
°g unueyp g
. =3
g uwens S
g unueyp - @
'd urweyA
s3] UIWRYA -
g uweny g
5 UIWBNA m
v urweyp @
ulwe)p

SJULIINUOIDIW 10} jeju] DUIIYIY Aleaiq

1'0L 319VL




Vitamin Disorders 145

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 pg for women and 900 pg 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.

e 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 LLg), 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 pg 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 ViiamiNn 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,) and cholecalciferol (Ds). Vitamin D, is
formed by the ultraviolet irradiation of ergosterol and is found in plants, while
vitamin D5 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; is over three times more potent than D,. Dietary
sources of vitamin Dj 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, 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),D), or calcitriol. A smaller amount of relatively inactive
24,25(0OH),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),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(0OH),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),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 pg) for individuals
age 51 to 70 years and 600 IU (15 pg) 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 pg (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 ViramiN 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:

e Mild anemia related to increased erythrocyte hemolysis.

e Easy bruisability and prolonged clotting time.

e 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.



Vitamin Disorders 151

10.4.4 ViramiN 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,, or phylloquinone, is the natural form found in green leafy vegetables,
cabbage, cauliflower, soy beans, cereals, vegetable oils, and liver. Vitamin K,, 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 pg for women over the age of 50 and
120 pg 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:

e 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

e 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

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),D;. 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 withlow BMD in women
but not men (Booth et al. 2003). Finally, vitamin K, 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 VitamiN B, (THIAMIN)

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, 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:

e 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.

e 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 B, (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 B, 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 B; (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 B;
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 B, 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 B; 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 B

Vitamin By 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 B4 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 B, obtained from plant sources, but is virtually absent in vitamin B, from
animal products. Vitamin By 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 B, 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 Bg. For this reason, supplementation with vitamin By is recommended
when isonizide is prescribed for prolonged periods. Clinical manifestations of vita-
min B, deficiency include angular stomatitis, cheilosis, glossitis, peripheral neurop-
athy, irritability, confusion, and anemia. In the elderly, vitamin B4 deficiency often
occurs with other nutritional disorders. Symptoms are not specific to vitamin B.
The diagnosis can be made by measuring plasma PLP or erythrocyte transaminase
activity. Pyridoxine-dependent transaminase activity is decreased in vitamin By defi-
ciency, but the wide range of values in healthy persons make interpreting results
difficult (Johnson et al. 2002).

The effect of vitamin B, 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 B, 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 By, B,,, and folate defi-
ciency, is pathogenic. Several observational as well as prospective studies provide
ample clinical support for the benefit of supplementing vitamin B, 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 B, 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 B, 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 B, plasma levels were inversely related
to the risk of cardiovascular disease. Low levels of vitamin B, 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 B,,, supplementing vitamin B, alone does not necessarily lower fasting
homocysteine levels significantly. After oral methionine loading, however, vitamin
B, effectively decreased serum homocysteine levels (Ubbink et al. 1994, 1996).
Furthermore, few geriatric subjects were included in these studies.

The effect of vitamin B, deficiency on the immune system resembles that of
PEM in many ways. Low vitamin By 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 By 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 By
metabolism. Nevertheless, Meydani et al. (1991) demonstrated that impairment of
the cellular immune system associated with vitamin B, 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 B, levels, and thus elevated homocys-
teine levels (Selhub et al. 2000). In one cross-sectional observational study, higher
plasma concentrations of vitamin B, 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 B¢ 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 B, segment of a four-arm trial,
and no statistically significant benefits from vitamin B; 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 By 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 B,. 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 B,,. Folate deficiency results
in accumulation of homocysteine, increasing the risk of cardiovascular disease. Of
the three vitamins involved in homocysteine metabolism (folate, vitamin B, and
B,,), 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 ug 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 pg/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 ymol/l reduced the risk of coronary artery disease (CAD) by 10%
(Boushey et al. 1995). The odds ratio for CAD of a 5 ymol/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 B¢ and B,,, 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 By, and 6
lg vitamin B,,, with the goal of lowering homocysteine levels below 10 gmol/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 ymol/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 B,, deficiency. Meg-
aloblastic anemia occurs with vitamin B,, deficiency and is indistinguishable from
that of folate deficiency. Consumption of large amounts of folic acid in individuals
with undiagnosed B,, 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 pg daily.

10.5.6 VitamiN B;, (CoBALAMIN)

Vitamin B, 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 B,, in
the human body are methylcobalamin and 5-deoxyadenosylcobalamin. Cyanocobal-
amin i