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Preface

As we age, lower levels of physical activity and food consumption accentuate changes associated
with aging. Lower levels of income and finances substantially reduce nutritional state and ability
to maintain health via adequate nutrition. Therefore, the main focus of this book is understanding
the role of nutrition, as well as supplementation and undernutrition, in health in the elderly.
Intuitively and scientifically, adequate diet and thus nutrition, education, and nutritional supple-
mentation should improve the amount and quality of life in seniors.

Undernutrition and very low food intake, leading sometimes to malnutrition and starvation, are
significant problems of seniors, especially when institutionalized. Therefore, the needs of the elderly,
which differ from those of young adults and growing children, are defined for key nutrients. In
addition, support mechanisms and ways to provide improved dietary intake in the institutionalized
are described and evaluated. Assessment of nutritional status in the elderly presents special problems.

The association of diet and hypertension in seniors is important to increasing longevity, as are
other nutritional problems including undernutrition. The aging adult offers a number of nutritional
challenges, such as determining which nutrients or combination will promote health and how they
affect cell structure and function. Nutritional support for surgery patients or those with anorexia
are special needs of seniors, not just healthy young adults. Cells in older people have altered
nutritional needs and biochemical activities, including protein turnover. Key systems that protect
the individual, such as immune defenses, decline with age even under adequate nutrition. Therefore,
knowledge of the changing composition of the body, its needs for micro- and macronutrients, and
its nutritional state facilitates care and survival of older people. The overall focus of this book is
on the role of altered nutritional intake and needs in health promotion in older people.
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Nutrition plays a pivotal role in health promotion, disease prevention, and chronic disease manage-
ment. The normal physiologic changes of aging place the elder at risk for potential complications
regarding altered nutritional state and electrolyte imbalance. The most important principle in limiting
the possibility of complications at any time throughout the age span is prevention.

I. INTRODUCTION

The population of older persons has risen dramatically and will continue to grow rapidly throughout
the world. In 1990, more than 31 million Americans were over the age of 65; by 2040 this number
will exceed 75 million (1). One of the major reasons for increased life expectancy and longevity
includes increased emphasis on health promotion and disease prevention (2). Although longevity
has increased, whether the added years of life are filled with health and vigor or chronic disease
and limited functional status or disability is unknown (1).

There is a trend toward increased life expectancy in the aged, yet chronic conditions are
prevalent and influence older people’s ability to maintain their functional state (3). Good health is
the key factor in maintaining an independent and productive life in the elderly. The expected
outcome of good health reaches beyond longevity to the goal of an acceptable quality of life,
without debilitating disabilities. For those with chronic illness, optimizing functional status is
cornerstone in preventing a downward functional decline (4).

1. BACKGROUND

Dietary and nutritional factors underlie many elements that contribute to health disparities in elders
(5). In the past, national health care expenditures have totaled more than $666 billion, for which

0-8493-2228-6/01/$0.00+$.50
© 2001 by CRC Press LLC 3



4 Handbook of Nutrition in the Aged, Third Edition

30% are associated with inappropriate diet (6). Those at risk for diminished quality of life and
functional status due to the effects of an altered nutrition intake include individuals who have
chronic disease conditions (6). Presence of nutrition risk factors may extend into chronic disability
(7). Some data indicate that many of the continued health problems associated with the elderly are
preventable through dietary intervention (8).

Inappropriate dietary intake is associated with 5 of the 10 leading causes of death in the U.S.:
coronary artery disease, certain cancers, stroke, diabetes mellitus (noninsulin-dependent), and
atherosclerosis (9,10). Many of the health problems associated with the elderly are preventable or
controllable through dietary changes (9-11).

l1l. IMPORTANCE OF ADEQUATE NUTRITION

Adequate nutritional status has been recognized as an important factor in the prevention and
treatment of chronic disease (12). The elderly are particularly prone to inadequate nutritional status
because of age-related physiologic (13,14) and social changes, development of chronic diseases
(15), use of medications (16-18), and decreased mobility (19,20). These factors may lead to
subclinical malnutrition, which is not easy to recognize or separate from changes resulting from
the aging process itself. If undetected, subclinical malnutrition among older people may result in
more rapid deterioration of health and early death.

Factors affecting nutritional status are multidimensional and interrelated. For older adults, age-
related changes in body function (gastrointestinal changes) (21,22), lifestyle, medication use
(23,24), and the prevalence of chronic disease challenge maintenance of good nutrition. Psycho-
social factors including income (25), social interactions, and access to transportation all can affect
the client’s nutritional state (26,27). Measures to promote good nutrition must specifically address
the interrelated and multifactoral factors that affect nutritional status.

Nutrition plays a pivotal role in health promotion (28), disease prevention, chronic and disease
management (29,30). Older Americans experience a variety of nutritional problems related to
changes associated with aging. These changes are related to social, environmental, economic and
physical alterations (17,31-33). Major physiologic changes that occur comprise a decrease in total
body protein, a reduction in total body water, a loss in bone density, and an increase in the proportion
of total body fat with a redistribution of fat stores (29). Cumulatively, these changes place a
substantial number of elderly at high risk for poor nutrition status (28,34,35).

More specifically, many elderly patients requiring hospitalization show signs of malnutrition
on admission or develop malnutrition during hospitalization (36-39). Malnutrition from any
cause impacts on the recovery and rehabilitation after surgery and is not limited to protein-calorie
deficiency but also low intakes of iron, vitamins, and minerals (29,38). Management of periop-
erative care in geriatric patients is typically more complex than in younger patients, due to
changes associated with advancing age (40). One in four elderly suffer from malnutrition, which
is costly in the surgical patient because it leads to impaired immune system, poor wound healing,
infections, complications, multi-system organ failure, prolonged hospitalizations, catastrophic
costs, and death (29,40-44). Factors that are critical for obtaining the best outcomes from surgical
treatment of elderly patients include avoidance of disturbances in nutritional and electrolyte
status (40).

Immune response, typically a protective pattern, is impaired in old age, resulting in an
augmented risk of infection (29,40,45). Nutrition is a significant determinant of immunocom-
petence. Functional adaptations include decreased lymphocyte proliferation, reduced production
of interleukin-2, impaired mixed lymphocyte reaction, and decreased natural killer cell activity
(45-48).
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IV. DETECTION OF NUTRITIONAL RISK

The DETERMINE your nutritional health checklist (Figure 1.1) completed during an assessment
phase may detect high nutritional risk (36,49). The elderly can complete this form during an annual
checkup in a primary care clinic, upon admission to the hospital or during the pre-admission work-
up (50). The checklist depicts a series of warning signs of poor nutritional status for elder Americans.
A foundation for further assessment and intervention is also provided. Elders with higher checklist
scores are more likely to have the poorest levels of nutrient intake and increased threat of adverse
health risks (35). The checklist, developed by the Nutrition Screening Initiative, can be used by a
wide range of social service and health care professionals (18). Specifically, the Level II Screen
helps to distinguish those individuals with nutritional problems that can have a profound impact
upon nutritional health for the hospitalized elder. A thorough history and physical examination,
including use of the Level II Screen alerts the health care provider of abnormal values, including
anthropometric measurements and laboratory data; drug use, including use of over-the-counter
medications; and clinical features including eating habits, living environment, functional status and
mental/cognitive status issues affecting nutritional status in the elder (18,51).

THE DETERMINE YOUR NUTRITIONAL HEALTH CHECKLIST.

The warning signs of poor nutritional health are often overlooked. Use this checklist to find out if you or someone you
know is at risk.

Read the statements below. Circle the number in the yes column for those that apply to you or someone you know. For

each yes answer, score the number in the box. Total your nutritional score.
YES

I have an illness or condition that made me change the kind and/or amount of food I eat.
I eat fewer than 2 meals per day.
I eat few fruits or vegetables, or milk products.
I have 3 or more drinks of beer, liquor, or wine almost every day.
I have tooth or mouth problems that make it hard for me to eat.
I don't always have enough money to buy the food I need.
I eat alone most of the time.
I take 3 or more different prescribed or over-the-counter drugs a day.
Without wanting to, I have lost or gained 10 pounds in the last 6 months.
I am not always physically able to shop, cook, and/or feed myself.
Total

D= = BN W N

FIGURE 1.1 Determine Your Nutritional Health chart. (Source: Nutrition Screening Initiative, 1991.
Nutrition Screening Manual for Professionals Caring for Older Americans. Washington, DC: Green Mar-
golis, Mitchell, Burns and Associates. With permission.)

In those elders who are identified as having a poor nutritional status, screening identifies the
need for additional support (28). An outcome of poor nutritional status may lead to functional
impairment and disability, which, in turn, may reduce quality of life and increase morbidity and
mortality (36,40,53,54).

V. OPTIMAL INTERVENTION

Interventions are taken to improve an elderly individual’s nutritional status once a nutrition problem
has been identified. Nutritional intervention planning begins with estimating the patient’s nutrient
balance, for example, nutrient intake vs. nutrient loss. Calorie and protein intake calculated through
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a diet history is essential in estimating the nutrient intake (49,55). Many times, nutrient loss is
predicted as a total of all output excreted from the elder.

Harris and Benedict equation (HB) estimates basal energy expenditure (BEE) through param-
eters such as gender, age, height, and weight (56). A correction factor is added to the BEE to
determine calorie needs conditional on the degree of metabolic stress the elder exhibits. The
relationship between resting metabolic rate (RMR) and the HB was explored in a study that
suggested that the World Health Organization (WHO) equations appear more precise than the HB
equations (57). The FAO/WHO/UNU Expert Group recommendations determined weight to be the
most useful and practical index for predicting BEE within a given gender and age range (Table
1.1) (58). The BEE is multiplied by factors that account for energy costs to determine total energy
requirement (Table 1.2).

TABLE 1.1

Estimate of BEE (kcal) by Age and

Gender

Age Range Men Women
18-30 153W+679 147 W + 496
30-60 11.6 W + 879 8.7 W + 829
60+ 13.5W +487 105 W + 59

Note: "W = body weight in kilograms

Source: FAO/WHO/UNU. 1985. Energy and
Protein Requirements. Technical Report Series
#724. Geneva, Switzerland: World Health Orga-
nization.

TABLE 1.2
Energy Costs of Physical Activity Expressed
as Multiples of BEE

Level of Activity Men  Women
Light work 1.7 1.7
Moderate work 2.7 2.2
Heavy work 3.8 2.8
Residual time (no activity, but awake) 1.4 1.4
Sleeping 1.0 1.0

Source:  FAO/WHO/UNU. 1985. Energy and Protein
Requirements. Technical Report Series #724. Geneva, Swit-
zerland: World Health Organization.

Protein is the main nutrient used as a reference point for determination of the nutritional
requirements in the elderly surgical patient (38). It is well known that amino acids are the building
blocks of proteins and are essential in the metabolic response to stress (38). Nitrogen balance is
used as an index of protein nutritional status (48). Nitrogen is released when amino acids are
catabolized and excreted in the urine as urea. Nitrogen balance determination is indicated when an
elder is anabolic (positive nitrogen balance) or catabolic (negative nitrogen balance), and is an
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indication of depletion of the lean body mass. Nitrogen balance is essential and the human body
must maintain an adequate supply.

Prospects for achieving positive or even neutral nitrogen balance are unlikely when there is
greater stress on an elder (31). The amount of replacement nitrogen to consider to be administered
to an elder with a calculated loss is determined by measuring nitrogen lost in urine, feces, and
through the skin. Protein requirements can be estimated without actual measurements of nitrogen
lost through these body substances. The minimum requirement for the elderly for protein amount
to 1 g/kg/day (59). When necessary, protein intake must be increased to fulfill the demand of disease
or illness. The requirement for this increase is 1.5 to 2.0 g/kg/day (31,60).

VI. ROUTE SELECTION

If nutritional support is indicated in an elderly person, the most appropriate route must be
determined. A nutrition support consultation may be indicated for older individuals who, because
of anatomical, physiological or mental health problems, cannot meet their nutritional needs by
eating a nutritionally balanced diet. Nutrition support consultation may provide for interventions
that include altering usual food intake by modification of nutrient content or optimizing nutrient
density or food consistency or form. The goal of nutritional support is to maintain adequate
nutritional state, to determine and institute dietary modifications needed for prevention of energy
and nutrient deficiencies, and for management of the elder with the most efficient method possible
(39).

The enteral route is the preferred route and the optimal route for nutrition administration. The
estimation of the nutrient balance accomplished when completing the calorie count might reveal
at least 50% ingestion of nutritional needs; supplementation may be sufficient to increase intake
to an optimal nutrient level. If, however, less than 50% of nutritional needs are ingested, tube
feedings may become a necessity (38,61). Tube feedings can be instigated if gastric output is not
more than 600 ml per day on gravity drainage (38). In the hospital or acute care setting the gastric
residuals are obtained every 4 hours to determine that the residual does not exceed 50% of the
volume infused. At the start of gastric feedings, rates are initially slow to determine tolerance.
Increases by 20 to 25 ml/h are completed every day until the patient’s nutrient requirements are
met (38). Other options for feeding access include nasoenteric tubes or jejunostomies in the
compromised elder. It is well known and documented that bowel rest causes intestinal mucosa
atrophy with increased permeability to bacteria and endotoxins, thus the phenomenon of bacterial
translocation and endotoxemia (31). As a result of this, one may need to consider, for example,
that if all nutritional needs cannot be met intestinally, whenever possible, the intestine should be
stimulated with some amount of enteral nutrition as a preventive measure (38). A balanced diet
administered continuously over 24 hours in the elderly should include an optimally balanced
polymeric formula of the three major nutrients — protein, carbohydrates, and lipids (38).

VII. WATER AND ELECTROLYTE BALANCE

Total body water accounts for 60% of body weight in young men and somewhat less in young
women. Declining with age, water content reaches 50% and 45% of body weight in men and
women over 60 years old, respectively (62). This reduction in body water is associated with the
decrease in lean body mass, as water composes 72% of muscle tissue (13).

Age, body size, fluid intake, diet composition, solute load presented for renal excretion, met-
abolic and respiratory rates, body temperature, and presence and extent of abnormal fluid losses
— for example, diarrhea, wound drainage, and fever — in part determine fluid and electrolyte
balance (13). The body gains water via the gastrointestinal tract (GI) with additional water produced
as a result of oxidation. Oral intake encompasses approximately two-thirds of the intake and usually
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is in the form of pure water or some other beverage, and the remainder is via ingested food (13).
Water is mainly lost through the skin, lungs, GI tract, and kidneys. These fluid losses are coupled
with varying losses of electrolytes, which must also be replaced.

The kidneys primarily regulate homeostasis, the maintenance of body fluids. There is a pro-
gressive decrease in kidney function, in particular the glomerular filtration rate (GFR), as a result
of aging (63). The reduction in GFR is equivalent to the decline in muscle mass explanatory of the
normal creatinine associated with aging (63).

Cardiac output (CO) in part determines renal blood flow and GFR. Thus, any alteration in CO,
such as hypothermia, that results in a decrease in CO will result in a reduced renal blood flow and
GFR (63). Acute renal failure (ARF) is one indicator for increased mortality in the elder patient.
The characteristics of ARF are a rise in the blood urea nitrogen (BUN) and creatinine, with or
without oliguria. In the elder patient, an immediate evaluation of the cause of increased BUN or
creatinine to correct or remove reversible factors is required.

VIII. PREVENTIVE INTERVENTION

Prevention is the most practical approach to fluid and electrolyte balance in the elderly. Although
the recommended amount of water ingested is not different for adults across the lifespan, the elder
is prone to an inadequate water intake, with dehydration manifesting as the most common disturb-
ance (60).

The elderly in general are less able to restore and maintain fluid, as the handling of water is
less effective and the physiological response of aldosterone and vasopressin is altered (61). There
is some justification for increased requirements for water in older patients as a result of increased
loss through thinned skin and impairment of the concentrating ability of the kidneys (61).

An elder individual should be encouraged to consume 2 1 of fluid per day or 1 ml of fluid per
kilocalorie ingested to approximate at least 1500 ml/day. Adequate water intake is 30 ml/k of actual
body weight and is essential for normal renal and bowel function (29).

The kidney plays a critical role in control of fluid balance regulating electrolyte homeostasis
as well. The physiological capability of an elder to deal with extremes in sodium load has not been
well studied. A wide variety of disease states commonly found in the elderly are linked to the
incidence of altered sodium levels (64). Components of the excretion of sodium are affected by
GFR. As the GFR decreases in the elderly, the ability of the kidneys to handle wide ranges in
sodium load is diminished. This may be related to a decrease in the sensitivity to sodium or an
altered response of the angiotensin—aldosterone system (63,64).

As in sodium regulation, the kidney is responsible for maintaining the potassium balance and
metabolic acid levels in the body. Gastrointestinal losses of potassium and acids are at times
common in the elderly especially those undergoing a surgical event. Serum concentrations of
potassium and hydrogen ion may not reflect the severity of the deficit due to a simultaneous
dehydration. Potassium depletion predisposes the elder to dysrhythmias. The risk of an alteration
in rhythm status is compounded and particularly dangerous if the patient is also on digitalis
medications (13). Hyperkalemia in itself is a serious dilemma for elderly persons on potassium-
sparing diuretics.

Whether acute or chronic, many illnesses are accompanied by exaggerated additions in meta-
bolic acid production. The aging kidney may not excrete the hydrogen ion load as effectively, thus
increasing the severity of metabolic acidosis (63). The usually predictable compensatory response
by the lungs to hyperventilate may be inadequate with the addition of pulmonary disease.

Severe imbalances of electrolyte concentrations are often accompanied by serious clinical
manifestations (64). Particularly in the older patient, clinical improvement may lag behind correc-
tion of the electrolyte abnormality (63). Therefore, electrolyte imbalances should be recognized
and corrected as soon as possible.
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IX. CONCLUSION

Physiologic changes associated with the normal process of aging place the elder at risk for
complications, particularly during illness. Prevention is the most important principle in limiting the
possibility of complications. The goals for the elderly person include maintaining nitrogen balance,
sustaining intravascular volume, and preserving electrolyte status. Scrupulous attention must be
placed on screening and assessment to prevent untoward events from occurring. Awareness with
the circumstances of the elderly plus routine and regular screening offers the best guarantee for
timely identification of nutritional risk and electrolyte imbalance, which leads to prompt, appropriate
intervention. Nutritional and electrolyte status maintenance in the elderly improves health status
and quality of life.
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I. INTRODUCTION

The aging process is often accompanied by chronic and degenerative illness. Evidence continues
to accumulate that oxidative damage contributes to these disorders and that ascorbic acid (AA) as
well as other antioxidant vitamins may modulate their prevalence and/or severity and duration. Due
to the continuing interest in this area of research, an overview of current trends based on clinical
and epidemiological studies has been made in this chapter, which further defines the potential of
AA to improve the health and well being of the elderly.

This chapter is an extension of two earlier reviews where we discussed the importance of AA
in the nutrition of the elderly and the potential benefits of AA supplementation (1,2). The term
“elderly” as used in this review refers to individuals 65 years of age or older. The primary sources
of information were literature searches conducted on the MEDLINE and EXCERPTA MEDICA
databases for all relevant clinical studies, epidemiological studies, and review articles published
between 1992 and approximately mid-1999. A small number of earlier studies omitted from the
previous review have also been included. Papers were considered for inclusion in the review if
either some or all of the subjects evaluated were in the elderly age category. Much of this literature
describes the use of AA combined with other antioxidants and/or micronutrients. Although the
effect of AA alone cannot be determined from such studies, these data provide a useful indicator
of research areas of recent or current interest and may stimulate future trials that are better designed
to study the effects of individual antioxidant vitamins. In addition, a small number of studies that
contained no elderly subjects were included if the research area was potentially of great interest
and had relevance to the elderly.

II. ASCORBIC ACID STATUS IN FREE-LIVING ELDERLY
A. Ascorsic AciD DEerICIENCY OF THE ELDERLY

Studies of AA status continue to show that in some free-living populations there is a significant
incidence of AA deficiency. This varied from 5 to 18.8% in two studies and was similar for men
and women (3,4). A study of 309 subjects aged 60 or more found that 27% were consuming less
than 67% of the RDA/RDI for AA (5). Another survey of 138 elderly subjects found a mean daily
AA intake of 43.5 to 61.1 mg (6). In contrast to these findings, plasma AA levels in other elderly
populations were found to be normal or above normal (7-9).

B. AGE AND GENDER EFFECTS ON ASCORBIC AcCID STATUS

Studies on gender differences in AA status continue to show that women tend to have significantly
higher plasma AA levels than men, even though AA intake is similar (10-13). However, one survey
of 150 Hong Kong Chinese subjects found no gender differences when compared with Western
populations (14). This suggests possible racial or genetic influence, assuming all other parameters
were equal. Many studies on AA status in relation to age have shown that the elderly tend to have
lower plasma AA levels (15-18). A decreased intake of AA may be one factor responsible for this
observation (19,20). In contrast to these findings, some studies have found no relationship between
age and plasma AA levels (14,21,22). In one study, a survey of 1161 men aged 43 to 85 showed
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that AA intake in men 65 and older was greater than that of younger men (23), and this seems to
be an exception. There are several reviews on the AA status of the elderly including those of Russell
(24), Thurnham (25), Russell and Suter (26), Koehler and Garry (27), Chernoff (1995), and Ward
(29). Conclusions reached by these articles include (a) the need for vitamin supplementation by
the elderly may be partly due to a change in requirement due to aging and partly due to decreased
intake because of chronic illness, and (b) additional studies are needed to establish whether the
RDI for micronutrients in the elderly is different from the requirement for younger subjects.

C. Ascorsic AcID STATUS IN INSTITUTIONALIZED ELDERLY

Studies of institutionalized elderly in long-term care facilities continue to show that significant
proportions of the subjects examined (19-100%) have AA intakes below the RDI when compared
with elderly living in other settings (30-33). Supplementing their diet with AA or AA-rich foods
rapidly normalizes their AA status (34). In addition, improvements in immune function in institu-
tionalized elderly subjects appear to be associated with AA or multivitamin/mineral supplementation
(35,36). This is discussed in more detail in Section VII.

D. Use oF AscorsiCc ACID SUPPLEMENTS BY THE ELDERLY

Three surveys of elderly subjects reported that AA supplements were used by 3 to 30% of the
respondents while multivitamin or vitamin/mineral combinations were used by 8.1 to 28% (37-39).
A survey of 10,788 adults, approximately 20% being 65 or older, indicated that 29.7 to 34.6% of
the cohort used supplements (40). A survey of 2152 adults indicated that in those aged 65 to 84,
34.4% of men and 41.1% of women used supplements containing AA (41). Reviews on the use of
supplements by the elderly and other adults include those of Buchman et al. (42) and Thurman
and Mouradian (1997). Although the numbers vary, it appears that a significant proportion of the
elderly use AA supplements, often in combination with other nutrients. In the case of single entity
AA supplements, the dosage is most often a multiple of the RDI.

I1I. ASCORBIC ACID AND SMOKING

Studies comparing the plasma levels of AA and other antioxidants in elderly as well as in younger
smokers and nonsmokers continue to show that plasma AA levels are significantly lower in smokers,
ranging from approximately 60 to 88% of the levels in the nonsmoking population (44—49). In contrast
to these reports, only slightly lower plasma AA levels were found in a group of African-American
women smokers when compared with nonsmokers (50). Reduced AA intake in smokers may also
contribute to lower plasma AA values (51). An increased risk of hip fracture was associated with
reduced AA intake in smokers (52). This was attributed to an interference with bone resorption caused
by increased oxidant stress. The number of polycyclic aromatic hydrocarbon—-DNA adducts in circu-
lating mononuclear cells of smokers was inversely proportional to serum AA levels, suggesting a
mechanism for the production of precancerous lesions in subjects at risk for lung cancer (53).

IV. ASCORBIC ACID STATUS AND CANCER RISK
A. Ascorsic Acip AND INHIBITION OF CHROMOSOMAL DAMAGE

The antioxidant activity of AA has been examined in relation to whether it has an effect on
chromosomal damage. In healthy subjects, a significant inverse correlation was found between
mutagen sensitivity (as measured by bleomycin-induced chromosomal breaks in lymphocytes) and
plasma AA levels (54). However, in one study involving subjects with oral, pharyngeal, or laryngeal
cancer, no correlation was noted for these two parameters (55). A survey of subjects over a wide
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age range did not find any correlation between micronucleus frequency and plasma AA levels in
men aged 60 to 90 (56-58). Another survey of 407 subjects found no relationship between plasma
AA levels and urinary excretion of 8-hydroxy-2’-deoxyguanosine, a product of oxidative DNA
damage (59). Thus, the relationship between AA status as assessed by plasma levels and risk for
mutagen-induced damage is not clear. The degree of inadequacy or deficiency is an important factor.
It is also possible that this is a synergistic phenomenon where the status of other antioxidants need
to be considered.

Intervention studies with AA have not produced consistent results. Administration of 150
mg/day AA combined with other antioxidant micronutrients over a 4-month period reduced the
incidence of spontaneous and gamma radiation-induced micronuclei in lymphocytes (60). In con-
trast to these results, administration of 500 mg/day AA, either alone or in combination with vitamin
E, for 2 months had no effect on the urinary excretion of 8-0x0-7,8-dihydro-2’-deoxyguanosine, a
product of oxidative DNA damage (61).

B. OverALL CANCER MORTALITY AND INCIDENCE

Several studies have examined the ability of supplementation with AA as well as other micronu-
trients to modulate the incidence and/or mortality rate due to cancer. In a major study sponsored
by the National Cancer Institute and conducted in China with 29,584 adults over a 6-year period,
the results showed that daily administration of AA and molybdenum as well as other antioxidant
vitamin combinations decreased overall cancer incidence (62). In another study, patients randomized
to receive a cardioprotective Mediterranean-type diet showed a significantly lower incidence of
cancer as well as a higher AA intake than subjects on a control diet (63). An epidemiological survey
of 2974 men over a 17-year period found that overall cancer mortality was associated with low
mean plasma AA levels (64). A similar long-term (24-year) follow-up of 1556 men found an inverse
relationship between AA or beta-carotene intake and cancer mortality (65). However in one study,
a 14-year follow up of 2112 men found no effect of AA intake on the incidence of gastrointestinal
cancers (66). The majority of studies show an inverse relationship between AA status and cancer
incidence and mortality. The subject of micronutrient intake and overall cancer risk has been
reviewed by Goodwin and Brodwick (67).

C. Breast CANCER

Table 2.1 summarizes the results of studies published from 1991 to 1999 that examined various
aspects of the relationship between AA status and breast cancer risk. In ten epidemiological studies,
either no relationship or a slight but no significant effect on breast cancer risk was found as a
function of AA intake (68—77). In contrast to these, a significant inverse relationship between AA
intake and breast cancer risk was reported in three epidemiological studies (78-80).

Other studies have suggested that AA status may play a role in the level of risk for breast
cancer. In one study that found an inverse relationship between plasma AA and plasma prolactin
levels, it was concluded that this was a possible mechanism by which AA status could affect breast
cancer risk (81). Lockwood et al. (82) reported that a high dose of AA combined with other
antioxidants appeared to stabilize or cause an apparent partial remission of breast cancer in 32
patients. However, studies confirming these findings have not appeared in the scientific literature.
Two studies found significantly reduced serum AA levels in patients with breast tumors (83,84),
but it is difficult with data of this type to determine whether reduced AA status increased breast
cancer risk or whether the onset of disease depleted AA reserves.

D. CoLorectaL CANCER

Table 2.2 summarizes the results of several studies reported during the period 1992-1998 that
examined possible relationships between AA intake and colorectal cancer risk. Six epidemiological
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TABLE 1.1
Studies on Ascorbic Acid (AA) Intake and Breast Cancer Risk
Reference Subjects and Site Results
68 1335 breast cancer patients, 10,245 controls, 8 yr. No relationship between AA intake and breast
follow-up; California cancer risk
69 18,586 postmenopausal women aged 50-107 yr., No relationship between AA intake and breast
359 breast cancer cases; New York State cancer risk
70 515 cases of breast cancer; 1182 controls; Canada  Slight but not significant inverse relationship
between AA intake and breast cancer risk
72 34,387 women aged 55-69 yr., 879 breast cancer ~ No significant relationship between AA intake
cases, 6 yr. follow-up; Iowa and breast cancer risk
73 2569 women (528 aged 65 or more) with breast No relationship between AA intake and breast
cancer, 2588 controls; Italy cancer risk
74 4697 women followed 25 yr., 88 breast cancer No relationship between AA intake and breast
cases; Finland cancer risk
75 62,573 women aged 55-69 yr., 4.3 yr. Follow-up, Small reduction in breast cancer risk with
650 breast cancer patients; Netherlands increasing AA intake
76 414 breast cancer patients, 420 controls; Montreal ~ No relationship between AA intake and breast
cancer risk
77 117 postmenopausal cancer patients, 233 controls; ~ No effect of AA intake on breast cancer risk
New York State
78 673 breast cancer patients; Canada Dose-related inverse relationship between AA
intake and breast cancer risk
79 834 breast cancer patients aged 20-69 yr., 834 Significant inverse relationship between AA
controls; China intake and breast cancer risk
80 83,234 women, 19,133 postmenopausal breast Strong inverse relationship between AA intake
cancer patients, 14 yr. follow-up; United States and breast cancer risk
81 249 women (66 postmenopausal subjects), mean Inverse relationship between plasma AA levels
age 58.3 yr.; Australia and plasma prolactin levels
82 32 breast cancer patients aged 32-81 yr., 2850 Stabilization or apparent partial remission of
mg/day AA + other anti-oxidants X 18 mo.; cancer
Denmark
83 Postmenopausal women, 23 with malignant breast ~ Significant decrease in serum AA levels in all
tumors, 20 with benign breast tumors, 20 women with tumors
controls; India
84 Women aged 30-65 yr. With breast (n = 100) or Significant reduction in serum AA levels in

cervical (n = 100) cancer, controls with benign
conditions (n = 25) or healthy (n = 50); India

cancer patients

studies found a weak or no association between AA intake and colorectal cancer risk (85-90),
while three other studies found a significant inverse relationship (91-93). Shibata et al. (68) found
a significant inverse relationship only in women, while a meta-analysis of 13 case-control studies
concluded that only a weak association existed between AA intake and colorectal cancer risk (94).

In healthy subjects, no relationship was found between AA intake and colonic cell thymidine
labeling index (95), but in two studies of patients with adenomas or adenomatous polyps, admin-
istration of AA (750 mg/day for 1 month or 1000 mg/day for 6 months), either alone or in
combination with other antioxidants, significantly decreased the thymidine labeling index in colon
cells (96,97). In contrast to these data, administration of 1000 mg/day AA, either alone or combined
with other antioxidants, over a 4-year period did not appear to affect the incidence of adenomas
(98). Decreased AA intake or blood levels have also been found in patients with colorectal cancer
(99,100), but it is not clear whether the reduced AA levels increased risk or whether the disease
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TABLE 2.2
Studies on Ascorbic Acid (AA) Intake and Colorectal Cancer Risk
Reference Subjects and Site Results
68 1335 cancer patients, 10,245 controls, 8 yr. follow-up; In women, inverse association between AA
California intake and colon cancer risk
85 35,215 women aged 55-69 yr.; lowa No relationship between AA intake and
colon cancer incidence
86 297 patients (mean age 63.8 yr.) with newly diagnosed =~ No relationship between AA intake and
adenomas, 198 patients (mean age 66.4 yr.) with risk for adenoma
recurrent adenomas, 347 controls with history of
polypectomy but no current neoplasia; New York
87 488 subjects aged 50-74 yr.; California Weak inverse association between AA
intake and prevalence of colorectal
adenomas
88 1993 colon cancer patients, 2410 controls; Utah, No association between AA intake and
California, Minnesota colon cancer risk
89 402 colon cancer patients aged 35-79 yr., 668 No relationship between AA intake and
controls; Montreal colon cancer risk
90 144 rectal cancer patients, 34,558 controls; Iowa Slight but not significant inverse
relationship between AA intake and rectal
cancer risk
91, 92 1326 colon/rectal cancer patients (800 aged 60—74 yr.),  Inverse relationship between AA intake
2024 controls; Italy and colorectal cancer risk; 14% of cases
attributable to low AA intake
93 112 colorectal cancer patients (54 aged 60 yr. ormore),  Significant inverse relationship between
108 controls; Spain AA intake and colorectal cancer risk
94 Meta-analysis of 13 case-control studies Weak relationship between AA intake and
colon cancer risk
95 63 healthy subjects aged 3573 yr.; California No relationship between AA intake and
colonic cell thymidine labeling index
96 20 patients (aged 40-80 yr.) with colorectal adenomas,  Significant decrease in thymidine labeling
21 placebo controls; 1000 mg/day AA + vitamin A index that returned to pre-treatment levels
and vitamin E X 6 months; Italy within 6 mo. after termination of study
97 40 patients with adenomatous polyps, 20 controls, 750  Significant reduction in colon cell labeling
mg/day AA X 1 mo.; Ireland index
98 751 subjects (427 aged 60 yr. or more), administration ~ No effect on incidence of adenomas
of placebo, AA 1000 mg/day, or AA combined with
beta-carotene and vitamin E X 4 yr.; New Hampshire
99 249 patients with precancerous conditions of Decreased AA blood levels in patients with
stomach/colorectum, 96 patients with precancerous conditions or cancers
gastric/colorectal cancer, 130 controls; Slovakia
100 50 patients with adenocarcinoma of colon or rectum, Significantly lower AA intake in cancer

50 controls; Brazil

patients

condition resulted in lower AA levels. This situation is not unique and is also seen with other
nutrients. A review by Pappalardo et al. (101) discusses the relationship of micronutrient intake to

colorectal cancer risk in more detail.

E. Gastric CANCER

Table 2.3 summarizes the results of several studies published between 1993 and 1998 that examined
relationships between AA intake and gastric cancer risk. In five epidemiological studies, a significant
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TABLE 2.3
Studies on Ascorbic Acid (AA) Intake and Gastric Cancer Risk
Reference Subjects and Site Results
99 249 patients with precancerous lesions of the Decreased AA blood levels in patients
stomach/colorectum, 96 patients with with both precancerous conditions and
gastric/colorectal cancer, 130 controls; Slovakia cancer
102 117 gastric cancer patients (60 aged 60-80 yr.), 234 Significant inverse relationship between
controls; Spain AA intake and gastric cancer risk
103 338 gastric cancer patients (mean age 67.7 yr.), 679 Significant inverse relationship between
controls; Sweden AA intake and gastric cancer risk.
104,105 723-746 gastric cancer patients (408 aged 60 yr. or Significant inverse relationship between
more), 2024-2053 controls; Italy AA intake and gastric cancer risk; 16%
of cases could be attributed to low AA
intake
106 84 cancer patients (51 aged 60-73 yr.), 89 controls; Inverse association between AA intake
Norway and risk of upper gastro-intestinal
tumors.
107 301 gastric cancer patients, 2581 controls; Belgium Significant inverse relationship between
AA intake and gastric cancer risk
108 59 upper digestive tract cancer patients, 34,632 controls, Slight but not significant inverse
7 yr. follow-up; Iowa relationship between AA intake and
gastric cancer
109 282 gastric cancer patients (mean age 63 yr.), 3123 No consistent relationship between AA
controls; Netherlands intake, nitrate/nitrite intake, and gastric
cancer risk
110 3318 adults aged 40-69 yr. with esophageal dysplasia, No significant reduction in prevalence
120 mg/day AA + molybdenum X 6 yr.; China of gastric dysplasia or gastric cancer
111 43 subjects with pre-cancerous gastric lesions Plasma AA levels increased, but no

randomized to receive 250 mg AA 3 times daily or 500
mg slow-release AA + 150 mg standard AA once daily
(both combined with vitamin E and beta-carotene) X
7 days; Venezuela

effect on gastric AA levels; attributed
to high incidence of H. pylori
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inverse relationship was found between these two parameters (102—107). In contrast to these, Zheng
et al. (108) found only a slight but not significant relationship between AA intake and gastric cancer
risk. In a study comparing AA intake, nitrate/nitrite intake, and gastric cancer risks, no consistent
relationship was found (109). The nitrate/nitrite intake was used as an indicator of endogenous
nitrosamine load. In an intervention study in which 120 mg/day AA along with molybdenum was
given over a 6-year period, no significant reduction in the prevalence of gastric dysplasia or gastric
cancer was observed (110).

Decreased AA blood levels were reported in patients with precancerous gastric lesions or gastric
cancer, but as in other studies of this type, it is difficult to determine whether the decreased AA
levels increased risk or whether the disease state depleted AA reserves (99). The potential interac-
tions of Helicobacter pylori infection with gastric cancer risk were suggested in one study. Admin-
istration of AA to subjects with a high incidence of H. pylori infection increased plasma AA levels
but had no effect on gastric AA levels (111).

F. PRrostATE CANCER

Table 2.4 summarizes the results of several epidemiological studies between 1992 and 1999 that
examined the relationship between AA intake and prostate cancer risk. In six studies, no relationship
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TABLE 2.4
Studies on Ascorbic Acid (AA) Intake and Prostate Cancer Risk
Reference Subjects and Site Results
68 1335 cancer patients, 1025 controls, 8 yr. ~ No relationship between AA intake and prostate
follow-up; California cancer risk.
112 526 prostate cancer patients, 536 No relationship between AA intake and prostate
controls; Sweden cancer risk.
113 1899 middle-aged men; United States No relationship between AA intake and prostate

cancer risk, but increased overall survival over 30
yr. follow-up positively associated with AA intake.

114 232 prostate cancer cases aged 35-84 yr.,  No relationship between AA intake and prostate
231 controls; Montreal cancer risk.

115 101 prostate cancer patients (mean age No relationship between AA intake and prostate
71 yr.), 202 controls; Yugoslavia cancer risk.

116 17 yr. follow-up of 2203 men; No statistical difference in plasma AA levels between
Switzerland 30 deaths from prostate cancer and 2173 survivors.

117 175 subjects (166 aged 60 yr. or more); Significant inverse relationship between AA intake
Uruguay and prostate cancer risk.

was found for these two parameters (68,112-116), while one study found a significant inverse
relationship (117). The study by Daviglus et al. (113) concluded that AA intake was positively
associated with survival of prostate cancer patients over a 30-year follow-up period.

G. ORAL/PHARYNGEAL/LARYNGEAL CANCER

Table 2.5 summarizes the results of several epidemiological studies conducted between 1992 and
1999 that investigated the relationship between AA intake and the risk for oral pharyngeal or
laryngeal cancer. In two studies, a significant inverse relationship was found for AA intake and
cancer risk (118,119), while in three other studies, either no relationship or a slight but not significant
relationship was reported (108,120,121). A study of smokeless tobacco users found a decreased
AA intake in subjects with epithelial dysplasia (122). However, as in previous situations, it is
difficult to determine whether decreased AA levels increased risk or whether the presence of disease
depleted AA reserves.

H. OTHER CANCERS

Epidemiological studies have examined possible relationships between AA intake and cancer risk
for a variety of malignancies. However, in cases where more than one study was reported, no clear
consensus emerged. Either no relationship or a slight but not significant relationship was reported
for malignant melanoma (123), brain cancer (124), ovarian cancer (125), and thyroid cancer (126).
An apparent protective effect of AA was found with regard to gallbladder cancer, but no dose
relationship was noted (127). An inverse relationship was noted between intake of AA-containing
foods and the incidence of basal cell or squamous cell cancer of the skin, but no data on dietary
AA intake per se were reported (128). Decreased plasma AA levels have been reported in patients
with brain cancer (129) or cervical tumors (84).

In three epidemiological studies of bladder cancer, an inverse relationship between AA intake
and cancer risk was found in two cases (68,130), but no relationship was found in the third study
(131). In two studies of endometrial cancer, a protective effect of AA was found in one case (132),
but not the other (133). Four studies of esophageal cancer found protective effects of AA in two
cases (134,135), a slight but not significant effect in a third study (108) and no effect on prevalence
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TABLE 5
Studies on Ascorbic Acid (AA) Intake and Oral/Pharyngeal/Laryngeal Cancer
Reference Subjects and Site Results
119 80 oral/pharyngeal cancer patients (aged 58—69 yr.) Significant inverse relationship between AA
with primary cancers, 189 controls, 5 yr. follow- intake and cancer risk.
up; United States
120 250 laryngeal cancer patients (mean age 62.1 yr.), No relationship between AA intake and
250 controls; New York State laryngeal cancer risk.
121 226 subjects (mean age 57.4 yr.) with precancerous Slight decreased cancer risk from increased
oral lesions, 226 controls; India AA intake, but no dose-response.
122 347 users of smokeless tobacco aged 14-77 yr.; Decreased AA intake among users with
Virginia epithelial dysplasia.
118 41 men with oral/pharyngeal cancer (mean age 64 Significant inverse relationship between AA
yr.), 398 controls; Australia intake and oral/pharyngeal cancer risk.
108 59 upper digestive tract cancers, 34,632 controls; Slight but not significant inverse relationship
Towa between AA intake and oral/pharyngeal

cancer risk.

in a fourth study (110). In five studies of lung cancer, a protective effect of AA was found in two
cases (136,137), a slight but no significant effect in one case (138), and no relationship in one case
(68). An epidemiological study by Lee et al. (139) concluded that AA intake was not a predictor
of lung cancer location. In two studies of pancreatic cancer, a protective effect of AA was found
in one case (140), while a slight but no significant effect was found in the other (68). In two studies
of renal cell cancer, a protective effect of AA was found in one case (141) while a slight but no
significant effect was found in the other (142). Overall, the evidence for a relationship between
AA status and risk for various types of cancer is not strong.

V. ASCORBIC ACID STATUS AND CENTRAL NERVOUS SYSTEM DISORDERS
OF THE ELDERLY

A. ALTERATIONS IN COGNITIVE FUNCTION

The possible implication of free radicals in the etiology of Alzheimer’s disease and other dementias
has led to studies examining whether AA status is a factor affecting the risk for cognitive disorders.
While some studies have not found any relationship between AA or antioxidant intake and cognitive
function as measured by the Mini-Mental State Examination or the Mattis Dementia Rating Scale
(143-146), other studies have reported a relationship between AA intake or plasma AA levels and
cognitive test performance (147-149). One study found no significant difference in plasma AA levels
between Alzheimer patients and controls, but significantly lower plasma AA levels were noted in
subjects with vascular dementia (150). The authors suggested that some forms of dementia may be
associated with a disturbance of antioxidant balance that can be modified by supplementation.

B. PARKINSONISM

Evidence suggesting that oxidant stress may be a risk factor for Parkinsonism has led to studies
investigating a possible relationship between AA intake and risk for this disease. Several epidemi-
ological and clinical surveys did not find a protective effect of AA or other antioxidant micronu-
trients (151-158). In contrast to these, a survey of 342 Parkinsonism patients and 342 controls
found a significant inverse association between AA intake and the risk of Parkinsonism (159). An
intervention study using a levo-dopa-carbidopa—AA combination reported beneficial effects in
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Parkinsonism patients, but the contribution of AA to the effects seen could not be determined (160).
In another intervention study, administration of 3000 mg/day AA extended by 2 to 3 years the time
when levo-dopa was needed (161). The authors suggested that the progression of Parkinsonism
may be slowed by the administration of antioxidants. These results are encouraging and additional
work is certainly needed in this area.

V1. ASCORBIC ACID STATUS AND CARDIOVASCULAR DISEASE
A. Errects OF Ascorsic AciD ON PLasMA Lipib OXIDATION

The antioxidant activity of AA has been explored in relation to whether the vitamin can affect the
oxidizability of plasma lipids. Studies in this area have generally measured in vivo levels of oxidized
low density lipoproteins (LDL) or have used an in vitro method to determine the lag time for LDL
oxidation.

Plasma AA was inversely associated with oxidized LDL levels or plasma levels of lipid
peroxides and malondialdehyde (162,163), but in one study, a survey of 207 patients undergoing
coronary angiography showed no correlation between the lag time for LDL oxidation and plasma
levels of AA or other antioxidants (164). A survey of 25 smokers and 26 nonsmokers concluded
that plasma AA and urate levels were the most consistent determinants of serum lipid resistance
to oxidation (165). A study of subjects over 60 years old found elevated levels of serum lipid
peroxides (LPOs) and noted that LPO levels >4 nmol/ml depleted serum antioxidant levels (166).
The authors concluded that older subjects could be at greater risk for oxidative stress. In contrast
to these data, a survey of 59 healthy elderly subjects found significantly lower serum AA levels,
but a reduced susceptibility for LDL oxidation (167). A significant increase in plasma AA levels
associated with increased intake of fruits and vegetables did not have any effect on plasma lipids
(168). The relationship of AA status to plasma lipid profile has been reviewed by Van de Vijver
et al. (169).

Intervention studies appear to have produced more consistent changes in plasma lipids. Admin-
istration of 500 or 1000 mg/day AA for 4 or 12 weeks significantly reduced the susceptibility of
lipids to oxidation (170,171) or reduced plasma lipid hydroperoxides or TBARS (172). In contrast
to these studies, administration of 1000 mg/day AA for 4 weeks had no effect on plasma lipid
oxidation but did decrease plasma malondialdehyde levels (173).

B. OveraLL CARDIOVASCULAR MORTALITY

A survey of 728 Chinese subjects found no difference in total antioxidant capacity in plasma
between individuals with and without cardiovascular disease (22), but plasma AA was only part
of this measure. Two recent reviews have discussed the possible relationships of AA to the risk for
cardiovascular disease. According to Lavie et al. (174), it is still premature to recommend the
routine use of antioxidants for the prevention of atherosclerosis, whereas Price and Fowkes (175)
concluded that the available epidemiological evidence supports a protective role for antioxidant
vitamins in cardiovascular disease, but that only a weak relationship currently exists specifically
for AA.

C. CoroONARY ARTERY Disease (CAD)

Several epidemiological and clinical surveys have found an inverse relationship between AA intake
and the risk for CAD (13,35,65,176—180). In contrast to these, a few studies found no relationship
between AA intake and CAD risk (181-183).

Intervention studies have shown that increased AA intake or a combination of antioxidants
decreased CAD progression (184), relieved angina pectoris (185), and reduced ischemic ECG events
associated with surgery for CAD (186). Intravenous doses of 1000 or 2000 mg AA significantly
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improved flow-mediated vasodilatation in CAD patients (187,188). These latter studies suggest that
increased oxidative stress may be an important mechanism for impaired endothelial function in
CAD patients. Reviews on the potential of oral AA to modify CAD include those of Gaziano and
Hennekens (189) and Law and Morris (190).

D. MyocArDIAL INFARCTION (MI)

Several clinical/epidemiological studies have investigated possible relationships between AA status
and the risk of MI. Significantly lower plasma AA levels were found in one survey of 46 subjects
and 20 controls (191), and a large survey of 1605 men found a 3.5-fold increase in the incidence
of MI in those with AA deficiency compared with subjects with recommended AA levels (47). In
contrast to these reports, one patient survey and one epidemiological survey found no association
between AA intake and MI risk (192,193).

Some studies have suggested that the antioxidant property of AA may influence the incidence
of complications in MI patients. Infusion of 10 g AA over a 4-hour period decreased the incidence
of post-MI ventricular ectopic beats (194). In a study of 67 patients, data showing an inverse
relationship between decreasing plasma AA levels and increasing plasma malondialdehyde levels
up to 24 hours after MI led the investigators to suggest that combining antioxidant and thrombolytic
therapy may reduce ischemic-reperfusion injury (195). In a longer-term intervention study, admin-
istration of 600 mg/day AA and vitamin E (600 mg/day) for 14 days to 23 MI patients significantly
decreased neutrophil production of oxygen-containing free radicals and significantly increased in
serum AA levels (196).

E. STROKE

Several studies have examined possible relationships between AA intake and the risk of stroke. In
four cases, no relationship or a slight but no significant relationship was reported either for acute
stroke (177,197,198) or the earliest signs of ischemic brain damage (199). In one intervention study,
administration of AA and other antioxidants had no effect on the incidence of stroke-related
disability or mortality (200). In contrast to these investigations, a study of 32 patients with stroke
suggested that marked decreases (51%) in plasma AA were associated with worsening clinical
condition, while in those subjects with a stable or improved clinical condition, plasma AA levels
did not show this pattern (201).

F. CoNGEesTivE HEART FaiLure (CHF)

Administration of AA as an adjunct to standard therapy may improve outcome in patients with
CHEF. A study in 58 patients with CHF found an inverse relationship between plasma AA levels
and plasma levels of lipid peroxides and malondialdehyde (163). The authors suggested that
oxidative stress may be an important determinant of prognosis in CHF and that antioxidant sup-
plements may have a therapeutic benefit. Administration of AA either intravenously or orally
prolonged the beneficial effects of nitroglycerin in CHF patients (202,203). The authors suggested
that oral AA supplementation may prevent the development of nitrate tolerance during long-term
nitrate therapy.

G. PERIPHERAL VASCULAR DISEASE

Dietary AA was significantly related to ankle/brachial pressure index (ABPI) only among those
subjects who had ever smoked (204). However, in nonsmokers, higher baseline ABPI values were
not affected by AA intake. Administration of AA for 2 years to subjects with lower limb athero-
sclerosis had no effect on ABPI values, although there was a slight (=3.7%) reduction in cardio-
vascular events/death and significantly fewer (—18.2%) serious adverse events (205).
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H. BLooD PRESSURE

Several studies have examined the possibility that reduced plasma AA levels may be a risk factor
for the development of hypertension. Two epidemiological studies found an inverse relationship
between plasma AA levels and systolic/diastolic pressure (206,207). Significantly reduced plasma
AA levels were found in a survey of 46 subjects with hypertension or myocardial infarction when
compared with controls (191). The possible contribution of oxidant stress to hypertension was
suggested by studies in which significantly higher plasma malondialdehyde levels were accompa-
nied by significantly lower plasma AA levels in hypertensives (208). However, other studies of this
type have not found a reduction in total plasma antioxidant capacity, even though levels of perox-
idation products may be higher in hypertensive subjects (22,209).

Intervention studies have not provided a consistent pattern on the possible modulation of blood
pressure by AA. Administration of 250 to 400 mg/day AA for 4 to 16 weeks had either no effect
or a slight but no significant effect on blood pressure (210-212). In contrast to these, administration
of 500 mg/day AA combined with other antioxidants for 8 weeks significantly reduced systolic
blood pressure in both hypertensive and normotensive subjects (213). The authors attributed the
effect to an increased availability of nitric oxide, since urinary nitrite levels rose in hypertensive
subjects during the treatment.

VII. ASCORBIC ACID STATUS AND THE IMMUNE SYSTEM

Several studies have examined the ability of AA to improve immune responses, particularly in
populations such as the elderly, who generally have a decreased immune response and increased
susceptibility to infection. In five studies, AA administration over a wide dose range (80—1000
mg/day) and variable time period (4 weeks to 12 months), either alone or combined with other
antioxidants, improved immune function using several measures of immune system response
(35,214-218). In contrast to these, four studies found no effect on immune responses and/or
infection rate after AA administration for up to 2 years (34,219-221). Johnson and Porter (36)
examined the relative effectiveness of trace minerals and vitamins in reducing infection incidence
and found that only trace elements significantly reduced infection morbidity. Review articles that
discuss this issue in more detail include those of Meydani (222) and Hughes (223).

VII. ASCORBIC ACID STATUS AND DISORDERS OF VISION
A. CATARACTS

The fact that vitreous humor contains very high concentrations of AA has stimulated epidemiolog-
ical surveys and clinical trials to determine whether AA intake through diet or by the use of
supplements would affect the incidence of disorders of vision such as cataracts in elderly subjects.
Dietary AA did not appear to influence the risk for cataracts (224-226), but prolonged use of
supplements (10 years or more) appeared to have a beneficial effect (224,227,228). However, other
factors probably play arole, since Mares-Perlman et al. (229) reported a beneficial effect in diabetics
but not in non-diabetics, and Seddon et al. (230) found a protective effect for multivitamin prepa-
rations containing AA but not for AA supplements alone. Reviews on this subject include those of
Taylor et al. (231), Christen et al. (232), and Das (233).

B. AGE-RELATED MACULOPATHY

Since macular degeneration of the retina may be due in part to oxidative damage, the possible value
of AA in modulating risk has been examined. However, five epidemiological studies found either
no relationship or a slight but no significant protective effect of dietary or supplemental AA on the
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risk for macular degeneration (234-238). Reviews on this subject include those of Christen (232),
Christen et al. (239) and Das (233).

C. OTHER DISORDERS OF VISION

Patients with optic neuritis and with significantly reduced blood AA levels appeared to have
improved vision after receiving AA intravenously (240). The authors attributed the response seen
to an effect on free radicals, but no other reports of this type have appeared in the literature.
Administration of AA to patients prior to trabulectomy had no effect on the outcome of the surgical
procedure (241).

IX. ASCORBIC ACID STATES AND RESPIRATORY DISORDERS

An epidemiologic survey of 77,806 women with a 10-year follow-up concluded that AA status had
no relationship to the incidence of asthma (242). An epidemiologic survey of 16 male cohorts over
a 25-year period showed an inverse association between incidence of chronic obstructive pulmonary
disease (COPD) and intake of fruits, but not for AA or other antioxidant vitamins (243). An
epidemiologic survey of 793 men with a 25-year follow-up did not find any association between
AA intake and the risk for chronic nonspecific lung disorders. (244). In contrast to these data, a
survey of 2633 subjects found that FEV and FVC were significantly related to AA intake, and the
investigators suggested that antioxidant vitamins may modulate the incidence of COPD (245). A
smaller study in 178 subjects did not find any relationship between AA intake and lung function
as measured by FEV (246). In an intervention study, administration of 1000 mg/day AA together
with other antioxidants for 3 weeks in smokers improved pulmonary function and significantly
decreased levels of exhaled ethane (247).

X. ASCORBIC ACID AND DIABETES

Several studies have examined whether AA could be beneficial to diabetic subjects. Infusion of
AA at a rate of 148 mg/min was reported to improve glucose metabolism in subjects with NIDDM
(248), but no reports confirming these results have appeared in the literature. No difference in
plasma AA was found in a comparison of NIDDM patients and healthy subjects; the authors
concluded that AA status was probably not a factor in the coronary or renal complications of
diabetes (249). No association was found between AA intake and glycosylated hemoglobin levels
in diabetics, although an inverse association was noted in non-diabetics (250). Intervention studies
have reported no effect of AA on fasting glucose (212) or insulin sensitivity (251), but high (mega)
doses of AA have been reported to induce hyperglycemia (252,253).

Xl. OTHER USES OF ASCORBIC ACID

Administration of cisplatin combined with other chemotherapy caused a significant decrease in
plasma AA (254). While plasma antioxidant levels returned to baseline prior to the next chemo-
therapy cycle, this observation suggests that AA supplementation may decrease adverse effects
associated with oxidative stress induced by the treatment.

Patients undergoing dialysis have significantly reduced plasma AA levels (255-257). A titration
study using different doses of AA concluded that daily administration of 150 to 200 mg was
sufficient to maintain normal plasma AA levels (255).

The efficacy of AA in treating immune thrombocytopenic purpura was examined in patients
who received 2000 mg/day for up to 7 months (258). A slight effect on platelet counts led the
author to conclude that AA was not a suitable treatment for this condition.
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A nutritional survey was undertaken using 196 patients with Crohn’s disease and 124 with
ulcerative colitis to determine whether AA status might be a risk factor for these conditions (259).
However, no AA deficiency was found in any of the subjects.

Two clinical studies investigated whether administration of AA and vitamin E prior to coronary
bypass surgery would affect the incidence of post-surgical myocardial or renal tubular injury
(260,261). In both studies, administration of 1000 mg AA 12 hours prior to surgery had no effect
on post-surgical complications.

The ability of AA to modify the sunburn response to ultraviolet (UV) radiation exposure was
examined in ten subjects (262). Administration of 2000 mg day AA and vitamin E significantly
increased the minimal erythema UV dose. This suggests that AA along with vitamin E can afford
protection against sunburn.

A pilot study of the efficacy of AA and bioflavonoids in treating progressive pigmented purpura
was conducted in three patients. Administration of 1000 mg/day AA and rutoside for four weeks
resulted in complete clearance of the skin lesions in all the subjects (263).

An epidemiological study of 2744 postmenopausal women found no effect of AA on the
incidence of gallbladder disease among those who did not consume alcohol. However, a significant
inverse relationship was found among drinkers. The authors suggested that the AA—alcohol inter-
action may be related to an effect on cholesterol metabolism (264).

A survey of 21 hospital patients 75 years or older indicated that subjects who developed pressure
sores had significantly lower (50%) levels of leucocyte AA (265). These data suggest that AA
supplementation in this age group may reduce the incidence of pressure sores.

The ability of AA to modulate arthritic disorders was explored in two epidemiologic studies.
A survey of 502 subjects found no relationship between AA status and symptoms of various arthritic
disorders (266). Another survey of 149 subjects with osteoarthritis and 49 controls found no effect
of AA status on the incidence of the disorder, but an inverse relationship between AA intake and
the rate of osteoarthritis progression (267). In an intervention study, 81 rheumatoid arthritis patients
received a diet containing fish oil and antioxidants including 200 mg/day AA. After 6 months, a
significant improvement in mobility was noted, but the contribution of the individual dietary
components to this response could not be determined (268).

A study of nutrient absorption in patients with systemic sclerosis was conducted in 30 patients
and 30 controls (269). Serum AA levels in patients were 58% of the control while intake of AA was
84% of control values. These data suggest that AA supplementation might be of value in this disorder.

Administration of AA may protect against some of the gastrointestinal adverse effects of aspirin.
In healthy volunteers, 900 mg aspirin was administered twice daily for three days combined with
placebo or AA 1000 mg twice daily (270). AA had no effect on aspirin-related gastric injury, but
appeared to protect against duodenal injury.

XIl. INTERACTION OF ASCORBIC ACID WITH NUTRIENTS AND DRUGS

An epidemiologic survey of 746 individuals aged 60 or more resulted in the observation that
increasing AA intake was associated with increased plasma levels of vitamin E and carotenoids
(271). However, the authors did not propose a mechanism for this effect.

High doses of AA appear to inhibit aspirin absorption in healthy volunteers (272). This interaction
may increase aspirin-induced gastrointestinal damage in subjects at risk for this adverse effect.

XIlll.  ADVERSE EFFECTS OF ASCORBIC ACID

Doses of AA in the RDI range (60-100 mg/day) are generally considered free of any adverse
effects, but very high (mega) doses of 1000 to 10,000 mg/day have been reported to produce some
side effects. These include hematuria or crystallinuria (273,274), tubulointerstitial nephropathy
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(275), hemolysis in glucose-6-phosphate dehydrogenase deficiency (276), and interference with the
ability of folic acid to normalize high homocysteine levels (277). An epidemiological survey of
HANES 1I data did not find any relationship between AA intake and the risk of kidney stones, but
(in women only) an association between AA intake and elevated serum ferritin levels was noted
(278). In healthy adults, administration of 1000 to 10,000 mg AA/day for 5 days increased urinary
oxalate excretion by 36 umol/l, but this was attributed to an artifact of the analytical procedure
(279). The potentially adverse effect of high AA doses on plasma glucose levels is mentioned in
Section X. A review of the pharmacokinetics of high doses of AA concluded that limits to
gastrointestinal absorption and plasma levels did not justify the use of very high AA doses (280).
The safety of AA supplements has been reviewed by Bendich and Langseth (281).

XIV.  SUMMARY AND CONCLUSIONS

Many free-living elderly populations continue to have significant proportions of individuals whose
AA intake is marginal or below the RDI level. AA status as assessed by plasma AA concentrations
is often reduced in the elderly when compared with younger adults. Additional research is needed
to more clearly define the relative contributions of reduced AA intake to the biochemical changes
(e.g., increased oxidative stress) associated with aging. The use of supplementary AA together with
other vitamins and minerals should be encouraged to compensate for any dietary deficiencies.

Institutionalized elderly continue to have a high percentage of subjects with insufficient AA
intake. Supplemental AA provides an efficient means of quickly correcting any deficiency or
inadequacy and may have additional benefits such as improving immune response.

Epidemiologic studies have generally not found a relationship between AA intake and the risk
for breast or colorectal cancer. However, the available evidence on intervention studies suggests
that well-designed clinical trials should be conducted to determine whether high-dose (1000-3000
mg/day) AA supplementation has an effect on the course of these diseases. Adequate plasma AA
levels appear to decrease the risk for gastric cancer, presumably due to inhibition of nitrosamine
formation. There is also some indication that AA may be helpful in H. pylori infection. Additional
research is needed to further clarify the mechanism of the beneficial effects of AA supplementation.
Epidemiological and clinical studies have not shown any consistent relationship between AA intake
and a variety of other cancers.

Reduced plasma AA levels in most studies that surveyed smokers suggests that vitamin sup-
plementation should be especially encouraged in this group of individuals. Increased AA intake or
AA supplementation may also reduce the risk of cardiovascular disorders associated with smoking.

AA supplementation in patients on dialysis and those susceptible to pressure sores appears to
have some beneficial effect and should be explored further.

The available clinical and epidemiological evidence suggests that AA intake does not signifi-
cantly affect the risk for Alzheimer’s disease and Parkinsonism. However, the use of high-dose AA
supplementation together with other anitoxidants during the early stages of these diseases should
be explored to determine whether disease progression could be delayed.

The relationship between AA intake and a variety of cardiovascular disorders (coronary heart
disease, myocardial infarction, stroke, congestive heart failure) is not consistent. Supplemental AA
may benefit specific subgroups of patients, but additional research with well-designed clinical trials
is needed. The clinical relevance of the ability of AA to inhibit plasma lipid oxidation and the
relation of this property to the clinical course of cardiovascular disease also needs additional study.

Although there is no evidence that AA absorption or utilization is impaired in the elderly, AA
intake at RDI levels or above has been linked to some health benefits in this age group. The current
RDI for AA is 60 mg, but some researchers have suggested that 140 mg/day is needed to saturate
body tissues, which is considered desirable (282). In this context, it is important to mention the
interaction and synergy among the various nutrients. In the case of AA, its function is often
influenced by the status of other nutrients in the body. In intervention trials where AA was not



28 Handbook of Nutrition in the Aged, Third Edition

found to be beneficial or marginal, assuming that the dose and the duration were appropriate,
supplementation with other vitamins and antioxidants might have made the difference. In addition,
because of multiple nutrient inadequacies, normalizing the status of just one nutrient alone may
not afford any benefit.

It should be noted that this chapter is an update of our two previous reviews and is therefore
confined to papers published after 1992. It is for this reason that the evidence for a beneficial effect
of AA in some situations does not appear to be strong or consistent because of the omission of the
earlier literature. It is suggested that the reader also refer to our previous reviews for a more
comprehensive picture of the importance of AA in the health of the elderly.
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I. INTRODUCTION

Aging is a normal and inevitable physiological process. However, how one ages depends on the
interaction between their genetic makeup and other environmental factors including nutrition.
Scientific evidence shows that the effect of a lifetime’s nutritional practices compound for better
or worse in later life. To date, this evidence continues to accumulate supporting the essential role
of proper nutrition in preventing and delaying the onset of chronic diseases in later life. Causes of
these chronic diseases are complex, and dietary factors are only part of the explanation, but it is
evidently clear from epidemiological studies that there is a definite relationship between diet and
health. The evidence supports the observation that personal health practices, including healthful
dietary practices, lead to reduced risk of chronic diseases such as cardiovascular diseases, diabetes,
and some types of cancer. Chronic diseases that account for the major causes of morbidity and
mortality in later life have their pathological onset years earlier. An appropriate diet can lead to
gains in quality of life and health in the elderly, helping to minimize potential health problems
common in this group of people. The nutritional requirements of the elderly have been addressed,
but there exist gaps in knowledge of their energy and nutrient needs. This chapter will discuss the
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nutritional needs of the elderly, and the effect of aging on nutritional requirements. The focus of
this chapter is on the Recommended Dietary Allowance (RDA) for both men and women of 51
years and above.

Il. RELATIONSHIP BETWEEN NUTRITION AND AGING

Nutrition interacts with aging in a variety of ways. Most bodily functions decline as the adult ages,
a number of chronic degenerative conditions increase in frequency, and the aging process compro-
mises the body’s ability to obtain nutrients (1,2). This predisposes the elderly to nutritional risk,
and as a result they suffer from malnutrition, which in most cases is a consequence of disease,
inadequate diet, and certain social factors.

l1l. PHYSIOLOGICAL CHANGES IN THE ELDERLY

In the elderly there is measurable age-related deterioration in the functioning of most systems of
the body. The rate of deterioration varies greatly between different systems. The intestinal epithe-
lium takes a slower and later deterioration because there is replacement of dead cells as opposed
to heart, brain, and muscle.

The major function of the GI system is to provide the organism with nutritive substances,
vitamins, minerals, and fluids. Disorders and disease occur with age and involve all levels of the
GI tract. GI changes affecting digestion and absorption may affect food consumption.

In the mouth, there is a decrease in the number of taste buds with age, which reduces taste
acuity, and this can perhaps lead to increased use of salt and sugar. Between 75 and 85 years, the
taste buds’ deterioration is 65% reduction of sensitivity to sweet and salty tastes. There is a reduction
in production of saliva in the mouth, which makes it difficult to moisten certain foods and causes
difficulties with swallowing.

Poor dentition impairs biting and chewing abilities. Dentures are only effective if they fit, and
the elderly person’s state of oral health can affect food choices and the amount consumed, since
the food selected is the soft type and certain foods are eliminated. Limited variety can also contribute
to nutrient deficiencies. By age 65, most elderly people of the world are reported to no longer have
their natural teeth. With age, there is atrophy of both the mucosal and muscle layers of the stomach.
The amounts of digestive enzymes decrease but remain adequate for digestion. There is reduced
gastric acid secretion, which may predispose the older person to GI infection that could reduce the
efficiency of absorption of certain nutrients. The absorption rates of certain nutrients such as iron
and calcium changes with the aging process, although the intestinal villi become shorter and broader
and this reduces the absorptive surface area.

There is also a loss of muscle tone throughout the alimentary tract, which slows the digestive
process and causes irregularity in elimination. A decline in gastric motility can cause constipation,
which may reduce both appetite and nutrient availability. Constipation in the elderly is not only
due to reduction in muscle tone of the GI, but also to lessened activity, ingestion of low-fiber foods,
and inadequate fluid intake.

IV.  CHRONIC DISEASE FACTORS

Chronic diseases impose the need for modified diets or interfere with tolerance for foods and ability
of the elderly to manage their own diets. Therapeutic drugs used to manage these diseases may
decrease absorption of nutrients and may also increase requirements for certain nutrients. These
include prescription or over-the-counter drugs that are commonly used by the elderly. These drugs
can cause malnutrition since they alter taste, affect appetite, and interfere with absorption of
nutrients.
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V. NUTRITIONAL REQUIREMENTS

A number of researches have been conducted on the effects of aging on energy requirements and
energy balance. The weight of the evidence from these investigations suggests that current RDA
underestimate the usual energy needs of all ages (3). The nutritional requirements of the elderly
are based on studies done on young adults and extrapolated, and therefore their requirements are
basically the same. In absence of data to quantify possible differences, assumptions are made that
the nutrient needs of the elderly are the same as for younger people. Setting dietary standards for
older people is difficult, because individual differences become more pronounced as people grow
older and develop nutritional problems, chronic diseases, physiological changes, and drug interac-
tions, which all have an impact on nutrient needs.

VI. KILOCALORIC NEEDS

The major physiologic change occurring with age is a decrease in number of functioning cells,
which results in a slowdown of metabolic processes. Energy needs decline an estimated 3% per
decade due to reduced physical activity and diminished lean body mass, hence slowed basal
metabolic rate (BMR). The current RDA combines all people over 50 into one group. It is suggested
that energy allowance for people between 50 and 69 years of age be kept at 1.6 basal and for over
70 be reduced to 1.5 basal. Pronounced differences in energy expenditure among individuals is
noted with advancing age. Studies on nutritive intakes of older people have shown many deficits
in energy intake, which appears to be related to many factors such as efforts to reduce weight, poor
appetite, inability to afford food, irregular meal patterns, and poor dentition. Diets low in energy
are invariably low in other nutrients such as vitamin and minerals. With low energy, protein is
utilized for energy instead of protein synthesis, which leads to negative nitrogen balance. Inadequate
energy and nutrient intake may account for fatigue, lassitude, and lack of interest in life. This can
depress activity to the extent that the need for calories is reduced, leading to weight gain, even on
a low-energy intake. The RDA for energy for men between 51 and 75 years is 2000 and 2800
kilocalories and for women of the same age group is between 1400 and 2000 kilocalories. For men
76 years and above, the range is between 1650 and 2450 kcal, and for women of the same age is
1200 and 2000 kcal. Due to variation in activity patterns of individuals, the range of daily caloric
output is based on variation in energy needs of + 400 kcal at any age, emphasizing the wide range
of energy intakes appropriate for any group of people (3). Energy needs may vary by as much as
200 kcal per day for men and women between 51 and 75 years, 500 kcal for men above 75 years,
and 400 kcal for women of the same age per day (4).

A. PROTEINS

Protein synthesis, turnover, and breakdown decrease with advancing age. Recent data suggests that
requirements for protein often do not decline and may actually increase during disease exacerba-
tions. It is recommended that the elderly have 0.6 g protein per kilogram body weight of high-
quality and 0.8 g protein per kilogram body weight of medium-quality throughout life (5). Adequate
caloric intake will facilitate proper protein utilization. Studies on the nutritional status of the elderly
report poor intakes of good-quality protein sources, as well as negative nitrogen balance, edema,
muscular weakness, poor wound healing, and a lowered body resistance to disease. These factors
have been explained in part to be due not only to low protein intake, but also to incomplete digestion
poor absorption, and insufficient caloric intake. In view of this, certain authorities argue that the
elderly need more protein to allow for a greater safety margin to counteract the decreased absorption
and protein losses due to illness, while others recommend a lower protein intake to reduce the need
to excrete protein wastes from the deamination of protein, and avoid overburdening the kidneys,
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which work less efficiently with age (5). Generally, 12 to 14% of total calories per day from protein
is seen as sufficient.

B. CARBOHYDRATE

Carbohydrates are good sources of energy, nutrients, and fiber. Fiber should be emphasized, as it
has a role in the prevention of colonic cancer, and in the management of diverticulosis and
constipation. A moderate intake of fiber is appropriate for bulk and elimination, and this will not
pose risk of reducing absorption of mineral elements. The American Heart Association and the
American Cancer Society recommend 55 to 60% of total daily calories to come from carbohydrate
sources (6).

C. Fats/LiriDs

Fats provide a source of energy, facilitate absorption of fat-soluble vitamins, and provide essential
fatty acids. Reducing fat intake may retard the development of cancer, atherosclerosis, and other
degenerative diseases seen in the elderly. A diet with 30% or less of total daily calories as fat,
comprising 10% or less of saturated fats, is important for elderly people. This sums up to paying
attention to quantity as well as the quality and type of fat consumed. A reduction in intake of
saturated fats inevitably leads to a substantial decline in cholesterol intakes, because many sources
of saturated fats are also rich in cholesterol.

D. WATER

Total body fluids decline with age. The need for water to aid in absorption, metabolism, and the
excretion of nutrients and metabolites should be one of the prime dietary considerations in nutrition
for the elderly (6). Dehydration is a major risk for elder adults. Thirst becomes a less sensitive
indicator of need for fluid as people age. The kidneys function more efficiently when there is
sufficient fluid with which to eliminate the waste solids. Water also stimulates peristalsis and thus
aids in preventing constipation. It is recommended that between 6 and 8 glasses of water per day
or 30 ml per kilogram body weight or 1 ml per kilocalorie is sufficient.

E. VITAMINS

Studies show that older adults often omit fruits and vegetables in their diets. This predisposes them
to deficiencies of vitamins. There is no evidence that vitamin requirements are reduced with
advancing years. It is safe to assume that older people need all the vitamins they did in earlier years.

1. Vitamin C (Ascorbic Acid)

Vitamin C is an important water-soluble antioxidant. Specific disease processes, e.g., cataracts,
disorders of the immune response, and cancer, have been linked to oxidative damage mediated by
the radicals. It has an effect in protecting against free radical-mediated oxidative tissue damage (as
a reducing agent). The RDA for vitamin C for both men and women is 60 mg.

2. Vitamin D

Many elder adults have Vitamin D intakes of less than half of RDA. This is partly explained to be
due to limited exposure to sunlight, and the fact that aging reduces the capacity to make vitamin
D and the kidneys ability to convert it to its active form. Researchers suggest that vitamin D intake
greater than RDA (5 pg or 200 International Units) in supplements may be necessary to prevent
bone loss and to maintain vitamin D status in older people, especially in those who engage in
minimal outdoor activity.
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3. Vitamin A

Tolerance for preformed vitamin A appears to decrease with age because of increased absorption
and decreased uptake by the liver. vitamin A storage in the liver is maintained or increased
throughout the life span. Several studies have reported normal levels of plasma vitamin (20 pg/dl)
even in older adults (7). There is little reason to expect a significant incidence of vitamin A deficiency
among the elderly and the present RDA should be adequate to prevent insufficiency. Carotenes are
provitamin A. Vitamin A has antioxidant properties that may protect against certain epithelial
cancers (9). The RDA for vitamin A is 1000 for men and 800 for women. It is recommended that
most of the vitamin A requirements be obtained from carotene-containing fruits and vegetables.

4. B-Complex Vitamins

Thiamin, niacin, and riboflavin intakes are closely related to levels of energy intake. The confusional
states in the elderly might be related to a deficiency of thiamin. vitamin B,, is one of the B-complex
vitamins that has been reported to be deficient in the elderly (9). Elderly people are particularly
susceptible to metabolic and physiological changes that affect B,,, B, and folate status (7). One
significant change is the loss of the ability to make stomach acid. This is related to the atrophic
gastritis reported in 30% of people over 65 years. The deficiency of the vitamin may occur in
people above 60 years due to gastric atrophy rather than with inadequate intake. Higher intakes of
vitamin B,, than the current RDA might therefore be appropriate. The RDA for vitamin B, is 2
ug. The deficiency of vitamin B,,, B, and folate has a bearing on the neurocogniture function, as
well as the nervous system (10).

Vitamin By intake correlates with protein intake favoring the supply of cofactor for enzymes
in amino acid utilization. The RDA for this vitamin is 2.0 mg/day for men and 1.6 mg for women.
As for vitamin B,, B,, and B;, the requirements are lower to correspond with lower caloric
requirements.

Vitamin E is an important fat-soluble antioxidant and the requirements are largely determined
by polyunsaturated fatty acid content of the diet.

F. MINERALS

There is no indication for increasing minerals in normal aging. The same adult allowances are
sufficient if provided on continuing basis though a well-balanced diet.

1. lron

Iron deficiency anemia is the most common form of nutritional anemia (12). In post-menopausal
women, this is caused by chronic blood loss from disease conditions, decreased absorption due to
reduced acid secretion, use of medications such as antacids, or a diet low in iron. The RDA for
iron is 10 mg/day for both elderly men and women.

2. Calcium

Long-term deficiencies of calcium deplete the calcium stores of the bone required to maintain the
calcium level of the blood. Calcium absorption decreases with age due to a reduction in hydrochloric
acid in the stomach, and low intake of vitamin D. There is progressive loss of bone density after
25 to 30 years of age; supplementation of calcium has proven effective in reducing this loss in
elderly women. Development of osteoporosis affects a big number of the elderly. This is related
to dietary as well as hormonal factors. Physical exercise as well as estrogen treatment is effective
in restoring bone density. The RDA for calcium is 800 mg per day (6). It has been recommended
that men over 60 years and women over 50 years increase calcium intake to 1200 mg to prevent
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development of osteoporosis. It is also suggested that individuals with more calcium deposited in
the skeleton in childhood and bigger bones at maturity are better equipped to sustain the inevitable
bone loss in later life.

3. Zinc

Zinc intake declines with aging as energy intake is reduced. In addition, older adults may absorb
zinc less efficiently (11). Medication may impair zinc absorption or enhance its excretion, leading
to a deficiency. Phytates, phosphates, dietary fiber, and protein also impair zinc absorption. Whether
loss of taste acuity by the elderly is attributable to zinc deficiency remains unclear, as some studies
show that zinc therapy may not be effective in diminishing loss of taste (11). RDA for zinc for
men is 15 mg and 12 mg for women (13).

VII. CONCLUSIONS

There is overall agreement on the importance of nutrition in the care of the elderly and its influence
on health and well being. The elderly constitute a heterogeneous group. There is a wide variation
in their abilities to ingest, digest, absorb, and utilize nutrients, and therefore it is still difficult to
confidently generalize about nutritional needs. What is clear is that individualized nutritional care
must be employed. Whether the RDAs are adequate for the elderly or not, they are reasonable
standards against which to gauge nutrient intake. However, we must appreciate that aging brings
changed nutrient needs, either increasing or decreasing.
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The nutritional status of elderly patients with cancer appears to be the result of the concomitant
effects of the aging process, the aging-associated diseases and conditions, the tumor mass, the
cancer therapy, and the impact of the nutritional support (Figure 4.1).

AGING
(Healthy / Chronic Diseases / Frailty / Geriatric cachexia)

\

BODY COMPOSITION ANTINEOPLASTIC
AND FUNCTION = TREATMENTS

T

NUTRITIONAL
SUPPORT

CANCER —

FIGURE 4.1 Factors contributing to the nutrition status of elderly patients with cancer.

I. CHANGES IN BODY COMPOSITION AND METABOLISM IN AGING

Changes in body composition and metabolism, characterized by reduction in lean mass, total body
water and bone mass, by increased fat mass, and by decreased resting energy expenditure (REE)
are known to occur during aging.' These modifications are associated with variations in the secretion
of hormones that regulate body composition.>? Growth hormone (GH), sex hormones, and triiodot-
hyronine (T;) decrease. Insulin secretion decreases, and a state of insulin resistance occurs. Prolactin
and cortisol secretions increase. Decreased GH, testosterone, and insulin secretion, in association
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with increased cortisol, are considered to account for the decreased muscle mass, whereas increased
prolactin is considered to play a role in increasing fat mass. Diminished muscle mass is considered
to be the main factor responsible for the decline in REE observed with age.

Il. MALNUTRITION IN THE ELDERLY

Elderly people are also at increased risk of malnutrition because of physiological, pathophysiolog-
ical, psychological and socioeconomic factors associated with aging.? Prevalence of malnutrition
has been rated as 0 to 15% in ambulatory outpatients, 5 to 12% in homebound patients with chronic
diseases, 26 to 59% in institutionalized elderly persons, and 17 to 75% in hospitalized elderly
patients.*!° The frequency of malnutrition is influenced by the clinical setting and the functional
status of the patient population under study. These factors mirror the health conditions (presence
of comorbidity) and the degree of frailty, a term that defines an unsteady condition between health-
maintaining capacity (health functional status, availability of resources) and the emerging deficits
(illness, disability, dependence on others, burden of care-givers, etc.).!! Protein-energy malnutrition
(PEM) in geriatric populations has been reported to be independently associated with increased
morbidity and mortality.'>!* On the other hand, in some disease states, the efficacy of nutritional
support in reversing the risk of morbidity and mortality due to malnutrition has been demon-
strated.!+16

In addition to PEM due to comorbidity and frailty, elderly subjects can develop a cachectic
syndrome whose pathogenesis has not been clarified. This so-called geriatric cachexia is associated
with anorexia and has been demonstrated to be an independent risk factor of death.!” Geriatric
cachexia seems related to increased production of the proinflammatory cytokines, tumor necrosis
factor oo (TNF-q, interleukin (IL)-1, IL-6, and interferon (IFN-y), and of serotonin, which are well-
known mediators of cancer cachexia as well (Table 4.1).

Ill. CANCER CACHEXIA

PEM is a frequent finding in patients with cancer, mainly due to factors related to the tumor, even
though a contributory role is played by antineoplastic treatments. Prevalence of PEM in cancer
varies according to the type and the stage of the tumor (Figure 4.2). Incidence of weight loss was
found to be greatest (83—87%) in cancer of the stomach and pancreas, intermediate (48—-61%) in
cancer of the colon, prostate, lung or with unfavorable non-Hodgkin lymphoma, lowest (31-40%)
in non-Hodgkin lymphoma, breast cancer, sarcoma, or acute non-linphocitic leukemia.'®* PEM is
not related to the histological variety of the cancer, the type of tumor spread, the tumor size, or
patient age.'

In cancer patients, the degree of PEM is greater in the advanced stage of the disease, when it
assumes the feature of cancer cachexia.!® This syndrome is characterized by anorexia, extensive
weight loss, and derangement of body composition.!® A great proportion of weight loss is fat loss.
Loss of lean body mass is smaller than that of fat mass and involves mainly the muscle proteins.
The percentage of body water content increases and a state of hyperhydration appears. Decrease
of visceral protein mass occurs later. Cancer cachexia is considered to be the result of decreased
food intake and metabolic abnormalities characteristic of the interaction between tumor and host.

Anorexia, defined as spontaneous decline in food intake due to reduced appetite, can have
various causes: effects of cytokines (TNF-a,, IL-1, IL-6, and IFN-Yy), disorders in central nervous
system regulatory mechanisms, acquired taste disorders, nausea, vomiting and psychological prob-
lems. Food intake is regulated in the ventromedial nucleus of the hypothalamus by several neu-
ropeptides (leptin, neuropeptide Y, insulin, galanin, endorphins, cholecystokinin) and neurotrans-
mitters (serotonin, norepinephrin).?! Studies on animals indicate that cancer anorexia can be due
to an increase of cerebral serotonin as a consequence of the alteration of tryptophan metabolism,



Nutrition and Elderly Cancer Patients 51

TABLE 4.1

Changes in Body Composition, Metabolic Mediators and Resting Energy
Expenditure (REE) in Healthy Aging, Chronic Starvation, Cancer Cachexia
or Geriatric Cachexia

Healthy Uncomplicated Cancer Geriatric
Aging Starvation Cachexia Cachexia
Body Composition
Body weight = A d
Lean body mass d =/ d d
Fat mass 7 N A l
Body water d d T
Protein Turnover l 7 )
Mediators
GH d l d
Insulin 12 \2 Ti=1L
Insulin resistance Insulin resistance

Glucagon l 0
Cortisol =/ l 0
Catecholamines T T
Triiodothyronine =172 l d
Prolactin T2
Sex-steroids d d
TNF-o \2 T T
IEN-y T
IL-1 d T T
IL-2 T
IL-6 d T T
Serotonine T In brain T In CSF
REE l \2 T T

Note: GH = Growth hormone; TNF = tumor necrosis factor; INF = interferon; IL = interleukin;
CSF = cerebrospinal fluid.

the amino acid from which serotonin derives.?> Anorexia could also depend on alterations, caused
by metastasis, of the center of appetite in the lateral hypothalmus. Changes in the perception of
taste have been noted, with an increase in the threshold for sweet flavors (observed in about a third
of patients) and reduction in the perception of bitter taste, salt, and acid (observed less fre-
quently).?3-% The causes have not been clarified, but a deficit of some trace metals could be involved.
General losses of taste after head and neck irradiation and development of metallic tastes following
chemotherapy are due to direct damage to the taste receptors of the tongue.?® Bernstein et al.
demonstrated the development of taste aversion in children during chemotherapy, and suggested
avoiding patient’s favorite foods on the days of the therapy.?’

Metabolic abnormalities involve glucose, protein, lipid, and energy metabolism.?®? Glucose
intolerance, increased glucose production, and decreased whole body glucose utilization are the
documented abnormalities of glucose metabolism. Glucose intolerance is due to insulin resistance,
which results in decreased glucose disposal rate and in decreased liver glycogen synthesis.?
Increased gluconeogenesis (liver and kidney) is sustained mainly by increased peripheral lactate
production (Cori cycle) and to a lesser extent by alanine and glycerol.?'-3* Animal and human studies
demonstrated that insulin resistance to carbohydrate metabolism did not affect protein metabolism,
thus sparing the anabolic effect of insulin on muscle protein synthesis.>-37 Several studies have
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FIGURE 4.2 Frequency of malnutrition (BMI < 20) in cancer patients in different stages of the disease.

demonstrated that the tumor mass contributes in a minor extent to the overall increase in anaerobic
glycolysis and lactate production.’®3° Increased protein turnover and muscle wasting characterize
protein metabolism in cancer cachexia. In cancer patients, increased whole-body protein turnover
has been documented for skeletal muscle,*** liver,** and gastrointestinal mucosa,* whereas heart,
lung, and the kidney, appear to remain unaffected.***® Muscle wasting is sustained by reduced
protein synthesis*®* associated with normal or increased breakdown.*¢3%3! Protein loss appears to
be limited to myofibrillar proteins, whereas sarcoplasmatic and extracellular proteins have been
reported to be increased by approximately 25 to 30%.%% Increased hepatic turnover is associated
with a switch of protein synthesis characterized by increased synthesis of acute phase proteins and
decreased visceral protein synthesis.’>33 Cancer cachexia is associated with increased lipid mobi-
lization from adipose tissue, decreased lipid plasma clearance, and hypertriglyceridemia. Loss of
adipose tissue and hyperlipidemia are attributed both to increased lipolysis!-¢ and decreased plasma
clearance of free fatty acids and VLDL (tryglycerides),’” related to a decrease of lipoprotein lipase
activity,’’® impaired lipogenesis,” and increased lipolysis,*-% whereas lipid oxidation does not
seem to be affected.®!

Several studies have demonstrated increased REE in cancer patients.? The measured REE was
4 to 40% greater than basal energy expenditure calculated by the Harris—Benedict formula.®>¢ It
is suggested that increased REE contributes to weight loss, but unchanged and hypometabolic
responses have also been described in 20 to 40% of patients.5% Peacock et al.®” observed that REE
corrected for body cell mass was greater in noncachectic male patients with sarcoma than in healthy
controls. The difference was due to both increased REE and reduced body cell mass. This result
suggests that malnourished cancer patients with normal or low REE may be hypermetabolic relative
to the amount of lean body mass. Furthermore, in cases of semistarvation, REE usually declines.
The finding that malnourished cancer patients have normal REE may represent an abnormal
adaptation to starvation. Hypermetabolism is almost entirely due to the tumor-induced alterations
of host metabolism, mainly to those related to the increase of glucose turnover.’* A smaller
contribution seems to be due to the increased protein turnover. Considering that the tumor mass
represents a very small percentage of body weight (less than 4 to 5%), it is unlikely that increased
REE is related to tumor cell metabolism.

In tumor-bearing animals, tumor-induced anorexia and weight loss was shown to be transmit-
table through plasma factors.®®® It is assumed that cachexia is sustained by mediators of the
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inflammatory response, classical hormones, and other regulatory peptides (Tables 4.1 and 4.2).
Early studies investigated the effects of the tumor on the hormones that regulate the host’s metab-
olism, reporting several abnormalities. These problems can be due to either ectopic hormone
syndromes or to endocrine dysfunctions, which result from the endocrine response of the host to
the cancer mass. The hormone profile changes rapidly in malnourished cancer patients™ and in
animals after tumor transplantation,”" and some of the changes are in the opposite direction to the
adaptation observed in uncomplicated starvation. In malnourished cancer patients, increased 24-h
urinary excretion of cortisol was observed, but plasma cortisol has been reported to be normal.”
In tumor-bearing animals, increased plasma cortis’ and hypertrophy of the adrenal gland not
responsive to hypophysectom’ were shown. However, no relationship was demonstrated between
tumor mass and plasma corticosteroids.”* In animals, but not in humans,* increased adrenaline and
noradrenaline secretion, proportional to tumor mass, has been observed.” The role of corticosteroids
and catecholamine in cancer cachexia is still uncertain, but it is considered that cortisol plays a
role in insulin resistance and in impairment of glucose metabolism. Increased serum glucagon
levels have been reported both in cancer patients’® and in tumor-bearing animals.”” In animals,
hyperglucagonemia correlated with the tumor burden.” The decreased host insulin/glucagon ratios
observed in cancer patients could contribute to the abnormalities of the glucose metabolism in
cancer cachexia.”” T, serum concentrations can be low in patients with cancer cachexia, a finding
that is considered a normal adaptation process aimed at the conservation of energy by reducing the
effect of T, on the REE in prolonged starvation.”® Abnormalities in insulin secretion and function
are frequent findings in cancer patients. Both low” and slightly increased” serum insulin concen-
trations have been reported. Recently, in both malnourished and normal nourished patients with
head and neck cancer, Tayek et al. demonstrated a reduced first insulin phase response to intravenous
glucose similar to that seen in type 2 diabetes.3’ Reduced insulin response correlated with reduced
glucose disposal rate. As multiple regression analysis demonstrated that glucose disposal rate
correlated directly with both insulin response and T, concentrations, a role for reduced T, concen-
tration in the pathogenesis of abnormalities of glucose metabolism was also suggested. A wide
range of fasting serum concentrations of growth hormone (GH) was reported in lung and colorectal
cancer patients.®! Concentrations were greater in the more malnourished patients. However, no
direct correlation between GH secretion and metabolic abnormalities, such as increased hepatic
glucose production, have been observed.

More recently, the role of cytokines in cancer cachexia has been investigated. Cytokines, as
well as regulating the immune reaction, have a series of secondary effects on the host’s metabolism.
In the short term, these effects serve to move on the acute phase of the response to the tumor,
sending the nutrients from the peripheral tissue to the liver for the synthesis of the acute phase
proteins (C reactive protein, 0-1 antitrypsin, 2-macroglobulin, etc.). The protraction of these effects
in time is considered the main pathogenetic factor of both anorexia and alterations in the metabolism
of nutrients, which are seen in the more advanced stages of the illness.’® TNF-q, IL-1, IL-6, and
IFN-y have been the cytokines most extensively studied.**823 TNF-o. can cause anorexia and most
of the metabolic alterations observed in cancer. Intravenous administration of TNF-o. produced
anorexia and metabolic changes (increased glycogenolysis, increased peripheral lactate production,
increased muscle protein breakdown, decreased lipoprotein lipase activity, and hypertriglyceri-
demia) as observed in wasting and cachectic disease states.’?8%9% Furthermore, TNF-o. can induce
the production of IL-1 and IL-6.°* In both cancer patients and tumor-bearing animals, increased
TNF-o plasma levels have been shown.’>% In rats, the administration of anti-TNF-o attenuated
cachexia induced by the implantation of tumor.””%° IL-1 shares most of the metabolic effects of
TNF-0..” Some studies on animals demonstrated that IL-1 induces anorexia, loss of body protein,
and a change in hepatic protein synthesis similar to that seen in cancer patients®>3%1% (decrease of
albumin and other visceral protein synthesis and increase of acute phase protein synthesis). In mice,
these alterations were reverted by antibody against IL-1 receptor.®> Jensen et al.'°! demonstrated
increased IL-1 gene expression in the liver of cachectic tumor-bearing rats, but in both animals
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TABLE 4.2
Metabolic Changes in Cancer Cachexia
Changes Suggested Mediators
* Carbohydrate Metabolism
Serum glucose lr=17
Hepatic production of glucose: T
Gluconeogenesis ) T Cortisol, T glucagon, TNF-a, IL-1
Glycogenolysis T TNF-o.
Cori cycle activity (lactate production) T TNF-o.
Glucose disposal and utilization N Insulin resistance, 1 FT3, TNF-o
Nonoxidative disposal 4
Glucose oxidation =/
Glycogen synthesis d
Glucose turnover T
Glucose tolerance d { Insulin/glucagon ratio

e Protein Metabolism

Nitrogen balance Negative T Glucagon, TNF-o, IL-1, IL-6, IFN-y
Muscle protein synthesis N T Cortisol, TNF-o, IL-1, IL-6

Muscle proteolysis T T Cortisol, TNF-o, IL-1, IL-6

Hepatic protein synthesis (acute phase proteins) T TNF-a, IL-1, IL-6

Hepatic proteolysis T/=

Protein turnover T/=

Response to insulin =

e Lipid Metabolism
Serum triglyceride T
Fatty acid oxidation =/7
Glycerol and fatty acid turnover T
Lipoprotein lipase activity 4 TNF-o., IFN-y, IL-1,IL-6
Lipid synthesis d TNF-0,, TFN=y, TL-1
T

Lipolysis TNF-a, IFN-y, IL-1, IL-6

Note: 1 decreased; = unchanged; T increased; TNF = tumor necrosis factor; INF = interferon; IL =
interleukin.

and cancer patients, elevated IL-1 plasma concentrations have rarely been found.*6-% Increased
IL-6 is frequently detectable in serum of cancer patients (and tumor-bearing animals)®%101-103 and
IL-6 blockades reduced anorexia and weight loss in tumor-bearing animals.!?? IL-6 is considered
the main factor in eliciting the acute phase protein synthesis during inflammation.*+106.197 Tt is
involved in muscle protein metabolism and in lipid mobilization.'% In a rat model, Langstein et al.
observed that the intraperitoneal injection of INF-y induced anorexia and weight loss that were
attenuated by the administration of anti-INF-y antibodies.'® Furthermore, Matthys et al. showed
that the anti-INF-y antibody administration reversed the wasting effect of Lewis lung carcinoma
(INF-y producing) in mice.!'"

Close relationships between hormonal changes and cytokines were demonstrated. In human
healthy subjects, TNF-o or IL-6 infusion increases the stress hormone response.!>!!! Insulin has
been shown to reduce IL-6 and IL-6 effects, whereas glucocorticoids increase cytokine effects on
the acute phase response.!'!?
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IV.  CANCER IN THE ELDERLY

Epidemiologic data shows that the aging process is associated with a growing risk for developing
malignant disease.'!’® The risk for cancer is 11 times greater in persons aged =65 years than in
persons <65 years. Colorectal and lung cancers contribute to the higher incidence rate in both males
and females together with prostate cancer in males and breast cancer in females. Aging is accom-
panied by variations in body composition and by decreases in physical function and cognitive
capacity,!'* but it does not seem that these changes make cancer more aggressive in older patients.
Furthermore, age per se is not considered a contraindication to antineoplastic treatment. It is
assumed that there may be lower tolerance to radiotherapy and chemotherapy in the elderly patient
even though no evidence has yet been reported.!’ Its seems more likely that differences in the
course of the illness and in toleration of treatment between elderly and young subjects is due to
the greater frequency of age-related diseases and conditions prior to the cancer diagnosis, rather
than to the aging process.!16-119

No study on cancer cachexia has clearly reported an association between patients’ age and the
rate and degree of PEM. Tchekmedyian et al.,'® in a group of 218 consecutive patients with
advanced cancer, observed a body weight lower than ideal body weight in 30% of 92 patients aged
<65 years and in 52% of 126 patients aged =65 years. Furthermore, in the two groups of patients,
weight loss >5% of usual body weight was present in 37% and in 47%, respectively. In a group
of 492 consecutive patients with advanced cancer sent by oncologists to a nutritional team,'?! the
body mass index according to Quetelet’s formula (BMI, kg/m?), weight loss as percentage of the
patient’s usual body weight (UBW), and weight loss during the last 6 months were assessed (Table
4.3). On the basis of the weight loss, the frequency of PEM appeared to increase with age. However,
the frequency of primary tumor site localized at the gastrointestinal site was also greater in the
oldest decades of age. When only the subgroup of patients with gastrointestinal cancer was eval-
uated, the frequency of PEM did not show any trend with age (Figure 4.3).

TABLE 4.3
Protein-Calorie Malnutrition in 490 Patients with Advanced Cancer

Primary Tumor Site
Tumor Sites (No. % of Patients)

Head-

Age (Yr)  No. of Pts M/F Neck G.l. Lung  Urogenital  Breast Others
<60 143 78/65 23 (16%) 52 (36%) 21 (15%) 6 (4%) 20 (14%) 21 (15%)
61-70 158 109/49 33 (21%) 64 (40%) 28 (18%) 14 (9%) 5 (3%) 14 (9%)
>71 189 110/79 31 (16%) 101 (53%) 20 (11%) 14 (8%) 10 (5%) 13 (7%)
Frequency of Malnutrition

BMI <20 Last 6 Mo. Weight Loss >10% BW <10% UBW

Age (Yr) No. (%) m =+ sd No. (%) m = sd No. (%) m = sd
<60 75 (53) 19.8 +4.2 82 (57) 125+ 11.0 95 (66) 76 £ 8
61-70 52 (33) 21.0+33 96 (61) 11.9 + 10.0 118 (75) 87
>71 92 (49) 203 +4.2 124 (66) 153 +10.2 161 (85) 75 £ 10

Note: BMI = kg/m?; UBW = usual body weight.
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FIGURE 4.3 Protein—calorie malnutrition in 217 patients with advanced gastrointestinal cancer.

Studies on factors predicting survival demonstrated a significant correlation with nutritional
parameters but not with age, both in patients undergoing antineoplastic treatments and patients
with advanced cancer. DeWys et al. retrospectively analyzed the relationship between body weight
loss during the last 6 months and survival in 3047 patients enrolled in a cooperative chemotherapy
study.'® They observed that a weight loss >5% was a significant prognostic factor against both
survival and response to chemotherapy for a spectrum of cancers. Reuben et al. analyzed the
correlation of 14 clinical symptoms with survival in 1592 patients with terminal cancer at hospice
admission.!?? Performance status, measured by Karnofsky Performance Status (KPS) score, dry
mouth, shortness of breath, problems eating, and weight loss had independent predictive value.
Bruera et al. evaluated 61 patients with advanced cancer admitted to a palliative care unit.!?3 They
observed that cognitive failure, dysphagia and weight loss 210 kg were independently associated
with poor prognosis and in a given patient predicted survival of <4 weeks with an accuracy of
74%. In an other study,'** factors predicting survival were assessed in a group of 302 consecutive
adult patients with advanced cancer admitted to a hospital-at-home program. Logistic regression
analysis showed that BMI, KPS score, and daily oral energy intake were independent factors
predicting length of survival (Table 4.4).

V. THE EFFECTS OF CANCER TREATMENT ON NUTRITIONAL STATUS

Cancer treatment, both medical and surgical, can play a role in the development of PEM. Radio-
therapy and chemotherapy may have acute and chronic effects on nutritional status.'?>'?8 During
radiotherapy of the head—neck tract, patients may have anorexia, nausea, dysosmia, odynophagia,
xerostomia, mucositis. Ulcers, necrosis of the jaw, trismus, and dental caries can develop after the
end of the treatment. Radiotherapy of the esophagus, mediastine, or lung can cause dysphagia due
to edema and ulceration of the esophagus, which occur during the treatment, and to fistulas, fibrosis,
and stenosis of the esophagus, which are late complications. Acute enteritis is a common conse-
quence of radiotherapy of the abdomen. It is characterized by atrophy of intestinal villi and loss
of the mucosal epithelium and is associated with vomiting and diarrhea. Chronic enteritis can occur
after months or even many years from the end of the treatment and has a progressive and often a
very disabling course, with damage of extensive tracts of intestinal mucosa, fistulas, and bowel
obstruction. The frequency of PEM due to radiotherapy varies with the site of irradiation. A
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TABLE 4.4
Variables (X) Independently Associated with Survival in 3 Studies
on Patients with Advanced Cancer (x = Studied Variables)

Reuben et al.’22  Bruera et al.’  Pironi et al.’?®

Sex

Age

Primary tumor site
Metastasis

KPS scale (performance)
ECOG scale (performance)
Pain

X X

X

Hox =
>
B

Nausea
Anorexia
Dry mouth
Dyspnea

b I T

Cognitive status
Fever
Hemorragie
Constipation
Diarrhea
Bone pain
Dysphagia or problems eating
Daily oral energy intake X
BMI X
Weight loss:
From UBW
During the last 6 months X

P T T o I

During the last month
During the last 2 weeks X

Note: KPS = Karnofsky performance status; ECOG = Eastern Cooperative Oncology
Group; BMI = body mass index; UBW = usual body weight.

significant weight loss has been documented in more than 90% of patients irradiated in the
head—neck region, about 90% of patients irradiated in the abdomen, and less than 50% of those
irradiated at the larynx and pelvis. The degree of weight loss is proportional to the dose of the
radiation therapy and to the size of the irradiated field. The frequency and the degree of PEM due
to radiotherapy have been demonstrated to be independent of the initial weight and age of the
patient.]25‘127‘128

Chemotherapy causes anorexia, nausea, and vomiting associated with mucositis.'?® Some drugs
provoke stomatitis, gastric and duodenal ulcers, enteritis, and diarrhea. The presence of PEM seems
to increase the risk of drug toxicity and animal studies suggest that malnutrition may modify the
pharmacokinetics of chemotherapy drugs.

The impact of surgery on patients’ nutritional status is related mainly to factors arising as a
consequence of resections. Surgery of the oral-pharyngeal tract may impede the assumption of
solid food for several weeks. Post-gastrectomy syndromes include early satiety from loss of gastric
reservoir, dumping with malabsorption of fat and malabsorpion of iron and vitamin B,. Extensive
resection of the small bowel, especially if associated with resection of the ileocecal valve, results
in short bowel syndrome.



58 Handbook of Nutrition in the Aged, Third Edition

VI. THE IMPACT OF NUTRITIONAL SUPPORT ON PATIENTS
UNDERGOING CANCER TREATMENT

Both parenteral nutrition (PN) and enteral nutrition (EN) are routinely used in malnourished cancer
patients, in those at risk of malnutrition because of a long period of low oral intake due to diagnostic
procedure and staging of the illness, or as complement treatment in those undergoing major surgery,
or cycles of radiotherapy or chemotherapy that would be badly tolerated in generally debilitating
conditions.'” EN and PN have shown to be effective in stabilizing or improving the nutritional
status of the malnourished cancer patient, even if the overall effect is more limited than in patients
with primary PEM'? (Table 4.5). In patients candidate to cancer treatments, nutritional support
allows weight gain, increase of body fat, while increase in lean mass and visceral proteins occurs
to a lesser extent. Published data suggest that perioperative artificial nutrition can be beneficial,
especially preoperative support given to severely malnourished patients with cancer of the upper
gastrointestinal tract.'?!3! The outcome of patients receiving only postoperative PN seems worse
than that of patients receiving no nutritional support or EN because of increased rate of infections
in the PN group.'3>!3 Tt has been suggested that these results could be due to overfeeding and
hyperglycemia associated with PN, which facilitate infections, rather than to the intravenous route
of nutritional support. Malnourished patients with cancer of the breast or testis, or Hodgkin’s
disease, showed a poorer response to chemotherapy. A few studies indicated that EN may allow
the completion of radiation therapy,'?*!3¢ but both PN and EN have not been proven to improve
the response and the toleration of radiotherapy and chemotherapy, as well as the survival of subjects
who underwent these treatments'3’-'%? (Table 4.5). The effect of nutritional support on perioperative
morbidity and mortality as well as on the outcome of patients undergoing radiotherapy or chemo-
therapy needs further studies. The design of published randomized clinical studies has many
shortcomings, including heterogeneous patient population, exclusion of patients with severe mal-
nutrition, variability of cancer therapy, suboptimal nutritional support, and inadequate sample size.

VIl. HOME ARTIFICIAL NUTRITION

Patients who have been cured from the primary cancer and who have bowel dysfunctions due to
treatments (radiation enteritis, small bowel) and those who need treatments resulting in decreased
food intake and bowel damage can benefit from home artificial nutrition (HAN). Nutritional therapy
is not indicated in patients at the terminal stage of the disease, except for a minority (5—-10%) who
are at risk of death from cachexia. For these patients, home artificial nutrition programs may be
indicated. The usefulness of nutritional support in advanced cancer patients is a matter of debate.
The attitude to HAN in advanced cancer differs among countries for both home EN (HEN) and
home PN (HPN). In HEN and HPN national registers, cancer patients are 5 to 20% in UK, 40%
in the U.S., and more than 60% in Italy, most of whom are noncurable patients.'*>!#* Differences
seem to rely on an ethical basis, as no study has yet defined the cost-benefit and the cost-
effectiveness of these different approaches. The main question is the impact of nutritional support
on length and quality of life.

A 6-year-perspective survey of the practice of HAN in advanced cancer patients in an Italian
health district was performed in order to evaluate the utilization rate of HAN, the length of patient
survival, and the efficacy of HAN in maintaining patients at home without burdens and distress to
patient and family and in improving patients’ performance status.'?! Criteria for patient eligibility
for HAN were hypophagia, life expectancy >6 weeks (clinical judgment), suitable patient and
family psychophysical conditions, and verbal informed consent. During the 6-year period, 587
consecutive patients were referred by oncologists to a nutritional support team, and 164 of them
were selected for HAN (135 HEN and 29 HPN) according to the eligibility criteria. Primary tumor
site was in the head—neck or in the gastrointestinal tract in 78% of cases. PEM (BMI lower than
normal or last 6 month weight loss 210%) was present in 85% of the patients. Mean (£SD) KPS
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TABLE 4.5

Impact of Artificial Nutrition on Patients with Cancer

Clinical Parenteral Nutrition Enteral Nutrition
Condition (PN) Comment (EN) Comment
Cancer cachexia TBW Less effective than in TBW Less effective than
T FM malnourished TFM in malnourished
T/= LBM patients without T/= LBM patients without

=/T liver protein

cancer

=/T liver protein

cancer

synthesis synthesis
Preoperative 1 mortality Best results obtained  po complications
d po complications and in malnourished vs. standard diet
infections patients with =po complications
lLos gastrointestinal vs. PN
cancer
Postoperative = or worse outcome T infection rate may T BW vs. PN Small sample size
4 po complication be related to { infection rate Probably useful in
T infection rate hyperglycemia due and LOS with malnourished
to overfeeding with enhanced EN vs. patients
PN standard EN
Chemotherapy T BW in malnourished 18 RCT and 2 meta- = nutritional 7 RCT
= survival analyses variables No RCT
= tumor response = drug toxicity comparing EN to
=/l drug toxicity = tumor response PN
T infection rate = survival
= quality of life
Radiation = survival 4 RCT T BW 7 RCT
therapy =/l Rx toxicity Small sample size =/ Rx toxicity Best results
T infection rate Risk of overfeeding T completion of obtained with EN
T chemotherapy during therapy prior to
radiotherapy = tumor response radiotherapy
= survival
Note: (T, increased; J/, decreased; =, unchanged); BW = body weight; FM = fat mass; LBM = lean body mass; LOS

= length of stay; RCT = randomized clinical trial; po = postoperative.

From references 129-143.

score was 50 (x10). The incidence of HAN per 10° inhabitants was 18.4 in the first year of activity
and from 33.2 to 36.9 in the following years. Incidence of HEN was four times greater than that
of HPN. During the study, 158 patients (130 HEN, 28 HPN) had died because of the disease and
six were on treatment. The mean (xSD) survival was 17.2 (x19.5) weeks for those on HEN and
12.2 (£8.0) weeks for those on HPN, and a total of 47 (29%) patients survived <6 weeks. The
accuracy of the estimation of survival was 72%, a figure that fitted in well with those obtained
using objective indexes to estimate survival in advanced cancer. Ninety-five patients had undergone
155 rehospitalizations (three for HPN complications and 152 for the disease) accounting for 15 to
23% of their survival time. Burdens due to HAN were well accepted in 76% of cases, were
considered an annoyance in 18%, and were scarcely tolerated in 6%. The KPS score increased in
8% of patients, decreased in 11%, and was unchanged in the remaining 81%.

In patients with advanced cancer, the performance status decreases as the disease progresses.
In malnourished patients, this negative effect may counteract the positive effect of the nutritional
support. The impact of HAN on KPS of adult patients (age 64 + 15 yr) with advanced cancer was
further investigated by evaluating changes of KPS after 1 month of HAN in a group of 160 patients
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(41 HPN and 119 HEN) who underwent HAN for at least 5 weeks.!*> KPS remained stable in 74%
of the patients, increased in 13%, and decreased in 13%. No significant difference was observed
between the HEN and the HPN subgroups. The three groups of patients (increased, unchanged,
and decreased KPS) did not differ for age, sex, nutritional status, and nutritional support (kcal/kg
body weight). After 1 month of HAN, body weight had increased in patients with increased KPS
and had decreased in those with decreased KPS. Length of survival was significantly longer in the
group of patients who had an increased KPS, suggesting that in patients with advanced cancer the
performance status may improve in those in which HAN is able to improve the nutritional status
and that changes of performance and nutritional status after 1 month of HAN are predictive factors
of survival.

VIII. CONCLUSIONS

Data from clinical studies suggest that aging-related body composition and function changes do
not significantly interfere with nutritional status and outcome of cancer patients.
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I. INTRODUCTION

Trace elements are defined as those elements that make up no more than 0.01% of the dry weight
of the body.! Ultratrace elements are those elements with an established, estimated, or suspected
requirement, generally indicated by micrograms. At least 18 elements could be considered ultratrace
elements: aluminum, arsenic, boron, bromide, cadmium, chromium, fluoride, germanium, iodide,
lead, lithium, molybdenum, nickel, rubidium, selenium, silicon, tin, vanadium, manganese and
cobalt.?

The quality of the experimental evidence for nutritional essentiality varies widely for the
ultratrace elements! and may not be complete for all of them. Criteria for defining an element as
essential are:

* It occurs in the natural environment.

It is present in physiological amounts in the normal diet.

It is present in body tissues at relatively constant concentrations.

* It is found in the newborn and/or maternal milk.

» Withdrawal produces similar structural and physiological abnormalities in different spe-
cies and these are reversed or prevented by addition of the element to the diet.

¢ A biochemical function(s) is associated with the element.!

The evidence for the essentiality of iodide, manganese, molybdenum, and selenium is substan-
tial and noncontroversial, since specific biochemical functions have been defined for them.? Evi-
dence is compelling also for elements like arsenic, silicon, nickel, and vanadium, although their
essentiality is based on circumstantial evidence.?

In this context, the four trace elements discussed herein are: manganese, vanadium, molybde-
num and silicon.

A. MANGANESE

Manganese (Mn) is the 12th-most-common element in the earth’s crust. It can assume 11 different
oxidation states—from -3 to +7—but in living tissues it is found in the +2, +3 and +4 oxidation
states. Mn>*, Mn®, Mn*"> as well as other complexes of higher oxidation states, are generally
unrecognized in biological materials. Typically found in compounds with a coordination number
6 and lacking octahedral coordination complexes, Mn tends to form very tight complexes with
other substances. As a result, its free plasma and tissue concentrations tend to be extremely low.*

1. Metabolism

Absorption of Mn from diet is very low. On the basis of 3*Mn retention, it has been estimated that
adult humans absorb 5.9(4.8% of ingested Mn.> Absorption apparently decreases with increasing
Mn intake. As the Neuro Toxicol. Mn intake increased from 1.5 to 100 (g/g in rats, the absorption
declined from 29% to 2%.5 Ingested Mn?* is thought to be converted into Mn?** in the duodenum,
which is absorbed equally well throughout the small intestine.” However, the actual mechanism of
Mn absorption is not clearly established. In rats, Mn absorption declined linearly with time when
the element was perfused at concentrations ranging between 0.0125-1.00mM. Moreover, Mn
absorption during perfusion at a 2:1 ratio of ligand (histidine and citrate) to Mn was three times
greater than in the absence of any ligand, thus indicating that intestinal Mn absorption could be a
rapidly saturable process probably mediated by a high-affinity, low-capacity active transport sys-
tem.® On the other hand, diffusion has also been implicated because studies with brush border
membrane vesicles indicated that mucosal transport of Mn occurs through a nonsaturable simple
diffusion process. It appears that both the processes might be involved and operate simultaneously,
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with apical to basolateral Mn uptake and transport being strictly concentration-dependent and
basolateral apical being saturable.”

Relatively few dietary ingredients have a major effect on Mn absorption, however, the interac-
tion between Mn and iron (Fe) is strong. Increased Fe in the diet depresses Mn absorption and
increased dietary Mn interferes with Fe metabolism. In a recent study, it was shown that interaction
of ferritin status and dietary Mn content affected 3*Mn absorption and biological half-life. Absorp-
tion was greatest in subjects with low ferritin concentration when they were consuming the low
Mn diet and was least in subjects with high ferritin concentration.’ Finley et al.!” found that men
absorbed significantly less **Mn than women and these differences were related to iron status.
Similarly, in patients with varying iron stores and subjected to duodenal perfusion with Mn, the
rate of Mn absorption was found to increase in Fe deficiency. The enhanced Mn absorption was
inhibited by iron.® A hypothesis explaining the interaction between Mn and Fe is that Mn may be
recognized by Fe transport mechanism and consequently be absorbed with Fe. Therefore, factors
that up-regulate Fe absorption (such as low Fe stores) also may increase Mn absorption, and factors
affecting Fe absorption may also regulate Mn. Therefore, Mn absorption may be substantially
increased under some dietary conditions.!!

In addition to variable absorption, Mn homeostasis is controlled by biliary excretion, which
represents the major route of excretion of Mn. Mn-deficient rats were found to conserve Mn by a
dramatic reduction in biliary Mn excretion and secreted only 0.7% as much Mn in bile as did Mn-
repleted rats. However, the large reduction in biliary Mn secretion was not complete enough to
prevent 50-80% reductions in tissue Mn concentrations. It appears that variations in biliary man-
ganese secretion and intestinal absorption are more apt to effectively maintain constant tissue Mn
concentration when variations in intakes are less extreme.'? Also, mucosal tissue has been proposed
to play a role in Mn homeostasis by sequestering Mn, which is subsequently lost with sloughing
of intestinal mucosa.'® Thus, given the central importance of hepatic Mn metabolism, anything that
impairs liver function could conceivably depress Mn excretion and increase the retention of Mn
within the body.!

Absorbed Mn is complexed with albumin and transported to the liver, the key organ in Mn
metabolism. In the liver, Mn is found in both rapid- and slow-exchanging pools. The former is the
precursor of biliary Mn, while the latter serves as a source of Mn for the liver as well as transferrin-
bound Mn. Transferrin and (-2 macroglobulin have been proposed as the proteins responsible for
transporting Mn to peripheral tissues.'?

Although little is known about the uptake of Mn by cells at the tissue level, more is known
regarding its transport in the central nervous system (CNS). It enters the brain from the blood either
across the cerebral capillaries and/or the cerebrospinal fluid (CSF). At normal plasma concentration,
the former appears to be the primary route, while at high plasma concentration and upon acute
bolus injections of Mn, the transport across the choroid plexus predominates. When rats were
chronically exposed to high Mn levels, the elevation of Mn in all selected areas of brain—the straitum,
substantia nigra, hippocampus and frontal cortex—was similar in magnitude to that in CSF rather
than plasma, thus indicating that the Mn within CSF may serve as a “sink” for Mn deposition in
brain tissues.

The chemical form in which Mn is transported across the blood—brain barrier (BBB) still
remains controversial. Facilitated diffusion, active transport, transferrin (Tf)-dependent mechanisms
are all likely to be involved. Non-protein-bound Mn enters the brain more rapidly than Tf-bound
Mn. Since albumin or o, macroglobulin are excluded from transport across the BBB, Mn bound
to these plasma-binding proteins does not cross the BBB, unless the integrity of the BBB is
compromised.

At physiological Mn blood concentration, it is postulated that Mn transport across the BBB
occurs both as Mn?* and as Tf-Mn conjugate. Both appear to be saturable transporters. There is
much theoretical and some experimental evidence to suggest that Tf functions prominently in Mn
transport across the BBB. When complexed with Tf, Mn is exclusively present in the trivalent
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oxidation state, with two metal ions tightly bound to each Tf molecule. At normal plasma Fe
concentrations (0.9-2.8 pg/ml), normal iron binding capacity (2.5-4 ug/ml) and normal Tf con-
centration in plasma, (3 mg/ml), with two metal-ion-binding sites per molecule, of which 30% are
occupied by Fe**, Tf has available 50 pumol of unoccupied Mn** binding sites per litre. Since Tf
receptors are present on the surface of the cerebral capillaries, it has been suggested that Mn enters
the endothelial cells complexed with Tf. Mn is then released from the complex in the endothelial
cell interior by endosomal acidification and the apo-Tf-Tf complex is returned to the luminal surface.
Mn released within the endothelial cells is subsequently transferred to the abluminal cell surface
for release into the extracellular fluid. The endothelial Mn is delivered to brain-derived Tf for
extracellular transport and subsequently taken up by neurons, oligodendrocytes, and astrocytes for
usage and storage. Further, it has been shown that intravenous administration of ferric-hydroxide
dextran complex significantly inhibited Mn brain uptake, and high Fe intakes reduced CNS Mn
concentrations, thus indicating a relationship between Fe and Mn transport.

Besides these saturable transport systems (Tf-Mn conjugates and Mn?*), a third transport system
for Mn represents a leak pathway, presumably via circumventrical organs or choroid plexus. As
the plasma Mn concentration increases, Mn transport via all the pathways increases. However,
since the capacity of saturable transport system is limited, the leak-pathways become the predom-
inant mode of Mn transport at high blood concentrations.*!* Within the CNS, Mn accumulates
primarily in the astrocytes. The uptake of Mn into astrocytes is facilitated by a specific membrane-
transport protein. Mn transport kinetic data exhibit saturation kinetics, competition by related
substrates, and a probable counter-transport mechanism. As long as the concentration of Mn?* in
normal peripheral blood is less than 0.1uM and the level of free Mn?* in blood is less than 0.02uM,
the uptake on Mn?* by astrocytes will increase as a linear function of concentration for a considerable
range of Mn values. A number of cations affect astrocytic Mn?* transport. Zn?* inhibits the initial
rate of Mn?* uptake, but overall increases total Mn** accumulation, whereas Cu?* increases both
the initial rate and the total amount of accumulated Mn?*. Therefore, increased Cu?* and/or Zn%**
may lead to increased steady-state levels of Mn in the astrocytic cytoplasm, in turn altering the
activity of an Mn-sensitive enzyme such as glutamine synthase.*!#

Within cells, manganese is found predominantly in mitochondria such as liver, kidney, and
pancreas, which have relatively high Mn concentrations. In contrast, plasma Mn is extremely low.”
There are no storage forms for Mn. Bone contains substantial quantities of Mn, however, there is
no mechanism for releasing the mineral from bone. Thus, bone Mn is considered as passive storage,
as it is released only as a result of normal bone turnover or in situations of accelerating bone
resorption such as a sub-optimal calcium intake.!?

Manganese is almost totally excreted in feces (92%) with only trace amounts in urine.

2. Functions

Manganese is considered essential throughout the life span because of its known function in
mammalian enzyme systems, both as an integral part of metalloenzymes and as an enzyme activator.
The enzymes that can be activated by Mn are numerous and include hydrolases, kinases, decar-
boxylases, transferases, lyases, oxidoreductases, lyases, and ligases. Most enzymes activated by
Mn-except glycosyltransferases and possibly xylosyltransferase, which are Mn specific—can also
be activated by other metals, especially Magnesium. In contrast to the many Mn-activated enzymes,
there are only a few Mn metalloenzymes, namely arginase, pyruvate carboxylase, glutamine syn-
thetase, and Mn superoxide dismutase.’

a. Antioxidant activity

Mn is one of the essential elements, which can protect against oxidative damage. In vitro experi-
ments indicated that Mn scavanged superoxide radicals at nanomolar concentrations whereas
hydroxyl radicals were scavanged at mocromolar concentrations.!> A critical function attributable
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to Mn is the mitochondrial enzyme superoxide dismutase (SOD) that catalyzes the disproportion-
ation of superoxide (O,), the univalent reduction product of dioxygen. SOD functions in mito-
chondrial oxygen radical metabolism, catalyzing the formation of hydrogen peroxide from reactive
oxygen species.* Therefore, Mn deficiency could damage mitochondrial membrane by depressing
the activity of Mn-SOD. Little work has been done to assess Mn-SOD activity in humans, however,
a number of investigators have reported depressed activity of the enzyme in Mn-deficient animals.
Zidenberg-Cherr et al.'é reported significantly lower activity of Mn-SOD and higher mitochondrial
lipid peroxidation in Mn-deficient rats than in Mn-sufficient rats. Similarly, it was demonstrated
that dietary Mn could protect against in vivo oxidation of heart mitochondrial membrane. Mn-
deficient rats had more conjugated dienes in the heart mitochondria than the Mn-adequate rats.!”
Further, it appears that the effect of Mn deficiency on tissue Mn-SOD activity is highly variable,
as Mn deficiency had no effect on conjugated diene formation in liver mitochondria, heart
microsomes or liver microsomes.

Besides maintaining mitochondrial membrane in the heart, Mn is also required for normal cell
structure in the optic nerve'® and cornea.'® Mn has been also shown to perform biological functions
in the retina. Photoreceptor cells of rats fed a Mn-deficient diet for 12 months showed karyopy-
knosis-like changes of nuclei and a decrease in size and number of outer segments. When Mn
deficiency was prolonged up to 18 months, there was a complete loss of photoreceptor cells.
Deficiency for 30 months resulted in total loss of neural cells, and Muller-like cells proliferated.?
Damage of photoreceptor cells could be attributed to decreased antioxidant action due to lower
levels of Mn-SOD.

In addition to the detrimental effect on membrane integrity, altered levels of Mn-SOD have
been implicated in multistage carcinogenesis in both rodents and humans. Mn-SOD activity has
been reported to be low or absent in tumor cells when compared with their appropriate normal-
cell counterparts in both rodents and humans. An increased amount of SOD has been shown to be
protective against cancer. The addition of exogenous SOD has led to the inhibition of oncogenic
transformation induced by X-ray both in vitro and in vivo. Elevation of Mn-SOD levels in tumor
cells to those found in normal cells resulted in reversion of the malignant phenotype.?! However,
further work is required to investigate the association between low dietary intake of Mn and
increased cancer susceptibility.

b. Carbohydrate metabolism

Mn plays an important role in carbohydrate metabolism. Enzymes—pyruvate carboxylase and
phosphoenol pyruvate carboxykinase (PEPCK)—involved in gluconeogenesis require Mn for opti-
mal function. No significant losses in the activity of pyruvate carboxylase have been reported during
Mn deficiency, as Mn is replaced by magnesium.!® However, low activities of PEPCK have been
reported in Mn-deficient rats, although functional significance of this reduction has not been fully
characterized.?> Mn-deficient animals often exhibit a diabetic response to oral glucose challenges
characterized primarily by impaired insulin production. Experiments conducted by Keen et al.?> on
Sprague Dawley rats strongly suggest a role for Mn in regulation of insulin transcription and/or in
insulin mRNA turnover. These findings are consistent with reports that Mn is also involved in
regulating the expression of other pancreatic genes such as amylae.??

c. Integrity of cartilage

Mn plays an important role in proteoglycan biosynthesis, which is essential for the integrity of
cartilage. Mn deficiency results in reduction in cartilage polysaccharide content as well as qualitative
changes in size and distribution of the polysaccharides.'* One of the first structural abnormalities that
was recognized to be a potential consequence of Mn deficiency was perosis in chickens, a disorder
characterized by shortened and thickened limbs, curvature of the spine, and swollen and enlarged
joints. Bone defects similar to those observed in birds also occur in rats and mice fed Mn-deficient
diets during early development. These bone abnormalities have been largely ascribed to a reduction
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in proteoglycan synthesis secondary to a reduction in the activities of several Mn-dependent glycosyl
transferases. These enzymes are needed for the synthesis of proteoglycan chondroitin sulphate side
chains. Skeletal abnormalities in animals are characteristics of Mn deficiency, which could be attrib-
uted to decreased glycosyltransferase activity.?! Further Mn deficiency has also been shown to reduce
the activity of glycosyltransferase and concentration and composition of glycosaminoglycan (GAG)
in rat aortas. Chondroitin were decreased by 38 and 36% respectively.?* It appears that Mn is involved
in arterial GAG metabolism and changes in its concentration and composition could affect arterial
wall integrity and subsequently cardiovascular health.

Altered metabolism of insulin-like growth factor (IGF) has been observed in rats during chronic
Mn deficiency. The deficient animals displayed lower circulating concentration of IGF-1 and insulin
despite having significant elevations in circulating somatotropin concentration relative to the control
group.” These alterations could contribute to the growth and bone abnormalities observed in
deficient animals. Mn deficiency has also been reported to result in impaired osteoblast and
osteoclast activities, suggesting that abnormal rate of bone growth and remodeling may also
contribute to the bone deformities.

d. Development of brain

Mn is an essential trace metal required for development and functioning of the brain. This metal
is a necessary component of glutamine synthetase (GS), an astrocyte-specific enzyme. GS contains
8 Mn ions per octamer and accounts for approximately 80% of total Mn in the brain. Astrocytes
remove extracellular glutamate by a Na*-dependent mechanism. In the presence of ammonia,
glutamate is metabolized to glutamine by GS, maintaining [glutamate], at 0.3uM. Studies have
suggested that divalent Mn or the ratio between Mn?** and Mg?* play a role in regulating GS.*!4
Astrocytes are some of the neuroglial cells of the central nervous system. A reciprocal relationship
exists between neurons and neuroglial cells and this association is vital for mutual differentiation,
development, and functioning of these cells. Therefore, perturbations in glial cell function, as well
as glial metabolism of chemicals to active intermediates, can lead to neuronal dysfunction.?

Recently, it has been demonstrated that Mn is released with neurotransmitters into the extra-
cellular space during stimulation with high K*. Mn ions may be involved in the processes dynam-
ically coupled to the electrophysiological activity of neuronal axons. Therefore, it may be important
to study the role of Mn as a functioning factor in association with synaptic transmission.?’

Mn thus appears to be essential for optimal enzyme and membrane transport system function
in all mammalian tissues and its essentiality is critical throughout the life span.

3. Deficiency

Although Mn deficiency has been observed in many species of animals, there is little evidence of
its deficiency in humans. It has not been reported in free-living populations, as Mn is widely
distributed in variety of foods.”?® However, a limited number of studies have reported symptoms
from consuming experimental diets deficient in Mn.

Doisy et al.”” described a case of a man who was fed a semipurified diet deficient in vitamin
K and Mn (0.35 mg Mn/d) for 4 months. He developed dermatitis, decreased levels of clotting
protein, weight loss, depressed growth of hair and nail, hypocholesterolemia, and slight reddening
of the hair. Subsequent to the appearance of these symptoms, it was realized that Mn had been
omitted from his diet. The subject responded to a mixed hospital diet, but no supplementation with
Mn alone was tried.

Another possible case of Mn deficiency in humans was reported.’*® Young men fed a diet
containing only 0.11 mg of Mn per day for 39 days exhibited decreased serum cholesterol, which
did not respond to short-term Mn supplementation for 10 days. A fleeting dermatitis, Milliaria
crystallina, developed in five out seven subjects at the end of depletion but disappeared on repletion.
However, the sample size was very small.



Trace Element Requirements of the Elderly 75

Evidence is accumulating that Mn deficiency may be present in select populations. It has been
reported in patients on long-term parenteral nutrition when the solutions were low in Mn content.

Post-menopausal women supplemented with Mn maintained spinal bone density, however trace-
mineral supplement also included zinc and copper.’!

Modest supplementation of iron can result in lowering of lymphocyte Mn-SOD activity in
humans.?? In view of high frequency of iron supplementation by some groups, it is worthwhile
finding out the incidence of Fe-supplementation-induced reductions in Mn status—especially in the
elderly.

In addition, Mn deprivation may contribute to disease processes. Low dietary Mn and/or low
blood and tissue Mn have been associated with osteoporosis, diabetes, epilepsy, atherosclerosis,
and impaired wound healing.” Arnaud et al.3* assessed Mn status after an acute episode of myo-
cardial infarction. Plasma and erythrocyte Mn remained unchanged during the 2 weeks after the
infarction, however, a decrease of erythrocyte Mn with age was noted. The results suggested that
plasma and erythrocyte Mn do not indicate myocardial damage. The observed progressive decrease
of Mn status in the elderly could be one of the risk factors for development of cardiovascular
diseases. Nonetheless, Mn status in the elderly merits further attention.

4. Toxicity

In humans, Mn toxicity is recognized as a serious health hazard resulting in multiple central nervous
system abnormalities. Overload or breakdown of homeostatic control of Mn leads to increased
delivery to the brain, with neurotoxic consequences that appear to lie on a dose-related continuum
of nervous-system dysfunction. Lower levels of Mn exposure have been associated with increased
risk for sub-clinical, neurological signs consistent with early manganism. On the far end of the
continuum, where Mn exposures are highest, a syndrome characterized by severe psychiatric
symptoms including ataxia and disturbances of libido is present. The toxicity results in persistent
damage to the extra-pyramidal system, giving rise to symptoms similar to Parkinson’s disease,
which include tremors, bradykinesia, abnormal gait, and dystonia. Clinical signs include elevated
whole-blood Mn and urine and fecal Mn.3* The symptoms of Mn toxicity appear very slowly over
a period of several months or years. Although the course and degree of Mn intoxication can vary
greatly, manganism is generally considered to have two to three phases. The first is characterized
by non-specific symptoms such as asthenia, anorexia, apathy, headaches, hypersomnia, spasms,
weariness of the legs, and irritability. These symptoms can occur independent of clinical neurologic
signs. The second stage is characterized by signs of basal ganglia dysfunction and may include
expressionless face, speech disturbance, altered gait, and fine tremor. In the final stage, muscular
rigidity, staggering gait, and fine tremor are present.>3

It has been suggested that older people may be more susceptible to the effects of Mn than a
younger population.3*3> Mergler et al.,* in their community-based study, observed Mn-age inter-
action for certain motor tasks, with the poorest performance observed among those > 50 years. Mn
inhibits synaptosmal uptake of dopamine under in vitro conditions. Mn inhibition of terminal
dopamine uptake could have potentially toxic effects. It appears that such inhibition is age-
dependent, as it has not been observed in synaptosomes isolated from neonatal rats and such animals
do not develop neurotoxicity.?” This could partially answer the age-dependent variability, however
higher vulnerability to Mn because of age needs further research.

A number of etiological factors have been recognized in Mn toxicity. Most cases in humans have
been linked to the exposure of individuals to high levels of airborne Mn (>1mg/m?).?2 Sources of
environmental exposure of Mn include emissions from metallurgical processing and mining operations
as well as toxic dumpsites that may contaminate groundwater, soil, and air. Mn-containing seed
protectants and foliar fungicides, used on a variety of fruits and vegetables, present a risk through
spraying and groundwater contamination. A relatively recent source of environmental pollution by
Mn is from the use of methylclopentadienyl manganese tricarbonyl (MMT) as an anti-knock agent
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added to gasoline. There is evidence that levels of airborne Mn are higher in areas with higher traffic
density.>* In Greece, progressive increases of Mn concentration in drinking water were associated
with a progressively higher prevalence of neurological signs of chronic Mn poisoning. However, a
cross-sectional study of two cohorts in Germany separated on the basis of Mn levels in well water,
found no significant difference in any neurological measure.*® Further, Mergler et al.,* in their
community-based study, showed that blood Mn levels greater than 7.5 pg/litre were significantly
associated with changes in coordinated upper limb movements and poor learning and recall.

Mn toxicosis due only to excessive dietary intake of the element has not been reported,?
however, it is possible that Mn obtained via food may accumulate in the body under special
conditions. Reports have shown that Mn toxicosis can arise in individuals with impaired biliary
function.?! As dietary Mn is normally cleared by the liver, it is hypothesized that hepatic dysfunction
could lead to Mn overload and account for the MRI abnormalities seen in patients with chronic
liver diseases.*

Further, total parenteral nutrition bypasses the normal homeostatic mechanisms of the liver and
gut. Hypermanganesemia, neurological symptoms and Mn deposition in the brain on MRI scanning
have been reported in patients receiving long-term parenteral nutrition.*>#! There appears to be a
need to administer lower doses of Mn during parenteral nutrition.

The unique combination of low dietary intake of calcium and magnesium together with high
concentrations of aluminium and Mn in drinking water, has been proposed as a factor in the
incidence of amyotrophic lateral sclerosis and Parkinsonian dementia in specific areas of the western
Pacific. These metal-metal interactions may lead to unequal distributions of aluminium and Mn in
bones and the central nervous system, resulting in neural degeneration.*?

The biochemical mechanisms underlying Mn toxicity are complex, and possibly a number of
metabolic dysfunctions together account for Mn neurotixicity. Mn may produce its effects through
glutamate excitotoxicity. Sustained increases in glutamate are neurotoxic, presumably by persistent
interactions with N-methyl-D-aspartate (NMDA) receptors and a resulting sustained influx of
calcium ions. It has been shown that Mn produces changes consistent with NMDA excitotoxic
lesions.*

At higher concentrations, Mn can be neurotoxic by generating the free radicals.** Mn-induced
dopamine auto-oxidation has been suggested as a possible mechanism, although its significance is
unknown, due to the direct antioxidant property of Mn.?’

Neuron loss and gliosis in the globus pallidus are hallmarks of human and experimental
manganism in primates. The globus pallidus is characterized by a high rate of oxidative phospho-
rylation. Mn accumulates within mitochondria and is associated with an inhibition of oxidative
phosphorylation and decreased ATP synthesis. Mn is transported out of mitochondria via the slow
Na*- independent efflux mechanism, but inhibits Ca?* efflux, thereby poising the mitochondria for
promoting a Ca?* permeability transition, collapsing the mitochondrial membrane potential and
decreasing both oxidative phosphorylation and intra mitochondrial glutathione (GSH). The lowered
GSH content would be expected from the altered NADPH/NADP ration induced by defective
mitochondrial function. These metabolic dysfunctions ultimately lead to reduced energy status,
increased lipoperoxidation, and abnormal [Ca?*]. Accelerations of neurotoxicity ensue through the
activation of an excitotoxic state consequent upon mitochondrial dysfunction.’’

5. Dietary Requirements

Mn is essential for life, however, there are few reported cases of Mn deficiency in humans. Because
of this lack of information, a Recommended Dietary Allowance (RDA) has not yet been suggested
for Mn in humans. Instead, the estimated safe and adequate daily dietary intake (ESADDI) has
been put forward by the National Research Council, as shown in Table 5.1.7
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TABLE 5.1

Estimated Safe and Adequate
Daily Dietary Intakes (ESADDI)
for Mn for Various Age Groups

ESADDI for Mn

Age (Years) umol/day  Mg/day
Infants 0-0.5 5.5-10.9 0.3-0.6
Infants 0.5-1 5.5-18.2 0.3-1.0
Children 1-3 18.2-27.3 1.0-1.5
Children 4-6 27.3-36.4 1.5-2.0
Children 7-10 36.4-54.6 2.0-3.0
Adolescents 11-18  36.4-91.0 2.0-5.0
Adults 36.4-91.0 2.0-5.0

Reference: No. 7.

These values are based on the reasoning that most dietary intakes fall into this range and do
not result in deficiency or toxicity signs. However, there are number of shortcomings in the approach
used to determine the ESADDI:

» Values have been set in the absence of good biomarkers and have been based on typical
intakes of Mn and on data from short-term balance studies.

* Approach ignored the impact of bioavailability.

 Entire body of literature on balance and regression studies using the factorial approach
was not considered.*443

Separate ESADDI have not been recommended for the elderly, whose Mn requirements may
be different from those for younger individuals because:

e Mn is a component of mitochondrial SOD and thus is involved in the metabolism of free
radicals. Oxidative stress is associated with a number of degenerative diseases common
among older people.

* Mn is essential for the integrity of cartilage. Its supplementation, along with Cu and Zn,
has been shown to maintain spinal bone density in postmenopausal women. It appears
that low Mn intake may be associated with osteoporosis.

* Fe supplements are commonly recommended to the elderly. Interactions between Fe and
Mn may compromise Mn status if dietary intake of the latter is low.

In view of this, ESADDI of Mn may need further modification.

In contrast to the paucity of substantiated reports of Mn deficiency, there are many reports of
Mn toxicity in humans. Most of these are cases of acute toxicity, primarily in miners who inhale
Mn-laden dust. Therefore, the Environmental Protection Agency (EPA) has established the reference
dose for Mn (the amount of Mn that can be safely consumed on a daily basis over the course of
a lifetime) at 0.14 mg Mn/kg/d or 10 mg Mn/d for a 70-kg individual. EPA officials thought that
a separate standard was required for Mn in drinking water because of the greater bioavailability of
Mn in water than in food. Based on epidemiological studies in Greece, EPA estimated the lowest-
observable-adverse-effect level (LOAEL) for Mn in water to be 4.2 mg Mn per day or 0.06 mg
Mn/kg/d.?4445 Thus, on the basis of very limited data, these standards suggest that individuals
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consuming the amount of Mn recommended by the ESADDI (Smg Mn/d) could consume excessive
amounts of Mn (> 4.2 mg Mn/d) if most of the Mn came from water. This may be a matter for
concern, especially among older people, who are more susceptible to the neurotoxic effects of Mn.
There appears to be lack of consensus and overlap between the reference dose of Mn put forward
by the EPA and the ESADDI suggested by the National Research Council.

There is a need to develop alternative approaches, such as the response of reliable biomarkers
to changes in Mn status. Potential indices for assessing the effects of Mn under conditions of
deficiency and excess in humans may include concentrations of plasma Mn, mononuclear blood
cell Mn, and lymphocyte Mn-SOD activity. For toxicity, a magnetic resonance image (MRI)
showing Mn deposition may be the best indicator.*

6. Sources

Unrefined cereals, nuts, leafy vegetables, and tea are major contributors of daily dietary Mn. Indian
diets high in foods of plant origin supply, on average, 8.3 mg of Mn/day, whereas highly refined
hospital diets in the U.S. supply a range less than 0.36—1.78 mg Mn/day. Similarly, Mn intakes of
adults consuming self-selected diets in Canada, New Zealand, and the U.S. have been reported to
be 3.1, 2.7, and 2.9 mg respectively.® The average daily dietary intake of Mn by Austrians tested
at 12 different locations was found to be 4.69 mg (range 4.39-5.66 mg).*® The FDA’s Total Diet
Study estimated a mean daily Mn intake of 2.7 and 2.2 mg for adult men and women respectively.?®
Thus, reported mean intakes of Mn throughout the world are less than the reference dose of 10
mg/day.

Fruits and vegetables are a rich source of Mn, and vegetarian diets may contain considerably
higher amounts of Mn. However, there are no definitive data suggesting any problems when dietary
intake surpasses the reference dose. Biochemical and physiological changes were not observed in
two separate studies when young women were fed 15 mg of supplemental Mn/d (providing a total
intake of approx. 18 mg/d) for 126 days and 9.5 mg Mn/d for 56 days.?' Further, cereals and green
vegetables, which are important dietary sources of Mn, also contain significant amounts of Fe.
Therefore, their impact on Mn status will be limited because of the interaction between Mn and Fe.

Mn exposure from dietary sources may be exacerbated by factors that either increase its
absorption or reduce its excretion.

B. VANADIUM

Vanadium, atomic number 23, is a transition element whose necessity for humans has not been
firmly established. Interest in vanadium has increased since 1977, with the finding on ion transport
pathways and that it inhibits ATPases.” However, the physiological essentiality of vanadium in the
regulation of these ion pumps was not established. Since the 80s, the role of vanadium as an active
pharmacological substance, both in vivo and in vitro, has been the subject of study. Absence of
vanadium may adversely affect growth as well as the animal’s ability to deal with experimental
stress, toxins, or carcinogens,*’ although its essentiality is still inconclusive.*® The evidence for the
possible essentiality of vanadium has appeared only since 1987.7

The effects of vanadium compounds on a wide variety of biological systems are of interest,
especially its regulatory capabilities.

1. Chemistry

Vanadium is multivalent, can exist in oxidation states from —1 to +5, and forms polymers frequently.
Under physiological conditions (pH 3-7, aerobic solution, ambient temperature) the chemical
species includes vanadate, a mixture of [HVO,]?>-, [HVO,]- and vanadyl, and VO?**. In higher
animals, tetravalent and pentavalent states are apparently the most important forms. The tetravalent
vanadyl cation, VO?** behaves like a simple divalent aquo ion and completes with Ca**, Mn?*, Fe?*,
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etc. for ligand-binding sites.” Vo?* easily complexes with proteins. Thus, in vivo, like other metal
ions, it is complexed with molecules associated with iron, such as transferrin or ferritin, albumin
in plasma, hemoglobin in erythrocytes, glutathione or other low-molecular-weight compounds
intracellularly.*” Complexation with such proteins stabilizes vanadate against oxidation.

Vanadate also complexes with cis-diols and those substances that result in its being a phosphate
transition state analog. Vanadyl binds to 2-amino acids, nucleic acids, phosphates, phospholipids,
glutathione, citrate, oxalate, lactate, ascorbate etc.** Thus, vanadate competes with phosphate in
many biochemical processes.*®

Vanadium is easily reduced by ascorbate, glutathione, or NADH. In cells like adipocytes,
vanadate enters through nonspecific anionic channels and is reduced and complexed by glutathione.
The predominant form in extracellular fluids is vanadate (VO,, V*) and inside the cell vanadyl
(VO?, V+*) respectively.®

In biologic systems, three types of behavior can be predicted for vanadium.>

1. As vanadate, it competes at the active sites of phosphate-transport proteins, phosphohy-
drolases, and phosphotransferases.

2. As vanadyl, it competes with other transition metal ions for binding sites on metallopro-
teins and for small ligands such as ATP.

3. Vanadium participates in redox reactions within the cell, particularly with relatively small
molecules that can reduce vanadate non-enzymatically, e.g. glutathione.

The potential for redox interplay increases the versatility of vanadium in the biological milieu.
Although vanadium may not play an essential role in normal mammalian metabolism, it has a
potential therapeutic role at pharmacological concentrations. Vanadium has potential as a comple-
mentary approach to the management of diabetes for insulin resistance and insulin deficiency.3!?
Enhanced glucose uptake, oxidation, and synthesis; protein tyrosine phosphorylation, potassium
uptake, decreased triglyceride hydrolysis, and protein degradation were demonstrated in vitro.*

2. Metabolism

Although most foods contain less than 1 ng of vanadium per gram of the material, food is the major
source of vanadium. Lungs also absorb vanadium (V,0;).33

Most orally ingested vanadium is not absorbed and it is predominantly excreted through the
feces. Studies indicate that generally 1% of vanadium ingested through the diet is absorbed, and,
more often than not, the amount does not exceed 5%. However, under some conditions, rats have
been observed to absorb more than 10%. Thus, it cannot be assumed that the poor absorption of
this element is uniform under all conditions.*>

Most ingested vanadium is transformed to VO?* in the stomach, in which form it passes through
the duodenum. Vanadate can enter cells through phosphate or other anion transport systems. VO,_
is absorbed 3 to 5 times more effectively than VO?*. The percentage of ingested vanadium absorbed
may depend on the form, the rate at which it is transformed into VO?**, and the effect of other
dietary components. Substances such as EDTA, ascorbic acid, chromium, protein, and ferrous iron
can reduce vanadium toxicity.>

The homeostatic mechanisms for clearance of ingested or injected vanadium from the blood
stream are efficient. It is retained in highest amounts in the kidney, liver, testes, bone, and spleen.
The tissues normally contain less than 10 ng v/g fresh weight. Most of the excessive retained
(exogenous) vanadium is deposited in bone.

Urinary excretion accounts for one-third to almost half of an intravenous dose of V within
96 hours with 9—10% being found in the feces of rats. A significant portion may also be excreted
through bile.’*** Binding of the vanadyl ion to iron-containing non-heme proteins is of significance.
High- and low-molecular-weight complexes, one of which may be transferrin, have been detected
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in urine. Although no reference values are established, values around 1 n mol/l for blood and serum
and approximately (10 n mol/l for urine may be considered tentative normal values in persons
without occupational exposure to vanadium. In Belgium, concentrations of 0.014-0.222 ng/ml of
serum in adults were observed.”® In Czechoslovakia, 0.024-0.226 ng/ml of whole blood was
observed in non-exposed children. In potentially exposed children, the range of concentrations was
similar, although the mean value was almost twice that of the non-exposed children.*?

Vanadium serves as a cofactor for several halogen peroxidases and may be important in
regulation of thyroxine deiodinase. High-iodine diets have been found to exacerbate the effects of
vanadium deprivation in rats.>?

3. Functions and Mode of Action

For a nutrient to be recognized as essential, its deficiency has to be linked to a well-documented
pathology. Studies in animals suggest that vanadium may play a role in reproduction. Vanadium
deficiency has been observed to result in abortion, perinatal mortality, bone abnormalities, and
changes in thyroid metabolism.

The potential role of vanadium in thyroid metabolism may possibly be explained by nutrients
such as iodide, iron, and sulfur containing amino acids that interact with vanadium and that are
important for thyroid function. In experimental studies, vanadium was found to influence metabo-
lism of protein, chloride, iodide, chromium, iron, copper, ascorbic acid, and riboflavin.>?

The basic mechanism underlying the biological role of vanadium could be related to its effect
on bioenergetic processes such as phosphorylation/dephosphorylation and activation/ deactivation
of several important enzymes such as Na K-ATPases, Ca-ATPase, Mg-ATPase and myosin-
ATPase, which are inhibited by vanadium. Vanadate’s close resemblance to phosphate enables
it to inhibit many of the enzymes involved in phosphate metabolism and in phosphorylation and
dephosphorylation.*

Iodoperoxidase and bromoperoxidase facilitate formation of carbon—halogen bonds. Thyroid
peroxidase, which is a good example of a haloperoxidase in rats, has been shown to be affected
by vanadium deprivation.3

Vanadium may exert a complex regulatory effect on levels and activity of cAMP through
activation of tyrosine kinase and protein kinase c-mediated processes. Thus, a broad range of
functions that result from the role of cCAMP in hormonal interactions may be affected.”

4. Pharmacological Role/Function

a. Insulin-mimetic effects

Initial studies on cell homogenates showed that vanadium has insulin-like effects. It stimulates
glucose uptake, glycogen synthesis, and glucose oxidation in adipocytes, hepatocytes, and skeletal
muscle. In diabetic animals, oral vanadate treatment partially or completely restored liver and
muscle activities of enzymes involved in glycolysis and glycogenesis such as glucose kinase,
phosphoenolpyruvate carboxykinase, pyruvate kinase, and glycogen synthase. These effects were
not secondary to a restoration of normal plasma glucose levels. Treatment in vivo has been
consistently and reproducibly associated with a decrease in plasma insulin, apparently enhanced
peripheral insulin sensitivity, and lowered insulin demand. Clinical trials of vanadium compounds
in IDDM (Type I) and NIDDM (Type II) human subjects have yielded positive results—improved
insulin sensitivity, decreased fasting-glucose concentration as well as hepatic-glucose produc-
tion.33¢ Decrease in glycosylated hemoglobin were also observed.”’

Lipid pathways were affected in specific tissues such as inhibition of lipolysis, stimulation of
lipogenesis in adipocytes in animals,’® and a decline in plasma free fatty acid concentrations in
humans.’® Hepatic and skeletal muscle insulin sensitivity was improved in NIDDM but not in obese
subjects.”®
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Organic complexes of vanadium have been found to be superior to inorganic vanadate or vanadyl
(at significantly lower doses).

b. Other biological effects

* Other effects that have been observed include (in animals) a digitalis-like action on the
cardiovascular system, increased diuresis, and excretion of sodium possibly through
inhibition of sodium reabsorption. This natruretic effect of vanadium may be reversible.

e Vanadium compounds may behave as antioxidants.

* In rats, vanadium feeding with sucrose lowered systolic blood pressure by 11-16% of
the sucrose-fed value, decreased angiotensin II significantly (25-60% of the sucrose-fed
value), and a 61-76% of increase in endothelin-1 level 8

e Vanadium may have an antineoplastic role. Ammonium monovanadate before initiation,
or throughout initiation and the promotional period, significantly reversed alterations in
haematological indices. Observations suggest that vanadium may offer protection against
DENA-mediated rat liver carcinogenesis.*

However, the levels at which vanadium has demonstrated these effects are relatively high (1-
2 mg/kg/day in humans and 0.1 and 0.7 m mol/kg/day in animals). This may be at least 50 to 100
times more than the habitual daily dietary intakes of humans. The amount used in the clinical
studies indicates that this element is being used as nutraceutical.

5. Deficiency

Deficiency of vanadium has been difficult to establish because of its ubiquitous nature and its very
low requirement by animals. Also, the diets used in early studies on deprivation had wide variations
in their contents of other nutrients such as protein, sulphur, amino acids, ascorbic acid, iron, copper,
and others that can affect vanadium.>® The amount of vanadium supplemented in these diets was
also high. Efforts have been made to characterize a consistent set of deficiency signs for animals.

In vanadium-deprivation studies on goats, animals receiving 2 ng vanadium per gram of diet
compared with controls fed 10 pg vanadium per gm of diet, showed higher abortion rate and
produced less milk during the first 56 days of lactation. Forty percent of the newborn goats born
to vanadium-deprived mothers died between days 7 and 91 of life, compared with a mortality of
only 9% newborns in the vanadium-supplemented group. Also, the vanadium-deprived animals had
developmental skeletal deformations in the forelegs and forefoot tarsal joints. In addition, biochem-
ical alterations such as elevated serum creatinine and B-lipoproteins and depressed blood glucose
levels have been observed.

In rats, vanadium deprivation resulted in impaired reproduction—decreased fertility and
increased perinatal mortality. These alterations were observed only in the fourth generation of
vanadium-deprived animals. Changes were also seen in thyroid weight. Vanadium deficiency sig-
nificantly increased packed cell volume in chicks.®® Vanadium deprivation in chicks led to depressed
growth, elevation in haematocrit, and plasma cholesterol, as well as adversely affected bone
development.

The effects of vanadium deprivation on growth and skeletal abnormalities may be related to
the element’s role in thyroid functions. Thyroid hormones affect bone formation and hypothyroidism
can reduce bone formation and resorption. Thyroid hormones may also enhance the production of
somatomedins, which regulate cartilage growth and maturation.

Rats fed less than 100 ng vanadium per gram of diet exhibited poor growth, higher plasma and
bone iron, as well as higher hematocrits than controls.
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In animals, at least, vanadium appears to be essential. However, in humans, its broad pharma-
cological activity in vitro and in vivo point to its biological importance, but do not clearly provide
the evidence for its essentiality.>

6. Sources

Foods rich in vanadium include shellfish, mushrooms, parsley, and black pepper. Fresh fruits and
vegetables are poorer sources of vanadium,> containing 1 to 5 ng/g. Whole grains, sea foods, meat,
and dairy products contain 5 to 30 ng/g.!” Normal diets have been found to supply 118-393 nmol
of V per day.! Daily intakes may vary widely. Nine institutional diets supplied 12.4-30.1 pg of
vanadium/day, with an average of 20 ug®. In the UK, average dietary intakes of 13 ug per day were
observed. In the USFDA’s Total Diet Study of daily intakes of vanadium for eight age-sex groups,
intakes of 6.2 to 18.3 ug were observed.

Most diets supply 15 pg/day and the content does not exceed 30 pg/day.>® The highest intakes
observed are in the range of 60 png/day.5!

7. Requirements

A daily intake of 10 pg/day will probably meet vanadium requirements. Average basal and nor-
mative requirements cannot be set, because requisite data are not available. Toxicity effects have
been observed at levels 10 to 100 times the amount normally present in the diet. Uthus et al.> have
recommended that, for ultratrace elements such as vanadium, for which very little information is
available, the term “estimated daily dietary intake” be used. These authors suggested that the EDDI
should be 10-20 pg. The postulated need by humans can be met by typical diets.>

8. Toxicity

Vanadium is also a major trace element in fossil fuels. Their combustion is a significant source of
this ultratrace element in the environment. It is also widely used in steel and chemical industries.
Mining and milling of vanadium-bearing ores and combustion of fossil fuels result in high levels
of respirable vanadium particles/fuels in the workplace. Vanadium exposure has been linked to lung
cancer.? Occupational exposure is common in petrochemical, mining, steel, and utilities industries.

Vanadium is relatively toxic. The threshold for toxicity apparently is near 10-20 mg/day or
10-20 pg/g of diet in both animals and humans.*® A variety of signs of vanadium toxicity exist
because they vary with species and dosage. Consistently observed toxic effects include depressed
growth, elevated organ vanadium, diarrhea, depressed food intake, and death. Gastrointestinal
disturbances and green tongue were observed in humans given 13.5 mg for 2 months followed by
22.5 mg for 5 months. In another study, signs of toxicity were observed on intakes of 4.5-18
mg/day for 6 to 10 weeks. In a supplementation study for treatment of NIDDM, transient mild
effects such as mild nausea, diarrhea, and cramps were observed on intakes of approximately 23.5
mg vanadium/day in the form of vanadyl sulfate.’

Recent studies in experimental animals suggest that several toxic effects may occur.

* Significant reduction in general activity and learning in rats.%?

* Vanadate (V*3) and Vanadyl (V**) may be reproductive and developmental toxins in
mammals.*

* Hepatoxicity and nephrotoxicity have also been observed. Vanadium, like some other
metals, tends to accumulate in the kidney, often leading to nephrotoxicity. The effects
observed in rats include hypokalemic distal renal tubular acidosis, enhanced renal per-
oxidation, increased urinary excretion of solutes and water, inhibition of Na*-K+-ATPase
and organic ion accumulation, natriuresis, diuresis, and vasoconstriction.
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e Vanadate and vanadyl ions induce mutagenic and genotoxic effects. These ions make
chemical complexes that have the property of inhibiting or increasing the activity of
enzymes participating in DNA and RNA synthesis. Effects observed include cytotoxicity,
increase in cellular differentiation, and gene expression alterations.%?

e Vanadium exposure has been associated with inflammatory changes in the upper and
lower respiratory tracts as well as changes in pulmonary function. In rats, vanadium
compounds increased mRNA levels for cytokines in bronchoalveolar lavage cells in a
dose-dependent manner.%

In vanadium-plant workers, there is evidence to suggest that inhaled V,Os induces bronchial
hyper responsiveness and asthma.®

The nephrotoxic effects of vanadate were found to be more severe in adult rats. Morphologic
changes in the kidney were more pronounced with age. These findings are of concern, especially
if vanadium compounds are to be used in treatment of diabetic patients. Vanadium has prooxidant
activity and higher intakes may increase selenium requirements. In rats, vanadium administration
led to increased lipid peroxidation in brain cells, and concurrent selenium treatment prevented the
oxidative effect. The prooxidant activities of vanadium fumes may induce inflammatory changes
in eye conjunctiva as well.

In animals fed high dietary vanadate, tissue vanadium was markedly elevated, especially in
kidney, bone and liver.>

The dosages required for therapeutic action are far in excess of estimated daily dietary intakes.
At present, inadequate information limits the possibility of suggesting requirements—especially
for the elderly. It is first necessary to seek answers to questions such as how much vanadium
humans need. How much of the dietary vanadium is absorbed and utilized? Does aging reduce the
ability of various organs to metabolize—especially to eliminate the element? Although this
ultratrace element has biological potential, its nutraceutical role should be viewed separately from
dietary requirements.

C. MOLYBDENUM

Molybdenum (Mo) is an essential trace metal for every form of life. It is an active cofactor for a
number of enzymes. The evidence for essentiality of Mo is noncontroversial, since specific bio-
chemical functions have been defined for it. However, deficiency of Mo has yet to be unequivocally
identified in humans in the general population.®®

The first evidence for essentiality of this element was provided by the finding that Mo in the
enzyme xanthine oxidase (dehydrogenase) was involved in the conversion of tissue purines to uric
acid.5

Its radioisotope, Mo, may be released in significant amounts as a consequence of accidents
in nuclear power plants or nuclear medicine installations.® In Chernobyl, about 6% of the total
activity released within the first 10 days was due to *Mo.%7 It is used with activities in nuclear
medicine in ®"Tc generators, with its mishandling leading to contamination.®’ The biokinetics and
metabolism of Mo have been widely studied in ruminants. Severe diseases are caused by an
imbalance in the concentrations of molybdenum, copper, and sulfur in their forage.®

1. Chemistry

Mo is a transition element. Its ability to exist in a number of different oxidation states explains its
remarkable catalytic activity and its action as an electron transfer agent in oxidation reduction
reactions.”® Mo is the main constituent of the cofactor of enzymes such as xanthine oxidase, sulfite
oxidase, and aldehyde oxidase. The cofactor is molybdopterin, a substituted pterin to which Mo is
bound by two sulfur atoms.® Molybdenum-cofactor-containing enzymes catalyze the transfer of an
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oxygen atom, ultimately derived from or incorporated into water, to or from a substrate in a 2-
electron redox reaction.

In the oxidized form of molybdoenzymes, molybdenum is probably present in the 6+ state.
The enzymes are probably first reduced to the 5+ state during electron transfer. However, other
oxidation states have been found in reduced enzymes. Mo-containing enzymes catalyze basic
metabolic reactions in the nitrogen, sulfur, and carbon cycles,” Mo is present at the active site of
enzymes as a cofactor containing a pterin nucleus. With the exception of the nitrogenase cofactor,
molybdenum is incorporated into proteins as the molybdenum cofactor that contains a mononuclear
molybdenum atom coordinated to the sulfur atoms of a pterin derivative molybdopterin.”® Although
the function of the molybdopterin ligand has not yet been conclusively established, interactions of
this ligand with the coordinated metal are sensitive to the oxidation state, indicating that the
molybdopterin may be directly involved in the enzymatic mechanism.”

Almost all Mo in liver is present as this cofactor, with almost 60% in sulfite oxidase and
xanthine oxidase. In addition to the molybdenum cofactor and “enzymatic” Mo, the other important
form of Mo is the molybdate ion (MoO7"), which is the main form in blood and urine.

2. Metabolism

Mo is readily absorbed from foods. Werner et al.®® observed that the pattern of intestinal Mo
absorption may be different from that of other essential trace metals like iron or cobalt. Small
amounts of up to Img Mo are completely absorbed. With higher doses up to Smg, there is only a
slight reduction in absorption. Compared with aqueous solution, where = 90% is absorbed, Mo in
black tea is less well absorbed, probably because of binding by polyphenols.

Mo from labeled cress and a labeled composite meal was less well absorbed than from aqueous
solutions, suggesting that there may be inhibitory factors in the composite meal.*” When Mo was
given with a solid meal, intestinal absorption was less than 50% of the administered amount.

In seven healthy subjects, when high amounts of 1Mo were administered, i.e., 50 ug Mo per
kg body weight (equivalent to 3—5 mg) as ammonium molybdate in coffee, intestinal absorption
ranged from 35% to 96%.> Thus, variable amounts of Mo appear to be absorbed, influenced by
various factors.

Studies were conducted on human subjects for prolonged periods by Turnlund et al.”!7? wherein
the natural Mo content of the daily diet was kept constant at levels ranging from 22 ug to 1500
ug. At different junctures, dietary Mo was replaced by an analogous mass of '’Mo. The intestinal
absorption was high, between 88% and 93%, depending on the mass of total dietary Mo. As the
amount of dietary Mo increased from 22 pg, 120 pug and then 1500 pg, respectively; the amount
of the 33 g of Mo excreted rose from 13 ug (39%) to 28 ng (85%) and 31 ug (94%). Thompson
and coworkers’ studied Mo metabolism in four young, healthy male volunteers given five dietary
levels of Mo ranging from 22 to 1470 pg/day. These studies indicated that diffusion was the major
absorptive mechanism, with the concentration of the Mo being rate-limiting.

It has been suggested that, at low concentrations, absorption of this element is active and
carrier mediated. However, when absorption was studied over a 10-fold range of concentrations,
the in vivo absorption rates were essentially unchanged, indicating that the absorption may be
occurring by diffusion. It is possible that Mo is transported by both diffusion and by active transport.
At high concentrations, the active transport mechanism may contribute much less to the movement
of Mo.”

Molybdenum is transported loosely attached to erythrocytes in blood. Mo tends to bind spe-
cifically to o,-macroglobulin. Organs that retain the highest amount of Mo are the liver and kidneys.
The compartment with the longest retention time is the skeleton, which accounts for 10% of the
systemic Mo. The remaining Mo is distributed among the liver (25%), kidney (5%) and “other
tissues” (60%).6774
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The liver takes up Mo and tends not to release it, unlike the kidney and gastrointestinal tract.
Supplemental Mo is found predominantly in the liver 24 hours after infusion. The kidney and spleen
also constitute fast turnover tissues, although the kinetics of disappearance are different from the
liver’s.”

Very little Mo is found in muscle or brain.”> However, Nakagawa’® observed in a murine model,
senescence-accelerated mouse prone 10 (SAMP 10), that Mo levels in the brain increased with age
as compared with the control. It is possible that abnormal metabolism of Mo as well as zinc, copper,
manganese, rubidium, and neurotransmitters may cause the senescence acceleration of SAMP 10.

Mo is excreted either through urine or into feces through the intestines. Mo in systemic
circulation is transferred to the kidney, the bladder, and to the storage in approximate ratios of
100:50:7. The stored Mo is excreted with an approximate ratio urine; feces equal to 2:1. Significant
amounts of Mo are also excreted in bile.

Urinary excretion rather than absorption is the major site of homeostatic regulation. In most
animal species, retention of Mo is low and more or less complete excretion occurred during the
first 2 weeks after single exposure. Elevated intakes of Mo result in rapid attainment of balance
and no progressive accumulation.” Urinary excretion is reported to be very fast. The ratio between
urinary and fecal excretion may be 8:1.%7

Concentrations of Mo in serum and blood are normally very low, from 2 to 12 nmol/l ranging
over four orders of magnitude.® Levels in urine are 11 to 88 (g per 24 hours.! Paschal et al.”*
observed that Mo was detectable in 99.8% of samples of urine obtained from U.S. residents. Mo
concentrations ranged up to 688 pg/l, the 95th percentile concentration being 168 pg/l.

Defects in liver function, whether induced by infection, tumors, or drugs are frequently accom-
panied by elevation in serum Mo. Elevated blood Mo has also been observed in uremia, rheumatic
disorders and cardiovascular diseases.®

On the whole, further data is required to derive reliable estimates of Mo status in normal
individuals.®

3. Functions

Molybdoenzymes catalyze hydroxylation of various substrates. Aldehyde oxidase oxidizes and
detoxifies various pyrimidines, purines, pteridines, and related compounds. Xanthine oxidase cat-
alyzes the transformation of hypoxanthine to xanthine and the latter to uric acid. Sulfite oxidase
catalyzes the transformation of sulfite to sulfate.

Mo may be involved in stabilizing the steroid-binding ability of unoccupied steroid receptors.
In vitro, Mo has been found to protect the glucocorticoid receptor against inactivation. It is possible
that this ultratrace element affects the glucocorticoid receptor because it mimics an endogenous
compound called “modulator.””’

There are some reports in the literature from South Africa and China that a high incidence of
esophageal cancer may be linked to deficiency of Mo. In rats, 2 or 20 ug Mo/g of diet inhibited
esophageal and stomach cancer following administration of N-nitrososarcosine ethyl ester. At
concentrations of 10 mg/l in drinking water of rats, Mo was found to inhibit mammary carcino-
genesis induced by N-nitroso-N-methylurea.

In humans, some studies suggest that Mo may have an anticariogenic effect. Teeth accumulate
Mo and dental enamel is relatively rich in Mo. However, further studies are required to conclusively
state where Mo plays a preventive role in dental caries.®

Similarly, it has been noted that, for development of Keshan’s disease, coexisting Mo deficiency
with Selenium deficiency is necessary. However, in areas where the disease is endemic, high content
of Mo has been observed for rice, wheat, and soya as well as in the tissue and hair of subjects.
The role of Mo in development of Keshan’s disease still remains to be elucidated.®
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4. Toxicity

Toxicity has been considered to be of greater concern than deficiency for Mo.** Mo intake in the
general population depends on the soil and water content of a particular region. Few humans have
been exposed to high intakes of Mo except in cases of industrial exposure, although high intakes
of up to 10-15 mg/day have been observed in India and Russia. In some parts of Turkey, Mo
content of water is high.

Intakes of 10-15 mg/d may lead to gout-like symptoms along with high blood concentrations
of Mo, uric acid, and xanthine oxidase.*> Occupational exposure to Mo may occur, for, example,
in molybdenum-roasting plants. In Armenia, elevated serum Mo values and abnormally high
activities of xanthine dehydrogenase were associated with elevated concentrations in blood and
urine.®

High levels of Mo intake are suspected of interfering with copper metabolism and may result
in gout-like symptoms in humans.” In cattle, it was observed that Mo supplementation lowered
copper (Cu) storage in the liver. Excess dietary Mo might induce Cu deficiency. Also, a low Mo
concentration of normal copper content in forage might predispose sheep to Cu toxicity. Sulfur
renders both Cu and Mo biologically unavailable and only in the presence of dietary sulfur does
Mo lower copper availability. When all three are present, cupric tetrathiomolybdate, a highly
insoluble complex, is formed. Absorption of thiomolybdate and subsequent formation of CuMoS,
in the blood of ruminant animals, accounts for the high concentration of blood copper that is not
bioavailable.”

There are some reports about a possible relationship between Mo concentrations in soils, diet,
and tumor incidence.”” Mo intoxication is accompanied by a wide range of symptoms, some of
which may be linked to induction of a secondary deficiency of copper. Typical features of acute,
uncomplicated molybdenosis include defects in osteogenesis, possibly caused by deranged phos-
phorus metabolism, leading to skeletal and joint deformities, spontaneous subepiphyseal features,
and mandibular exostoses. Alkaline phosphatase activity and the proteoglycan content of cartilage
are decreased.® Extrapolation of data from other species suggests that, in humans, high intakes
observed in China and Russia may promote thiomolybdate formation and, in turn, induce systemic
antagonistic effects on copper utilization. In nonhuman species, Mo intoxication inhibits synthesis
of “active” sulfate (phosphoadenosine phosphosulfate), and estrus as well as inducing interstitial
testicular degeneration, possibly through effects on estrogen- and androgen-receptor activities.
However, the extent to which these can extrapolated to humans needs to be determined.b

The role of xanthine oxidase in oxidative stress needs to be considered. This enzyme normally
functions as a dehydrogenase. However, when it reacts with oxygen, it initiates the production of
a series of highly reactive oxygen-rich free radicals.® Free radicals have been associated with tissue
damage and consequently with a variety of diseases such as diabetes mellitus, atherosclerosis,
cancer etc. Excess Mo has been associated with tissue damage due to free radicals.

Mo may be one of the metals released from prostheses and implants. Increased concentrations
of alloy materials have been found in blood and tissues of patients in whom devices have failed.
It is possible that sensitivity reactions could be established with further destruction of the implant.?

5. Dietary Considerations and Requirements:

There is enough evidence to indicate that Mo is essential. However, deficiencies of this element
due to inadequate dietary intake have not been unequivocally identified in humans. This is probably
because it is ubiquitous and because of the low levels of intake required. Also, estimates of daily
intake vary considerably, in part, due to the difficulty in estimating dietary Mo accurately. Also,
there are extreme regional variations in soil, availability of Mo, and the extent to which Mo is
present in food crops. Foods such as milk and milk products, dried legumes, organ meats like liver
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and kidney, and cereals are good sources of the element. Nonleguminous vegetables, fruits, sugar,
and fish are poor sources.’

However, vegetation grown on soil derived from shales, mineralized granites, and some peats
tend to have higher Mo content. This may lead to Mo toxicity in farm livestock and possibly to
threshold Mo toxicity in humans. Similarly, industrial pollution may also lead to high Mo content
of crops grown near and around Mo-processing plants.®

Intakes of 0.076 to 0.24 mg/d have been reported.* Earlier reports indicated that usual dietary
intakes of Mo were 0.1 to 0.46 mg/d. However, intakes as high as 856 g have been observed. In
Japan, median intakes of 250 pg/day have been reported, with a mean of 255 + 67 pg/day.”

Holzinger and Coworkers” investigated the Mo consumption in 1988, 1992, and 1996, in 14
test groups of persons with mixed diets. The Mo intakes of adults with mixed diets increased
significantly from 1988 to 1996. Intake differed among locations and the kind of diet. Intakes of
vegetarians were higher—179 ng/d among females and 170 pg/d among males compared with 89
ug/d and 100 pg/d respectively for subjects on mixed diets from the two sexes. The average intake
of Mexican men was 208 ug/d, which was higher than the average of German men (162 pg/d). In
France, the Mo intake has been estimated to be 275 ug/d.%

An international survey of dietary trace element intakes was conducted with rigorous analytical
control under the supervision of the IAEA. Carried out in 11 countries, the study suggests that the
average Mo intake is approximately 100 pg/day for adults.6

In breast-fed infants, typical Mo intakes ranged from 0.1 to 0.5 pug per kg of body weight per
day. These intakes were lower than the previous recommendation of the World Health Organization
(WHO) (2 ug Mo/kg body weight) and the U.S. National Academy of Sciences (30-60 1g Mo/day).
However, in the Philippines and India, high Mo content in breast milk has been observed.

In children between weaning and 3 years of age, Mo intakes were higher—5-7 pg/kg body
weight. Thereafter, intakes appeared to be lower, namely 1.5-3 pg/kg of body weight. Intakes by
adolescents and adults appeared to be in a similar range.

However, Asian diets may contain more Mo partly because of predominantly vegetarian diets.
Intakes on data from New Zealand and Switzerland suggest that dietary intakes may be relatively
low.

Recently, Biego et al.3° observed average intakes in France to be 275 pg/day. These values are
higher than the intakes of 120 pg/day in Finland estimated by Vario and Koivistoinen, but in the
range of intakes (80-350 pug) in the USA, determined by Winston. These researchers estimated that
about 39% of total Mo intake was contributed by vegetables, about half that by cereals, milk, and
dairy products respectively. Fruits contributed 10%, canned foods 10%, and non-vegetarian foods
a little less than 30%.

6. Deficiency

Molybdenum deficiency has not been observed under usual conditions, although rare deficiencies
have been reported. True molybdenum deficiency has not been achieved in experimental animals.?!
A case of Mo deficiency has been observed in a patient on long-term TPN. Symptoms observed
were irritability leading to coma, tachycardia, tachypnea, and night blindness. Biochemical abnor-
malities were found including hypermethioninemia, increased urinary xanthine and sulfite, and
decreased urinary uric acid and sulfate, as would be seen in xanthine oxidase deficiency. Supple-
mentation with 300 ug/Mo per day led to dramatic decrease of these abnormal metabolites in the
urinary content and the capacity to tolerate TPN.8!

Two young adults with Crohn’s disease maintained on TPN after ideal resection had extensive
losses of trace minerals, including molybdenum, from the intestinal tract. Parenteral infusion of
500 pg of ammonium molybdate, equivalent to 225 ug of molybdenum, increased uric acid levels
in plasma and urine of these patients.®
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Although these two reports provide some evidence regarding the essentiality of Mo, the data
are highly inadequate in terms of determining human requirements.
Studies in animals that indicate the importance of Mo have been summarized in Table 5.2.

TABLE 5.2

Effects of Low Mo Diets in Animals

Animal Model Effects Observed
Goats d conception rates

Poor fetal survival
Chicks T embryonic mortality
Abnormal growth and development
Older birds Skeletal lesions
Osteolytic changes in the femoral shaft
Lesions in overlying skin
Rats Abnormally low xanthine oxidase/dehydrogenase activities in
liver and intestinal mucosa and sulfite oxidase activity in liver

Possibly the copper content of the commercial diet fed was high and inclusion of low levels
of Mo in the diet abolished the problems observed in chicks. It appears, therefore, that Mo deficiency
alone may be a benign condition and therefore asymptomatic,®' since signs have been observed
only when antagonism is involved.

Further, there are no established indices of Mo status because of lack of cases of Mo deficiency.*

Reduced activities of the enzyme sulfite oxidase and xanthine oxidase are found in a syndrome
in which children have mental retardation, dislocation of the lenses in the eyes, and xanthinuria.
Both enzymes require a molybdenum cofactor. Inheritance is autosomal recessive.? Urinary output
of sulfite, S-sulfocysteine, thiosulfate, and decreased urinary output of sulfate has been observed.”

7. Requirements

Normal health and development can apparently be maintained on quite low Mo intake. An intake
of approximately 0.4 nug Mo per kg of body weight can be regarded as the average basal requirement.
The RDI for adults is 0.78-2.61 umol or 75-250 pg, although there is very little data to support
these estimates.’

The lowest levels of intake at which toxicity occurs is likely to be 0.14-0.20 mg Mo per kg
of body weight.

In young men, the Mo requirement has been estimated to be 0.025 mg/day, based on experi-
ments, since no adverse effects were observed on a diet supplying 0.022 mg/day. However, long-
term studies are required to conclusively state that this level of intake will be adequate and safe.
Freeland-Graves and Turnlund* have suggested that, if an upper recommendation is to be made,
intakes of 0.5 mg/d may be associated with no apparent risks.

There are no studies on Mo in relation to aging and current data is inadequate to extrapolate
and derive tentative estimates other than the level of intakes recommended for young men.

D. SiLicoN

Silicon (Si) occupies a unique position among the trace elements, being, next to oxygen, the most
prevalent element on earth. It is not found free in nature but occurs chiefly as the oxide and silicates.
Orthosilicic acid [Si(OH),], formed by hydration of the oxide, is soluble in water in amounts up
to about 120 ppm. Above 120 ppm, super saturation causes dehydration and polymerization into
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complex, less soluble forms. Asbestos, tremolite, the feldspars, clays, and micas are a few of the
silicate minerals.®

1. Chemistry

The chemistry of silicon is similar to that of carbon, its sister element. Silicon forms silicon—silicon,
silicon—carbon bonds. Thus, organo-silicon compounds are analogues of organo-carbon compounds.
However, substitution of silicon for carbon, or vice versa, in organo compounds results in molecules
with different properties, because silicon is larger and less electronegative than carbon.

Silicon is ubiquitous in water, foods, and animal and plant tissues. In animals, it is found both
free and bound. Silicic acid probably is the free form. The bound form has never been rigorously
identified. It might be present in biologic material as a silanolate, an ether (or esterlike) derivative
of silicic acid. Bridges of R;-O-Si-O-R, or R;-O-Si-O-Si-O-R, possibly play a role in the structural
organization of some mucopolysaccharides or collagen.’

2. Metabolism

Little is known about the metabolism of silicon. It appears that a form of dietary silicon determines
the extent of absorption. Some dietary forms are well absorbed, as indicated by high daily urinary
excretion of the element, wherein almost 50% of daily silicon intake was recovered in the urine.
In a study, humans absorbed only about 1% of a large single dose of an alumino-silicate compound
compared with more than 70% of a single dose of methylsilanetriol salicylate.” Absorption of silicon
is also affected by age, sex, and hormonal status, especially with reference to hormonal secretions
of the adrenal and thyroid glands.®? However, the mechanisms involved in intestinal absorption and
blood transport of silicon are not known. In plasma, silicon appears to exist almost entirely in the
undissociated form as monomeric silicic acid, [Si(OH),]. Silicon is largely found in connective
tissues in the aorta, trachea, tendon, bone, and skin. Silicon-containing granules are also found in
mitochondria of normal rat kidney, liver, and spleen. It has been shown that silicon concentrations
in human arteries decrease with increasing age and with the onset of atherosclerosis. A combination
of large intravenous and oral doses of silicon reduced the incidence and severity of atherosclerosis
in cholesterol-fed rabbits. Several reports independently confirmed a decline in silicon with age in
some animal tissues, but its causes and possible relevance to the aging process remain unknown.®
The kidney is the main excretory organ for silicon, almost entirely by glomerular filtration. Thus,
it is mainly eliminated via urine, where it possibly exists as magnesium-orthosilicate. Renal
insufficiency is invariably associated with increased plasma silicon levels, which tend to rise in
parallel with the increase in serum creatinine levels.33

3. Functions

The essential function of silicon has been independently demonstrated by two groups of researchers
in two species of experimental animals. Growth stimulation of rats following administration of
silicon was observed only when low-silicon (< 5 ng of silicon/g of diet) synthetic rations based on
crystalline amino acids were fortified with 250-500 g of silicon/g of diet. However, regardless of
dietary composition, all other experiments in which silicon deficiency has been induced have
demonstrated the importance of the element for the normal development of connective tissue and
bone in chickens and rats,® where its primary effect is on matrix formation.??

Silicon influences bone formation by affecting cartilage composition and ultimately cartilage
calcification. Silicon is localized in the active growth areas or the osteoid layer. It is present in high
concentration in mitochondria of metabolically active osteogenic cells in the bones of young mice.
In silicon-deficient animals, hexosamine (glycosaminoglycans) and collagen concentration in the
bone are depressed, but macromineral composition is not markedly affected.’
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The role of silicon in bone formation is possibly to facilitate the formation of glycosaminoglycan
and collagen components, as it is a constituent of the enzyme prolylhydroxylase. Silicon deficiency
decreases ornithine aminotransferase, which is also involved in collagen formation.” Additionally,
silicon may play a role with phosphorus in the organic phase in the series of events leading to
calcification.? Further, silicon may also have a structural role as a component of glycosaminoglycans
and glycosaminoprotein complexes in which silicon is believed to occur as silanolate in muco-
polysaccharides, linking different polysaccharides in the same polysaccharide chain or linking acid
mucopolysaccharides to protein. The postulated structures of such links have still to be identified.

a. Silicon-mineral interaction

The physiologic interaction of two or more mineral ions can have significant effects on health. The
interrelationships between Si and Fe and Si and Al have recently gained interest and could have
important health implications.

b. Si-Fe interaction

Silicon has been shown to facilitate iron absorption and transport. Jia et al.% conducted an exper-
iment in rats using two dietary levels of silicon (1 and 500 mg/kg of diet), iron (35 and 187 mg/kg
of diet) and ascorbic acid (1 and 900 mg/kg of diet) to identify interactions among these nutrients.
Results revealed that supplemental silicon in conjunction with the higher dietary iron level prevented
the plasma-iron decreasing effect observed for the higher level of iron in the absence of silicon.
Further, in the absence of ascorbic acid, silicon also increased iron concentration in the liver.
Although not very clear, the mechanism involved could be explained as follows.

High dietary iron inhibits copper and zinc absorption. Both copper and zinc increase the
synthesis of ceruloplasmin, a copper-containing ferroxidase that oxidizes, Fe?* to Fe3* to facilitate
iron transportation and distribution among the tissues. It appears that the release of iron from liver
and mucosal cells into the plasma also requires the action of ferroxidase. Thus, copper and zinc
inadequacy prompted by excess dietary iron could cause impairment of iron utilization. However,
if Fe** formed a complex with silicic acid and this complex aided iron absorption in its Fe’* form,
it could be expected that the impairment of iron transportation caused by copper and/or zinc
inadequacy would be ameliorated by silicon supplementation. Ascorbic acid is a potent reducing
agent that reduces Fe*, chelates Fe?*, and increases iron absorption. However, the accompanying
reduction in copper absorption, the resulting lower blood-ceruloplasmin concentrations, and sub-
sequent decrease in Fe’* for incorporation into transferrin may prevent efficient portal transport of
absorbed iron. Therefore, the absorbed iron would remain in mucosal cells and would eventually
be excreted as those cells are sloughed.

Further, Si—Fe interaction appears to be pH dependent, as indicated in an experimental study
on rats, where it was shown that the supplementation of 500 mg silicon per kg of diet increased
plasma-iron concentration in rats fed the acidic diets but not in rats fed the basic diet.®

The lower iron status associated with elevated amounts of supplemental iron, mediated through
an iron-imposed copper inadequacy, may have important implications where iron supplementation
is often practiced. However, exacerbation of this effect by ascorbic acid and amelioration by silicon
needs further research.

c. Si-Al interaction

At present, it is well established that an increased level of both aluminum and silicon are associated
with senile plaques in Alzheimer’s disease (AD), resulting in final formation of alumino-silicates
in the brain. However, it has also been shown that dissolved silicon is an important factor in limiting
the absorption of dietary aluminum.?® The intestinal absorption of aluminum differs according to
its chemical structures, as well as coexistent substances such as maltose, citric acid, silicon, and
hydrogen-ion-concentration exponent.?” It has been reported that silicic acid protects against alu-
minum toxicity in biota by probable formation of hydroxyl-aluminosilicates. Belles et al.3 examined
the influence of supplementing silicon in the diet on tissue aluminum retention in rats exposed to
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oral aluminum. Aluminum concentration in various regions of the brain, liver, bone, spleen, and
kidney were significantly lower in the groups exposed to 59 and 118 mg silicon/L than in the
control group. Significant reduction in the urinary aluminum levels in the experimental groups was
also observed. The effect of silicon could be due to a sequestration of the metal, which promotes
aluminum excretion and reduces tissue aluminum accumulation. Because silicic acid is a very weak
acid, it interacts only with metals that are basic. Aluminum is basic at physiological pH. Strong
and specific interaction of silicic acid with aluminum suggest the protective role of silicon. The
chemical affinity of silicic acid for aluminum has been shown to reduce the bioavailability of
aluminum in studies of human gastrointestinal absorption.%8

AD will be a serious health problem in countries where the proportion of elderly people is
showing rapid increase. High intake of aluminum seems to be one of the risk factors. Silicon appears
to effectively prevent gastrointestinal aluminum absorption and thus may play an important role in
protecting against the neurotoxic effects of aluminum, especially when its intake is high. It has
been demonstrated in a case control study in eight regions of England and Wales that any risk of
AD from Al in drinking water at a concentration below 0.2 mg per litre is small and silicon has
no protective role.?

4. Deficiency Signs

Signs of silicon deficiency have not been defined for humans. Most of the silicon deficiency in
chickens and rats indicates aberrant metabolism of connective tissue and bone. Chicks fed a
semisynthetic, silicon-deficient diet exhibit skull structure abnormalities associated with depressed
collagen content, and long-bone abnormalities characterized by small, poorly formed joints and
defective endochondral growth. Tibias of silicon-deficient chicks exhibit depressed contents of
articular cartilage, water, hexosamine, and collagen. In rats, bone hydroxyproline is decreased,
plasma amino acid and bone mineral compositions are altered, and femur alkaline and acid phos-
phatase are decreased by silicon deprivation. However, growth of the rats is not markedly affected.?’

5. Toxicity

The general manifestations of silicon toxicity are collectively described as silicosis. In humans,
silicon is essentially nontoxic when taken orally. Magnesium trisilicate, an over-the-counter antacid,
has been used by humans for more than 40 years without obvious deleterious effects. Other silicates
are food additives used as anticaking or antifoaming agents.’

However, certain chemical forms of silicon are toxic if inhaled or ingested in large amounts.
Antioxidant enzymes including dismutase, catalase, and glutathione peroxidase were reduced in
rats given high amounts of sodium metasilicate in drinking water (1-2 mg silicon/ml).> Similarly,
carcinogenic effects of asbestos fibers have caused serious public-health problems where some
forms of asbestos have been used extensively in construction projects in the past.® There is evidence
that, following exposure to crystalline silica, the release of several proinflammatory cytokines
contributes to the induction of unbalanced inflammatory reactions leading to lung fibrosis.®® It was
also confirmed that in vivo exposure of rats to silica significantly increases nitric oxide production
by broncho laveolar lavage cells, a population of cells that includes alveolar macrophages.’!

Since the kidney is the main excretory organ for silicon, renal patients often have high plasma-
silicon levels and are thus at risk for development of silicon-related toxicity. Two dialysis patients
with markedly elevated plasma-silicon levels (3,849 and 2,350 pg/L) had painful nodular skin
eruptions and aberrant hair growth, characterized as perforating folliculitis on skin biopsy, which
is compatible with known effects of organosilicon compounds in man and animals. One of the
patients also exhibited hypercalcemia, with low PTH, vitamin D and plasma aluminum levels.
Similarly, serum calcium levels correlated weakly with plasma-silicon levels in 30 dialysis patients
with moderately elevated plasma silicon (> 10 + 53 pg/L) indicating that silicon may affect calcium
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metabolism. It appears that silicon may play a role in the neurotoxicity and bone disease of dialysis,
however, further research is required to confirm these findings.??

6. Sources

Foods of plant origin contain more silicon than those of animal origin. Whole grasses and cereals
may contain 3-6% silica. The richest sources of silicon are unrefined grains of high-fiber content,
and cereal products. Most foods of plant origin contain the element in amounts roughly proportional
to their fiber content. Normally, refining reduces the silicon content of foods. Silicate additives
used in prepared foods could increase the total content of silicon, however, its bioavailability from
these additives may be low. The silicon content of drinking water and beverages made using it
shows geographic variation as silicon is high in hard-water and low in soft-water areas.>’

Thus, dietary silicon intake of humans varies greatly and is determined by the proportion of
vegetable vs. animal foods and unrefined vs. refined or processed foods consumed. The factors
governing the biological availability of silicon have not been adequately defined.

7. Requirements

The specific biochemical function of silicon is unknown, but animal studies strongly suggest that
it is required by humans. However, at present, it is difficult to postulate adequate dietary intake as
no appropriate human data is available and usable animal data is limited. Rats fed about 4.5 mg
silicon/kg diet, mostly as the very bioavailable sodium metasilicate, did not differ from rats fed
about 35 mg silicon/kg diet. Both prevented the silicon-deficiency signs exhibited by rats fed about
1 mg silicon/kg diet. Thus, based on animal data, if dietary silicon is highly available, the human
requirement for silicon is in the range of 2-5 mg/d. However, much of the silicon found in most
diets probably is not absorbable or as available as sodium metasilicate. Significant amounts occur
as aluminosilicate and silica from which silicon is not readily available. Therefore, the recommended
intake of silicon may have to be higher than the estimated requirement.?’

The calculated silicon content of the FDA total diet was 19 mg/d for women and 40 mg/d for
men. A human balance study indicated that the oral intake of silicon was in the range of 21-46
mg/d. The average British diet supplies 31 mg silicon per day. These findings suggest that an EDDI
of 20-50 mg is appropriate.’

Further, a silicon intake of 1.07 to 1.25 mmol (30-35 mg) per day was suggested for athletes
on the basis of balance data. This intake was 0.18 to 0.36 mmol (5-10 mg) higher than that for
non-athletes.” However, silicon intake has not been suggested for the elderly. It has been shown
that factors such as aging and low estrogen status apparently decrease the ability to absorb silicon.’
Oral doses of silicon reduced the incidence and severity of atherosclerosis in rabbits that were fed
cholesterol. The silicon concentrations in human arteries decreased with increasing age and with
the onset of atherosclerosis.® Thus, silicon appears to have a role in atherosclerosis. In recent years,
various studies have related elevated concentrations of aluminum in drinking water to an increased
incidence of Alzheimer’s disease and cognitive impairment associated with aging. A high intake
of silicic acid could limit the aluminum absorption from drinking water and/or other dietary sources
in the alkaline environment of the intestine, thereby protecting against the neurotoxic effects of
aluminum.®® In view of this, further work is required to establish the importance of silicon in the
elderly and suggest its requirements.
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I. INTRODUCTION

The effects of nutritional manipulation in early life are profound and far reaching. Immediate
alterations in growth and development are matched by long-term changes in aging and lifespan. It
is well recognized that postweaning diet restriction in a number of species results in reduced aging
and prolonged lifespan. However, the long-term effects of earlier diet restriction on aging remain
little explored. The few studies in this area suggest that preweaning diet restriction may have an
opposite effect, and now there is growing epidemiological evidence that human undernutrition in
early life is associated with detrimental structural and functional consequences in the long term.
In this chapter, we summarize the findings from animal diet restriction studies and human epide-
miological studies investigating the long-term effects of undernutrition in early life.

Il. POSTWEANING DIET RESTRICTION

The well-documented beneficial effects of postweaning diet restriction on aging include the pro-
longation of life span, a reduced incidence of various age-related diseases, and the attenuation of
structural and functional changes associated with age. The first studies were done on rodents as
early as 1917,? where restriction of total energy intake was found to prolong life. Subsequent diet
restriction studies have confirmed extension of mean and median lifespan as well as beneficial
effects on other population mortality characteristics such as mortality rate doubling time.? A further
consistent finding with postweaning diet restriction has been the reduction in certain age-related
processes and diseases.* These include organ-specific effects such as an attenuated decline in
structure and function of bone,” muscle,® connective tissue,” kidney,® endocrine pancreas,’ and
thymus,'? together with more generalized effects occurring at the cellular and molecular level.!!
There have also been reports of a reduced decline in complex higher functions such as learning
and motor coordination.'? Both age-related nephropathy!® and tumors!* occur less frequently in
diet-restricted rats.

0-8493-2228-6/01/$0.00+$.50
©2001 by CRC Press LLC 97



98 Handbook of Nutrition in the Aged, Third Edition

All these studies have utilized diets sufficient to avoid malnutrition, but otherwise a variety of
dietary manipulations have been found effective.'>!'” These include variable reduction in protein,
fat, carbohydrate, and calorie intake implemented over differing periods of time after weaning.
There is some evidence for a dose-response relationship between the severity and duration of
reduced feeding and prolongation of life,'® but this has not been a consistent finding.!°

Mechanisms remain speculative partly because of the wide range of physiological changes
associated with diet restriction. Initial suggestions that the effects were mediated through reduced
growth have been reviewed since diet restriction was shown to have similar effects even when
initiated in postmaturational life.’® Similarly, the proposal that diet restriction slowed metabolic
rate and thereby slowed aging have been disproved in studies showing that prolonged lifespan is
not associated with a lower metabolic rate per unit lean body mass.?° Possible cellular mechanisms
include alteration in free radical production, changes in protein turnover, or altered gene expression.
It also remains possible that the differences in survival between diet-restricted and freely fed animals
may be due to detrimental effects associated with unrestricted food and overeating.

Since the early work in rodents, these studies have been replicated in a number of different
species, most recently primates.?! However, whether the findings are applicable to humans is not
known. There has been just one controlled study of diet restriction and longevity in humans and
in this the intervention was not instituted until late life.?> Healthy subjects over 65 years of age
living in a religious institution for the aged were either given a balanced diet containing 2,300
calories on odd days and 1 1 of milk with 500 g fruit on even days or given balanced diet every
day. Those given the restricted diet spent significantly less time in an infirmary than controls and
six died compared with 13 fed more, but this difference was not statistically significant.

Ill.  PREWEANING DIET RESTRICTION

Although postweaning diet restriction has been extensively investigated, the effect of the same
intervention prior to weaning has been little studied.”> The few existing gerontological studies
suggest an opposite effect. One very early study on mice showed that alteration of diet shortly after
birth sufficient to slow growth resulted in reduced lifespan,? and recently a study in which prenatal
protein restriction was followed by a normal postnatal diet demonstrated that the lifespan of the
offspring was shortened.” Other work has focused on age-related processes. One study showed
that maternal diet restriction resulted in progeny with permanent stunting of growth, anemia, and
reduced resistance to hypothermia®® and another demonstrated earlier age-related hemoglobin
decline in the offspring.?” Further research found that reduction of nutrition in prenatal and early
postnatal life resulted in increased age-associated enzymes in the liver and kidney?® and in the
1970s this led to the first clear proposal that diet restriction in the earliest stages of life might be
associated with accelerated aging.? Although the relevance of considering developmental influences
on aging and lifespan has not gone unrecognized,*® these ideas have not been taken up widely in
gerontological research. However, more evidence comes from the field of fetal physiology, where
studies have been developed to investigate the long-term effects of undernutrition in prenatal life.
The process whereby early environmental factors such as nutrition acting at a critical period of
development in early life can have lasting or lifelong importance is called “programming.””3!
Research into programming has shown that reducing protein in the diet of pregnant animals can
cause permanent age-related alterations in the offspring such as raised blood pressure,’? impaired
insulin response to glucose,* reduced secretion of growth hormone34, lower bone mineral content,*
reduced thymus size? with impaired immune function,?” and poorer performance on learning tasks.3
Other changes include degenerative changes in the lung® and kidney.*

The direct effect of prenatal and early postnatal undernutrition on aging has been little explored
in humans. One observational study considered racial differences in renal and hepatic histologic aging
between Japanese and Caucasian people. Increased aging changes were seen in the Japanese speci-
mens, and it was suggested that this might be explained by the relatively low protein diet taken by
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the Japanese throughout life.*! Another study observed an association between poor early diet and
worse cognitive function in children, but whether this persisted into later life was not ascertained.*

The evidence from these limited studies suggests an opposite effect of prenatal and early
postnatal diet restriction. Undernutrition prior to weaning appears to be associated with faster aging
and decreased lifespan.?? Considerable support for this theory is now emerging from large-scale
epidemiological studies linking poor early nutrition and growth with adverse long-term effects in
humans. These are described below.

IV. FETAL AND INFANT ORIGINS OF ADULT DISEASE

Much research into chronic disease etiology has focused on genetic and adult lifestyle factors.
However, their failure to fully explain many common diseases® has caused renewed interest in the
early environment and programming. Coronary heart disease is an example of a condition that
requires further explanation because identified risk factors have proven insufficient to explain either
geographical or temporal trends. For example, the rates are highest in the industrial northern areas
of the U.K. and lowest in the more affluent southeast. Yet the steep increase in coronary heart
disease this century has been attributed to rising prosperity. Furthermore, at an individual level, the
traditional risk factors such as smoking and cholesterol levels have only been of limited value in
predicting individuals who will be affected.

The first move away from the conventional adult lifestyle model of coronary heart disease (CHD)
came in the 1970s with the results of a study showing that CHD rates correlated with past infant
mortality in 20 Norwegian counties. It was suggested that a poor standard of living in childhood and
adolescence was a risk factor for CHD.* However, this idea was not developed until a further
geographic study showed that differences in CHD death rates in different parts of England and Wales
paralleled past differences in death rates among newborn babies.* One proposed explanation was
that poor early social conditions causing high infant mortality were linked with poor adult lifestyles,
which themselves caused CHD. However, the nature of such a link remained obscure. It was unlikely
to be cigarette smoking, because the distribution of deaths from lung cancer was very different from
that of past infant mortality. Likewise, differences in dietary fat consumption did not follow that of
past infant mortality. The likely explanation was therefore felt to be that adverse environmental
influences in childhood associated with poor living standards directly increased susceptibility to the
disease. This idea was pursued using detailed maternal and infant records preserved in England and
Wales. Neonatal mortality could be distinguished from postneonatal mortality, and CHD in adults
was found to be closely linked to neonatal rather than postnatal mortality. High neonatal mortality is
associated with low birth weight and poor maternal physique and health. Therefore, for the first time,
a geographical link was discovered between poor fetal growth, poor maternal state, and high death
rates from CHD in adult life. Temporal trends are also relevant. Infant mortality has fallen dramatically
this century, yet CHD continued to rise until the early 1980s. These opposing trends are best reconciled
by postulating two groups of causes of CHD, one linked to poor living standards and acting in infancy,
and the other associated with prosperity and adult lifestyle.*

Support for this hypothesis has come from innovative retrospective cohort studies in individuals.
These were carried out in areas of England where birth records had been stored from the early part
of the century. The studies showed that low early weight*’ and thinness or shortness* at birth were
associated with raised death rates from coronary heart disease in later life. These relationships held
true in men and women and were specific. For example, there was no relationship between birth
weight or weight at 1 year and deaths from lung cancer.** Independent associations were also
demonstrated between poor early growth and increased CHD risk factors including blood pressure,*
plasma fibrinogen,’! serum cholesterol,’> impaired glucose tolerance,> left ventricular mass,>* and
arterial compliance,> as well as CHD morbidity.’ These relationships were independent of length
of gestation. A high placental to birth weight ratio was found to be a particularly strong predictor
of raised blood pressure.”” The relationships between birth weight and blood pressure, as well as
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glucose tolerance, have been replicated in children,’>° and the work on adults has been repeated
in other countries including the U.S.A.,%° Sweden,%' and India.®?> Other chronic degenerative disor-
ders linked to poor early growth include non-insulin-dependent diabetes,%3 chronic obstructive
pulmonary disease,* and osteoporosis.®

It has been suggested that the associations between early life and adult disease occur because
individuals whose growth was impaired in utero and infancy continue to be exposed to an adverse
environment in adult life, and this later environment is responsible for the effects attributed to
programming. However, the relationships described above are independent of social class and are
strong, graded, and specific. Furthermore, their replication in different populations strongly supports
a causal explanation. It has also been proposed that the link between poor early growth and adverse
adult outcomes is genetic. However, there is longstanding evidence that genetic factors are not the
major determinants of early growth. For example, in cross breeding experiments using Shire horses
and Shetland ponies, the offspring of the Shire mares were much larger than those of the Shetland
mares, despite similar genotypes.® Intergenerational studies have shown that birth weight is largely
determined by maternal, not paternal, weight.¢”%® Also, recent embryo transfer experiments® and
ovum donor studies” have shown that the maternal environment contributes more than genetic
constitution to birth weight.

The most important determinant of early growth is nutrition and the fetal origins hypothesis
proposes that fetal undernutrition programs the long-term adverse sequelae of small size at birth.
This is consistent with the findings of adverse effects on aging in preweaning diet restriction
animal studies.

V. EARLY UNDERNUTRITION AND AGING IN MAN

People who are small at birth and during infancy experience higher rates of age-related diseases
such as coronary heart disease and as a consequence have a shorter lifespan. For example, among
10,000 British men, those who had below average birth weight and weighed less than 8.2 kg at 1
year had 4 years’ less expectation of life than those with above average birth weight who reached
12.25 kg at 1 year.* The relationship between poor early growth and aging processes, however,
had not been explored until a recent epidemiological study.”!

This study was carried out in North Hertfordshire, U.K., where birth and infant records dating
back to the early part of the century were available. 1428 men and women born between 1920 and
1930 with records of early weight were traced. Of these, 824 agreed to home interview by one of
four nurses, and information on medical and social history, including smoking and drinking habits,
was obtained. Social class was defined from occupation. After interview, 717 attended a local clinic
for measurement of current size, grip strength, skin thickness, eye examination, and a hearing test.
Statistical analyses were used to quantify the relationship between birth weight, weight at 1 year,
and each of the aging measures. Lower weight at 1 year was associated with reduced grip strength,
thinner skin, increased lens opacity, and worse hearing (Table 6.1).7' Adult grip strength was
significantly related to birth weight as well as weight at 1 year such that those in the lowest birth
weight group had a grip strength 12% less than those in the highest group (Figure 6.1).

This work provides preliminary evidence that human aging processes may be influenced by
nutrition in early life. The aged phenotype may be viewed as the result of intrinsic and extrinsic
exposures, starting at conception and occurring throughout life, and the corresponding response in
terms of regeneration and repair (the lifelong exposure-response model of aging). It follows that
early nutrition may influence aging in a number of ways (Figure 6.2). Early nutrition directly affects
growth. This is mediated through endocrine factors released into the circulation and by paracrine
peptide growth factors, such as insulin-like growth factor 1 (IGF-1), acting locally. Undernutrition
in fetal life may be associated with permanent stunting of growth?® and could therefore affect aging
by setting a lower peak from which age-related decline will occur. Nutrition in early life also affects
the setting of the glucose, insulin, IGF-1 and growth hormone axis,”? and undernutrition appears
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TABLE 6.1
The Association Between Early Weights and Age-Related Outcomes Adjusted for

Age and Sex

Mean Aging
Lens Opacity  HearingThreshold ~ Outcome (No.) Skin Thickness
Early Weight Score (LOCS IlN* (dBA)2 Grip Strength (kg) (mm)
At Birth
[g] [1b]
<2500 [€5.5] 227 (16) 24.4 (16) 285 (16) 119 (16)
-2950 [-6.51 2.36 (94) 29.3 93) 30.3 95) 1.27  (95)
-3400 [-7.51 2.38 (224) 29.2 (231) 31.0 (231) 1.24  (231)
-3860 [-8.5] 2.38 (205) 28.7 (217) 322 (217) 1.24  (217)
-4310 [-9.51 229 (84) 28.4 (89) 32.5 (89) 1.22 (89)
>4310 [>9.51 236 (32) 28.8 35) 32.4 (35) 1.25  (35)
Multiple regression® p=0.71 p=0.97 p=0.01 p=0.32
At 1 Year
[kgl [1b]
<8.16 18]  2.67 (26) 336 (26) 29.8 (26) 120  (26)
-9.07 [-20] 2.40 (1.33) 294 (134) 30.7 (134) 1.22 (134)
-9.98 [-22] 2.33 (198) 29.3 (209) 31.1 (211) 1.24  (211)
-10.89 [-24] 2.37 (187) 29.1 (194) 31.6 (194)
1.25 (194)
-11.79 [-26] 2.33 (70) 26.5 77) 32.6 (77) 1.25 (77)
>11.79 [>26] 2.24 41) 24.8 41) 342 41) 1.25 (41
Multiple regression® p = 0.003 p = 0.008 p=0.02 p=0.19
All 2.36 (655) 28.8 (681) 31.5 (683) 1.24  (683)
Standard deviation 1.21 1.6 10.1 0.18

2 Logarithms used in analysis therefore means geometric.
b Adjusted for age, sex, current social class, social class at birth, and height.

Source: Aihie Sayer, A., Cooper, C., Evans, J.R., Rauf, A., Wormald, R.P.L., Osmond, C., and Barker, D.J.P., Are
rates of ageing determined in utero? Age Aging, 1998;27:579-583.

to be associated with higher circulating glucose levels. Both proteins and nucleic acids are modified
by reducing sugars in a process called nonenzymatic glycosylation. The extent of the modification
is dependent on both sugar concentration and length of exposure; higher sugar concentration and
extended exposure lead to the formation of larger amounts of glycosylation end products. This
process is of particular relevance to long-lived molecules and is associated with altered function
as well as structure.” It has been proposed that such changes are relevant to aging as well as
diabetes in causing features such as increased atherosclerosis, cataracts, and cross-linkage
of collagen.

The ability to respond to deleterious exposures is increasingly recognized as an important
determinant of aging. The responses include repair and replacement of damaged molecules and
cells. The disposable soma theory proposes that the avoidance of aging with perfect repair
and regeneration processes does not occur because the energy requirements would jeopardize
reproduction and therefore not be of evolutionary benefit.”* There is some evidence that both repair
and regeneration are maximal in embryonic and fetal life. At this early stage, these processes are
regulated by peptide growth factors, which are widely synthesized and act within the local tissue
environment. The insulin-like growth factors (IGFs) and transforming growth factors (TGFs) are
thought to be of prime importance in cellular maintenance.” Many cells continue to express growth
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FIGURE 6.1 Grip strength in 628 men and women aged 64-74 years according to weight at one year and
birth weight.
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FIGURE 6.2 The lifelong exposure-response model of aging illustrating how aging could be affected by
nutrition in early life.

factors even after differentiation, suggesting that growth factors continue to be involved in cell
function in later life. There is some evidence that chronic early undernutrition permanently reduces
IGF production,’ and this could be the mechanism by which it has long-term effects on aging.
Further support for a long-term influence of early nutrition on repair and aging comes from
the North Hertfordshire study. The systems in which aging was related to early growth shared the
feature of having a high proportion of long-lived molecules or cells.”” For example, the lens contains
crystallins that, once formed, are never turned over.”® They are synthesized in the outer cortex of
the lens and gradually are moved to the center as new crystallins are formed. The center of an adult
lens therefore contains molecules formed in utero. The cochlea of the ear contains long-lived
collagen molecules and hair cells that, like brain cells, are not replaced.” Muscle and skin contain
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large amounts of collagen as well as elastin, which also has a very slow turnover. Long-lived
molecules and cells are particularly dependent on efficient repair systems to maintain their integrity.

At present, the mechanisms for the nutritional programming of aging remain speculative.
However, work is under way to investigate molecular repair mechanisms and their relationship to
early growth and nutrition. Markers of DNA repair capacity including HPRT mutation rate, telomere
length, DNA strand breaks, and mitochondrial DNA deletions will be measured in a large molecular
epidemiological study based in Hertfordshire.”!

VI. CONCLUSION

Evidence from animal interventional studies and human observational studies of nutrition and
growth supports the notion that the effect of undernutrition on aging is critically dependent on the
stage at which it is imposed. Early undernutrition occurring in prenatal or infant life appears to be
associated with increased aging and a reduction in lifespan. This contrasts with the well-recognized
beneficial effects of postweaning diet restriction. Possibly the switch in effect occurs when devel-
opment is largely complete. Recognition that the timing of the nutritional intervention is critical is
relevant to understanding the mechanisms underlying the effects of diet restriction on aging and
lifespan. Furthermore, the demonstration of a relationship between early undernutrition and
increased human aging may help future development of effective anti-aging strategies.

This work now needs to be taken forward. The effects of preweaning diet restriction can be
explored more fully in animal models. Further epidemiological studies, including follow-up of the
North Hertfordshire cohort, will allow exploration of how early nutrition and growth relate to the
rate of aging with investigation of molecular and cellular mechanisms of repair.
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I.  NUTRITIONAL INADEQUACIES

Aging has replaced birth rate as the most important population issue in developed countries.! Yet
we don’t have a clear picture of adequate nutritional requirements in the healthy older adult. We
do know many elders are malnourished and that nutrition plays a key role in keeping the human
body functional. An inadequate supply of a given nutrient(s) to body cells and tissues leads to
clinical symptoms of malnutrition. Nutrient inadequacies may result from a lack of food availability
(primary deficiency) or be conditioned from an increase in requirement, a reduction in absorption
or availability, a reduction in storage facilities, or inadequate intakes (secondary deficiencies).?

If nutrient availability to body tissues continues to be inadequate, stores are reduced and
body dimensions may be affected. Levels of the nutrient or its products fall in body fluids and
tissues. The result is altered enzyme activity (biochemical lesions), altered rates of protein and
other metabolically active compound production, and changed efficiency of dietary energy
utilization (protein-energy malnutrition). Organ dysfunction and biophysical defects lead to
functional consequences. Early tissue changes represent the subclinical stage of nutritional
disease. The next stage is the appearance of clinical symptoms and signs of dietary deficiency
(i.e., weakness and lethargy with anemia).>* A consequence of this last stage could be premature
decline in the older adult.

Functional decline is not equally distributed in the older population, nor is the rate of decline.
For some people in this heterogeneous group the rate of decline is slow. Genetic factors and lifestyle
habits affect adaptive capacity (one’s ability to overcome or effectively cope with injury) and
functional reserve (percentage of an organ required to perform adequately) and may contribute to
the lifespan of the oldest old. Healthy elderly individuals have a high threshold for acquiring disease
and a slow rate of disease progression, according to the theory of James Fries. In addition, healthier
lifestyles and medical advances have the potential of compressing morbidity, mortality, and dis-
ability into a relatively short period of infirmity,> delaying the onset of chronic diseases by about
10 years.5 Nutrition is one modifiable factor in healthier lifestyles.
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A study of healthy elderly people who received an ordinary vitamin—mineral supplement or a
placebo for 1 year resulted in approximately half as many infections and improved levels of T cells
in the supplemented group.” This suggests some older adults have diets deficient in one or more
nutrients or that nutrient requirements are higher in some older adults.

Malnutrition in older persons is associated with the development of frailty and physical,
cognitive, and affective functional status decline. Approximately 16% of the U.S. population 65
years and over ingest fewer than 1,000 calories per day, which is incompatible with maintaining
nutritional status.® Malnutrition is a serious problem in the elder population. As compared with
younger people, individuals over the age of 70 consume one third fewer calories and 40% of
subjects over the age of 70 are significantly underweight.” Both independently living and institu-
tionalized elderly have been found to have energy intakes below the Recommended Dietary Allow-
ance (RDA). For example, in the independent living population, one third of the energy intakes of
the subjects were below the RDA; minerals and vitamins were below the RDA in up to 50%, with
blood levels being subnormal in 10 to 30%.° Of the institutionalized subgroup of U.S. older adults,
30 to 50% were found to be substandard in body weight, mid-arm muscle circumference, and serum
albumin level indicative of protein-calorie malnutrition.!® Blood values were frequently found to
be low in both water-soluble and fat-soluble vitamins.!

Il. FUNCTIONAL DECLINE

Poor nutritional status may lead to sarcopenia, the age-related loss of muscle mass.'! Sarcopenia
is a direct cause of age-associated loss of muscle strength.'? Inadequate dietary protein intake
(amount recommended is 25% above the mean for young subjects) may be an important sarcopenia
cause.'? With age, resting energy expenditure decreases resulting in decreased energy needs (as a
consequence of declines in muscle mass and physical activity). Reduced strength, another conse-
quence of decline in muscle mass, contributes to reductions in mobility.® Physical functional
dependency also affects the ability to prepare or eat meals, increasing the risk of further nutritional
status decline. At very low levels of intake, resting metabolism and voluntary physical activity
decrease. Maintaining mobility is the key to preventing unnecessary nursing home placement.'?
Rudman et al.'* found functional impairment directly related to death and death inversely related
to body weight as a percentage of ideal. A loss of physical functional mobility has been associated
with a 50% mortality rate within 6 to 12 months among nursing home patients.’> Decline in
functional status in the 75 and over adult (high-risk) population can be expected within 6 months
as an adverse effect of unrecognized, untreated, or untreatable nutritional status decline.

A decline in cognitive and affective function is also associated with poor nutrition. Nutritional
status is associated with both dementia (cognitive functional decline) and depression (affective
functional decline), which are often found to coexist in the geriatric population. Folate, vitamin
B, and vitamin B, deficiencies may specifically affect metabolism and cause depressive disorders
and dementia.'®?® Depression and weight loss are often intertwined and may be related to locus of
control.2?> More than 60% of patients with clinical depression experience anorexia and weight
loss.?* Depression is both a cause and effect of poor nutritional status.?* Microcytic anemias (iron
deficiency) as well as deficiencies of thiamin and riboflavin have been related to cognitive perfor-
mance and neuropsychological function.?*

l1l. THE CHALLENGE

New research on the impact of nutrition has revealed that many problems that have been attributed
to aging are really due to suboptimal diets and nutrient intakes. Achieving adequate nutrient, energy,
and protein intakes becomes a very important challenge with advancing age. Recent research
suggests current Recommended Dietary Allowances (RDAs) for calcium, vitamin D, vitamin B,
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folic acid, and vitamin B,, for the older adult are higher than for middle-aged adults in the face of
decreasing energy needs.? Protein requirements are now thought to be greater for the older adult.?®
Protein requirements increase even more with injury or stress factors.

To compound the situation, research has found the threshold at which the risk of death increased
in the older adult population occurred within the conventional “normal range” for albumin (< 4
g/dl), cholesterol (< 160 mg/dl), and hematocrit (< 41%) and subnormal findings are often
ignored.!'420

The relationship between cholesterol levels and mortality risk, as well as between weight and
mortality risk, appears to be U- or J-shaped in elders. Risk is increased at the lower as well as the
upper ranges of cholesterol and relative body weight levels.?” Low cholesterol levels (130 mg/dl)
in nursing home residents?® were associated with an eightfold greater risk of dying and high
cholesterol levels (around 255 mg/dl) with a sevenfold greater risk of death.

Medicine has focused primarily on diagnosis and treatment.?® It is now recognized that 75%
of our health and life expectancy after age 40 is modifiable through changes in lifestyle, environ-
ment, and nutrition.3®

IV.  OBSERVE INDICATOR TRENDS

Geriatric nutrition professionals need to observe trends in client’s nutritional indicators and where
a negative trend is seen, provide interventions early in the decline trajectory. Basic indicators,
readily available in the medical records of most clients, are first-line clues to nutritional status.
They help guide the practitioner in making recommendations for further testing and suggestions
for interventions. In this chapter, some of those readily available or easily attainable nutritional
indicators will be stressed as they lead to clues that may clarify causes of malnutrition or, if
necessary, suggest further more-specific and costly testing.

The basic indicators of nutritional status we will review include biochemical tests such as
albumin, total lymphocyte count, cholesterol, hemoglobin; anthropometric measures such as mid-
arm circumference and muscle area, height and weight to calculate body mass index as well as
percentage of usual body weight and percentage of ideal body weight, and triceps and subscapular
skinfolds; clinical observations in the nutrition physical examination; and the use of a subjective
as well as objective nutritional assessment tools. The nutritional assessment tool that will be
introduced in this chapter, the Mini Nutritional Assessment (MNA), is validated specifically for
use with the older adult and can be completed by the client in less than 5 minutes with the nutrition
professional then measuring mid-arm and leg circumferences.?!

The first indicator of nutritional status, albumin, the major protein of human plasma, reflects
visceral body protein stores and decline as a precursor to sarcopenia. Albumin is synthesized by
the liver, at the rate of about 12 g/day.3? Rate of biosynthesis is determined by dietary protein intake,
ambient temperature, and plasma colloidal oncotic pressure near the site of synthesis.>* Serum
albumin levels below 3.5 g/dl suggest possible visceral protein depletion if there is no infection
present.’*

Total lymphocyte count (TLC) reflects immunocompetence. B and T lymphocytes synthesize
antibodies and act in cell-mediated immunity.*® Lymphocyte proliferation and maturation are
affected in protein-energy malnutrition. Deficiencies of vitamins A, B, C, zinc, and iron also affect
immunocompetence.’ TLC falls especially with protein malnutrition.?” TLCs are interpreted by
Grant¥ as follows: values between 1200 and 2000/mm?® associated with mild depletion, between
800 and 1199 associated with moderate depletion, and >800 associated with severe depletion.

Total cholesterol reflects response to nutritional depletion as hypocholesterolemia in the older
adult. Cholesterol is synthesized in many tissues of the body. Approximately half of the body’s
cholesterol is synthesized and the remainder is provided by the usual diet. Cholesterol is the
precursor of all other steroids in the body including sex hormones, corticosteroids, bile acids, and
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vitamin D.3® Low cholesterol levels are correlated with increased mortality in the long-term care
setting. Hypocholesterolemia is directly related to body weight as percentile of standard, serum
albumin, hemoglobin, hematocrit, and ability to walk and feed oneself** and death.?®4° Hypercho-
lesterolemia, on the other hand, is related to coronary heart disease.

Hemoglobin reflects hematologic response to protein and energy intake. Hematologic response
increases hemoglobin levels when lean body mass increases.*! Lipschitz et al.*? evidence that
declines in hemoglobin levels with aging are not a consequence of the aging process but may be
caused by protein deprivation. Hemoglobin transports oxygen from the lungs to peripheral tissues
and transports carbon dioxide and protons from the peripheral tissues back to the lungs for excretion.
Common anemias (reductions in the amount of red blood cells or of hemoglobin in the blood)
result from impaired hemoglobin synthesis (i.e., in iron deficiency) or impaired erythrocyte pro-
duction (i.e., vitamin B, or folate deficiency).*

Anthropometric measures of nutrition include mid-arm muscle area (MAMA), triceps skinfold,
(TSF) and subscapular skinfold (SSF). MAMA, usual body weight (UBW), and ideal body weight
(IBW) percentiles reflect somatic protein mass (primarily skeletal muscle). Skeletal muscle accounts
for the greatest protein turnover. Negative nitrogen balance may be the consequence of increased
protein breakdown (inadequate calorie or protein intake) or of decreased protein synthesis
(decreased protein intake). If caloric expenditure is known to be greater than caloric intake, it can
be assumed that nutritional status is deteriorating.

TSF and SSF are reflective of body fat mass. Each is highly correlated with estimates of body
fat in elderly individuals.** Many older adults experience an unintentional weight loss by not meeting
their energy requirements.* Anthropometric measures to identify trends over time are important to
differentiate normal differences in body builds from unintentional skeletal muscle or weight losses.

The physical signs of malnutrition reflect nutritional deficiencies. Practitioners trained to per-
form a nutrition physical examination are taught to identify these physical signs of malnutrition,
well outlined by Hammond.* Tissues that proliferate rapidly are most likely to manifest signs of
nutrient deficiency.*’ Clinical signs of manifestations of nutritional depletion are evident at a late
stage of being actively malnourished. However, few new tests are yet available for micronutrient
status assessment and the tests that are available are often too costly to be routinely run, so clinical
physical examination remains of great importance.* When combined with other data, knowledge
acquired from the nutrition physical examination is invaluable and leads to a comprehensive
nutrition assessment.*5

The MNA3!is a subjective and objective assessment reflective of nutritional status that includes
anthropometric, general, dietary, and self-perception areas. Anthropometric measures relate to
protein-calorie intakes. The general area, an assessment of lifestyle, medications, psychological
factors, mobility, and skin condition, both affects and is affected by nutritional status. The dietary
area evaluates number of meals, food and fluid intake, and autonomy of eating, all of which affect
the outcome and adequacy of nutrient intake. The self-perception assessment area involves self-
perception of health and nutrition, which influences and is affected by nutritional status. The 1998
revision of the MNA, the MNA short form (MNA-SF),*® has six questions that are answered and
scored to determine if it is necessary (11 points or below indicating malnutrition is possible) to go
on and answer and score the other 12 assessment questions. If all the questions are answered, the
scores from the screening and assessment questions are totaled to give a malnutrition indicator
score (less than 17 points, malnourished; 17 to 23.5 points, at risk of malnutrition). It is a tool that
can be used in any setting to identify and refer those at risk to the nutrition professional.

Any nutritional assessment parameters used by nutrition professionals (biochemical, anthropo-
metric, clinical observation, or screening/assessment tools) that are considered to be abnormal are
indicators or clues to health problem areas of the client. It is then the responsibility of the
professional to make recommendations for intervention to help prevent or slow the progress of or
reverse the area of decline.
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V. EARLY DIAGNOSIS AND TREATMENT

Physical, cognitive, and affective functional status decline can be both caused by and the cause of
malnutrition. Diagnosing of malnutrition early in the decline trajectory and determination of the
etiology of the problem are important to successful reversal or slowing of the decline. Often
environmental or lifestyle changes can help a person gain more independence. Tools for measuring
functional status decline help to objectively recognize problems in the vicious cycle of malnutrition
and in loss of independence.

The Tinetti Balance and Gait Evaluation,* Physical Self Maintenance Test (PSMT),® and
Instrumental Activities of Daily Living IADL)*®are measures of physical functional status. Physical
function decline results from gait and balance disorders, the inability to perform activities of daily
living, or the inability to adapt to the environment.

Physical function decline as reflected by decline in gait and balance can be measured using
the Tinetti Evaluation. The Tinetti Evaluation identifies and quantifies gait and balance, a physical
function necessary for mobility. When one loses mobility, often anorexia of aging becomes a
problem, and it becomes very difficult to meet nutritional needs.

Physical function decline as reflected by decline in ability to perform activities of daily living
(ADLSs) can be measured using the PSMT. ADLs include activities needed to sustain independent
living (bathing, dressing, toileting, transferring, continence, and feeding).”! ADLs are usually lost in
the opposite order in which they were learned with inability to feed oneself often affecting nutritional
status.

A decline in physical function, as reflected by decreased ability to adapt to the environment,
can be measured using the IADL scale. The IADL scale measures ability to perform household
chores, activities implying mobility and cognitive activities.’! Loss in ability to perform IADLs
lead to dependence and inability to live in one’s own home alone. IADLs most related to nutritional
status include meal preparation, shopping, and transportation.

Affective functional decline is reflective of depression. The Geriatric Depression Scale (GDS)>?
is a well recognized measure of affective functional status. Depression is a prevalent and treatable
condition associated with increased mortality in older adults living in community populations and
nursing homes.3->3 Research suggests folate'¢ and vitamin B,,!° deficiency may play a primary role
in depression.

A decline in cognitive functional status is the most common important disturbance in mental
status.’® The California Verbal Learning Test (CVLT)*” and the Mini-Mental State Exam?® are tools
that can be used to measure cognitive functional status. Other less formal methods of checking
cognitive status include making change with coins, telling the time on a clock, and questions as to
time and place. Nutritional causes of cognitive functional decline include deficiencies of thiamin,
riboflavin, niacin, pyridoxine, vitamin B,,% and iron.®® With decline in cognitive function, modification
of environment, lifestyle, and nutritional factors become very difficult or are accomplished only
because of the interventions of others. In the case of nutritional cognitive function decline, treatment
of the nutritional deficiency can improve cognition. Other dementias may not be reversible.

VI. MODIFY INDUCIBLE GENES

Medicine is built on the principle of the deterministic nature of genes and how health is controlled
by them. We are now beginning to recognize that gene expression can be modified. Determining our
health as we age is a consequence of how we care for and thus modify the expression of inducible
genes (genes sensitive to environmental, lifestyle, and nutritional factors).®'-> Nutritional demands in
excess of nutrient intakes predict hidden consequences that may have negative functional status
effects.’” Functional status decline is often preventable. Changes in functional status over time are
inevitable but need not be premature or due to reversible or preventable nutritional deficiency.
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Timely nutritional assessments by nutrition professionals who are aware of or can obtain
measures of a client’s nutritional parameters over time are able to identify nutritional declines as
early on as possible, allowing interventions to be started while the condition may still be reversible.
Client nutritional “trends” are important to the holistic nutritional picture and to the treatment of
each individual.
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I. INTRODUCTION

The condition generally referred to as osteoporosis has become widely recognized as a major health
problem in most of the industrialized nations. The reasons for increasing awareness of this condition
are several. First, the number of people living long enough to experience age-related bone loss
increased dramatically during the 20th century. For instance, life expectancy in the U.S. has
increased from about 46 years, sexes combined, in 1900 to more than 76 years at present. Conse-
quently, the total number of at-risk years for age-related bone loss has undergone a substantial
increase. In fact, the comparison of life expectancies at birth understates the number of years at
risk, since the predicted age of death at age 50 now exceeds 79.3 years. Bone density usually peaks
sometime between the late 20s and the 30s and remains stable until sometime around age 50, when
first evidence of osteopenia, or loss of bone density, is often detected. Therefore, increases in the
conditional probability of survival beyond age 50 have the effect of steadily increasing the propor-
tion of the population at risk for osteoporosis. The impact of the changing demographic profile is
further enhanced by the fact that the life expectancies have increased more rapidly for women than
for men. In the U.S. in 1996, life expectancy at birth was 79.3 years for women and 72.5 years for
men (1). In that same year, the predicted age at death for individuals who had attained the age of
50 years was 81.5 years for women and 77.1 years for men.

This disparity in life expectancies has particular relevance to the incidence of osteoporosis,
since female bone loss begins earlier than male. Type I, or postmenopausal, osteoporosis is a
condition peculiar to women. In Type I osteoporosis, the decline in estrogen production that initiates
menopause is associated with a 1- to 3-year period of rapid bone loss. The phase of rapid bone
loss is then followed by a sustained period of more-gradual loss that may eventually result in senile,
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or Type II osteoporosis. Since the average age of menopause in the U.S. is about 50 years, this
sequence of rapid followed by more gradual bone loss may persist for 30 years or more.

It has recently been estimated (2) that osteoporosis is a major public health threat for 28 million
Americans, 80% of whom are women. Ten million Americans are now believed to have osteoporosis
and 18 million more have low bone density and are therefore at increased risk for fractures. On
the basis of these statistics it is predicted that one out of every two women and one in eight men
over the age of 50 years will experience an osteoporosis-related fracture during their lifetimes.
Osteoporosis is responsible for 1.5 million fractures annually in the U.S., incurring an estimated
cost of $14 billion.

As will be shown in the following discussion of longitudinal monitoring of bone mineral status
conducted in Arizona, the result of 30 years of unmitigated bone loss is almost always osteoporosis
as clinically defined. Although the situation is different for men, they are also subject to bone loss
of the Type II or senile form. However, since the onset of bone loss is usually later in men and the
rate of loss more gradual, bone density low enough to be considered clinically significant occurs
much later. Moreover, male peak bone density is substantially greater than female, with the result
that even after bone loss begins, it takes longer for bone density to decline to a level that would
warrant a diagnosis of osteoporosis.

The endocrinological events that precipitate bone loss in males differ from those in females.
The interaction of the sex steroids and the other hormones involved in the regulation of calcium
metabolism is complex and sensitive to a variety of environmental factors. Among these factors
are nutrition, exercise, medications, concurrent disabilities, stress-inducing conditions, and, in
females, reproductive histories. The 16-year longitudinal study of bone density status conducted
in Sun City and Tucson, Arizona from 1982 to 1998 addressed a number of issues concerning the
relationships of certain of these environmental factors and bone loss in a large population of healthy
retirees of both sexes.

Il. MATERIALS AND METHODS

The Arizona Bone Density Study was initiated in 1982. The first cohort of subjects was drawn
from the Volunteer Association of the Walter O. Boswell Memorial Hospital in Sun City Arizona.
These subjects were, by and large, retirees. Most owned their own homes and were financially
independent. Almost all were of European ancestry. In order to broaden the demographics of the
study, a second cohort was recruited from residents of publicly subsidized retirement housing in
Tucson, Arizona. These subjects were, on the average, less affluent than those from Sun City.
Also, most of the Tucson subjects had been Arizona residents for a longer period of time, often
since birth, and roughly 30% of them were of Hispanic origin as compared with less than 5%
in Sun City. A small sample of African-American subjects was also recruited in Tucson. From
the outset, more women than men were recruited in both the Sun City and Tucson populations.
This sampling bias reflected the belief, prevalent at the time, that osteoporosis was primarily a
condition affecting women.

From 1982 through 1998, data were collected annually at both Sun City and Tucson. Since the
average age of the subjects of the first cohort was 70 years, and the loss of subjects for various
reasons could be expected, new subjects were added each year. By the end of 1998, the total sample
was 5475 (4121 women and 1354 men). Of this sample, 173 subjects (126 women and 47 men)
participated for 10 years or more. Over the course of the study, subjects from several rural
communities in Pinal County Arizona (Casa Grande, Eloy, and Florence) had been incorporated in
the study population, as had subjects enrolled in wheat bran fiber and piroxicam colon cancer
prevention clinical trials conducted in Sun City and Tucson.

The primary objective of the study was to monitor changes in bone density over time.
However, other changes were monitored as well. Height and weight were measured on each
occasion for all subjects, and bioelectric impedance assessments of body composition were
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conducted on a sample of 451 (277 men and 174 women) who were enrolled in the wheat bran
fiber and piroxicam clinical trials. Alkaline phosphatase levels and concentrations of serum
calcium and other minerals were also determined through the analysis of blood samples from
these subjects. On each occasion, all subjects were requested to complete questionnaires con-
taining questions about bone fracture histories, medications, stress-inducing experiences, exercise
patterns, milk consumption, and use of dietary supplements. On the occasion of their first visit,
women were asked to complete an additional questionnaire concerning age at menarche and
menopause and reproductive and breast feeding histories.

Annual scans of the left radius were conducted using single-beam photon absorptiometry (Lunar
Radiation SP-1 and SP-2 Bone Densitometers). While both dual-photon (DPA) and dual-energy
X-ray (DEXA) instruments provide more information about clinically sensitive areas such as the
lumbar spine and the femoral neck, the objective of comparing serial measurements of cortical
bone density was satisfactorily achieved using the single photon devices. The portability of the
single photon device was a major consideration in its favor, because, to reach the target populations
of the Arizona study, it was necessary to set up the equipment at a number of sites in several cities
and in rural areas. Change in cortical bone density over time can be measured with a high degree
of accuracy at the radial site using single-beam photon absorptiometry. Since cortical bone makes
up more than 80% of the total bone mass of the adult, the SPA scanning of this bone as a surrogate
for whole-body scanning yields useful results.

Within this limited context, SPA bone scans are a highly reliable method for effecting valid
assessments of cortical bone density. When suitable safeguards are taken to assure that all scans
are taken at precisely the same site, the method is ideal for the monitoring of bone density change
through serial measurements. Thus, when used as a research method for a large sample, mixed
longitudinal study of bone density change it is a very powerful tool. However, its clinical use as a
predictor of fractures at sites where trabecular bone is more abundant cannot be recommended.
Since the objectives of the present study did not include estimates of trabecular bone density or
changes thereof, the advantages of SPA methodology considerably outweighed its disadvantages.
Results of a comparative study involving subjects drawn from the Arizona Bone Density Study
yielded a correlation of 89% between the values for whole-body bone density attained by DEXA
measurement and the values for bone density of the distal one-third site of the radius attained
through SPA measurement (3). An additional advantage of the SPA method is that the highly
collimated photon stream emitted by its 200 mC '>’I source produces a very low radiation dose for
the subject, and its low scatter minimizes the risk of radiation to both subjects and investigators.

The measurement of stature to the nearest millimeter was done using a freestanding field
anthropometer with the subject shoeless. Weight in kilograms was taken using a portable medical
scale. The same anthropometrist took each of these measurements on each scanning occasion
throughout the study. Body mass index was calculated using the equation: BMI = wt (kg)/ ht (m).?
More than 14,000 records of these measurements as well as bone scan reports, human subjects’
consent forms, and questionnaires remain on file in the Biological Anthropology Laboratory at the
University of Arizona.

.  RESULTS

Table 8.1 shows the values for bone density and body mass index arranged by 5-year categories
for a sample of 4036 women and 1264 men for whom complete records are available. The values
that appear in this table represent those obtained at each subject’s final examination. In some
instances, this may be the last of 16 such measurements and in others, it is the first and only one.
The values shown in this table therefore represent a purely cross-sectional database.

As the values in Table 8.1 indicate, average cortical bone density declines steadily from age
50 onward in women. The relatively small sample of men in the 50- to 55-year age group would
appear to experience a sharp decrease in bone density, but it is probable that the apparent
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TABLE 8.1
Bone Density and Body Mass Index Values by Age Category
Bone Density (BMD)? Body Mass Index (BMI)®
Women Men Women Men

AGE n BMD S.D. n BMD S.D. BMI  S.D. BMI  S.D.

<50 369  0.6591  0.063 50 0.7803 0.056 2579 647 26.12 501
50-55 142 0.6532  0.065 20 0.7468 0.091 2736 7.74 2930 7.44
55-60 202 0.6188 0.072 38 0.7553 0.086 2697 594 2758 4.49
60-65 332 0.5908 0.088 84 0.7502 0.087 26.17 541 2740 4.02
65-70 684 05585 0.087 208 0.7279 0.089 26.16 5.12 2691 3.72
70-75 808 05295 0.094 286 0.7157 0.088 2579 473 2670 4.07
75-80 708  0.4946  0.087 295 0.7054 0.083 2534 459 2691 4.6
80-85 497 04773 0.091 183 0.6763 0.100 2494 445 2517 2.89
85-90 246 0.4512  0.097 81 0.6341 0.128 2431 4.02 2421 284
90-95 69 0.4161  0.080 18 05817 0.135 2358 342 2472 312
>95 11 0396 0.100 1 04106 - 2326 422 2330 -

2 Bone density is calculated in g/cm?.
® Body Mass Index = weight (kg)/height (m)>.

acceleration of bone density decrease is an artifact of small sample size in this age group.
Succeeding age groups exhibit a rate of decline similar to that seen in the values for women.
The decline in bone density in both sexes is sufficient to dispel the widely held notion that bone
density decrease is primarily a women’s problem. However, the lower average bone densities
experienced by women throughout early adulthood make them susceptible to bone fractures at
an earlier age than men.

Figure 8.1. Shows the relationship of bone density to age for 5180 individuals, sexes combined.
The “best fit” regression equation for this nonlinear relationship is y = @ - bx3. Figure 8.2. Shows
the same relationship restricting the analysis to the female sample of 3942 individuals. Again, the
relationship is nonlinear, with the best-fit equation being y = a - bx?. The relationship of bone
density values to age for the male sample of 1238 individuals (Figure 8.3) is also nonlinear, with
the same best fit equation as the combined sex sample. However the value of the intercept (a) is
approximately .700 for the women while it is about .800 for males, reflecting the sex difference in
peak bone density. The slopes (b) for all of these curves are negative. Comparison of the slopes
for male vs. female values clearly shows the steeper rate of decline in bone density experienced
by women.

Although sample size for the male subjects in the over-50 age group is small (50) and contains
only one individual in the 95 to 100 age group, BMI values are informative when all age groups
are compared. For instance, the highest values for both sexes occur in the 50 to 55-year age group.
The decline in BMI from age 50 to age 95 is quite similar in both sexes. However, the observed
change in BMI may not accurately reflect the more significant changes occurring in body compo-
sition. This relationship will be examined in a later section. Figure 8.4 shows the relationship of
body mass index values to age for the entire sample of 5180 individuals of both sexes. The nonlinear
regression equation that best fits this relationship is y = a - bx3. Figures 8.5 and 8.6 show the
BMJ/age relationships for females and males, respectively. As in the case of the bone density values,
the slopes of these regressions are all negative.

In Figure 8.7, which represents the nonlinear regression of bone density on BMI, the slope is
positive, the best fit equation being y = a + b/x?. However, when estimates of percent lean body
mass obtained using the bioelectric impedance method were regressed on BMI, the slope was
negative (Figure 8.8), while the slope for percent body fat was positive (Figure 8.9). These
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FIGURE 8.2 Bone density by age.

relationships reflect the degree to which the proportions of lean as opposed to adipose tissue affect
BMI values.

Bone density values obtained through single SPA are expressed as grams of bone mineral per
square centimeter of area. However, these values can be used to estimate the three-dimensional
configuration of the radial diaphysis, and, by applying certain assumptions, the cross-sectional areas
of the cortex and medullary cavity can be estimated. The method used in making these estimates
is described in detail elsewhere (4). Normal remodeling of the diaphysis of long bones such as the
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Sun City and Tucson Men (n = 1238)
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radius usually involves resorption at the endosteal surface and appositional growth at the subperi-
osteal surface. With increasing age, the deposit of new bone at the subperiosteal surface declines
while resorption at the endosteal surface continues. The result is a thinning of the cortex. In its
earlier stages, the increased cross sectional area of the diaphysis may confer an advantage in
withstanding torsional stress. However, thinning of the cortex eventually leads to increased vulner-
ability to fractures produced by buckling of the cortex. Therefore, estimation of changes in the
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ratio of cortical area to total cross sectional area (PCA) of the radius provides a useful means of
estimating the risk of fracture in the radius. Table 8.2 shows the average initial and final values for
PCA for women and men.

As can be seen from the values for PCA in Table 8.2, women enter the postmenopausal period
with PCA values as high or higher than those of men. However, they are already experiencing a
decline in cortical area in the 50- to 55-year age interval, while men show little change until the
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65- to 70-year interval. Because of the differences in age of onset and rate of decrease in PCA,
initial values for men in the 80- to 85-year age group are higher than those for women in the 65-
to 70-year age group. The rate of loss in the later years of life, however, is very similar in both sexes.

As the regression line shown in Figure 8.7 shows, there is a positive correlation between body
mass index and cortical bone density. The relationships between body mass index and PCA at
various ages are shown in Table 8.3. In Table 8.3, BMI values conventionally used to assign the
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TABLE 8.2
Initial and Final Percent Cortical Area,
Sexes Compared
Women Men
Initial Final Initial Final
Age PCA PCA PCA PCA
50-55 64.6 63.5 61.0 61.0
55-60 59.5 58.6 59.3 59.1
60-65 58.0 574 59.1 59.1
65-70 54.5 53.3 58.0 57.3
70-75 52.4 50.5 57.9 56.6
75-80 49.0 47.0 57.4 55.7
80-85 48.7 45.5 54.8 52.8
85-90 46.0 43.1 54.3 49.8
90-95 42.6 39.1 50.4 459

designations “obese” (BMI > 28.0), and “excessively lean” (BMI < 20.0) were applied to average
values in the 10-year age categories 60—70, 70-80, and 80-90 to assess the relationship between
extreme BMI values and PCA. Along with the aforementioned decline in PCA with age, the PCA
values for subjects of both sexes with high BMI values are seen to be substantially higher than for
those with low BMI values.

When the values for PCA, bone mineral content, and bone density for subjects drawn from the
low BMI (n = 370) and high BMI (n = 1228) categories are compared, the differences for all three
of these indicators of bone fracture risk are highly significant (p < .0001). This is true of all age
categories whether calculated by sex or with sexes combined. Analysis of variance to test the
relationship of PCA to BMI at all ages yields an F value of 91.9 (p < .0001) sexes combined.
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TABLE 8.3
PCA Values in Three Age Groups and by
BMI Category

Female Male

Age Group 60-70
Average BMI 26.1 26.7
Average PCA 54.6 (n = 928) 579 (n=212)
PCA (BMI>28)  56.9 (n =288) 58.7 (n = 62)
PCA (BMI <20)  50.4 (n = 60) 54.5 (n=5)

Age Group 70-80
Average BMI 25.6 26.8
Average PCA 48.9 (n=1423) 56.2 (n=418)
PCA (BMI >28)  51.2 (n=348) 56.7 (n = 147)
PCA (BMI<20) 458 (n=115) 529 (n=12)

Age Group 80-90
Average BMI 24.8 24.8
Average PCA 44.7 (n =1732) 51.9 (n = 250)
PCA (BMI>28)  47.8 (n=144) 53.6 (n =36)
PCA (BMI < 20) 41.4 (n = 86) 45.1 (n = 15)

Separate analyses of variance for the male and the female samples yield F values of 15.5 and 65.9,
respectively, both also significant at the p < .0001 level.

Normative bone density values, developed from a number studies conducted in various geo-
graphic areas of the U.S., are consistently higher than the averages for each age group for both
sexes in the Arizona study. When the mean percent of the national normative values for Arizona
subjects is compared with their mean BMI values, a t-test yields a two-tailed significance < .0001,
similar to the level of significance for the comparison of means for body mass index and percent
of peak bone density.

All subjects filled out questionnaires that contained questions about fracture histories. Although
there was often some doubt about the bone fractured, the response level to this question was high,
and the locations indicated usually made it possible to assign the fracture to such broad categories
as “hip,” “thigh,” “leg,” “arm,” “rib,” and so on. Fractures associated with automobile accidents
were excluded from analysis. Of the 3939 records containing usable fracture histories, 1066
individuals (878 women and 188 men) reported at least one fracture. The relationship between
bone density and fracture histories was equivocal for the male subjects before the age of 80 but
was highly significant in the 80 to 90 year age group. However, as can be seen in Table 8.4, there
is an increasingly clear relationship in the female subjects with increased age.

Analysis of variance of bone density values within and between the fracture history categories
yields F values of 0.389 (n.s.) for the 50 to 60 age group; F' = 9.828 (p = .003) for the 60 to 70
age group; F = 16.14 (p <. 0001) for the 70 to 80 age group; and 12.2 (p <. 0001) for the 80 to
90 age group. These values reflect the age of occurrence of first and subsequent fractures the
subjects reported. The average age of occurrence of the first fracture for women was 64.4 years.
The average age at which men experienced their first fracture was 62.7 years. Of the 301 individuals
(268 women and 33 men) reporting a second fracture, the average age of occurrence was 70 years
for women and 67.8 years for men. A third fracture was reported by 102 women, with an average
age of occurrence of 72.2 years. Only three men reported a third fracture, the average age being
68.3 years.
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TABLE 8.4
Bone Densities of Women with Different Fracture
Histories

No Fractures 1 Fracture > 1 Fracture
Age Group n BMD n BMD n BMD Percent?

50-60 192 .6366 17 .6393 3 .6217 9.4
60-70 435 5732 152 5509 37 5233 30.2
70-80 635 5203 340 4998 102 4809 41.0
80-90 291 4823 244 4454 102 4335 54.3

2 Percentage of women in each age group reporting one or more fractures

IV.  DISCUSSION

The major objectives of the Arizona Bone Density Study were

(1) to record actual changes in bone density over time

(2) to identify other changes in body composition occurring as a part of the aging process

(3) to compare the loss of bone density experienced by the most-vulnerable component of
the Arizona population, women, with that reported in other populations

A. OBserveD BONE Loss

The rate of bone loss observed in both sexes in the Arizona population was greater than that derived
from normative values used for diagnostic purposes. This is true whether the comparison is with
the cross-sectional mean values shown in Table 8.1, or with averaged longitudinal values. In order
to make the last-mentioned comparison, only individuals who were scanned five times during the
5-year period represented by their age group were included. Thus, the decline in bone density
recorded women in the 50- to 55-year age group who had been scanned at ages 50, 51, 52, 53, and
54 was calculated by subtracting the bone density value observed at age 54 from that observed at
age 50. While reducing the sample size substantially, this procedure made it possible to compare
averages derived from individual experience with averages derived from a local population and a
national one. In some age groups, the longitudinal data are inadequate to permit meaningful
statistical comparisons, but most age groups are sufficiently well represented to provide indicators
of similarity and differences. The results of this comparison are shown in Table 8.5, where sample
sizes for the cross-sectional and longitudinal components of the Arizona population are entered in
parentheses.

As can be seen by comparison of the values in Table 8.5, the rate of density decrease for
Arizona subjects is more rapid than national normative values would predict at most ages. Bone
density values are also lower for both sexes and all age groups. Following the convention that
values above 90% of peak bone density can be considered normal, Arizona average values remain
within the normal category until the 55 to 60 age group, by the 65 to 70 age group, average values
have declined to less than 80% of peak density, and by ages 75 to 80 are below 70% of peak
density, a level usually considered diagnostic of osteoporosis. Average values for men do not fall
below the 90% level until the 65- to 70-year age group and below the 80% level after age 85.
However, the longitudinal data indicate that male bone loss actually exceeds female in a number
of age categories. Because of their greater peak bone density, men are less vulnerable to osteoporosis
than women, but are clearly not immune to bone loss.
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TABLE 8.5
Rates of Bone Density Loss Derived from Normative, Cross-Sectional, and
Longitudinal Values

Women Men

Ages  Standard Cross-Sectional Longitudinal Standard  Cross-Sectional  Longitudinal

50-55  .0106 0059 (142) 0594 (7) 0335 10335 (20) 0420 (1)
55-60  .040S 0344 (202) 0366 (16) 0305 .0000 (38) 0790 (2)
60-65 0250 .0280 (332) 0366 (15) 0199 0051 (84) 0310 (1)
65-70  .0378 0323 (684) 0445 (68) 0145 0223 (208) 0352 (13)
7075 .0297 .0290 (808) 0363 (147) 0435 0122 (286) 10296 (32)
75-80  .0292 0349 (708) 0427 (163) .0065 0103 (295) 0431 (50)
80-85  .0384 0173 (497) 0544 (165) 0048 0291 (183) 0384 (58)
8590  .0287 0261 (246) 0532 (77) 0648 0422 (81) 0838 (29)
9095 0181 0351 (69) 0576 (25) 0331 0524 (18) 1226 (5)

B. CHANGES IN Boby COMPOSITION

The widely used estimate of body composition, Body Mass Index is one obvious measure of change
that merits careful attention. However, BMI values can be misleading. For instance, young indi-
viduals with high lean body mass (LBM) to total body mass (TBM) ratios will exhibit higher BMI
values than those with normal amounts of total body fat (TBF). This is because the LBM compart-
ment of TBM is of higher density. In fact the Seri equations used to calculate TBF and LBM by
comparison of a conventional measure of weight with one taken with the subject immersed in water
are based on the specific gravity values for TBF and LBM. As can be seen from the regression
lines in Figures 8.8 and 8.9, in the age groups represented in the Arizona population, increasing
BMI is negatively correlated with increased LBM and positively correlated with TBF. These results
are consistent with those reported by Kehayias et al. (5) in their analysis of total body potassium
(Table 8.6). These investigators estimate a decline of total body potassium (TBK) of 7.2 mgK/kg
body weight/year in women, and 9.2 mgK/kg/yr in men. The steady decline in TBK is closely
related to a decline in intracellular fluid (ICF) mass and therefore cell number. Cell number is
directly related to basal metabolic rate. Therefore, the decline in TBK is a measure of the decline
in required energy intake associated with increasing age. An average daily energy intake of 1910
kcal was reported for the 1303 individuals of both sexes (average age 66.2 years) who completed
that Wheat Bran Fiber Colon Cancer Prevention study.

Another way of estimating energy requirements is to calculate body surface area (SA) using
height and weight values. This is the most commonly used method of estimating BMR. When the
male and female values for surface area are compared for a total of 3858 women and 1166 men,
the female average SA is 1.71 m? and the male average is 1.95 m?. Since the same values, height
and weight, are used to derive both BMI and SA it is expected that BMI and SA would be highly
correlated, as indeed they are, (r = 0.838 for women and 0.781 for men). Also expected would be
a decline in SA with age. Surface area is negatively correlated with age in both sexes, (—0.166 for
women and —0.249 for men). All of these correlations are significant at the 0.01 level (two-tailed
test). Perhaps more interesting is the high positive correlation between percentage of body fat and
surface area, and negative correlations between percentage of lean tissue and surface area, (r=0.761
for women and » = 0.644 for men), derived from bioelectric impedance values for 128 women and
214 men participating in the Wheat Bran Fiber study.

The two-compartment method of estimating body composition through hydrostatic weighing
has long been considered the “gold standard” of body composition analysis. However, the compo-
nents of the lean tissue compartment are more variable with respect to mass and density than are
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TABLE 8.6
Age Changes in Body Mass Index and Total Body Calcium in
Women and Men

Women Men
Age BMI  TBK(g) TBK/Ht TBK/Wt BMI TBK(g) TBK/Ht TBK/Wt

20-29 228 101.4 0.62 1.67 24.8 164.5 0.92 2.06
30-39 236 98.7 0.60 1.59 25.0 145.6 0.83 1.90
40-49 253 96.4 0.58 1.41 27.6 148.3 0.84 1.72
50-59 275 95.8 0.59 1.35 28.4 146.1 0.83 1.68
60-69 243 85.2 0.53 1.36 25.3 128.2 0.74 1.70
70-79  26.6 79.8 0.51 1.24 25.6 120.2 0.69 1.56
80-89  23.6 723 0.46 1.26 26.3 106.8 0.64 1.46

Source: Kehayias, J.J., Fiataione, M.A., Hang, Z., Roubenoff, R. 1997. Total body potassium
and body fats: relevence to aging, Am. J. Clin. Nutr., 66:904—100. With permission.

those of the adipose compartment. This is especially true of the portion of LBM represented by
bone, which is much denser than skeletal muscle but has lower energy requirements. Thus, the
impact of declining bone density will be more significant from the perspective of LBM than from
that of BMR. The nonlinear relationship between bone density and BMI can clearly be seen in
Figure 8.7, where the best fit regression equation is y = a + b/x2. The decline in bone density with
age, as seen in Figures 8.1 to 8.3, is clearly more precipitous than the decline in BMI with age, as
seen in Figures 8.4 to 8.6.

The implications of this disparity raise questions about the appropriateness of using BMI values
to estimate energy requirements in older populations although the decline in TBK with age indicates
a steady decline in basal metabolic rate. It should come as no surprise that weight control is often
a problem during late middle age, when the proportion of fat to lean tissue is rising, in consequence
of decreases in both skeletal muscle mass and bone density. Even maintenance of a constant body
weight can mask substantial accumulation of fat when the increase is offset by loss of both high-
density bone mineral and metabolically active skeletal muscle. By the same token, the early stages
of bone density decline often go undiagnosed, since there are no obvious indications of bone density
decrease in the absence in vivo monitoring using sophisticated instrumentation.

C. BoNE Loss AMONG WOMEN: A COMPARISON

Osteoporosis has long been recognized as a problem faced by postmenopausal women. The values
for bone density obtained from Arizona women provide clear evidence of a progressive decrease
that continues from age 50 through all age groups up to age 100. Moreover, the decline recorded
in Table 8.1, based on cross-sectional analysis of data from 4086 women, is confirmed by longi-
tudinal analysis of 683 women for whom at least five consecutive scans were obtained. In some
of these cases, as many as 16 consecutive scans were on record. As cited in an earlier section, both
the cross-sectional and longitudinal comparisons with normative values indicate that the Arizona
women are experiencing more bone density loss than would be predicted. This observation raises
questions about the possibility that environmental factors are implicated in the Arizona pattern. A
number of possible environmental factors, including nutrition, exercise, sunshine exposure, and
concurrent physical disabilities are all currently under investigation, but a detailed discussion of
this aspect of the study is beyond the scope of the current discussion.

Comparison of the Arizona pattern of bone loss with that reported from other populations will
allow this aspect of the study to focus on specific environmental factors. The importance of calcium
intake is one such factor. Comparison with Chinese populations reporting sharply differing dietary



128 Handbook of Nutrition in the Aged, Third Edition

patterns provides an opportunity to approach the question of the importance of dietary calcium
intakes in the maintenance of bone density in women. Table 8.7 shows comparisons of bone densities
of Arizona women, whose average daily calcium intake is 853 mg/day with five populations of
Chinese women living in different environmental settings and consuming substantially differing
amounts of calcium, dairy products, protein, and carbohydrates, reported by Hu et al. (6,7).

TABLE 8.7
Comparison of Bone Mineral Content and Density of Arizona and Chinese
Populations

Arizona Xianghuangqi Tuoli Jiexiu Cangxi Changli
Age Group (n = 2250) (n=143) (n=175) (n = 165) (n =180) (n =164)
BMC (g/cm)

35-44 (125 846 (0.11)  1.010 (0.12)  0.910 (0.15)  0.910 (0.14)  0.860 (0.15)  0.860 (0.16)
45-54 (247) 823 (0.10)  0.980 (0.15)  0.860 (0.19)  0.820(0.13)  0.780 (0.09)  0.830 (0.11)
55-64 (506)  .769 (0.13)  0.770 (0.16)  0.730 (0.14)  0.690 (0.14)  0.710 (0.09)  0.690 (0.12)
65-74 (1372)  .695 (0.13)  0.680 (0.10)  0.650 (0.14)  0.610 (0.12)  0.620 (0.12)  0.580 (0.08)

BMD (g/cm?)
3544 (125) .666 (0.06) 0.810 (0.09) 0.770 (0.06)  0.770 (0.06)  0.740 (0.09)  0.760 (0.06)
45-54 (247) .655 (0.06) 0.750 (0.11) 0.690 (0.10) ~ 0.700 (0.09)  0.690 (0.07)  0.720 (0.07)
55-64 (506) .603 (0.08) 0.590 (0.10) 0.610 (0.11) ~ 0.580 (0.11) ~ 0.600 (0.06)  0.600 (0.10)
65-74 (1372) .542 (0.09) 0.520 (0.06) 0.540 (0.10) ~ 0.520 (0.10) ~ 0.530 (0.08)  0.500 (0.07)

2 Arizona n® Std. dev.

Note: Measured at the distal one third site on the radius by single photon absorptiometry.

Two of the Chinese communities sampled were pastoralists, although the women in one of
them (Tuoli) only drank milk tea with meals and consumed no other dairy products. In the other
pastoral community (Xianghuangqi), dairy products were an important component of the diet of
both sexes. The Tuoli community resides in a plateau region of Xinjiang Autonomous Region and
is of the Kazak minority population. The people of Xianghuangqi are Mongolian and live in a high
plateau region of the Neimongol Autonomous Region. The remaining three communities, all of the
Han majority group, consume little or no milk or other dairy products. These populations reside
in Jiexiu (a plains area in Shanxi Province), Cangxi (a mountainous area in Sichuan Province), and
Changle (a coastal area in Fujian Province). The people of Changle, living on the coast, have access
to seafood, which is a regular part of their diet, along with pork and other animal products. The
people of Jiexiu and Cangxi, on the other hand, are predominantly vegetarian.

Of particular interest in this comparison is the high bone densities reported in the Chinese
populations in the youngest age group, all of whom exhibit values superior to those of Arizona
women of comparable age. However, the Arizona women have the highest values beyond age 65.

V.  CONCLUSIONS

In the U.S., post-menopausal women are the segment of the population most susceptible to
osteoporosis-related fractures. These fractures are often nontraumatic, and the incidence of mortality
within a year after a nontraumatic hip fracture is on the order of 20 to 25%. Even when fatality
does not result, there is a high risk of long-term incapacity. Chrischilles et al. (8) estimate that
osteoporosis-related fractures will lead to long-term dependency for 6.7% of American women,
with an additional 7.8% requiring nursing home care for an average of 7.6 years. For osteoporosis-
related fractures at all sites, the overall risk has been estimated at 40% (9).
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Osteoporosis is becoming recognized as a worldwide problem of increasing significance,
particularly for women. Among the countries for which high incidences have been reported are
Finland, (10), France (9), Hong Kong, (11), Italy, 12), Japan, (13), Poland, (14), Switzerland, (15).
and Taiwan (16). As monitoring for osteoporosis becomes increasingly common, it can be predicted
that most of the world’s population either is or soon will be affected by what might quite properly
be designated an epidemic of osteoporosis-related fractures. The exceptions might be found in areas
where life expectancy, especially that of women, remains low. Clearly, osteoporosis is predomi-
nantly a condition associated with aging. In fact, the probability of its occurrence rises to better
than 90% in people surviving beyond age 90.

The widespread occurrence of osteoporosis-related fractures might be viewed as expression of
an intrinsic human attribute; the loss of bone density in advanced age being an inevitable component
of the aging process. The reason for the dramatic increase in its occurrence we are now observing
is that more people are living sufficiently long for its deleterious effects to become manifest in the
form of fractures. When life expectancies averaged less than 50 years few women lived long enough
to experience the decline in estrogen production associated with Type I osteoporosis. If reproductive
life had been completed, not much time elapsed before death occurred. Even when women lived
well past menopause, long enough to experience significant bone loss, fractures and the complica-
tions following them had no effect on their reproductive success. In terms of selective pressure,
even when osteoporosis occurred, it was irrelevant, a situation consistent with the establishment of
an antagonistic pleiotropy.

Men, who usually are not subject to the relatively abrupt decline in gonadal hormone production
that characterizes menopause in women, experience bone density decreases later than women, as
can be seen by comparison of male and female bone densities shown in Table 8.1 (4,17,18,19).
Since men achieve greater bone densities, on the average, than women in early adulthood, the loss
that does eventually occur takes longer to reach clinically significant levels. Although men do not
experience the clear-cut end of reproductive life that menopause represents for women, sexual
activity does decline, and few men father children in their eighth and ninth decades of life, a time
when a significant loss of bone density occurs in most men. Thus, selective pressure associated
with the loss of bone density is modest for both sexes, and its genetic determinants can accumulate
in the gene pool. Although bone density decreases occur in both sexes, the pattern is different.
Women experience loss of trabecular bone at a rate approximating 1% per year in the early
postmenopausal years, followed by loss of cortical bone at a slower rate for the remainder of life.
The rate of loss for most men is more gradual, and significant loss usually begins in the 60s. Also,
the remodeling associated with bone loss is more pronounced in women.

Using a criterion of bone density more than two standard deviations below the young normal
value as diagnostic of osteoporosis, Melton and Riggs (20) found 45% of a Minnesota sample of
Caucasian women over 50 years of age at risk at one or more sites. Of these subjects, 32% had
low values in the lumbar spine, 29% in the proximal femur and 26% in the mid-radius. Associated
with these observed risk values is a lifetime probability of 40% of experiencing a fracture at one
of these sites (9). Other investigators, including Chrischilles et al. (8), calculate the risk at 54%.
They estimate that osteoporosis-related fractures will cause 6.7% of American women to become
dependent on the help of others to conduct the basic activities of daily living, while an additional
7.8% will require nursing home care for an average of 7.6 years.

It has been estimated that hip fractures alone are responsible for medical expenses in excess
of $10 billion annually in the U.S. This cost is likely to increase as the number of women over the
age of 50 years increases. Nevertheless, some clinicians argue that bone mass assessments should
be limited to women approaching menopause or who have significantly impaired ovarian function
(22). With female life expectancy at birth in the U.S. now approaching 80 years, age-related causes
of morbidity such as osteoporosis promise to become a major source of concern for future gener-
ations. Bone loss, once it begins, seems to continue throughout life and may even accelerate after
the age of 70 (23). Vertebral crush fractures, another debilitating consequence of osteoporotic bone
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loss will also become more common as the aging population increases. The incidence of this form
of fracture is currently 17.1/10,000 per year for Caucasian women compared with 9.9/10,000 for
Caucasian men. For African-American women, the incidence is 3.7/10,000, and for African-Amer-
ican men 2.5/10,000, (24).

Observations of familial tendencies toward early bone loss are frequently cited but, until
recently, the mechanisms underlying such tendencies have proven elusive. Small, slender women
with a light complexion have generally been regarded as typifying the high-risk individual. For the
most part, this constellation of traits has proven to be indicative of high risk, and twin studies
support the contention that there is a genetic basis for this risk. In recent studies, some of the factors
involved in the attainment of low peak bone density, the major risk factor for osteoporosis, have
been identified (8,22-33).

Tokita et al. ( 34) studied pairs of monozygotic and dizygotic female twins to isolate genetically
determined differences in the synthesis and degradation of Type I collagen related to low bone
density. Spotila et al. (35) focused their study on the coding sequence for Type-I procollagen in
osteogenesis imperfecta patients, identifying several mutations in these sequences. Cassella et al.
(36) found abnormalities in the Type I collagen fibrils of osteogenesis imperfecta patients that they
believe affect the formation and stability of the bone mineral associated with it.

It has been estimated that 46 to 62% of the variance in bone mineral density has a genetic basis
(37). Associations between low bone density, osteoporotic fractures, and inherited variation in the
vitamin D receptor have been reported by Norman and Collins (38), Eisman et al. (39) and Morrison
et al. (40). The existence of genetically determined variation in the human vitamin D receptor
(VDR) raises the possibility that natural selection at the VDR locus has produced different allele
frequencies in different human populations. Mundy (41) suggests that polymorphism in the vitamin
D receptor accounts for up to 75% of the genetic variation in bone density in Caucasian women
in Australia. Identification of allelic variation at the vitamin D receptor locus and the relationship
of certain alleles at this locus to excessive bone loss provides a promising lead for the identification
of one genetic determinant of osteoporotic tendencies. Reproductive histories of women of different
vitamin D receptor genotypes can be compared for evidence of differential reproductive success
associated with different genotypes. The fact that calcium supplementation has yielded so little
success in preventing osteoporosis is closely related to the poor calcium absorption efficiency,
seldom exceeding 40%, in the human intestine. One of the major physiological roles played by
vitamin D is the facilitation of calcium absorption through direct interaction with the DNA of
intestinal epithelial cells resulting in the synthesis of calbindin, the protein that transports calcium
across the gut wall. Despite the ready availability of vitamin D supplements in the U.S., there is
still strong evidence that vitamin D deficiency is common among older Americans, (42).

With age, the long bones of the appendages increase in cross-sectional area. Since bone mineral
is being lost while this increase is occurring, bone density declines if for no other reason than that
the same amount of (or less) bone mineral is distributed over a greater area. This happens in both
sexes, but more pronouncedly in women (4). In addition, since women start the process with less
bone mineral, expanding the area over which it is distributed will affect bone density sooner than it
will in men. The process is one in which bone is resorbed from the inner surface of the long bone
(endosteal resorption), while at the same time, new bone is being added to its outer surface (periosteal
apposition). The net result is an expansion of the medullary cavity and a thinning of the cortex. This
thinning of the cortex is the clinically significant component of the remodeling process.

In its early stages, expansion of the cross-sectional area may actually increase the bone’s ability
to resist bending stress. This is because the mass of mineral present possesses greater resistance
to bending stress if it lies farther from a line passing through the center of the diaphysis (shaft).
This improves strength for the same reason that a metal tube has greater resistance to torsional
forces than a rod of the same mass (43—46). But this holds true only up to a point, beyond which
the metal tube or the long bone’s diaphysis is susceptible to buckling. In the case of bone, such
buckling results in fracture.
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The familiar Colle’s fracture of the distal radius is one example of such a fracture. It is often
the result of an attempt to break the force of a fall with the hands, with the result that the wrist is
twisted or bent while weight is being placed on it. Colle’s fractures are very common in postmeno-
pausal women.

Bone remodeling, as important as it is in the thinning of the cortex of long bones, is not the
major cause of senile osteoporosis. Outright loss of bone mineral is far more important. The reason
for loss of bone mineral is the change in bone mineral turnover that occurs later in life. Bone is a
dynamic tissue that is continually exchanging calcium and phosphorus. Even in the densest area
of cortical bone, the system of lacunae and canaliculae that permit communication between osteo-
cytes and the vascular system serve to exchange the constituents of bone mineral on an ongoing
basis. There is considerable variation in the rate of exchange occurring in different parts of the
skeleton, with the most rapid turnover in the trabecular bone, which may be totally exchanged in
some bones every 3 to 4 years. The slowest turnover in cortical bone may be as much as 10 years.
Many factors, including the stresses the bone experiences, influence the turnover rate. Lack of
weight-bearing stress, for instance, can lead to bone mineral loss due to lack of stimulation of
osteoblast activity while osteoclasts continue to resorb bone.

For reasons not yet understood, turnover that would maintain constant bone density in early
adulthood is altered with age so that osteoblastic bone formation fails to keep pace with osteoclastic
bone resorption. Endocrine factors are clearly implicated in this disruption of the orderly replace-
ment of bone mineral, but there appears to be more involved than a simple reduction in the
production of estrogens or testosterone. Although higher levels of calcium intake and physical
activity have both been shown to be positively correlated with bone mass and turnover in women
(47), it is not clear that the relationship is any different in men than in women. Reduced activity
levels late in life probably play a role in the onset of senile osteoporosis, but the pattern of change
in bone density does not appear to parallel directly changes in activity level, especially in the very
active segment of the aging population. Moreover, the fact that women lose bone earlier and more
rapidly than men is not consistent with changes in activity patterns characteristic of males as
opposed to females in later life if bone loss is to be explained on the basis of reduced activity levels.

Overall loss of fat-free body mass, which is an important factor in human aging (48), is
associated with loss of bone mineral, and it is likely that both are influenced by such factors as
changed endocrine status, nutritional patterns, concurrent illnesses, and activity levels. It is highly
unlikely that any single factor will be identified that will explain fully the majority of cases of bone
mineral loss, since so many aspects of physiological homeostasis have the potential to alter bone
mineral turnover. However, the maintenance of calcium homeostasis, the oldest and most critical
function of bone, will always receive the highest priority in the turnover of bone mineral. Endog-
enous or exogenous factors that cause serious disruption of normal blood calcium concentration
will evoke a prompt and vigorous response.

Nulliparity has been suggested as a risk factor for osteoporosis (49). However, Kroger et al.’s
study found only a weak statistically significant correlation between parity and femoral BMD.
Multiple parity may also trigger an adaptive response in the mother for increased calcium absorption
at critical times such as pregnancy and lactation. Contrary to conventional wisdom, multiple parity
may serve as a bone protection mechanism rather than one causing calcium loss. Results from the
longitudinal bone density study in Arizona suggest this possibility (50,51). Elderly women who
had two or more children and who breastfed show higher bone mass at the distal radius site than
those in their age-cohort who had two or fewer births.

Resorption of trabecular bone is thought to be the result of decreased estrogen release during
lactation (52,53), increased parathyroid hormone secretion, and increased synthesis and conversion
of calcitriol (53,54). The net result of all these changes is an increase in calcium resorption through
stimulation of osteoclasts (55), which also involves suppression of osteoblast paracrine function
that lowers interleukin-1 levels. These adjustments maintain serum calcium levels at or near normal
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throughout lactation (56). After weaning, when estrogen levels return to normal, recovery of bone
mineral is quite rapid (52,53).

This rapid recovery is remarkable under any circumstances, but becomes truly impressive when
calcium intake is low. The efficiency of absorption necessary to support rapid replacement of lost
bone density at a calcium intake of 300 mg per day must substantially exceed 50%, a level not
reported in any physiological state. Much remains to be learned about the mechanisms that make
this possible. From an evolutionary perspective, the selective advantage gained through rapid
repletion of bone mineral following lactation seems quite clear. If another pregnancy occurs, and
calcium intake is chronically low, the need to restore lost bone would conflict with the demands
of another fetus. Both mother and fetus would be at risk, and reproductive success would be
compromised.

The capacity to withdraw calcium from bone when estrogen levels decline during lactation,
and the capacity to restore lost bone rapidly when estrogen levels return to normal after weaning,
allow frequent pregnancy and lactation even when calcium intake is low. The mechanism that
permits the system to work is adjustment of calcium absorption efficiency and/or reduction of the
amount of calcium secreted into the gut. The low efficiency of absorption that normally prevails
when calcium intake is high avoids kidney damage associated with excessive urinary calcium
excretion. It would be useful to determine to what extent the absorption efficiency curve is influenced
by early experience.

If chronically low calcium intakes prevail throughout growth, development, and adulthood,
does developmental acclimatization result in higher efficiency throughout life? There is evidence
to suggest that this is indeed the case (57). Comparison of bone densities of women in Arizona,
whose daily calcium intake averages nearly 800 mg per day with those of women from five districts
in China show that Chinese bone density values do not differ appreciably from those reported in
Arizona. In the Chinese populations, average daily calcium intakes range from a high of 724 mg
per day at Xianghuangqi to 369 mg at Tuoli, 359 mg at Jiexiu, 328 mg at Cangxi, and 230 mg at
Tangle. Clearly, adjustments in absorption efficiency are implicated in the capacity of Chinese
women to maintain normal bone density with such low calcium intakes. The fact that the Chinese
women had nearly twice as many children on the average would also indicate that they had been
able to resorb and restore bone mineral effectively when the stringent demands of pregnancy and
lactation required it.

When bone densities and reproductive histories and fracture histories of the Arizona women
were examined, evidence was found suggesting that pregnancy and lactation occurring early in life
are associated with greater bone density and fewer fractures later in life (50,51). This observation
raises the possibility that the experience of pregnancy and lactation, during which calcium absorp-
tion efficiency is substantially improved, may have a carry-over effect that extends up to menopause
and possibly beyond.

Despite the ability of Chinese women to maintain bone density while ingesting low-calcium
diets, and the possible benefits in absorption efficiency they may derive from repeated pregnancy
and lactation, osteoporosis is emerging as a major health problem in Hong Kong (11) and in Taiwan
(16), as life expectancies increase. Just as in the U.S. and other Western countries, the system that
functions so effectively in youth seems prone to failure later in life. The apparent universality of
this aspect of human senescence raises the possibility that it is part of our evolutionary heritage.
If this indeed turns out to be the case, osteoporosis may eventually be added to the list of antagonistic
pleiotropies that are suspected to underlie many facets of human senescence. In the case of
osteoporosis, the early advantages of a low calcium absorption efficiency that protects kidney
function and mechanisms to adjust absorption efficiency at critical junctures in reproductive life
have sufficient impact on reproductive success to have high selective value. Many genes may be
involved in the maintenance of this functional adaptation. Allelic variation in vitamin D receptors
associated with different levels of calcium absorption have already been reported (38, 60—65).
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I. INTRODUCTION

Life expectancy at birth is an important health index indicating health condition in a community.
At present, the Japanese life expectancy is the longest in the world. According to a recent document
(1998), life expectancy in Japan is 77.01 years for males and 83.59 years for females with a
difference of 6.58 years between the sexes.! Almost without exception, life expectancy for females
is longer than that for males.

In Japan, there are more than 10,000 persons aged 100 or older, and the females account for
about 80%. The reasons are considered to be as follows: (1) a female has two X-chromosomes,
which make them biologically dominant, (2) females have more opportunities to receive health
examinations at young ages because of pregnancy and delivery, (3) females have a lifestyle with
relatively less involvement in drinking, smoking, driving, and risky sports, (4) females use medical
facilities at a higher frequency, (5) physical load due to labor and mental load in females are
relatively less. The difference of life expectancy between males and females in developed countries
is higher than that in developing countries. One of the main reasons is considered to be because
the main causes of death are infectious diseases in developing countries and chronic noninfectious
diseases in developed countries, including cancers, ischemic heart disease, cerebrovascular disease,
diabetes, cirrhosis of the liver, and so on. Generally, these death rates are higher in males.>* Many
epidemiologic studies have clarified that dietary habits are deeply associated with these diseases.’

Il. GENDER DIFFERENCE OF DIETARY HABITS IN THE AGED

Thus, we investigated dietary habits in subjects who were selected randomly from an area repre-
sentative of disease patterns in our country and a high proportion of the aged. Gender differences
were also investigated.® Besides items related to dietary habits, other items such as smoking and
exercise were also investigated. Among the investigation items, there were the seven health habits
by Breslow’ and the 12-point precautions for cancer prevention proposed by National Cancer Center
(Japan).® Table 9.1 shows the results of the items related to dietary habits in subjects aged 60 or
older. The frequency of the item “One or more fruits are eaten daily” was significantly higher in
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TABLE 9.1
The Gender Difference of Dietary Habits in the Aged
Age?
60-69 yrs 70 + yrs
Items Sex [% ()] [% (m]
1. The meal times are always constant. 84.3 (43) 89.5 (34)
80.3 (53) 59.6 (28)
2. Breakfast is sometimes omitted. 11.8 (6) 532
9.1 (6) 8.5(4)
3. Meals other than breakfast are sometimes omitted. 9.8 (5) 2.6 (1)
10.8 (7) 10.6 (5)
4. The meal is eaten slowly and enjoyably. 66.0 (34) 63.2 (24)
69.7 (46) 80.9 (38)
5. I eat moderately, not excessively. 78.4 (40) 86.8 (33)
86.2 (57) 80.8 (38)
6. I eat any foods, without likes or dislikes. 88.2 (45) 86.8 (33)
80.3 (53) 80.9 (38)
7. Main foods such as rice or bread are always taken at each 84.3 (43) 89.5 (34)
meal. 86.4 (57) 91.5 (43)
8. Animal protein foods such as meat, fish, or egg are taken 82.4 (42) 78.9 (30)

at each meal. 68.2 (45) 76.6 (36)
96.1 (49) 94.7 (36)
90.9 (60) 91.5 (43)
68.6 (35) 71.1 (27)
65.2 (43) 78.7 (37)
66.7 (34) 65.8 (25)
69.7 (46) 72.3 (34)
50.0 (26) 47.4 (18)
59.1 (39) 59.6 (28)
56.9 (29) 57.9 (22)
78.8 (52) 85.1 (40)
90.2 (46) 86.8 (33)
97.0 (64) 95.7 (45)
70.0 (36)  71.1(27)
77.3 (51) 70.2 (33)
88.2 (45) 94.7 (36)
81.8 (54) 89.4 (42)
52.0 (27) 50.5 (23)
59.1 (39) 57.4 (27)
58.8 (30) 63.2 (24)
65.2 (43) 74.5 (35)
76.0 (39) 68.4 (26)
72.7 (43) 59.6 (28)
78.4 (40) 73.7 (28)
75.8 (50) 72.3 (34)
62.8 (32) 68.4 (26)
72.7 (48) 72.3 (34)
72.6 (37) 81.6 (31)
84.9 (56) 80.9 (38)

9. One or two vegetable foods are taken at each meal.

10.  Green and yellow vegetables are taken daily.

11. Oily foods such as the fat part of meat are avoided.

12.  One bottle of milk or yogurt is taken daily.

13. One or more fruits are taken daily.

14.  Seaweed such as laver, tangle, or wakame seaweed are taken
twice or three times a week.

15.  Plant protein foods such as soybeans and tofu are taken
daily.

16.  Vegetable oil is used mainly as a seasoning.

17.  The amount of oil, sugar, or salt used as seasonings is one
or two spoons daily.

18.  Seasoning is light.

19. I remember to eat foods containing calcium.

20. I remember to eat foods containing rich fibers.

21.  Ido not eat scorched food, if possible.

22.  1do not eat musty foods.
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TABLE 9.1 (CONTINUED)
The Gender Difference of Dietary Habits in the Aged

Age?

60-69 yrs 70 + yrs
Items Sex [% (n)] [% (m]

23.  Hot foods are eaten after being cooled. M 68.0 (35) 71.1 (27)
F 63.6 (42) 72.3 (34)
24.  Ido not eat sweet foods daily. M 31.4 (16) 36.8 (14)
F 45.4 (30) 63.8 (30)
25. I drink alcohol moderately daily. M 39.2 (20) 39.5 (15)
F 4.6 (3) 2.1 (1)
26. I drink a large amount of alcohol daily. M 19.6 (10) 79 (3)
F 1.5 (1) 0.0 (0)

2 M = male, F = female.

females. Fruits can prevent gastric cancer? and contain a high level of flavonoids that contributing
to lowering the death rate from ischemic heart disease.!® Seaweed is related to intake of dietary
fibers and can contribute to the prevention of both colon and rectal cancer.!' Since our country is
an island, we eat seaweed such as lavers, tangles, and wakame seaweed frequently. There was no
gender difference in eating seaweed. Generally, Japanese take a large amount of salt, 13 g or more
per day on average, which is pointed out to be associated with a high incidence of cerebrovascular
disease in Japanese.'? There were no gender differences in the intake of salt. As for the items
proposed by National Cancer Center (Japan), “I do not eat scorched food if possible” and “I do
not eat musty foods,” their gender difference has not been reported. We also obtained similar results
in this study. As for the item, “Oily foods such as the fat part of meat are avoided,” such avoidance
is effective to prevent ischemic heart disease and cerebrovascular disease'® and its gender difference
was not seen. As expected, the frequency for the item “I drink alcohol moderately daily” was higher
in males than in females. Marmot et al. stated that the death rate of males drinking at an intermediate
level is low.'* Doll et al. also reported that alcohol intake reduces ischemic heart disease.'> Appar-
ently, an unhealthy habit in males is excessive drinking in addition to smoking. The frequency for
the item “I drink a large amount of alcohol daily” was significantly higher in males than females.
Excessive drinking is a factor to induce liver cancer, and the incidence of liver cancer that appears
to be induced by drinking is high.!® Excessive drinking is a factor in hypertension and it is reported
that cerebrovascular disease in Japanese males is caused mainly by a large amount of drinking.!7!8
Belloc et al. stated that chronic diseases are associated with heavy drinking.!* The habit of drinking
large amounts in males is said to influence their health adversely. Berkman and Breslow compared
two groups, namely a group that maintained the seven health habits including control of smoking
and drinking, management of sleeping time, exercise amount, and body weight, and intake of
breakfast and snacks, and another group that did not maintain such habits.” They proved that there
was a large difference in the death rate. When this was seen in life expectancy, it became clear that
the males aged 45 who had only three or less favorable lifestyle habits had 11 years shorter life
expectancy than the males of the same age having six or more good health habits. The group having
unhealthy lifestyle is apparently inferior in terms of health degree and their death rate is influenced
very adversely. In this study, we investigated the gender difference in the items related to dietary
habits of the items based on the seven health habits by Breslow. As for control of body weight,
obesity is an etiology for many diseases,'” and it is thus important to maintain an appropriate body
weight for preventing chronic noninfectious diseases related to lifestyles. A cause of obesity is
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excessive eating.”’ There were no gender differences in terms of the items, “I eat moderately, not
excessively” and “I do not eat sweet foods daily.”

In the 12-point precautions for cancer prevention, there are many items related to dietary habits.
As for the gender difference of the incidence of cancer, the incidence in males is higher than that
in females. The clear gender difference of the incidence was assumed to be due to the difference
of lifestyles. The females had better lifestyles than males. Differences are mainly related to smoking
and drinking and the adverse effect of smoking is pointed out in many studies.?-??

In females, since bone density reduces and fractures occur easily after menopause, to prevent
the loss of bone density, it is necessary to take sufficient calcium.?? Although females were expected
to have higher concern about intake of calcium than males, no difference was found.

The results from this investigation were similar to those from the nationwide nutrition survey
in Japan.?* There was no clear gender difference in terms of dietary habits, except for drinking.
The reason is assumed to be because both elderly males and females are likely to eat at home, and
the contents of foods are similar and the concern about their health is high in both males and
females. On the other hand, as for drinking, because there is an apparent gender difference, starting
at young ages, and because drinking tends to be habitual, its difference is considered not to be
lessened at older age.

Popkins et al. investigated the changes of food intake over 10 years, using records of meals
for 3 days in the aged of 65 or older by Nationwide Food Consumption Survey (NFCS) carried
out in 1977 and 1988 in the U.S.? According to the survey, the consumption of beef, pork, chicken,
fish with low fat, milk, milk products with low fat, and whole grain breads has increased, while
the consumption of beef, pork, whole milk, milk products with high fat, refined breads, and eggs
have decreased.

However, consumption of desserts containing high fat that supplies energy, butter and margarine
as fat sources, and dietary fiber foods such as fruits, vegetables, and grains has changed only slightly
over 10 years. It is found that the shift in foods is moderate. No great gender difference was found
in the tendency of food intake. However, in 1977, many females had already reduced the intake of
whole milk and increased the intake of milk with low fat and no milk. The males tended to follow
the same pattern. As for food intake, females tend to precede males in terms of change.

I1l. GENDER DIFFERENCE OF DIETARY HABITS IN THE
AGED OF 100 OR OLDER

Professor Shoji Kondo of Public Health at Tohoku University conducted field surveys at more than
1000 villages in Japan and investigated the conditions of long life.?® The results are as follows:

1. Villagers with unbalanced diets and a large number of meals suffer from premature
senility and have a short life.

2. Fish or soybeans are always eaten in villages where residents have an average lifespan.

3. Vegetables are always eaten in large amounts in villages with average lifespan. Specif-
ically, there are many villagers with long lifespans who eat carrots and pumpkins
frequently.

4. The life expectancy is short in villages having residents who do not eat vegetables
sufficiently.

5. There are only a few cerebrovascular disease cases and many residents with long lifespans
in villages where seaweed is always eaten.

This report was not conducted using an epidemiologic method and is based on subjective impres-
sions by the professor himself. Although it is not scientific, strictly speaking, the report is richly
indicative. Subsequently, in a survey for about 1000 elderly persons in Japan, it was clarified that



Gender Differences in Nutritional Lifestyles in the Aged 141

these persons take protein foods at a higher frequency than average and that their preferences for
some types of protein foods differ (Table 9.2).2 In the survey for the aged of 100 or older, as for
meats, the answer “dislike” was shown in 13.3% of males and 24.6% of females, and the rate of
“like” was the lowest among the foods. That is, the intake of meats is considered less than those
of the other foods. The integrated results are identical to those from the survey in the persons with
a long life. As for the results to what extent vegetables or seaweed are liked or disliked, the rate
of “dislike” in females was very low, 2.8% and 2.4%, respectively, and that in males was slightly
higher, 4.4% for vegetables, and 2.2% for seaweed. The rate of “dislike” for seaweed is less among
the foods. As such, the aged of 100 or older are fond of vegetables and seaweed. The fact is
interesting because it is compatible for the condition of the intake of dietary fibers as well as supply
of vitamins and minerals.

TABLE 9.2
The Gender Difference of Food Preference in the Aged of
100 or Older

Likes Fair Dislikes Unknown
Kinds of Foods Sex [% (m)] [% (m)] [% ()] [% (m)]
Meats M 49.2 (82) 37.6 (68) 13.3 (24)
F 33.7 (279) 40.9 (339) 24.6 (204) 0.7 (6)
Fish M 62.4 (113) 32.6 (59) 5.0 (9)
F 53.0 (439) 373 (309) 8.3 (73) 0.8 (7)
Eggs M 58.6 (106) 38.1 (69) 3.3 (6)
F 52.8 (437) 41.3 (342) 5.2 (43) 0.7 (6)
Soybean products M 60.2 (109) 38.1 (69) 1.1 (2) 0.6 (1)
F 53.7 (445) 37.7 (312) 7.9 (65) 0.7 (6)
Vegetables M 63.5 (115) 32.0 (58) 4.4 (8)
F 67.0 (555) 29.5(244) 2.8 (23) 0.7 (6)
Seaweed M 55.2 (100) 42.5 (77) 224
F 52.5 (435) 44.1 (365) 2.4 (20) 1.0 (8)

Male (M)181, Female (F)828

In our survey of the aged of 100 or older, the gender difference is not great, and we find that
they maintain a balanced diet with multiple kinds of foods.?® Other findings are as follows: (1) salt
is taken moderately, (2) they are not overweight, (3) they move their bodies frequently and do not
eat meats frequently and do not smoke. They have hobbies that stimulate curiosity, and they are
optimistic.

IV. DIETARY HABITS IN SINGLE MALE ELDERLY PERSONS

In the aged, generally, females live longer than males and there is a high likelihood that the male
will live together with his spouse. Even if a female becomes single, she will have fewer problems
in dietary life than the male.” However, problems may occur when the male becomes single.
Charlton investigated three points, the intake of nutrients from meals and dietary life, standard for
selecting foods, and necessity of nutrition education activities.’® The subjects were 66 males aged
70 to 93 (mean age, 78.9), among whom 33 males were the members of a lunch club and the
remaining 33 males were elderly persons living in nursing homes.

The results showed that the intakes of nutrients other than dietary fibers were almost appropriate
and the intake of energy was lower than the expected daily mean necessary amount in 47% of the
subjects. The intake did not reach even two thirds in 9% of the subjects. As for the standard for
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selecting foods, 39.4% of the subjects, the largest portion, answered “tastiness,” followed in order
by wide availability, being healthy, easy cooking, and cost. Nutrition information was obtained
mainly from mass media, physician, dietitian, and nurse in 77.3% of the subjects, and parents and
friends in 56.1% of the subjects (multiple answers in any cases). However, only half of the subjects
received benefit from nutritional education. From these results, it was concluded that, generally,
aged males living alone were in insufficient nutritional condition, but that they knew the role of
meals in their health. Therefore, although further nutritional education is necessary, it is a difficult
subject because this age group does not accept it easily.
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Immune aging has been extensively studied in past years. It is well known that aging has stronger
influences on cell-mediated immunity than on humoral immunity (1,2) and fewer effects on non-
specific (i.e., macrophage functions) immunity (3). The immune system is a body-wide system
under permanent renewal and producing millions of immune cells daily. Immune cell renewal is
further increased in infectious disease, from which recovery depends on the respective rate of cell
divisions between the invading microorganism and the immune (lymphocytes) cells. Therefore, the
immune system is a major user of nutrients, in particular macronutrients and also micronutrients
involved in DNA, RNA, and protein synthesis; the nutrient need is highly increased during illness.
It is well known that undernutrition has a strong influence on the immune system at all ages, but
mainly in growing and aged human beings (1,3-4). Undernutrition is a common symptom in diseased
elderly: the prevalence of protein-energy malnutrition (PEM), which is linked to immunodeficiency
(1), varies between from 30 to 60% in the hospitalized elderly and from 1 to 5% in the home-
living elderly (5-7). In addition, micronutrient deficiencies are also quite common in home-living,
self-sufficient elderly: 5 to 10% for folic acid, 15 to 40% for zinc, 6 to 16% for vitamin By, all
micronutrients for which deficiency is associated with lower immune responses (8—10). This review
mainly focuses on the influence of undernutrition in home-living elderly at a stable stage and after
disease occurrence, focusing mainly on such influence on cell-mediated immunity (CMI), for which
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age-related changes are far more important. In addition, the influence of undernutrition in diseased
patients will be briefly described.

I. IMMUNE AGING

Age is associated with changes in T (11,12) and B-cell (13) subsets, and those changes are the
main explanation of changes in CMI functions.

A. CHANGES IN T LYMPHOCYTE SUBSETS

There is an age-related decrease in new T lymphocyte generation, which depends on the thymus
involution that starts after puberty and is almost complete by age 60. Therefore, lymphocyte numbers
decrease in peripheral blood with age (12,14). Nevertheless, this change is nonsignificant in very
healthy young olds (65-80 years), selected by specific criteria for healthiness (Table 10.1) (15,16)
and similar very healthy nonagenarians (Table 10.2 and 10.3) while it is significant in young
unhealthy elderly (12, 14; Table 10.1). This shows the influence of the clinical (and nutritional)
status on immune responses of the elderly. The age-related thymic function decrease leads, in
peripheral blood, to decreased numbers of mature T cells (CD3+ lymphocytes), which are replaced
by less mature T lymphocytes (CD2+CD3-) and/or (NK) (CD57+) cells with lower proliferative
capacity (11,12,14,17; Table 10.2). When the decrease of CD3+ lymphocyte is important, there is
also an increase in CD2+CD4—CD8- T cells (12) which reflects that the produced T cells are very
immature. It as been postulated (12) that such very immature T cells are produced not in the thymus
but in another primary immune organ, perhaps in the liver as shown in aged mice (18).

TABLE 10.1
Absolute Counts of T Cell Subsets in Peripheral Blood of Very Healthy and in Frail Healthy
Elderly Subjects

Young Adults Young Elderly Old Elderly Frail Young Elderly
(25-34 Years of Age) (65-85 Years of Age) (>90 Years of Age) (70-85 Years of Age)
(n =50) (n = 30) (n=16) (n = 46)

Mean SD Mean SD Mean SD Mean SD

Age (years) 28.8 34 79.4 54 94.5 3.4 78.8 6.4
Albumin (g/1) 433 29 42.1 4.0 41.4 35 37.3 3.8
Lymphocytes (/mm?) 2230 460 1970 580 1830%* 650  1720%* 450
CD2+ (/mm?) 2005 320 1800%* 410 1600%* 470 1505%**% 420
CD3+ (/mm?) 1880 270 1580%** 330 1340%*% 370 1230%**% 290
CD2+CD3- (/mm?) 130 120 215% 230 250% 230 280%* 240

CD2+CD4-CD8- (/mm?)

CD57+ (/mm?) 200 130 450%** 180 430%* 205 470%%% 210
CD4+ (/mm?) 1250 215 1130* 250 990%* 260 820%** % 270
CD8+ (/mm?) 670 145 440%%** 180 390%#** 210 380%*** 190
CD45 RA (/mm?) 1180 310 630%*** 210 420%**£L 200 450%** L 220
CD45 R) (/mm3) 840 205 1180%** 390 1160%** 470  1070* 490

Note:  Healthy young adults and elderly of different ages and health status were selected according to the SENIEUR
protocol (86) and added criteria (14,15). CD45 RA, memory T lymphocytes; CD45 RO, naive T lymphocytes. Mean values
were significantly different from those for the young adults; *p < 0.05, **p < 0.01, ***p < 0.001. Mean values were
significantly different from those for the young elderly: ip < 0.05, ip < 0.05.
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TABLE 10.2
Functions from Peripheral Phytohemaglutinin-Stimulated T Lymphocytes of Very Healthy
and Frail Elderly Subjects

Young Adults Young Elderly Old Elderly Frail Young Elderly
(25-34 Years of Age) (65-85 Years of Age) (>90 Years of Age) (70-85 Years of Age)
(n=42) (n=37) (n=16) (n=142)
Age in years 28.7+3.9 79.3 + 4.9%%* 93.9 + 3.3%%* 78.4 + 6.3%%*
Albumin (g/1) 434+209 422+£39 412£38 37.1 £ 33%%%
C-reactive protein (mg/1) <6 <6 <6 12.7 + 11.4%*%

Lymphocyte Proliferation
PHAp: 1 ng/10° cells

H thymidine (10 cells) 145 + 41 109 + 28 78 £ 31%* 53 + 35%k* gL
% CD25+ cells at 72 64.4 %69 58.6+7.3 43.6 + 8.7%*% 31.8 = 10.2%*% %%
hours

In Vitro Cytokine Release After 22-24-Hour Cultures
IL2 (ng/ml) 212033 1.69 £ 0.35 1.18 £ 0.46%%*] 1.13 £ 0.39%%*%
IL6 (ng/ml) 1.35+0.15 1.78 + 0.23% 1.98 + 0.33%%%* 1.48 + 0.41

Note:  Healthy young adults and elderly of different ages and health status were selected according to the SENIEUR
protocol (86) and added criteria (14,15). Mean values were significantly different from those for the young adults; *p <
0.05, **p < 0.01, ***p < 0.001. Mean values were significantly different from those for the young elderly: Zp < 0.05, &ip
< 0.05.

TABLE 10.3
Functions from Peripheral Lipopolysaccharide-Stimulated Monocytes of Very Healthy and
Frail Elderly Subjects

Young Adults Young Elderly Old Elderly Frail Young Elderly
(25-34Yearsof Age) (65-85 Years of Age) (>90 Years of Age) (70-85 Years of Age)
(n =39) (n =33) (n=16) (n =29)
Age in years 28.8 +3.9 T79.2 £ 4 7%%* 93.9 + 3.3%%* 81.3 + 6.7%**
Albumin (g/1) 434 £2.8 423 +£3.8 41.2 +3.8 37.3 + 3.6%*%
C-reactive protein (mg/l) <6 <6 <6 11.4 = 10.8**%

Interleukin 1 (ng/ml)
3Spontaneous Release N.D. 02+12 02+12 0.9 + 1.7%%
LPS stimulated cultures 28+20 26+23 25+24 1.8 £ 1.3%%%
(3 ng/10° cells)

Interleukin 6 (ng/ml)
3Spontaneous Release N.D. N.D. N.D. 0.17 £ 0.13%*%*%
LPS stimulated cultures 1.24 £ 0.32 1.48 £ 0.25 1.58 = 0.37* 1.12 £ 0.28%
(3 png/10° cells)

Note:  Healthy young adults and elderly of different ages and health status were selected according to the SENIEUR
protocol (86) and added criteria (14,15). Mean values were significantly different from those for the young adults; *p <
0.05, **p < 0.01, ***p < 0.001. Mean values were significantly different from those for the young elderly: £p < 0.05,
fip < 0.05.




148 Handbook of Nutrition in the Aged, Third Edition

Age is also associated with changes in the naive/memory T cell ratio (CD45RA/CD45R0),
which reflects the antigenic exposure throughout life and the aging phenomenon on T cell maturation
(19). In fact, the most important changes occur early in life, until age 30, during development of
immune response to unknown antigens, changes that continue later on during the entire life but at
lower speed (20). The occurrence of age-related naive/memory T cell disequilibrium is of great
importance for immune reactivity, since memory T cells are poor secretors of IL-2 and poor
proliferative T cells (21,22).

Is was also described that age leads to TH1/TH2 disequilibrium (14,23,24). In fact, aging is
associated with decreased TH1 activities: decreased IL-2 (1,25,26) and IFN-y (27) production, even
if controversial results have been published for the latest (28). In addition, aging is associated with
increased production of IL-4 (29), which reflects the increase in TH2 activity. TH1/TH2 dysequi-
librium may be responsible for the often age-related decreased in CD8+ cytotoxic T cell subset
(12,14,17) even if contradictory results have been published (16). The decrease in CD8+ cytotoxic
T cell subset may be restored by exogenous IL-12, a THI1 cytokine (30). In contrast, the CD4+
subset seems to be more preserved in healthy elderly (12,14,17).

These changes in T cell subsets remain minor (<20%) in carefully selected healthy elderly
(14,16,19; Table 10.2). In contrast, they are major in less carefully selected elderly. This shows the
influence of the clinical and/or nutritional status on such modifications (12,14-16; Table 10.1).

B. CHANGES IN T LympHOCYTE FUNCTIONS

Aging is associated with impairment of T cell functions, the most important being the decline in
T cell proliferation (1,25,26,31). This is dependent to a great extent on the age-related changes in
T cell subsets (11,12). Indeed, CD2+CD3- immature and CD45R0 memory T cells have lower
capacity to replicate (11,22). In addition, memory T cells are poor IL-2 producers (21,22), both
factors that may explain poor proliferative responses. In addition, decreased lymphocyte reactivity
was also associated with increased membrane viscosity in lymphocytes from healthy elderly (32),
showing that decreased lymphocyte reactivity is also due to other factors such as the membrane
lipid composition, which partly reflects the lipid diet composition.

The age-related decrease in lymphocyte proliferation is probably less important than generally
reported when the healthiness of the studied elderly is carefully analyzed. We have recently shown
(15,18; Table 10.2) that such decrease is nonsignificant in the young olds at age 70 to 85 (18; Table
10.2) when the elderly are carefully selected for being fully healthy (15,16), using specific health-
iness criteria (12,15), and is significant only in the old olds (>80 years). Furthermore, it was also
reported that “healthy” nonagenarians have responses comparable to young adults (33), and this
was related to natural selection of higher responders in this age population. Therefore, the decrease
of lymphocyte reactivity with age is dependent on both extrinsic features, i.e. antigenic pressure
throughout life and nutritional status, and intrinsic factors such as the genetic background.

Similar findings have been observed for the age-related decline in IL-2 (15,16), a TH1 function.
Kubo and Cinader reported in 1990 that the age-related decline in IL-2 is not observed in all mice
strains (34), and this was confirmed a few years later (35). The in vivo IL-2 secretion capacities
have been reported to be comparable in healthy young adults and young olds (60-70 years) (36).
We have reported similar findings for the in vitro 11-2 production from mononuclear cell cultures
in young elderly (75-84 years) in carefully selected individuals (15,16). We observed a decrease
in in vitro IL-2 productions only in the old olds (15).

If this is true, the decline in TH1 function is no longer obvious in the young elderly. Indeed,
TH1 functions are quantified using IL-2, IFN-y, or IL-12 productions. Contradictory results have
been reported for IFN-y, which was reported to decrease or to remain level in the elderly (27,28).
In addition, IL-12 does not change with age (37). Therefore, it appears that TH1 function does not
decline with age in young olds as long as they remain very healthy and declines only in the old olds.



Undernutrition: A Factor of Accelerated Immune Aging in Healthy and Diseased Aged 149

C. MACROPHAGE FUNCTIONS

Macrophage functions are preserved during aging. Antigen processing does not change with age
in mice (38,39). IL-1 is sustained in old mice (40) and in old olds (15,16; Table 10.3). IL-6 is even
increased in the young olds (15, Table 10.3). Therefore, no major changes occur in macrophages
during aging as long as the subject remains in very good health. In addition, peritoneal macrophages
increased in mice in the last third of the life span (41), perhaps in relation to increased secretion
with age of cytokines that act on monocyte-macrophage maturation (28,42) such as macrophage
colony stimulating factor M-CSF (43).

On overall aging per se, there is little influence on CMI aging in young olds, as long as the
subject remains in very good health. The age-related changes consist mainly in the occurrence of
T cell subset disequilibrium, which leads to borderline changes in T cell functions in the young
olds but becomes significant in the old olds.

D. IMMUNE REsPONSES IN FrAIL ELDERLY

Frail elderly is the fastest growing elderly population. While aging, the very healthy elderly
(Table 10.1) progressively lose some activities, and this leads to progressive decline either in
physical or intellectual activities as well as to lower social connections. In some of them, frailty
is only translated into decrease in food intake, which may be quantified by a slow decrease in
nutritional status as observed in the Euronut/Seneca study (44). We have investigated immune
responses in such “healthy frail elderly” selected with the same criteria of healthiness (15,16) but
who have lower nutritional status (30 g/l < serum albumin < 39 g/lI; 15,16). In such elderly all the
age-related changes in T cell subsets are major (15,16) and the T cell functions, i.e., lymphocyte
proliferation and IL-2 production, are always significantly decreased (Tables 10.2). In addition,
even in the very healthy elderly, changes in nutritional status induce higher changes in T cell subsets
and lower immune functions. We have shown that in comparing very healthy elderly with normal
or low folate levels (seric folates more or less than 5 g/l and hematic folates more or less than
400 pg/L) (12,14,17). Therefore, it appears obvious that undernutrition, even with no clinical
consequences, may be responsible for lower immune responses even in apparently healthy elderly.
Part of what has been described as immune aging may be related to undetected decreases in
nutritional status, and this may explain why, in contrast to others who never checked their studied
populations for nutritional status, we do not observe decreased immune functions in very healthy
elderly. It is also possible that the normal immune functions we observed in the very healthy elderly
we recruited may be due to selection bias. In fact, it was shown that age-related IL-2 decrease with
age is not observed in all mouse strains (34), and this was related to differences in the major
histocompatibility complex. In addition, it was shown that proliferative responses are not decreased
in nonagenarians when compared with young adults and have responses higher than those of 70-
to 80-year-old persons (33). In the studied nonagenarians, there was a higher proportion of high
responders and a different major histocompatibility complex profile (33). Therefore, it seems
obvious that the very healthy population selected on healthiness criteria may also be genetically
selected for being immune high responders. If this is the case, aging influences in high immune
responders could be detectable only at very old age, i.e., after 90 or 100 years. Those individuals
who are high immune responders remain healthy for a longer period and may be a special group
naturally selected for successful aging. Only long-term longitudinal study comparing the health
evolution of individuals with different levels of immune responses and different genetic backgrounds
will enable complete proof of such a hypothesis. Nevertheless, even in such a very healthy elderly
group, lower nutritional status induces lower CMI and pushes them to accelerated aging, in
increasing the age-related disequilibrium between macrophage and T cell functions.

In fact, with aging, the appearance of macrophage-T cell disequilibrium is of great importance.
Indeed, any time one faces a disease, the macrophages release cytokines to activate the body
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defenses. Those cytokines have many nutritional activities, including body reserve liberation (pro-
teolysis, osteolysis, etc.) and changes in metabolic functions (changes in protein synthesis within
the liver, decrease in insulin, etc.), all modifications that characterize the classical hypercatabolic
syndrome (45,46). At disease occurrence, the decreased T cell functions in the frail elderly push
the macrophages to higher cytokine releases in order to stimulate depressed lymphocytes at a
sufficient level of efficiency (47). It must be added that elevated serum IL-6 levels, a reflection of
inflammation, are often observed in the elderly, even in the apparently healthy frail elderly (48).
Therefore, any stress condition induces long-term cytokine releases in the elderly; this results in
longer liberation of body nutritional reserves and therefore in higher body reserve depletion. As
aging is characterized also by metabolic disequilibrium [calcium release from the bone, lower
protein synthesis (49) while protein catabolism is preserved (50)], the used body reserves will not
be fully reconstituted, and therefore, the aged person recovers from any stress with lower body
reserves and in a frailer state (51). Disease after disease, the elderly become more and more frail.
Nutritional deficiency or low intakes, in advancing the macrophage-T cell disequilibrium, may
push the very healthy elderly to frailty and/or the frail elderly to a more frail state, and therefore,
undernutrition is responsible for the occurrence of accelerated aging.

In addition, when undernutrition increases and reaches PEM state, all immune responses are
decreased (1,51), including macrophage cytokine synthesis (1,52). The occurrence of any stress,
in such PEM elderly, is associated with lower in vivo macrophage cytokine secretions (53),
therefore with lower nutritional reserve liberation and, in consequence, with lower and inefficient
lymphocyte activation. This leads to prolonged disease length, to further decreases in body
nutritional reserves, and to a more profound PEM (53). When recovering, under a more profound
PEM state, the elderly have far lower defense capacities. It was shown that prolonged secretion
of macrophage cytokines is associated with increased mortality in the elderly (54). In PEM
elderly, important nutritional support during disease permits a faster recovery (55), and this is
associated with a quicker improvement of immune capacities of macrophages to synthesize
cytokines (48). Such a finding points out the importance of nutritional supplements on immune
responses of PEM elderly patients on recovery speed.

In summary, undernutrition in majoring the macrophage-T cell disequilibrium leads to pro-
gressive losses of nutritional body reserves after any stress or disease. This pushes the very healthy
elderly to frailty, the frail elderly to a more frail state and then to PEM, the PEM elderly to a more
profound PEM state and then to death. Undernutrition, which usually starts when intake declines,
is an important factor of accelerated aging through the progressive occurrence of lower immune
functions.

Il.  INFLUENCES OF NUTRITIONAL SUPPLEMENTATION IN
THE SELF-SUFFICIENT ELDERLY

Many studies in the past 15 years have investigated the relation between nutrition and immunology
in the elderly in placebo double-blind well-controlled intervention studies. Most of them were done
in home-living, self-sufficient, apparently healthy elderly (56-60), but generally the health selection
criteria are quite poor. In particular, the micronutrient status was generally measured only for the
micronutrients included in the studied supplements. In addition, protein status, namely albumin
and acute phase proteins, was not quantified in spite of the important influences of protein-energy
malnutrition (PEM) and of acute phase responses on the immune responses, especially in aged
persons (47). Therefore, those studies really concerned micronutrient interventions in frail elderly
rather than in very healthy elderly and will be analyzed as so. Fewer intervention studies were done
in institutionalized aged persons (62—-66) and concerned diseased elderly in which immune
responses are even lower (53). We will focus on those double-blind well-controlled studies, since
they all show that such nutritional interventions may improve immune responses in the frail (and/or
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diseased) elderly. Therefore, they brought additional information on some mechanisms that are
responsible for decreased immune responses in the aged, and further insight into the mechanisms
that push the elderly into frailty.

A. SINGLE NUTRIENT SUPPLEMENTATIONS

Some studies gave a single micronutrient as a supplement, using either zinc (60,62), vitamin By
(57,59) or vitamin E (58), the latest being given at very high doses (5 to 20 times the RDAs). Some
others used few micronutrients as a supplement (61,63—-66), generally a combination of antioxidants:
vitamins (61,63—-66), trace elements (63—66), or combinations of both micronutrient types (63—66).
All of those studies have investigated the action of such supplements on the immune system of the
frail elderly in analyzing different mechanisms that may depress immune responses of the aged
persons.

Zinc and vitamin B, are important cofactors of several enzymes involved in cell division (67).
Both zinc and vitamin By deficits have been described to be associated with immunodeficiencies
(68,69). Both deficits are quite common in aged persons, being always present in at least 5 to 10%
of the home-living elderly, mostly in those with low meat consumption (8). Talbott et al. (57) reported
a supplementation study using physiologic (RDAs) doses of vitamin B, and showed improvement of
in vitro T cell proliferation in aged persons. Such effect was only significant in individuals with low
PLP serum levels, showing the importance of vitamin B status on immune responses of aged persons.
In fact low PLP level, the best marker of vitamin B, low intakes (70) has been observed in 6 to 26%
of the autonomous European elderly of the EURONUT/Seneca study (71) and in up to 40% in the
U.S. (72). In addition, in a depletion-repletion study, S. Meydani showed that depletion of vitamin
B, intakes induces cell-mediated immunodeficiency in elderly and that rapid recovery of this immu-
nodeficiency may be obtained by vitamin B supplementation using high doses (several times the
RDAG) of vitamin B (59). Therefore, it seems obvious that some of the immunodeficiencies observed
in home-living self-sufficient elderly may be due to vitamin B deficits. Zinc deficit has been long
known to lead to cell-mediated immunodeficiency in children, the same being true in aged persons
(60). Recently, several studies investigated the efficacy of zinc supplements on cell-mediated immunity
in the elderly. Zinc supplementation increases immune responses in self-sufficient home-living (60)
as well as in institutionalized (62) elderly. This effect was obtained using only zinc in the supplement.
In contrast, when zinc was associated with other micronutrients in the supplement, an opposite effect
was observed (73,63). Bogden showed that adding zinc at physiologic (15 mg/d) or therapeutic (100
mg/d) doses to a multimineral/vitamin supplement leads to lower effect on delayed type hypersensi-
tivity responses in home-living elderly (73). This depressive effect due to additive zinc was observed
as long as (1 year) the supplement was given. After stopping supplementation, the enhancing effect
on immune responses remains, at least for few a months, and the suppressive effect of zinc disappears,
so that the group who received 15 mg/d of zinc reached comparable immune responses that the group
without zinc 4 months after the supplement was stopped (73). In contrast, elderly who received 100
mg/d of zinc had still lower immune responses at that time, showing that the immunosuppressive
effect of zinc in aged individuals is dose dependent (73). In the Min.Vit. AOx study, we similarly
observed that the enhancing effect linked to antioxidant vitamin supplementation on IL-1 synthesis
is abolished in the group who also received trace elements, i.e., zinc and selenium, in the supplement
(63,64). Those findings may lead to cautious uses of zinc supplement in the elderly: zinc supplement
to restore immune responses may be useful in elderly with zinc deficit, but zinc must be used only
as a single supplement in the elderly, only for short periods, and only at physiologic doses. In contrast,
vitamin B, must be extensively used as a supplement in elderly with vitamin B, deficiencies.

Simin Meydani and her group have conducted several studies using a large range (50, 200, and
800 mg dl-a-tocopherol in soybean oil per day, 5 to 20 times the RDAs) of vitamin E supplements
in humans for 4 to 5 months (58,74). They confirmed in home-living, self-sufficient “healthy”
humans that vitamin E supplements induce in vivo (delayed type hypersensitivity) and in vitro
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(Iymphocyte proliferation or IL-2 production) increased cell-mediated immune responses, an effect
they previously reported in aged healthy rats (75). Furthermore, such effect was associated with
simultaneous decreases in lipoperoxydation products (serum MDA) and in monocyte prostaglandin
E, (PGE,) production (76,77), both effects being strongly correlated with the immune-enhancing
effect (77). Such studies strongly suggest that, even in the “healthy frail”” elderly, decreased immune
responses may be due to age-related “pathological” mechanisms, i.e., decreases in free radical
scavenging.

Indeed, it has been shown that aging per se is associated both with increased free radical production
(78) and increased monocyte PGE, production (79). Increased free radical production is associated
with changes in monocyte functions: i.e., decreased cytokine releases and increased PGE, produc-
tion (79), both phenomena that induce lower lymphocyte functions. In addition, lymphocytes from
elderly are particularly sensitive to the immunosuppressive effect of PGE, (80). As vitamin E
deficiency is uncommon in the aged population — less than 1% in the EURONUT/Seneca study
(44,51) — the probability that an immunodeficiency may be due to vitamin E deficit in the aged
population is quite low. Therefore, vitamin E supplementation raises immune responses of aged
population upon “normal” level. The fact that very high doses of vitamin E reduces both monocyte
PGE, secretion as well as level of lipoperoxidation products (and then induces higher immune
responses) shows that even in the “healthy frail elderly,” age-related mechanisms occur in relation
to insufficient intakes of antioxidants, even in the absence of vitamin E deficit. In consequence,
the need for free radical scavenging agents (antioxidants) is probably higher than previously thought
in the elderly. Some nutritional supplements, given at doses that permit a reduction in age-related
mechanisms (here a higher free-radical scavenging supplement, i.e., a higher antioxidant micron-
utrient level) may be a very useful tool to prevent aging and then to keep higher immune responses
in the aged population. In other words, the antioxidant needs of the elderly may be far higher than
presently recommended by RDAs. If it is so, food could not supply enough antioxidants for aging
prevention, and therefore, there is a need in the elderly population for antioxidant-enriched food
and/or antioxidant supplements.

B. FEw MICRONUTRIENT SUPPLEMENTATIONS

The antioxidant activity of micronutrient supplementation on immunity has been tested in several
double blind studies using combinations of antioxidant micronutrients (61,63—66). Penn showed
that an antioxidant vitamin supplement induces higher cell-mediated immunity in the self-sufficient
elderly (61). Our group conducted a four-leg supplementation study using either trace elements
(Se + Zn), vitamins (E + C + B-carotene), or the combination of both and a placebo as a supplement
given in institutionalized elderly for 2 years (63—66). Such a supplement is able to restore selenium
and vitamin micronutrient deficits within 6 months (63), but a longer period is needed for zinc
deficit (64). Simultaneously, serum MDA, a lipoperoxidation product, decreases and monocyte
functions (IL-1 release after in vitro LPS stimulation) are improved (63—65), showing the effect
of vitamin antioxidant supplementation on immune functions and confirming the result from
Meydani’s group using vitamin E as an antioxidant supplement (74). In contrast, in the trace-
element supplement group, no IL-1 enhancing effect was observed (63), but antibody responses (B
lymphocyte functions) after influenza vaccine was higher (81). Furthermore, the IL-1 enhancing
effect was also not observed in the vitamin-trace-element supplement group (63,81), showing
opposite effect of the two types of supplements. Such opposite effect of different supplementation
on different immune responses points out the problem of micronutrient equilibrium in the supple-
ments in regards to the mechanism is that supposed to be improved by the supplement. Indeed, in
this study, zinc and perhaps also selenium may have had detrimental effect on monocyte—macroph-
age functions, but may have improved antibody responses, while antioxidant vitamin supplements
improved antioxidant defenses and monocyte functions but had little effect on lymphocyte functions.
Later on, it was reported that the groups who received trace-element supplements had fewer
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respiratory tract infections over the 2-year study than the other groups (66,81). This points out
again that both micronutrient supplements, i.e., vitamins and trace-elements, act on different
mechanisms and have different, perhaps opposite, activities. This study provides an example of the
future studies that must be conducted in this field of nutrition and immunity in the elderly:
comparison of different types of supplements, at best different only for one micronutrient, on
different activities by investigation of different possible activity mechanisms.

C. MuLTI MICRONUTRIENT SUPPLEMENTATIONS

Other studies have investigated the efficacy of more complete multivitamin/multimineral sup-
plements (64—67), using “cocktail” commercial supplements in which most of the major vitamins
and trace-elements are present at 0.5 to 3 RDA levels. The rationale for those studies is to investigate
the potential benefit of long-term (1 year) use of commercial supplements in frail self-sufficient,
home-living elderly without focusing on a precise mechanism. It is intriguing that these studies
focus on immune activity, as if immune system declining were considered the major change that
pushes elderly to accelerate aging and as if micronutrient deficits were considered to be the major
cause of age-related immune declines. Bogden and colleagues conducted an initial study to try to
link micronutrient deficits to immunodeficiencies (82) and he was successful. Then he conducted
a supplementation study with a multivitamin/multimineral “cocktail supplement,” plus or minus
zinc, and showed improvement of delayed type hypersensitivity in close connection to improvement
in micronutrient status (73). In another study he confirms, a few years later, that increased immune
responses are related to increased micronutrient status (83). Chandra and his group observed similar
improvement using a different multivitamin/multimineral “cocktail” (56,84). Immune improvement
includes increased mature CD3+ lymphocyte numbers in peripheral blood, as well as increased in
vitro lymphoblastoid proliferation and IL-2 synthesis from mitogen stimulated mononuclear cell
cultures (56,84), all parameters that had been reported to decline with aging and to decline even
more in aged persons with nutritional deficits. In addition, Chandra found that such a cocktail
reduces the length of infectious episodes over the year of supplementation, showing a clinical
benefit of the improved immune responses. Nevertheless, no other study has reported such a clinical
benefit since then. Furthermore, it was claimed that cocktails containing only vitamins have no
activity on infectious episodes when given for shorter periods (85). Such a finding must be linked
to our experience in institutionalized elderly (MIN.VIT.AOX. Study, 63—66) in which clinical benefit
on infections was observed only in the trace-element supplemented group but not in the vitamin-
supplemented group (66,81).

lll. CONCLUSION

In the last days of the 20th century, it is obvious that aging induces changes on the immune system:
mainly on cell-mediated immunity rather than on humoral or on nonspecific immunity. The main
consistent age-related changes are noticed for T cell subset equilibriums, which are modified even
at the beginning of old age (60-80 years), while T cell functions remain quite stably modified until
very old age (> 90 years) in the healthy human population. Those age-related changes depend on
intrinsic body changes, i.e., growth hormone decreases after puberty, and on extrinsic factors of
which antigenic pressure throughout the life span and nutritional status are the most important. In
the young olds (60—80 years) mild decreases in nutritional status, such as vitamin B, zinc, or folate
serum low levels are associated with decreased cell-mediated immunity (CMI) responses, so that
CMI responses are lower than those of the healthy old olds. CMI decreases are even greater in
“healthy” frail elderly with more important decreases in nutritional status: low albumin levels. The
fact that higher CMI responses are observed in old old (>90 years) healthy elderly than in young
olds with low micronutrient status prompt some researchers to think that nutrition may be an
important perhaps the major, factor responsible for decreased CMI responses in the “healthy”
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elderly. Very few studies have investigated this hypothesis in the past, and this needs strong
investigation in the few next years. The fact that the influence of micronutrients on immune
responses of healthy elderly is nowadays taken account of in RD definitions in different countries,
such as the U.S. or France, will be responsible for developing research in this field in the near future.

In addition, it is important to notice that, in the “healthy” elderly, albumin levels are strongly
linked on one hand to decreases in CMI responses (17,87) and on the other hand to life expectancy
(88). The influence of undernutrition on the immune system may be one, and perhaps the major,
explanation of the influence of undernutrition on life expectancy at old age. Furthermore, there is
now true evidence that micronutrient needs are higher than previously thought: indeed, the studies
from Meydani’s group bring clear data showing that, in spite of no vitamin E deficit, the intake of
higher doses of vitamin E induces increases in immune responses and decreases in other age-related
factors such as MDA and/or PGE, production. The prevention of aging though higher doses of
antioxidant (89) and of anti-homocysteine vitamins (90) may be one of the major fields of research
in the 21st century. The immune system always takes a central place in the involved mechanisms.

Finally, in compounding the age-related mild immunodeficit and therefore in pushing the elderly
into true immunodeficiency, undernutrition pushes the elderly to stress long-lasting acute phase
responses and therefore to higher consumption of body nutritional reserves, mainly to higher muscle
breakdown. As aged individuals are unable to fully rebuild destroyed body reserves; undernutrition
pushes the elderly to a more undernourished state after any stress, and this phenomenon becomes
more and more important stress after stress. In consequence, undernutrition, through its action on
CMI responses, is a factor that pushes the elderly in a vicious circle from healthiness to frailty,
from frailty to a more frail state and, later on, further. Even mild undernutrition from such as
micronutrient deficit, is then a factor in accelerated aging, the intensity of this acceleration being
related to the intensity of the undernutrition.

In summary, undernutrition, even at a mild stage such as micronutrient deficit and/or insufficient
micronutrient intake (and this is probably not truly related to RDA levels), through its major action
on immune responses , mainly on CMI responses, is a major factor of aging per se and of disease-
related accelerated aging.
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I. INTRODUCTION

Nurses, as the single largest professional health care group in the U.S., provide care to elderly
persons in all institutional health care settings, in their homes, and in various other community
locations. Because a major focus of nursing practice is health promotion, nurses are involved in
nutrition-related health education activities in diverse locations, such as churches, senior citizens
centers, health fairs, and congregate meal sites, and they participate in adult education programs
in schools, support groups, and volunteer organizations. The variety and demand for nursing
activities that promote elder wellness, including those associated with improved nutrition, will
continue to expand as the numbers of elderly rapidly increase and as persons of all ages continue
to explore ways to promote healthy aging.

Nursing care of elders, however, encompasses professional health care activities well beyond
those related to health promotion. Nurses are actively engaged in disease prevention, symptom
management, illness care, rehabilitation, and health maintenance. They practice in a wide range of
settings: acute care hospitals, clinics, nursing homes, assisted living facilities, physician offices,
health maintenance organizations, and public and community health organizations. Because the
care of elders has rapidly become a primary focus of nursing care, wherever the client is, nurses
must address nutritional issues with every client at every level of care. A growing body of literature
addresses the relationship between adequate nutrition in the elderly and their physical and mental
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well being.' Nurses, often the first health care provider elders encounter, are well positioned to
identify nutritional needs and intervene in ways that improve and promote nutritional health.
The purpose of this chapter is to provide a brief overview of nursing practice as it relates to
elder nutrition across a heterogenous population of older people with varied needs in diverse
settings. Nursing assessment, nursing interventions, selected special care needs, setting-specific
implications, and general nursing education activities that target the elderly will be addressed.

Il. NURSING SCREENING AND ASSESSMENT

Nurses routinely use nutritional screening procedures to identify elders who are malnourished or
who are at risk for nutritional deficiencies, to prevent and treat malnutrition early and to change
the plan of treatment as indicated.” Identifying elderly persons at risk at any point in the continuum
of care is a first step in preventing disease or successfully managing existing disease processes. At
an initial first level of prevention, nurses have the opportunity to screen elderly clients in a variety
of locations outside of formal health facilities. For example, nurses, who are usually present at
health fairs, wellness clinics, or other community health care events, screen older persons to identify
the presence of risk factors for many health problems, including those related to nutrition. Nurses
provide health and nutrition information and counseling and, in situations in which immediate care
is indicated, they refer the client to physicians or dietitians for more in-depth examination, diagnosis,
and follow up.!°

The Nutrition Screening Initiative (NSI), a multidisciplinary project of the American Academy
of Physicians, American Dietetic Association, and National Council on Aging, has provided valuable
tools for nurses and other health care professionals to use in screening, assessing, and intervening
at three different levels and in different health care settings to meet the nutritional needs of older
persons.!!12 The three levels of nutritional screening are classified as follows: initial identification
of those who may have key risk factors for nutritional problems; a level-1 screen to identify those
who may need medical or nutritional attention; and a level-2 screen that provides more in-depth
nutritional assessment. The initial screening tool nurses and others can use in community settings,
such as congregate meal sites or health fairs, is the “Determine Your Nutritional Health Checklist.”
One advantage of this checklist is that it can be administered and interpreted by nonprofessionals
and can become a part of many community programs for older people. This is a particularly helpful
feature for nurses, as they may be the only professional health care provider present at many health
screening programs sponsored by the community or specialty volunteer organizations. The checklist
consists of ten warning signs of poor nutritional health that clients check if the statement applies
to them. It is quick, easy to read and administer, and provides a simple rating scale that ranges
from good or little risk, to moderate risk, to high risk.!? In using this initial checklist, nurses can
provide general nutritional information and counseling and can also refer clients who checked six
or more of the ten warning signs to other health care professionals for additional diagnosis and care.

At the second level of screening, nurses regularly use the level 1 screen in which height and
weight measurements are used to compute body mass index (BMI). Nomograms are available for
nurses to use in determining the body mass index, which enables them to rapidly identify older
adults who are below or above the accepted BMI range of 24 to 27. A major warning sign nurses
screen for is a client-reported unintended weight loss or gain of 5 pounds in the previous 3 months
or 10 pounds within the past 6 months. Some sources indicate a better measure might be 10% of
body weight. In either case, abnormal weight loss or gain and abnormal BMI, nurses refer the elder
to a physician for additional assessment. In addition to determining the body mass index, nurses
question clients about their eating habits, living arrangements, and functional status. The foci of
this level of screening are to identify those at risk for poor nutritional status and to obtain the
appropriate health care or social services. Nurses readily refer elders to health care professionals
such as dentists, dietitians, and social workers as the client situation or symptoms indicate. Timely
nurse referrals to social service professionals are especially important if elders are to obtain needed
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community services such as meals brought to the home, counseling for alcohol abuse, or transpor-
tation to congregate meal sites as soon as possible once the needs are recognized. These community
outreach efforts by nurses provide an early link to the health care system and may prevent onset
of more serious problems.

Because nurses recognize the need to identify nutritional problems and plan interventions, they
also use the third level of screening instruments, the level 2 screen. The level 2 screen provides
additional information about anthropometric measurements, laboratory data, drug use, mental/cog-
nitive status, and the presence of specific clinical features. The focus at this third level of screening
is to recognize nutritional problems, intervene, and refer for additional professional attention as
indicated. With various assessment tools now available to nurses and as their knowledge of nutri-
tional risks and problems of the elderly continues to increase, nurses need to continue to emphasize
the importance of their role in risk identification through their participation in community screening
programs. The need for an integrated approach to risk factor identification was one reason for the
development of the Nutrition Screening Initiative. Nurses play a major role in this effort as they
interact with elderly persons in multiple community environments and, as such, are often the first
people to recognize elders at risk and initiate referrals.!3

For nurses in health care settings other than the community, nutritional assessment is an essential
component of all comprehensive nursing assessments at the time of admission to acute care hospitals
and long-term care facilities. Nursing assessments incorporate both objective and subjective data
and minimally include patent history; physical, mental, and social assessment; and review of
medications and laboratory data. Nurses are particularly alert to an elder’s history of medical,
surgical, psychological, or social conditions, such as neurological impairment, gastrointestinal
surgery, chemotherapy or radiation, alcoholism, depression or isolation, that place him or her at
high nutritional risk. They carefully document the patient’s pattern of weight change, identify
current symptoms such as diarrhea or dysphagia that may limit oral intake, and compile a dietary
history. In hospitals and long-term care facilities, nurses care for patients on a 24-hour basis and
are particularly aware of the elderly patient’s physical appearance. They remain alert for and are
able to recognize early changes in eating patterns, nutritional intake, and signs of eating disorders.!°
They also monitor patients who initially are not at risk for signs of declining nutritional status.
Due to medications, treatments, surgery, or stress, elderly hospitalized patients may develop symp-
toms that can cause rapid deterioration in nutritional status. Bankhead notes that patients with
conditions that have obvious nutritional consequences are usually monitored closely and treated
appropriately, but patients who gradually decline during their stay may be temporarily overlooked
and their nutritional treatment delayed.” For those patients who are identified at risk for or are
already diagnosed with nutritional problems, nurses collaborate in developing a multidisciplinary
plan. They implement independent nursing interventions as well as carry out those prescribed by
other disciplines, such as administering parenteral or enteral feedings, calculating intake, or using
specific assistive devices at mealtimes.

The Subjective Global Assessment (SGA) and the Admission Nutrition Screening Tool are two
examples of other nutritional assessment tools available to nurses in institutional settings that
provide systematic assessment of the elder’s nutritional status or nutritional risk.'” Nurses use the
SGA to assess nutritional status; it is based on clinical history and physical examination findings.
It has been found to be valid and reliable when compared with a standard objective measure.'* The
Admission Nutrition Screening Tool is useful at the time of patient admission to a hospital, nursing
home or other health care facility to identify patients at nutritional risk. The rating scale identifies
persons as either “at low risk” or “at risk” based on subjective and objective information related
to diagnosis, symptoms, and weight.!> The authors report a high degree of sensitivity and high
interobserver agreement between the nurse and the nutritionist.

Mezey and Fulmer developed an assessment tool and process to identify risk factors that
contribute to poor outcomes for hospitalized older adults.'®!%* It was part of a national initiative to
improve geriatric care in hospitals and focuses on a screening process using the acronym SPICES:
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skin impairment, poor nutrition, incontinence, confusion, evidence of falls or functional decline,
and sleep disturbance. When nurses identify the presence of any of these assessment criteria, they
take immediate steps to minimize the risk factors and to prevent development of associated health
problems, such as decubiti, malnutrition, falls, or increased confusion, which are often aggravated
during acute care episodes. The nursing screening process and the proactive plan of care that
resulted from the Nurses Improving Care to the Hospitalized Elderly (NICHE) project also incor-
porated nutritional screenings at the time of admission. Proactive investigation of unexplained
weight loss prior to hospitalization with referral to a dietitian, assessment of prehospital food
preferences, food intake patterns, and limitations to ingestion are components of the nutritional
assessment that also includes team interventions as an ongoing part of care.!” Nutritional assessment
from various disciplinary perspectives is an essential component in the process in an attempt to
keep hospitalized elderly functioning at optimal levels.

Many nutrition assessment tools are available for nurses to use with community-dwelling elderly
persons and with patients or residents in health care institutional settings. Nutritional assessment
of all clients is a recognized nursing care responsibility. However, the problem that often arises in
this era of cost constraints and reduction in staff is the lack of time to conduct an optimal,
comprehensive nutritional assessment. When confronted with fewer nursing staff and more high-
acuity patients, comprehensive nutritional assessments may not be considered high-priority nursing
activities. This is unfortunate, as accurate nursing nutritional assessments provide valuable infor-
mation that serves as the basis for developing individualized and appropriate plans of care, not just
for the nurse but for use by other health professionals as well. Nursing nutritional assessments,
observations, and care plans provide reliable information and insights that members of other health
care disciplines use as part of their discipline-specific assessments, evaluations, and interventions.

Il.  NURSING INTERVENTIONS

Nurses review and analyze the objective and subjective assessment data they have collected and
make clinical judgments that direct their care. Often these clinical judgments take the form of a
nursing diagnosis, or a conclusion, which provides the basis on which the patient’s individual care
plan is developed. The care plan is mutually developed between the nurse and the patient and
outlines the desired patient outcomes and associated nursing interventions.

A simplistic example will be used to illustrate the planning process. A nursing diagnosis based
on assessment data might be “feeding self-care deficit,” which is an impaired ability of the elderly
person to perform or complete feeding activities.'® Nurses might make this nursing diagnosis based
on one or more factors that contribute to the inability of the patient to feed himself, such as
weakness, pain on movement of arm or hand, cognitive impairment, musculoskeletal impairment,
or lack of motivation. In addition, the elderly person might demonstrate one or more of the following
characteristics: inability to handle utensils, open containers, pick up a cup, or chew food. The
elder’s functional ability might range from requiring the use of an assistive device to requiring help
from another person to needing both the device and personal assistance, or he may be completely
dependent. Based on these data, optimally the nurse and patient and/or family develop an individual
care plan. Included in the plan are the patient’s individual goals and expected outcomes related to
self-feeding and nursing actions that will be implemented to facilitate goal achievement. Both short-
term and long-term goals/outcomes are identified as well as the expected date of achievement.
Patient progress is continually monitored; the plan is reviewed on an ongoing basis and modified
as necessary.

As part of the care planning process, the nurse identifies appropriate nursing interventions,
often in collaboration with other team members such as the physical therapist, occupational ther-
apist, or dietitian. Based on the elder’s signs and symptoms and the individual factors contributing
to the self-feeding deficit, nursing interventions might include providing adequate pain relief before
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meals, positioning the elder in a chair rather than bed during meals, flexing the head and neck
slightly forward during feeding, or providing a drinking straw or finger foods, and providing
nutritional supplements between meals. Depending on the elder’s specific deficits, the nurse might
instruct nonprofessional staff to cut meat, avoid placing food on the person’s blind side, provide
adaptive devices such as long or large-circumference handles, use weighted dishes, or provide
frequent cueing.!® Regardless of the elder’s functional status, nurses recognize that those at nutri-
tional risk must be identified early if nurses are to minimize poor nutritional intake, prevent onset
of more serious nutritional complications or aggravation of already existing conditions, and promote
optimal self-care.

In summary, nurses systematically assess the nutritional status of elderly clients; make informed
clinical judgments based on their assessments, knowledge and experience; identify and implement
nursing interventions; and evaluate achievement of expected outcomes. Meeting the nutritional
needs of elderly clients is a nurse-intensive effort which, in acute and long-term care facilities,
takes place not just at designated mealtimes, but over a 24-hour period every day. Often the success
of the interventions of other health team members, including the physician, is dependent on the
effectiveness and the quality of the interactions that occur between the nurse and the patient, not
just at meals but throughout the patient’s hospitalization. The expertise of the nurse at the bedside
is more often than not related to the quality of nutritional care the patient ultimately receives. The
nurse is the professional on whom physicians, dietitians, occupational therapists, and others depend
to implement nutritional interventions, consistently monitor the elderly patient’s progress, and
evaluate the outcomes on a daily, and in some acute situations hourly, basis.

A. SeLecTeD SpeciAL CARE NEEDS

Elderly persons frequently have conditions that require extensive nursing assessment and complex
nursing interventions. Their increased nutritional nursing needs are often related to the higher
incidence of neurological, musculoskeletal, and cognitive impairments in the aging population.
Nutritional implications of stroke, Parkinson’s disease, arthritis, fractures, and cognitive impair-
ments have significant implications for patient nutrition and, in turn, for nursing.?>’ Dysphagia,
dementia, and undernutrition are primary examples. Related to the nutritional implications of these
complex health problems is the additional and associated nursing intervention of medication
administration. In this section, special care needs related to impaired swallowing, dementia, under-
nutrition, and medication administration are discussed.

1. Impaired Swallowing

Impaired swallowing has been reported in numerous studies as a significant problem in patients
with stroke, Parkinson’s disease, and multiple sclerosis.?'>* Aspiration, a risk in patients with
impaired swallowing, was found to have occurred in 34 to 48% of 70 stroke patients who underwent
videofluoroscopic examinations?! and has been associated with pneumonia, sepsis, and increased
mortality and morbidity.”> McHale et al. describe two significant themes in nursing care of the
patients with impaired swallowing: assessment and feeding.”> The assessment function of the
nursing role includes nursing assessment of the mechanics of swallowing, oral and pharyngeal
stages of swallowing, and the effects of mental status on swallowing ability. They identified five
major components of assessment nurses can use to identify patients at risk, several of which are
similar to those included in an assessment tool developed by Johnson et al. for use in intensive
care units.?® The major assessment components relate to cardiopulmonary, neurological, and motor
factors, and specific signs unique to the oral and pharyngeal stages of swallowing. Nursing assess-
ment is enhanced by consultation and close collaboration with and formal assessment by speech
pathologists regarding diagnosis of specific swallowing dysfunctions, efficiency of swallow, and
use of appropriate food textures.”’
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The feeding function of nursing care for patients with dysphagia, as described by McHale et
al.,” includes clinical management, feeding techniques and, most importantly, knowing the patient.
Nurses who know their patients are able to be more creative, intuitive, and effective in their
approaches to assessment and feeding practices. Nurses in McHale et al.’s study identified two
major clinical management outcomes in dysphagic patients: providing nutrition and preventing
aspiration. They emphasized the need for skilled assessment of swallowing ability and strongly
recommended professional nursing guidance and direction of nonprofessional staff who are often
responsible for feeding patients who are at risk for or have impaired swallowing. Again, the need
for multidisciplinary assessment to ensure appropriate nursing interventions is critical. Specific
nursing interventions related to swallowing therapy are identified in several nursing texts.?8-3

2. Dementia

Dementia is one of the most common mental health conditions affecting older persons living in
the community as well as those residing in long-term care facilities.*** The degree of cognitive
impairment and the associated behavioral manifestations provide challenges in all areas of nursing
care but are of special concern in assuring patients receive adequate nutrition. Nurses are responsible
for assessing and monitoring patient nutrition as well as feeding, documenting intake, educating
family caregivers in the home, and training and supervising nonprofessional staff in health care
facilities. According to Cohen,? malnutrition is a widespread problem among older patients in
mental hospitals and on psychiatric units; older persons with dementia are at the highest risk for
malnutrition. In these facilities as well as dementia care units in nursing homes and hospital skilled
care units, nurses are present at all meals and are creative in their attempts to ensure adequate food
intake.

Enumerating the diverse strategies nurses use to encourage eating and ensure adequate food
intake is beyond the scope of this chapter, but these include attention to assessing the patient’s
eating habits and patterns, assessing patient-specific difficulties with feeding, and identifying the
appropriate level, time, and frequency of feeding assistance.’® Patients with dementia present the
nurse with numerous feeding challenges. They sometimes pace relentlessly, fail to recognize food
or utensils, forget how to feed themselves, how to chew, or how to swallow. At mealtimes, they
sometimes demonstrate hostile and aggressive behaviors toward staff and other residents. Watson
and Dreay?” investigated the different aspects of feeding difficulty of elderly persons with dementia
and developed a questionnaire that identifies three different facets of difficulty in feeding elderly
patients with dementia: patient obstinacy or passivity (lack of cooperation with feeding), nursing
intervention, and indicators of feeding difficulty. In subsequent testings, the scale was clinically
significant in that the level of feeding difficulty assessed by the scale was positively and significantly
correlated with the level of nursing intervention. These nursing research findings should guide
future research, as they provide a strong empirical base for rationalizing into three factors a
multiplicity of components of problems in feeding demented patients.

As the severity of dementia increases, patients become increasingly dependent on nurses or
family caregivers to maintain nutritional intake. Van Ort and Phillips,*®* in a study of feeding
problems of demented residents in a nursing home, found environmental, organizational, and
interactional patterns at mealtime that made an already chaotic care environment even noisier and
characterized by more staff involvement, more interruptions, many distractions, frequent non-
feeding related events, and great variation in the organization of the feeding experience. They
reported few systematic attempts by staff to elicit normal resident eating behaviors and observed
that few fluids were offered during the meals. They described both feeder and resident behaviors
that elicited, sustained, and extinguished functional feeding of the demented residents. Van Ort and
Phillips suggested nursing interventions aimed at modifying the feeding environment and altering
the behavioral context of the feeding interactions and recommended developing and implementing
specific protocols that could promote functional feeding for each resident. Cohen? lists practical
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interventions that can be used for eating-related behavioral problems such as pacing, attention
deficit, and constant chewing in persons with dementia (p. 112). These interventions have been
adapted from the American Dietetic Association and are helpful suggestions for all caregivers,
including nursing personnel.

3. Undernutrition

Although research studies investigating nutritional intake in the elderly report evidence of over-,
adequate, and undernutrition, Clarke et al.,* in their review of studies of the prevalence of under-
nutrition in the elderly, found high degrees of elder undernutrition. They reported that subnutrition
occurs in 10 to 20% of the elderly living at home and up to 60% of elderly patients in long-term
care facilities and acute care hospitals. It is well established that undernutrition increases with age
and dependence and is related to a host of social, psychological, economic, and physical factors.
Its contribution to increased morbidity and mortality in older persons continues to be well
documented.?341-43.100

To a large extent, undernutrition may go unrecognized.>*> Although the role of nurses in
promoting good nutrition in the elderly and in identifying those at risk has been described earlier,
nurses also have a major role in implementing corrective interventions such as oral, parenteral, and
enteral nutritional support. Nutritional support is critical in many acute situations, but its general
use is often controversial.*+* In any case, nursing care is essential to the effective implementation
of nutritional support therapy as well as to counseling elders about their use of non-prescribed
dietary supplements. Research findings indicate that 33 to 72% of elderly take nonprescription
supplements including single nutrients, multivitamin and mineral combinations, and liquid supple-
ments.* Unfortunately these supplements are often used without consultation with a physician or
dietitian and without dietary assessment or counseling. Nurses, in carrying out their various roles
in the community, clinics, or physicians’ offices, are often the first health care providers to identify
their use and provide appropriate assessment, counseling, or referral. Nursing interventions are
related to their concerns about elders’ being at higher risks for toxicity, drug interactions, and
susceptibility to quackery as well as their attention to financial constraints and unnecessary or
unrealistic costs.*

In more acute situations, nurses are responsible for administering oral supplements, tube
feedings, and parenteral nutrition. Specific recommendations for nursing procedures or protocols
related to these interventions can be found in many nursing textbooks, but the concern here is to
emphasize the essential role nursing plays in safely administering, continuously monitoring, accu-
rately documenting, and knowledgeably evaluating the effectiveness and outcomes of nutritional
supplements to patients in the home, acute care, and long-term care environments.!?? Transitional
or permanent feeding using more aggressive methods of nutrition such as nasogastric tubes or
percutaneous endoscopic gastrostomy or jejunostomy tube feedings are very nurse-sensitive inter-
ventions. The interdisciplinary team efforts, in which nursing plays a role, are invaluable in this
transition process. However, it is often nursing observations and assessments that provide the
practical data on which the course for transitioning from tube or parenteral feeding to oral intake
is determined. Guenter et al.#’ describe specific nursing responsibilities and interventions for
initiating tube feeding, assessing subjective and objective parameters for monitoring tolerance
during therapy, and identifying common gastrointestinal, metabolic, and mechanical complications.
In implementing nutritional interventions, as with many other clinical nursing interventions, clinical
pathways provide guidance in tracking patient outcomes and documenting variances.*?

The increasing importance of the nurse case manager and the home health nurse in providing
home nutritional support cannot be underestimated. The advances in nutritional support equipment
and techniques have made it technically possible for patients to receive sophisticated and complex
types of nutritional support in their homes. In large part, however, the reality of home nutritional
support is made possible by nurses teaching, supervising, and assisting the patient, family, or friends
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in administering enteral feedings and parenteral infusions. The role of the nurse case manager is
critical in arranging patient discharge with the patient, family, and home health agency; assuring
compliance with Medicare, Medicaid, or other insurer regulations; ensuring no interruption in
treatment; and confirming that patient and family education will continue during the transition. The
home health nurse is responsible for continuing the teaching that was begun in the hospital, being
present for initial infusions or feedings, providing subsequent home visits to teach and to ensure
that techniques are being safely and confidently performed, and being available for any problems
that arise.* In summary, nursing care is a principal factor in achieving successful outcomes with
patients who are undernourished and who are receiving oral, enteral, or parenteral nutritional therapy
whether in the hospital or at home.

4. Medication Administration

One important responsibility of nurses is to administer medications or, in settings such as home
health or in roles such as case manager or nurse practitioner, to prescribe, review, or monitor
patients’ medications. These medication-related nursing activities are especially challenging in
elderly patients because of their high potential for toxicity, counterindications, and interactions.
Risk assessment becomes even more essential, and more complicated, by the polypharmacy that
seems to be a part of many elders’ lives.*® Consideration of drug—nutrient interactions is just one
component of nursing assessment and monitoring that is part of nurses’ professional responsibilities
when they administer medications.

A related concern nurses address is the form in which the medication is given. Some older
patients are at higher risk for swallowing, choking, or chewing problems, while others are receiving
nutrition and medications by other than the oral route. For example, nurses are aware that changing
the form in which medications are administered, such as crushing, may change their therapeutic
effectiveness. Some medications need to be diluted, others should never be diluted. Some medica-
tions are incompatible with enteral formulas, some are less effective when given with food, while
others are less effective when given on an empty stomach. Some medications should not be given
with milk, others with citrus juices, others with alcohol, and yet others with over-the-counter
remedies.’! However, sometimes — perhaps too often — this information is not given to, under-
stood, or remembered by families, nonprofessional caregivers, or patients themselves. Perhaps it
would be ideal if the physician or a pharmacist were always aware of all of the prescription and
nonprescription medications and nutrient supplements elderly persons take, but this is not the case.
Therefore, the role of the nurse becomes even more important in institutional, community, and
home settings to review, monitor, and/or supervise medications of elderly people. The nurse’s role
includes being alert for nutrient—drug interactions and incompatibilities as well as the timing and
the form in which medications are administered in relation to specific foods, altered routes, and
sensory and physical deficits. Again, the success of multidisciplinary therapies related to medica-
tions often depends on the nurse’s knowledge, skills, experience, and consistent interaction with
elderly patients and their families.

IV. NURSING CARE SETTINGS

Nurses are present in most settings where nursing care is provided to elderly persons, and
therefore have multiple and ongoing responsibilities for ensuring adequate nutrition to their
patients. Certainly some challenges are common to all care settings, for example, the dependent
eater, elders with special dietary requirements, or potential medication—food interactions. How-
ever, individual care settings also present nurses with unique nutritional problems related to the
special needs of the clients in specific health care environments with different institutional
considerations such as acuity levels, staffing ratios, staffing mix, or cost constraints. Regardless
of setting, the overriding concern for nurses is ensuring quality care, which includes close
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attention to nutritional aspects of patient care. This section includes descriptions of acute care,
subacute care, nursing home and home care settings.

A. Acute CARE

Elders aged 85 years and older are the fastest growing segment of the American population. Their
numbers increased 41% in the decade between 1981 and 1990 and they accounted for 60% of all
acute care beds.’> The percentage of hospitalized elders who may experience functional decline,
reported to be as high as 75%, has significant impact on the potential for increase in adverse
outcomes.>*-7 Nutritional decline is no exception. A recent study of geriatric patients in an acute
care hospital found inadequate nutritional support for geriatric patients, which placed malnourished
and dependent patients at higher risk for starvation and hospital mortality. The investigators reported
inadequate caloric intake across surgical, medical, and geriatric wards and found functional depen-
dency in elders to be a strong predictor of mortality independent of mental deterioration.*? Findings
also indicated patients with inadequate oral intake were not provided adequate supplementation.
Watson®® also addressed this issue of nutritional supplementation in his concern for the need for
nursing clarity about whether nutritional supplements were being used as replacements for oral
intake or as a supplement to oral intake.

Both of these findings have serious implications for nurses, as the numbers of elderly patients
continue to make up a increasingly larger percentage of the patients in acute care settings.

The consequences of poor nutritional status were found to be the best predictor of readmission
to hospitals in elderly rehabilitation patients.* Nurses and nursing staff need to be alert for nutritional
deficiencies, especially inadequate caloric intake, and to be aware of predictors such as functional
dependency. These findings may reflect other institutional factors related to quality of care issues.
Staffing numbers, mix, availability, shortened lengths of stay, and often insufficient time for patient
and family teaching and discharge planning continue to be of concern to nurses. If nurses are not
present to supervise or assist with nutritional intake, they cannot make the observations necessary
to ensure appropriate nutrition-related interventions are implemented. Kresevic et al.”> describe a
hospital unit designed especially for acute care of elderly patients with care planned and provided
by interdisciplinary core teams. Nursing protocols are designed to prevent functional decline and
encourage self-care in relation to common geriatric problems encountered with older hospitalized
patients, including malnutrition. The malnutrition nursing protocol includes interventions to prevent
decline, such as nursing attention to caloric and fluid intake, oral care, and progress toward a more
liberal diet. The restorative care protocol includes attention to snacks and dietary referrals. Nurses
who are accessible to elderly hospitalized patients and their families 24 hours a day every day are
a critical resource in a patient-centered acute care setting.>> Nevertheless, nurses cannot overlook
other possible contributing factors to nutritional depletion in acutely ill patients, such as the effects
of physical and emotional stress in surgical patients, history of preadmission weight loss, patient
dissatisfaction with diet or the lack of institutional clarity related to development of nursing
protocols and implementation of independent nursing interventions based on professional nursing
assessment. In summary, nursing observations, assessment, and documentation of nutritional intake
of elderly patients in acute care hospitals are vital links in recognizing patients at risk for nutritional
decline and instituting nursing interventions and appropriate interdisciplinary referrals to prevent
or correct nutritional depletion.

B. SuBacute CARE

Although variously known as transitional care, skilled care, or step-down care, subacute care units
provide less intensive care and longer lengths of stay than acute care units but more intensive care
than nursing homes. They are designed to provide care immediately following acute care or instead
of acute care. Many types of subacute services can now be obtained, but the specific types of care
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available are defined by each individual provider. In all instances however, nutritional support is a
basic consideration. According to Robertson,?” two thirds of current subacute patients are over the
age of 65. Nurses are responsible for providing nutritional repletion, facilitating transition from
functionally dependent feeding to more independent or self-feeding, and assisting with transition
from various types of tube feeding or parenteral infusion to oral intake. In a subacute setting, nurses
actively monitor patients’ nutritional status, intake, and progress; implement various independent
and interdependent nutrition-related interventions, and collaborate with interdisciplinary teams in
goal setting, care planning, and outcome evaluation. This emerging care setting will continue to
be an area where nurses can provide the specialized care necessary to promote functional indepen-
dence and improve nutritional status of the growing numbers of elderly who require longer times
to achieve functional and nutritional goals necessary for transition to more independent living.

C. NURsING HOME

In the long-term care setting, the very term “nursing” home indicates the major purpose of care
and the degree to which nurses are involved in providing or supervising resident care. Unfortunately,
malnutrition among nursing home residents is an ongoing, significant, and serious problem for both
nursing staff and the elderly for whom they care. Kayser-Jones and Schell*® reported that from 30
to 50% of nursing home residents had below-normal body weights, serum albumin levels, and mid-
arm-muscle circumferences. In a recently published study, they reported findings related to their
investigation of the social, cultural, environmental, and clinical factors that influenced eating
behavior in two proprietary nursing homes. Data were gathered from participant observation and
in-depth interviews with physicians, nursing staff, residents, and families over a 23-month period.
Qualitative methods were used for data analysis in order to identify patterns that explained resident
behavior. The authors found that the major factor influencing nutritional care was an inadequate
number of qualified staff. This finding reflected observations of insufficient nursing staff to feed
and assist residents at mealtime, nursing assistants’ lack of knowledge of feeding residents safely,
and inadequate supervision of nonprofessional staff.

Among other findings, the investigators reported inadequate staffing affected care before and
after meals and influenced how and where meals were served. For example, oral hygiene was
neglected, dentures were not put in, residents were served meals in bed and not positioned correctly,
and meal trays were poorly placed. The mealtime experience was often unpleasant, with staff
enhancing dependency, feeding residents quickly and forcefully, mixing solid foods with liquids,
not recognizing dysphagia, using liquid supplements inappropriately, and not feeding or underfeed-
ing the most impaired residents. Kayser-Jones and Schell*® concluded that, for some residents, the
quality of care at mealtime was adequate; for most it was poor. They described mealtime as an
“often frightening, unpleasant ordeal for the residents and an arduous task for the staff” (p. 70).
To improve the quality of care at mealtime, the authors suggested that knowledgeable, professional
gerontological nurses, nurse practitioners, or clinical nurse specialists assume leadership, manage-
ment, and supervisory positions in nursing homes to provide much-needed role models, education,
and supervision. They strongly recommended higher staff-to-resident ratios at mealtime along with
recruiting other facility staff, family members, and community volunteers to assist residents with
meals.

Although Kayser-Jones and Schell® describe mealtime conditions in two nursing homes,
unfortunately these findings are not unique to this study. Van Ort and Phillips*®* reported many
of the same findings: staff mixing food and liquid together, not setting up trays appropriately,
discontinuing feeding residents before they were finished eating, and not attending to resident visual
or behavioral cues. However, they also found that by implementing several nursing actions that
modified the meal time and feeding environments, they were able to promote resident self-feeding
without increasing the length of meal time. They also found that by implementing behavioral
interventions that included systematic prompting, cueing, and reinforcing behaviors, residents
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consumed greater amounts of food and fluid and initiated self-feeding more often. They concluded
that by designing and implementing specific nursing protocols, functional feeding for demented
elders in nursing homes can be enhanced.

Johnson et al.% noted discrepancies between nutrient values provided by menus and those
consumed by residents. Their findings included low intakes of iron, zinc, vitamin D, and calcium
among residents. They recommended greater attention to delivery of food to long-term care residents
and to staff feeding practices. Groher and McKaig,®' in a study of 740 residents in two nursing
homes, concluded that many nursing home residents were prescribed and maintained on mechan-
ically altered diets unnecessarily. They reported that 91% of residents were at dietary levels below
the recommended amount; of that number, 87% were receiving either pureed or tube feedings.
Only 5% of residents were considered at the appropriate diet level. These findings support those
of earlier studies.5>%* Nurses need to be alert to the necessity for regular reevaluation of residents’
dietary levels to ensure residents are placed on diets as close to normal as they can safely tolerate.
Nursing home staff confront additional nutritional and feeding challenges when one considers that,
according to Burns et al.,** at least 80% of nursing home residents have diagnosed mental disorders.
As the severity of the disorder progresses from mild memory loss to profound dementia, so do the
demands for increased staff time and creativity necessary to meet the nutritional needs of these
residents with widely varying symptoms, functional abilities, and cognitive capacities.®

In summary, the current health care system’s concerns with cost may have had unfortunate
consequences in decreasing quality of care in many nursing homes. The nutritional care of residents
may be one casualty in the restructured system’s attempt to reduce nursing home costs by decreasing
the number of staff, replacing professional nurses with less prepared or nonprofessional staff, and
eliminating or severely reducing orientation and staff education activities. Adequate attention to
the nutritional components of nursing home care has been and continues to be a priority in meeting
nutritional requirements and improving the nutritional status of elderly residents.

D. Home

Nurses are the primary formal care providers in community settings.®> The home as a setting for
nursing care is one in which nurses increasingly provide or supervise and monitor nutritional care
for elderly persons. The use of home health care services, measured in dollars generated, increased
five-fold in the decade between 1985 and 1995.51% The growth in the number of home health
agencies reflects consumer demand for delivery of health services in the home setting. Several
factors have influenced the recent growth of home care as a health care industry, including the
current ability to provide more technologically advanced therapies in the home setting, earlier
release of patients from hospitals, cost constraints that accompanied introduction of managed care
and prospective payment systems, and elders’ relentless pursuit of independent living arrangements
in their desire to remain outside of institutional settings. As expected, persons 65 years of age and
older make up a large percentage of home care clients.

The overwhelming focus of home care is provision of nursing services, not the least of which
is attention to nutritional needs and dietary management. Because few home care agencies currently
employ full-time dietitians, home health nurses are responsible for nutritional care as one component
of the professional nursing services they provide to homebound clients.®” Nutrition-related nursing
care in the home includes assessing the elder’s nutritional status with special attention to preventing
malnutrition and, if that is not possible, to identifying early signs of under- or overnutrition. In
addition to promoting good general nutrition and eating habits in home-dwelling clients and their
families, nurses regularly engage in nutrition-related activities such as dietary counseling and
recommending diet modifications, oral supplements, or other dietary therapies. They refer elders
living at home to their physicians for further examination or treatment, to dietitians for more
extensive and in-depth dietary counseling and management, and to social workers for referrals for
home delivery of meals, congregate meal sites, day care centers, food stamps, or other federal,
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state, or local nutrition programs. In addition to their health promotion, prevention, and screening
activities, home health nurses assist elders in managing the nutrition and dietary aspects of diseases
such as diabetes, renal disease, Crohn’s disease, or AIDS; modified diets related to health problems
associated with hypertension, radiation or hypercholestemia; and dietary control of symptoms such
as nausea, vomiting, diarrhea, or anorexia.

The nutritional factors in nursing care of elders at home are multiple, often complex and
frequently family focused. Currently, the vast majority of persons over the age of 65 live, not in
institutions, but at home or at other locations in the community. With the dramatic projected increase
in the percentage of the population over age 65 in the next 10 years and their seemingly increasing
desire to remain at home as they age, the role of nurses in home care will continue be a significant
component of a community-focused health care system that provides nutritional services to elderly
people.

V. NURSING EDUCATION ACTIVITIES

Nurses have multiple opportunities to provide information to elderly persons and to participate in
various educational activities related to nutrition. Frequently, nurses are present either as volunteers
or as part of formal community programs for the aging at congregate meal sites, senior citizen
centers, health fairs, and shelters for women or the homeless. The potential for nurses to participate
in formal and informal nutrition educational programs is almost limitless. They are regularly sought
out as speakers on various health-related topics, participants in health care forums, and as repre-
sentatives of health care professionals at community educational programs and health-related events.
Topics range from helping patients modify food-related practices to identifying and using commu-
nity resources to educating families about feeding dependent adults to the combined benefits of
nutrition and exercise.

To increase their educational effectiveness, it is important that nurses be familiar with the
variety of nutrition-focused educational resources currently available. Using appropriate printed,
pictorial, audiotape, videotape, or computer-assisted materials along with other teaching models
and strategies is a necessary prerequisite to facilitating effective instruction. Information that can
be presented in various formats, congruent with different levels of cognitive abilities and targeted
to the individual or group needs and interests, helps to assure positive learning outcomes in older
learners. Not surprisingly, it is fairly well accepted that years of formal education correlate highly
with level of reading ability. Certainly, a segment of the today’s older population did not have the
opportunity for long years of formal schooling and, indeed, may not have attained the eighth-grade
level. The National Adult Literacy Survey found a significant percentage of American adults were
able to perform at only the most basic literacy levels.®®% The lack of adequate literacy skills limits
many elders in reading or understanding nutritional information necessary for improving their
nutritional status or reducing their risk of nutrition-related health problems. Assessment of literacy
is an early step in the instructional process that nurses cannot overlook. Fortunately, several brief
and easy to administer literacy assessment instruments are available.”%”" Once elders with low
literacy skills are identified, nurses must be knowledgeable about availability and use of alternate
methods and formats that meet the literacy skill level of the elder client or group.’>”> One example
of the use of an easy-to-administer literacy screening instrument is described in a study of outpatient
nutrition counseling for cardiovascular risk reduction in 339 urban African-American adults, nearly
half of whom scored at or below the eighth-grade level.®® In summary, the link between literacy
and health is becoming widely acknowledged and, therefore, awareness of literacy skills will
become increasingly important to nurses if their nutritional educational efforts with the elderly are
to be effective.

Assessing the grade reading level of written materials is necessary before nurses provide
pamphlets or other written information to elderly clients. Several formulas and methods, including
computer programs, are available to assist nurses to assess the degree of reading difficulty. The
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SMOG formula is a commonly used formula to predict grade level readability of reading materials.
It consists of counting the number of words containing three or more syllables in a total of 30
sentences selected from the beginning, middle, and end of the written material. The total number
of words containing three or more syllables is compared with a conversion table. For example, if
there are between 21 and 30 words that have at least three syllables, the predicted reading grade
level is eighth.”® However, the ability to read the words does not necessarily mean the elder is able
to understand or use the information.”” Nurses, therefore, need to ensure that elders comprehend
the material they read and are able to apply the concepts. Nurses recognize that elderly persons do
have special learning needs and try to adapt educational programs accordingly.”®82. For example,
Weinrich et al.”®% examined the effect of three educational interventions with 135 elderly subjects
who were participating in a fecal occult blood cancer screening project conducted at congregate
meal sites. A significantly greater percentage of participants (94%, p = .02) taught by the educational
intervention that included a practice session of the collection procedure for fecal occult blood
screening completed the actual screening protocol than did those who were taught by either of the
other two methods. The investigators suggest that findings support that need for nurses to take more
time, address the relevance of the task, provide practice sessions, and adapt the teaching methods
to accommodate aging changes when educational activities are designed for elderly clients.8!-789
These findings may have implications for nutrition-related educational activities for older adults.

Johnston and Gueldner®} used a mnemonics program to improve the efficiency of memory in
a group of older adults. They found significant differences between the experimental and control
groups in improvement in memory and self-esteem after participation in the memory skills classes.
They recommended nurses and others use a mnemonics approach to assist the elderly to cope with
the effects of aging related memory loss. They suggested mnemonics programs may have long-
range benefits in extending the time elders are able to function independently. These teaching
techniques may well have valuable implications for nutrition education of older persons.®? Theiss
and Merrit,®* in a study of coronary artery disease patients, found that older subjects preferred a
structured learning situation in which they could listen to the presentation supplemented with visual
aids and one in which materials were presented in a detailed manner. Findings indicated that reading
was not a highly preferred learning style with these older adults and that women preferred higher
affiliation relationships with peers than did men. The investigators also reported that elders with
lower educational levels preferred to engage in friendly relationships with the instructor and peers,
liked to set their own goals, chose to learn from an expert, and preferred iconics to listening and
reading. 8436

A second general consideration for nurses in their efforts to teach the elderly is awareness of
clients’ cultural differences in food preferences, food preparation, daily diets, and eating patterns.
Recognition that ethnic, religious, and social eating habits are major influences on lifestyle of the
elderly increases the likelihood of achieving positive behavioral changes related to nutrition. Nurses,
because of their interactions with clients and families over time, are particularly responsive to foods
and dietary customs unique to specific cultures, especially those that are prevalent in their practice.?’
Nurses’ recognition of cultural needs and practices of their patients increases the likelihood that
elders will adhere to dietary modifications. Cultural differences may affect patient’s acceptance of
educational interventions and their ultimate incorporation of dietary changes into their eating
patterns.!”" General knowledge of cultural patterns provides a beginning background for nursing
intervention but does not consider individual preferences or intracultural differences. Nurses who
are able to maintain open and trusting relationships with patients from different cultures have the
opportunity to problem-solve, negotiate, and adjust dietary regimens to facilitate individualized
modifications of dietary recommendations. By providing information and other nutritional resources
and using communication techniques, language, and behaviors that are culturally appropriate, nurses
can enhance their ability to motivate elderly persons and their families to make the changes
necessary to reduce their risk factors and improve or maintain their nutritional status.3%8-103 Ag the
numbers of elderly increase, the health care system will be faced with more culturally diverse elders
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suffering with various chronic illnesses that demand nutritional intervention. The role of nurses in
providing early screening and assessment in ways that are culturally appropriate will result in
improving the health of all elderly persons.

Similarly, nurses, especially those who provide care in the home, clinic, private practice, or
case management environments, are more likely than other care providers to be aware of financial
and budget constraints that impose limitations on an elder’s ability to purchase food, afford
transportation to grocery stores, or pay for assistance with food preparation. Physical functional
deficits that limit shopping and meal preparation are obvious; lack of adequate facilities for keeping
foods cold, heating food, and properly storing foods are less so. Nevertheless, their potential impact
on elder nutrition is significant and is often first identified by the nurse in discussions with the
elders and their families or during home visits.

A final consideration in nursing educational activities are those targeted at older women. It has
been well documented that women in the U.S. live longer than men. Not only are there more women
than men in the over-65 population, but after age 75, 70% of women are widows.”> Many older
women have chronic illnesses, low incomes, and live alone. They compose a sizeable portion of
the population who receive care in various community health centers, clinics, and in the home and
who visit congregate meal sites or senior citizen centers. Nurses interact frequently and over long
periods of time with older women and have many opportunities for health promotion and risk
reduction activities, including those related to general nutrition, special diets, meal planning,
shopping, and food selection. For example, nurses regularly discuss, either with individual clients,
groups, or in formal classes, topics such as calcium needs, recommended fat intake, high-fiber
foods, vitamin use, balanced meals, and heart-healthy diets. They are available to answer questions,
provide nutritional information, offer suggestions, provide reinforcement and encouragement, or
give sensible advice.?3-%

A common risk factor nurses regularly address with older aged women is inadequate fluid
intake.”® Older women are at somewhat greater risk for dehydration than their younger counterparts.
Physiological changes related to reduced protein stores, decreased urine concentration, diminished
sensation of thirst combined with increased use of diuretics, difficulty with mobility, and concern
about incontinence can result in below recommended daily intake of fluids. Unfortunately, elderly
women often use fluid restriction as a means to control or manage incontinent episodes, which
identifies yet another area for nursing education and intervention.

In summary, the need and the opportunities for nurses to assist elderly women to maintain or
achieve sound nutritional practices through planned and unplanned patient education activities are
endless. Unfortunately, the contributions of nurses to identifying elderly women at nutritional risk
and providing appropriate and timely educational interventions are not well documented, yet this
is an integral part of daily nursing practice.

VI. CONCLUSION

Currently, there are 38 million Americans who are age 65 and older. Nurses are the single largest
group of health care professionals who provide care to these aging members of our society. Nurses
are present at the bedside in acute and long-term care facilities, in patient homes, and in community
health care centers in overwhelming numbers. Not infrequently, they are either the only or the
primary health care provider in rural areas, in underserved urban centers, or in clinics serving
vulnerable populations. Nutrition screening, assessment, intervention, and education are an essential
and daily part of their professional nursing care practice. This role will become even more important
as the numbers of elderly increase and they are faced with predicted limitations in federal health
care assistance, rising health care costs, and new measures of health care rationing. These constraints
will inevitably have consequences for elder nutrition as elders and their families try to balance the
increasing financial demands for obtaining health care. Heitkemper and Jarrett®! described the roles
nurse scientists have played in advancing knowledge that has contributed to improving nutritional



Nutrition in the Aged: Nursing Perspectives 175

care services to the elderly. They emphasize the continuing challenges facing nurse scientists in
their efforts to document the effectiveness of nutritional interventions and to move forward the
nursing research agenda that supports developments in technology, changing care environments,
and emergence of advanced nursing roles in directing nutritional support therapies. Nurses need to
join other health care providers to advocate for nutritional services, evaluate nutrition-focused
programs, assess nutritional outcomes, and investigate patterns of nutritional care and costs. If the
goal of multidisciplinary team efforts is to provide optimal nutrition to older persons, nurses have
the professional knowledge, skills, and realistic appreciation of nutrition-related health care needs
of elderly persons to make unique and meaningful contributions.
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I. INTRODUCTION

Despite certain controversies regarding the relative epidemiological and clinical significance of
obesity in relation to morbidity and mortality at different ages, the fact remains that obesity is a
very common type of malnutrition among the elderly in developed countries. Most authors agree
that the definition of obesity is “too much body fat in relation to body weight.” The discrepancies
concern the definition of “too much.” Thus, practical cut-off limits of, e.g., body mass index (BMI),
for a diagnosis of overweight and obesity are difficult to assess, and they may be different in
different population and age groups. Furthermore, it should be borne in mind that body weight and
BMI are not necessarily good estimates of body fat, since they comprise also body cell mass, intra-
and extracellular body water, and fat-free extracellular solids, such as the calcium content of bone
mass.

The problem and management of obesity in individuals are, in many respects, much the same
whether the obese individuals are middle-aged or old. In this respect, the relevance of a special
review on obesity at higher age groups can be questioned. However, there are differences that
justify separate considerations in the elderly, such as the body composition and the different impact
of body weight and BMI as risk indicators and risk factors in higher age groups. The group of
elderly — defined as 65 years of age or older — is a very heterogenous one regarding such factors
as prevalance of disease, socioeconomic conditions, and age per se with an age span of more than
40 years. Therefore, the grouping together of these heterogenous groups of people can also be
questioned.
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Recent longitudinal studies'> have shown that many functional parameters remain rather con-
stant through middle life until age 70 to 75, where a more pronounced decrease can be seen. To
this might be added that there is an increasing variability in functional capacity among individuals
during life up to at least age 75. From these points of view the classification of elderly people into
“young elderly” (age 65 to 75) and “old elderly” (over 75) seems, therefore, to bear a physiological
meaning. On the other hand, “young elderly”” might not be classified as “elderly” at all.

The literature on overweight and obesity is abundant. Excellent up-to-date reviews on selected
topics can be found in the proceedings from the international congresses on obesity and from other
reviewers.>!! The aim of the present chapter is to review some aspects on overweight and obesity
of special gerontological and geriatric interest.

Il. EPIDEMIOLOGY

Obesity (BMI over 30 kg/m?) is a major nutritional condition and a public health problem in many
parts of the world, irrespective of developed and developing countries. This is true also regarding
overweight (BMI between 25 and 30 kg/m?) and morbidity, although to a lesser degree, but of
lower significance regarding mortality. The prevalence of obesity and overweight varies consider-
ably between countries and between regions within countries. For example, the overall prevalence
of obesity varies from 7% in France to 33% in Brazil, and the trends in developed as well as
developing countries suggest that the rates of obesity are increasing.'> The prevalence of obesity
among older persons is also growing, partly since the percentage of older individuals is increas-
ing worldwide, but it has only recently become a recognized public health problem in this
population. 314

At least one third of North Americans are obese, and the prevalence of obesity as well as
overweight has increased rapidly in the U.S. and other developed countries during the past
decades.!31316 A comparison between the National Health Examination Survey (NHES I: 1960-62)
and the National Health and Nutrition Examination Surveys (NHANES I: 1971-74; NHANES II:
1976-80; NHANES III: 1988-94) in the U.S. show a large increase of obesity between NHANES
II (14.5%) and NHANES III (22.5%)."7 Almost one third of adult Canadians are at increased risk
of disability, disease, and premature death due to obesity.!?

Obesity is relatively common in Europe, especially in southern and eastern countries, and recent
studies from repeated surveys suggest that the prevalence of obesity has been increasing during
the past 15 years.!” The average prevalance of obesity among Europeans between 1983 and 1986
was about 15% in men with a range from 7% in Gothenburg, Sweden to 22% in Lithuania. In
women, the prevalence figure was 22%, with a range from 9% to 45% in the same locations.? It
is estimated that more than half of adults aged 35 to 65 living in Europe are either overweight or
obese, overweight thereby being more common among men than women, but obesity being more
common among women.?' Numerical values for prevalence of obesity are highly dependent on the
criteria used to identify the condition and its gradations of severity. Recently, the prevalance of
body mass index of 30 kg/m? or more in U.S. adults was compared with findings in adults in the
U.K., France, the Netherlands, and Italy, the differences of prevalence ratios ranging from approx-
imately 1.5 (U.S. vs. U.K.) to 3.0 (U.S. vs. France).?

lll. BODY WEIGHT

Some general trends in body weight along with aging have been found, including an increase of body
weight in middle age? followed by a decrease at older ages.”*? In a 25-year longitudinal population
study of individuals from age 70 to 95 in Gothenburg, Sweden, it was found that body weight decreased
3.2 and 5.1 kg in males and females, respectively, during this period of time.? This decreasing trend
can be explained partly by the physiological changes in body composition with age that influences
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the loss of body weight due to decrease in cell mass through cell death, impaired function of surviving
cells,?® decrease of body fat and body water,”” and partly by changes in internal organs, bone mass,
skeletal muscles, and lean body mass in elderly subjects.?*? However, a distinct gender difference
has also been observed in this pattern where weight loss corresponded more to a loss of body cell
mass in males than in females, and more to a decrease of body fat in females.

When talking about body weight, one should also keep in mind the secular trend of body
composition, i.e., earlier generations being physically smaller than recent ones.? In a cohort
comparison study from the gerontological and geriatric population studies in Gothenburg, Sweden
— the H 70 study!*® — with five representative samples of 70-, 75-, and 79-year-old individuals
born within a time span of 21 years, it has been found that individuals in the later-born cohorts
were 1 to 2 cm taller and 1.5 to 6.3 kg heavier than the earlier-born cohorts.3! The reason for that
may be, at least partly, childhood nutrition and living conditions, changed food habits, upward
social mobility, and less physical activity in later-born cohorts.3!

IV. BODY FAT

The measurement or estimation of body fat can be performed in several ways.?>3* These include
cadaver analyses® and methods using absorption of fat-soluble gases such as krypton.3® Isotope
dilution methods to calculate total body water 3" and whole body potassium counting? to estimate
body cell mass3? can be used to estimate body fat.’>* The measurement of subcutaneous fat
thickness with roentgenography*° and calipers*! is frequently performed. Furthermore, sophisticated
techniques such as neutron activation or dual-photon (or X-ray) absorptiometry, computed tomog-
raphy or nuclear magnetic resonance imaging are available for the determination of specific body
components and the assessment of regional fat distribution.*>** The bioelectric impedance
analysis*+¢ has substantially improved the estimation of total body fat, and nowadays body density
may be considered as a “gold standard,” from which fat and fat-free body mass can be calculated.*’
For estimating regional adiposity and adipose tissue distribution, several anthropometric methods
have also been found useful, i.e., waist circumference,*® waist to hip circumference ratio,!%:47:4950
waist circumference to height ratio,’! and subscapular skinfold.*’

The correlations between simple anthropometric parameters and body fat are usually rather
high in the elderly. In a Swedish population study of 70-year-olds,** it was shown that such
correlations to body fat estimated with a combined approach of total body water measurement
using tritiated water and whole body potassium counting were higher in females than in males
regarding body weight, waist girth, upper arm girth, thigh skinfold, and body cell mass. Regarding
subscapular and suprailiac skinfolds, the correlations were of the same order of magnitude in both
sexes. The correlation coefficients between body fat and body weight, waist girth, and subscapular
and triceps skinfold, respectively, ranged from » = 0.47 (triceps skinfold in males) to r = 0.83 (body
weight in females) in that study. The correlation coefficient between body fat and the difference
between body weight and “ideal body weight? was r = 0.71 in males and r = 0.91 in females. A
multiple regression analysis with body fat as the dependent variable revealed body weight as the
most important independent variable in both sexes.

Energy intake and expenditure vary markedly between different populations, which means that
the average amount of body fat — in absolute as well as in relative terms — varies accordingly.
In the above-mentioned Swedish study of body composition,3* the average percentage of body fat
relative to body weight at age 70 was 16.1 and 26.6 for males and females, respectively. As judged
from comparisons of body weight/height measurements and skinfold measurements between Swe-
den on the one hand and the U.K. and U.S. on the other, Swedish people seem to have a lower
amount of body fat than in the other countries mentioned.>3-5

A longitudinal population study of the same subjects from age 70 to age 79 in Gothenburg,
Sweden® showed that the absolute amount of body fat did not change in any noteworthy way
between age 70 and 75, but decreased in an order of magnitude of 2 kg between age 75 and 79 in
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females. However, the percentage of body fat to body weight seems to increase to about age 70 to
75 as judged from cross-sectional studies.*

It is well known that very old people are thin. Many clinicians have interpreted this fact as
caused by a selective mortality of obese people. However, at least to some degree, it seems that
the explanation is a decreasing degree of fatness in the same individuals. This decrease seems to
start somewhat earlier (age 75) in females than in males. This fact has an obvious bearing when
discussing the diagnosis of overweight and obesity, and indications for the therapy of obesity in
the elderly. Some age-dependent changes have been described concerning the distribution of body
fat. Skerlj and collaborators®’ found that subcutaneous fat was deposited more on the trunk than
on the extremities in old compared to young women. Furthermore, Durnin and Womersley>>
described an increase of deep adipose tissue compared with subcutaneous fat with age. A centralized
distribution of adipose tissue, especially in the trunk, is more hazardous in young and middle-aged
men than in the elderly.’®

V. DEFINITIONS OF OVERWEIGHT AND OBESITY

According to Keys and collaborators,”® a common clinically and epidemiologically useful way to
express the degree of overweight and obesity is the use of weight/height indices of different kinds.
Bray® defined overweight and obesity according to BMI calculated as the ratio of body weight in
kilograms divided by the square of the height in meters (Quetelet index), where individuals with
a BMI value between 25 and 30 kg/m? were classified as overweight and those with 30 kg/m? and
above were obese, irrespective of age and sex.

The World Health Organization (WHO) recommended an adult range of desirable weights for
heights of BMI 22.0 kg/m? (20.1-25.0 kg/m?) for men and 20.8 kg/m? (18.7-23.8 kg/m?) for
women.%! It is well recognized that age modifies the risks associated with BMI and certain diseases,
but whether different cut-offs are more appropriate for individuals aged 70 or more is uncertain.?
Andres and collaborators® suggested a modification of the Metropolitan desirable weight tables so
that age is also taken into account. The American Committee on Diet and Health in its 1989 report
stated that BMIs of less than 24 kg/m? and more than 29 kg/m? are undesirable for individuals over
65 years of age.% In a recent review, Beck and Ovesen % indicated that the optimal range of BMI
for elderly people is increasing from 20-25 kg/m? to 24-29 kg/m?, and have suggested for a new
cut-off points for the elderly to be used in clinical practice.%

However, there are certain limitations to using BMI values for classifying obesity and over-
weight, particularly in the elderly. For example, BMI cannot distinguish between the contribution
to body weight of fat tissue and that of muscle, bone, and water.*?’ This problem is more pronounced
in elderly, who tend to experience a redistribution of body fat from subcutaneous to intra-abdominal
and intramuscular sites.?’ The sensitivity of BMI cutpoints with respect to body fatness decreases
with age, since the same values of BMI correspond to different amounts of fat and fat-free mass
at different ages, and the use of a fixed cutpoint for all age groups results in a “differential
misclassification bias.”’10

V1. RISKS OF OVERWEIGHT AND OBESITY
A. MORBIDITY

The risks of overweight and obesity in the elderly are still under debate. It is generally, agreed
that obesity is associated with a number of major conditions such as cardiovascular diseases,
i.e., coronary heart disease’*%-%° and hypertension**+7%7!; cerebrovascular disease, i.e., stroke*7°;
diabetes mellitus*+7>7%; impaired glucose tolerance’®; gallbladder disease**; colorectal and pros-
tate cancer in men’”’8; renal cell, cervix, endometrial, ovarian, and breast cancer in women.””-79:80
Evidence has also been found regarding serious consequences of obesity on conditions like
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cardiac dysfunction, pulmonary problems, digestive diseases, endocrine disorders, obstetric,
orthopedic, dermal and immunologic disorders.3!-%* However, considerable inconsistencies have
been reported among different age, gender, and ethnic groups for the relationship between obesity
and diseases, i.e., coronary heart disease, stroke, diabetes, cancer, etc.310-508085-87 Sygoested
reasons for that are, e.g., misclassification, confounders, unknown protective factors, surrogate
risk factors, and the small, short-term studies from which, in most of the cases, conclusions have
been drawn.>#

Furthermore, studies on risks of overweight and obesity for developing diseases have been
mostly performed in middle-aged or relatively young adults. There is little or no population-based
reported data in this regards on subjects aged 70 years and older. An attempt was made to investigate
the relationship between baseline BMI values at age 70 and the subsequent incidence of coronary
heart disease, stroke, cancer, and diabetes during a 15-year follow-up from age 70 to 85 years ¥
with longitudinal cohort data from the gerontological and geriatric population studies in Gothenburg
— the H70 study.'*° Significant positive trends were found between the quintiles of BMI for the
relative risk of coronary heart disease in males, and diabetes in both sexes, where the lowest quintile
was used as a reference group. However, a positive but nonsignificant trend was found for the
relative risk of stroke in males.®

B. MORTALITY

The relation of obesity to mortality is still somewhat unclear. The well-known Build and Blood
pressure Study from 1959 describes an almost linear relation between overweight and excess
mortality in both sexes starting from 10% overweight. Epidemiologic studies have found four major
types of relation between body weight and mortality, namely — no relation,”%* direct associa-
tion,*9¢ inverse association,”” and a U-shaped or J-shaped realtion.?363.98-102

However, these studies are mostly from middle-aged people'®® and substantial differences have
been found between body weight and mortality relationship among the elderly compared with that
in younger adults.!** A significant linear relationship was found between body weight and mortality
in males from age 70 to 95 years after adjustment for serum cholesterol level, smoking, and cancer,
but such a trend was significant for females only from age 70 to 80 years'% within our gerontological
and geriatric population studies in Gothenburg, Sweden.!-3

It is thus necessary to clarify whether age modifies the relation between body weight and
mortality.!% A Norwegian study by Waaler'®” found that the U-shaped mortality curve for weight
flattened out with advancing age, and from 80 years or older the curve was almost horizontal. An
increase in mortality risk for low weight with age has been interpreted as suggesting that a modest
weight gain with increasing age may be protective and desirable.’

However, results from crude relation analyses between overweight and mortality have to be
interpreted with great caution. They can certainly not tell us about the impact of obesity on
morbidity; also, the impact on mortality may be obscure because of possible confounding factors,
which can also be different in different populations. Several reviewers have indicated some meth-
odological limitations, including the failure to control smoking, inappropriate control of physiologic
and metabolic effects of obesity, and the failure to eliminate early mortality from the analysis.*¢

VII. ETIOLOGICAL FACTORS

As pointed out by several leading authors in the field such as Bjorntorp!'®® and Bray,'® the under-
standing of obesity requires knowledge of the many different etiological and pathophysiological
aspects of this condition. Bray suggested an anatomical classification of the syndromes of obesity
in generalized or diffuse accumulation of fat and localized fat accumulation. This has no special
geriatric implication. He also suggested an etiological classification into hypothalamic, endocrine,
nutritional, physical-inactivity-induced, predominantly genetic-, and drug-induced obesity, where
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some have an obvious geriatric importance (i.e., the high fat nutritional, the physical inactivity, and
the drug-induced obesity types of Bray).

The nutrient density of the food is especially important in the elderly, who on the average
constitute a low-energy consumer group. The major explanation for the reduction of energy expen-
diture with age is probably the decreasing number of cells in the organs, loss of metabolizing tissue,
and reduced physical activity,''? although some intracellular aged-induced changes on the enzyme
level might also be responsible. In the Baltimore longitudinal study of males,'!! the average total
energy expenditure amounted to 2811 kcal/11.8 MJ and 1924 kcal/8.2 MJ at age 30 and 80,
respectively.

It was shown in a study of three cohorts of 70-year-olds in Gothenburg, Sweden in 1971, 1981,
and 1993, respectively, that food choice changed markedly over a 22-year perspective.'!> For
example, sugar and potato intake had decreased, and intake of rice, pasta, and fresh vegetables
increased. Energy intake seemed, however, to be quite stable during the period. Thus, food choice
seemed to have changed more than nutrient intake, and many of these changes were due to an
obvious trend of increasing diversity.'!'> There is no reason to believe that elderly people are more
conservative regarding their food choices.!'® Ordinary food in most industrialized countries has a
low nutrient density because of a high proportion of fat and refined sugar. Therefore, intake of the
same type of food in old age as earlier in life might obviously give either too much energy, too
few essential nutrients, or both.

The energy “recommendations” of the 10th Recommended Dietary Allowances!'* for the age
group 51 years and over (2300 kcal/9.7 MJ and 1900 kcal/7.6 MJ for males and females, respec-
tively) are obviously too difficult to apply to such a heterogeneous group of individuals as the
elderly. Body weight, among many other things, varies widely among age groups above 50 and
among different populations. Thus, as an example, average body weight at age 70, 75, and 79 in
a Swedish population®® were 73, 70, and 69 kg for males, and 67, 65, and 63 kg for females, which
for females means much more than the reference woman aged 51 or over of the Recommended
Dietary Allowances.'!*

In this context it is important to point out that malnutrition means undernutrition, overnutrition,
or both at the same time, as undernutrition of essential nutrients can be combined with overnutrition
of fat, refined sugar, and energy. Physical inactivity is a not uncommon cause of overweight and
obesity, as shown in many studies such as the seven-country study of Keys and collaborators.!!?
This is a general phenomenon and not related to age; however, obese subjects are significantly less
active than non-obese people.''® Physical inactivity in the elderly, however, may — more than in
younger age groups — be the result of not only sedentary occupation but also of physical handicap.

Social factors are of importance to obesity in the aged for several reasons. Especially in females,
the socioeconomic state is inversely related to the prevalence of obesity.!%!'” Furthermore, although
many elderly suffering from loneliness have a bad appetite, there is also a tendency in the opposite
direction with an overrepresentation of increasing appetite in lonely elderly as judged from a
Swedish study.''® This has also been found by others.!®

VIII. OTHER COMPLICATIONS OF OBESITY FOR HEALTH CARE AND
NURSING OF THE ELDERLY

Some special problems of advanced obesity are diagnostic difficulties when examining neck, thorax,
and abdomen. Jugular venous pressure has been reported to be difficult to assess because of cervical
adiposity.'?® The apex beat is not easily felt in obese patients, and heart sounds and murmurs are
muffled.'?! The amplitude of precordial T-waves in the electrocardiogram has been reported to be
reduced to half the normal.'?? These diagnostic difficulties are common in all age groups, but add
to already existing diagnostic difficulties in elderly patients (for review see Steen'?).
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The practical handling of obese elderly patients in, for instance, long-term care medicine is
often a difficult task. Changing position from bed to chair and even walking may be difficult, and
must be looked upon as potential hazards for falls, the result of which can be a fractured hip due
to co-existing osteoporosis.

Intertrigo is commonly found on various parts of the body and is often difficult to treat
effectively. Toileting is difficult especially together with co-existing urinary incontinence — a very
common condition in geriatric medicine.'?* Pressure sores, hypostatic congestion of the lungs, and
leg vein thrombosis are more likely to develop in obese patients if they have to stay in bed for
some time.!?!

IX. INDICATIONS FOR TREATMENT

Treatment of obesity in elderly patients does not require methods other than those that are used in
other age groups. However, many existing methods are not applicable or feasible to elderly people,
and only a few, therefore, remain to be discussed in this context.

As was mentioned earlier, the indications for treatment might be different in the higher age
groups, the tendency being generally to have more rigorous indications before intervening. It has
been found that thinner older people who lost weight and heavier people who gained weight showed
increased risk of coronary heart disease compared with people with stable weight in old age.®® This
is especially true in the highest age groups — above age 75 or 80 — where there seems to be an
ongoing decrease of body fat and body weight apparently related to normal aging.>

Surgical methods to treat obesity seem to be indicated in the elderly only in exceptional cases.
Nonsurgical methods include jaw fixation, intragastric balloons, diets, exercise, behavior modifi-
cation, drugs, and hypnosis.!?> The National Board of Health and Welfare withdrew anorectic drugs
from Sweden in 1980. The reasons given were that the efficiency of the drugs was doubtful, that
there were indications that overprescription occurred, and that the drugs were abused.!?* Therefore,
of the methods mentioned, those of choice in geriatric medicine are obviously to try changes of
diet, physical activity, and sometimes behavior. An attractive principle especially in elderly obese
patients is the use of large amounts of dietary fiber as an adjunct in the treatment.'?s A rather slow,
progressive weight loss is preferable, especially in the elderly.'?” A daily reduction of 500 kcal can
be mentioned as an optimal example. Acute intermittent fasts should be avoided in these age groups.
Most fat diets are unbalanced and therefore to be avoided in the elderly, because of the need for
high-quality food in these low-energy consumers.

X. PREVENTION

When dealing with prevention in the elderly it has to be borne in mind that the elderly population
comprises a very heterogenous group, and several factors of importance for prevention are closely
interrelated in this age group, such as psychosocial factors, physical activity, and dietary intake.!?8
It has been shown from a study of 68-year-old Swedish men that overweight, obesity, low physical
activity, and high alcohol consumption were more common among those men with inadequate
diets.'?® Furthermore, low social anchorage, low physical activity, and high body mass index were
independent risk indicators of inadequate dietary habits in that population. Thus, social network
and social support have clear relationships to health and to the outcome of preventive measures.!?®
Physical activity is of special importance in the treatment of overweight in the elderly, and dietary
advice in old age should always include recommendations for increased physical activity.!?® Since
elderly individuals are, on average, low-energy consumers and therefore at risk of having low intake
of essential nutrients, an increase in physical activity, and thereby of energy needs, will improve
food and nutrient intake.



186

Handbook of Nutrition in the Aged, Third Edition

Thus, a good “dietary” recommendation in the elderly is to increase physical activity. It is
important that physical activity is maintained in the elderly.!3* Exercise should, however, be light
to moderate. Every “exercise candidate” should have a thorough physical examination before any
exercise program.'3! This is obviously especially true in the higher age groups.
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I. INTRODUCTION
A. INHERENT PROBLEMS IN STUDYING AGING OF THE IMMUNE SYSTEM

Many publications report changes in the immune system of elderly subjects, but often with con-
flicting results. One of the major problems in studying age-associated changes of the immune
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system is the selection of an appropriate study population. Most working groups agree that age-
related changes should be studied in a “healthy” population to avoid influences by underlying
disease, but the applied definition of “health” varies widely. The Concerted Action Programme on
Aging of the European Community (EURAGE) has established selection criteria for studying
healthy aging. The exclusion criteria have been summarized in the so-called SENIEUR protocol,
in which information on clinical history and living conditions, intake of medication, and a panel
of laboratory values are evaluated in order to classify an apparently healthy volunteer as SENIEUR-
compatible.! Both elderly individuals and young control subjects have to fulfill these criteria to be
included in a gerontological study. However, the completeness of this exclusion protocol is an issue
of debate, and several groups have suggested additional selection criteria, e.g., serum lipid values.?
Nevertheless, studying aging of the immune system in a selected healthy population is highly
recommended in order to obtain comparable results.

On the other hand, selection of “extraordinarily healthy” individuals may also bias the result
of a gerontological study. This fact is particularly evident in studies with centenarians who obviously
represent a privileged population with respect to health, and data with these very old subjects often
do not correspond to those obtained in “normal” aged healthy subjects. The approach to study
healthy aging of the immune system in a SENIEUR-selected population of 65 to 85 years of age
appears to represent a good compromise to study aging of the immune system in a population of
highest clinical relevance.

B. PRIMARY, PSEUDO-SECONDARY, AND SECONDARY ALTERATIONS OF THE IMMUNE
SYSTEM IN THE ELDERLY

Alterations of the immune system found in perfectly healthy older individuals have been classified
as “primary” in contrast to “secondary” alterations of the immune system, which are due to
underlying disease or influence of environmental factors.> According to Wick and Grubeck-
Loebenstein,® secondary alterations of immune reactivity also include age-related changes in other
systems with influence on immune reactivity, e.g., alterations in lymphocyte lipid metabolism.*>
However, age-related alterations in other systems with impact on immune reactivity can hardly be
discriminated from direct effects, e.g., measured as disturbed lymphocyte signaling, since the
underlying molecular cause for immunological alterations often remains obscure. For instance,
altered lymphocyte transmembrane signaling in the elderly may be due to altered membrane lipid
composition because of age-related changes in the regulation of cellular and systemic lipid metab-
olism. Due to these inherent problems, I would like to add to that highly useful concept, and
summarize age-associated alterations in systems other than the immune system that indirectly affect
immune responsiveness in perfectly healthy older individuals, as “pseudo-secondary” alterations
of immune reactivity. This extended categorization is of particular importance in view of the fact
that the major biological communication systems, i.e., nervous, immune, and endocrine systems,
closely interact with each other.®® Both primary and pseudo-secondary alterations are found in
perfectly healthy elderly and well-nourished individuals, and are thus clearly discriminated from
secondary alterations of the immune system, which should be confined to those influenced by
underlying disease or by factors from an individual's environment including deficiencies in micro-
or macronutrients.

In this review, I briefly summarize alterations of the immune system in the elderly and discuss
possible interference from nutritional supplementations. In all issues, I concentrate on the immu-
nomodulatory action of lipids that are supposed to substantially contribute to pseudo-secondary
and secondary alterations of immune reactivity in the elderly. For the huge variety of other issues
concerning the influence of nutritional deficits or supplementations on the immune system from
the elderly, please refer to two recent series of excellent reviews.*!0
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Il.  PRIMARY ALTERATIONS OF THE IMMUNE SYSTEM IN THE ELDERLY

Elderly people are particularly prone to infectious diseases, thus emphasizing the clinical importance
of age-related changes of the immune system. Though many aspects of immune responsiveness
are decreased in the elderly, recent advances point to a dysregulation rather than a global decrease
in function of the immune system.!' In general, cellular and humoral reactions against exogenous
antigens are diminished in the elderly, whereas autoimmune phenomena occur more frequently in
elderly compared with young individuals. The age-related dysregulation predominantly involves T
lymphocyte function, but there are also alterations in the B cell and accessory cell system.

A. T CeLL SYSTEM

The principal alteration in the T cell system from the elderly is the involution of the thymic gland,"
which is responsible for positive selection of T cells directed against foreign antigens and negative
selection of potential autoreactive T cells. Age-associated changes may exist in bone marrow-
derived thymic progenitor cells,'>!# but thymic atrophy seems to be primarily caused by a failure
of thymic T cells to undergo the differentiation stage that is associated with rearrangement and
expression of the T cell receptor (TCR) B-chain.!> Normally, T cells are selected in the thymus so
they can only react against antigens presented on accessory cells within syngeneic major histo-
compatibility complex (MHC) molecules. Interestingly, this MHC restriction of T cells is much
less stringent in aged mice and humans,'®!7 emphasizing the importance of disturbed thymic T cell
differentiation on the immune reactivity in the elderly. Thymic involution may be influenced not
only by intrathymic but also by extrathymic factors, so that regrowth of the thymus could be induced
by neuroendocrine and nutritional manipulations.'® The direct association of age-associated thymic
atrophy and immune dysfunction suggests that an efficient immune system may be restored by
reversing thymic atrophy by endocrine and nutritional manipulations.

T lymphocyte subsets in peripheral blood change dramatically during aging. The overall number
of T cells in peripheral blood decreases,'*-?? due to a decline in the number of CD4* T helper/inducer
cell subset particularly in subjects aged >75 yr.'%2123 Following contact with antigen, T cells are
transformed from so-called naive T cells, which express the high molecular isoform of CD45
(CDA45RA) on their surface, to memory T cells expressing the low molecular isoform CD45R0O. Most
importantly, T cells with characteristics of memory cells are much more frequent in peripheral blood
of elderly subjects, whereas the number of naive T cells is markedly diminished.?>?* The shift from
naive to memory T cells is apparent within both the CD4* helper/inducer as well as for CD8* (primarily
cytotoxic) T cell subset.?? Moreover, the number of T lymphocytes with an activated phenotype, i.e.,
those expressing major histocompatibility complex (MHC) class II molecules or the IL-2 receptor o.-
chain (CD25), within both the CD4+ as well as the CD8* T cell subset is increased in peripheral blood
from healthy aged individuals,?>?>2 paralleling the higher frequency of autoimmune phenomena in
the elderly population. Interestingly, according to thymic involution and the concomitant T cell
differentiation defect, there is an increased number of immature double negative (CD2+ CD4- CD§-)
and double positive (CD2* CD4* CD8*) T cells in peripheral blood in elderly subjects.?

In addition to age-associated alterations in number and phenotype, functional capabilities of T
cells change considerably during the aging process. Proliferative responses upon antigenic or
mitogenic stimulation are drastically decreased during aging in parallel with a marked impairment
in the synthesis of interleukin (IL)-2, the major T cell growth factor.”” The diminished IL-2 synthesis
is due to impaired activation of the transcription factors AP-1 and NF-AT but not NF-xB,? pointing
to defects in stimulating the IL-2 promoter. The decrease in IL-2 production may partly be due to
the decrease in the proportion of naive CD4* T cells, which are more potent in the production of
this cytokine. Addition of exogenous IL-2 only in part overcomes the proliferation defect in aged
T cells,?3 suggesting additional changes in the generation of functional IL-2 receptors.?*-3!
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The diminished secretion of IL-2 during immune responses in the elderly is part of a general shift
in cytokine production of CD4* T cells from cytokines typical for Thl responses (e.g., IL-2) to those
of Th2 responses (e.g., [IL-4, IL-5, IL-10; reviewed in ref. 32). The shift in cytokine profiles emphasizes
the presence of an age-related dysregulation of immune reactivity rather than a general decline.

The impaired T cell response to antigens or mitogens is reflected by inhibited transmembrane
signaling in T cells from the elderly. Protein tyrosine phosphorylation of distinct T cell proteins
are the first changes detectable within seconds or minutes following T cell stimulation and are
indispensable for further T cell activation. Tyrosine phosphorylation of a number of proteins is
reduced in cells from aged individuals. Protein tyrosine phosphorylation of CD3{ chain, a compo-
nent of the TCR/CD3 complex; ZAP-70, a protein tyrosine kinase that binds to phosphorylated
CD3( chains; phospholipase C(PLC)y1; and the adaptor protein Shc, an important link to p21ras
activation, were all shown to be impaired in T cells from aged humans or mice.?*3¢ Accordingly,
the activation of mitogen activated protein kinases ERK1 and ERK?2, which depends on functional
ras signaling, was inhibited in cells from aged individuals.?”* According to the decrease in phos-
phorylation and hence activation of PLCY1, which catalyzes the generation of inositol trisphosphate
and diacylglycerol from phosphatidylinositol bisphosphate, the increase of these two second mes-
sengers was reduced, leading to a diminished calcium response and translocation of protein kinase
C, respectively.’*#! As detailed below, transmembrane signaling in T cells is particularly dependent
on membrane lipid composition, emphasizing the close association of metabolic alterations and
immune dysfunction in the elderly.*4>44

B. B CELL SYSTEM

In parallel with the T cell system, the humoral immune response in the elderly is dysregulated by
diminished antibody production against foreign antigens, but increased levels of autoantibodies.**6
Aged individuals also have higher titers of anti-idiotypic antibodies, which represent a particular
type of autoantibodies with immunosuppressive function.*’*® In addition, the kinetics of antibody
production against foreign antigens is altered in the elderly, so that the primary antibody response
is decreased with delayed peak responses as well as lower and rapidly declining antibody levels
compared with the young.* Particularly, T cell-dependent antibody responses are diminished in
the elderly, pointing to the predominant role of the T cell system for the decline in immune
responsiveness in the elderly.

C. Accessory CELLS

Accessory cells as monocytes/macrophages, dendritic cells, and B cells present antigens to T cells
by binding of antigenic peptides to MHC molecules. Notably, the expression of MHC class II
molecules, which are important for activating T helper cells, appears altered in monocytes from
the elderly, with increased expression of HLA-DQ and decreased expression of HLA-DR/DP,
though results on this issue are contradictory.’>>! Beyond antigen presentation, these cells secrete
a panel of important cytokines including IL-1, IL-6, tumor necrosis factor (TNF), and eicosanoids.??
Though age-related alterations in cytokine secretion have not been unequivocally reported in
accessory cells from the aged, the production of prostaglandin E, appears increased in the aged.>?
This finding may be of particular importance for age-associated T cell alterations since T cells
from the elderly seem particular sensitive to the immunosuppressive action of PGE,.>

I1l. PSEUDO-SECONDARY ALTERATIONS OF THE IMMUNE SYSTEM

A. THE PossIBLE INFLUENCE OF AN ALTERED LYMPHOCYTE LiPID METABOLISM

Lipids alter lymphocyte function particularly by interacting with various intra- and intercellular
signal transduction pathways. As listed in Table 13.1, lipids and their modifications may not only
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TABLE 13.1
Possible Impact of Lipids on T Lymphocyte Signaling
Lipids Target Structures
Membrane Lipids/Membrane Domains
Membrane fluidity Transmembrane proteins (e.g., TCR/CD3 complex, CD28)
Cholesterol/sphingolipid-enriched membrane GPI-anchored proteins (e.g., CD59)
domains (“rafts”) Non-receptor protein tyrosine kinases (e.g., Src family)
Polyunsaturated fatty acids Enrichment leads to modification of rafts with inhibition of

signal transduction, membrane microviscosity
Cholesterol Depletion inhibits signaling via GPI-anchored proteins,
membrane microviscosity

Protein Lipidation

Myristoylation Trimeric G-protein o-subunits
Non-receptor protein tyrosine Kinases

Palmitoylation Trimeric G-protein o-subunits
G-protein-coupled receptors

Prenylation Trimeric G-protein y-subunits

Small G-proteins, ras
Glycosyl phosphatidylinositol (GPI) Many cell surface proteins (e.g., CD59)

Lipid Second Messengers

Phosphatidylinositol phosphates and products Calcium release

(IP3, DAG, etc.) Protein kinase C
Ceramide Protein phosphatase 2A, etc.
Sphingosine-1-phosphate Calcium release, etc.
Arachidonic acid Protein kinase C?

Intercellular Lipid Messengers

Platelet activating factor Specific receptor
Lysophosphatidic acid Specific receptor
Eicosanoids Specific receptor

Lipid Peroxidation
Vitamin E/tocopherol (antioxidant) Inhibition of PGE, production
Inhibition of membrane lipid peroxidation

affect plasma membrane composition and function as a whole but may also alter membrane domains,
protein lipidation, and/or the generation of lipid-derived messenger substances.

1. Membrane Microviscosity

Over a couple of years, the influence of membrane microviscosity and its relation to lymphocyte
response was extensively investigated, since early studies revealed that cells from elderly subjects
exhibit higher membrane microviscosity (equaling lower membrane fluidity) than those from young
controls. It was shown that membrane fluidity has to be maintained precisely within a narrow range
for proper function of all cells including lymphocytes.*>*>> Moreover, higher membrane microvis-
cosity markedly paralleled age-associated inhibition of T cell stimulation, emphasizing that a loss
of homeostatic control of membrane microviscosity in resting lymphocytes is at least partially
responsible for the age-related decline in immune function.’>>%7 Lipid composition plays a major
role for determining membrane microviscosity, and Huber and colleagues® have shown that the
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age-related increase in lymphocyte membrane microviscosity was reflected by an altered lympho-
cyte lipid content, suggesting an altered regulation of lipid homeostasis in cells from elderly
subjects. A disturbed regulation of lipid metabolism in lymphocytes from healthy aged individuals
could also be determined when analyzing the switch in lipid composition that occurs during blast
transformation of lymphocytes, an essential step for initiating an effective immune response.** The
exact nature of the influence of increased membrane microviscosity on cellular function is still
under debate. Membrane microviscosity could alter T lymphocyte responsiveness in the elderly by
directly interfering with membrane protein function, e.g., the constituents of the TCR/CD3 complex
and several costimulatory molecules including CD28 are transmembrane proteins and hence prone
to be functionally affected by alterations in membrane microviscosity. On the other hand, age-
related molecular alterations in T cell lipids may, independently of each other, lead to increased
membrane microviscosity and inhibition of lymphocyte activation.

2. Cholesterol Homeostasis

Cells from healthy elderly subjects have an elevated cholesterol content that appears to be a critical
determinant of their increased membrane microviscosity.’’ Cells take up cholesterol mostly via
receptor-mediated endocytosis of low-density lipoproteins (LDL).® On the other hand, every cell
is capable of synthesizing cholesterol with the rate-limiting step being catalized by 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase.”® Both pathways have to be tightly controlled
by feedback mechanisms to prevent cholesterol overaccumulation within cells. However, despite
higher cholesterol concentrations in blood serum in contrast to young controls, lymphocytes from
healthy elderly individuals express higher numbers of LDL-receptors leading to enhanced uptake
of LDL cholesterol and increased cellular cholesterol content.*>%° This enhanced expression of LDL
receptors is due to a marked transcriptional dysregulation in lymphocytes from the elderly.*
Consequently, lymphocytes from healthy aged subjects expressed higher amounts of LDL receptor
mRNA at equal serum cholesterol levels, showing that the feedback mechanism of exogenous
cholesterol on LDL receptor (and less on HMG-CoA reductase) expression is disturbed in the
elderly.* Thus, dysregulated cellular cholesterol metabolism contributes to sterol overaccumulation
in lymphocytes from healthy elderly subjects, leading to increased membrane microviscosity. Thus,
the disturbed regulation of cholesterol homeostasis in lymphocytes from healthy elderly subjects
could indirectly add to the age-associated alteration of the immune response.

3. Membrane Domains

Numerous other possibilities exist for lipid alterations to interfere with immune function (Table
13.1), but most of them have not yet been tested in detail with respect to their impact on age-related
dysregulation of immune function. Recently, a huge body of evidence was accumulated for the
existence of microdomains within the plane of the plasma membrane. These membrane domains
have been termed “rafts”¢! or detergent-resistant microdomains (DRMs)%? according to their insol-
ubility in non-ionic detergents, which is due to their particular lipid composition rich in sphingolip-
ids, cholesterol, and saturated fatty acids. Membrane rafts turned out to be essential for lymphocyte
activation,®® most probably by concentration of palmitoylated protein tyrosine kinases of the Src
family and the important adapter protein LAT,* which are both indispensable for T cell activation.
Notably, some proteins capable of providing costimulatory signals to T cells are attached to the
plasma membrane via a glycosyl phosphatidylinositol (GPI) anchor causing selective localization
within membrane rafts. Changes in cholesterol content or fatty acid unsaturation of lymphocytes
have been shown to result in functional and/or structural alterations of rafts.®>%® Interestingly,
polyunsaturated fatty acids whose enrichment in membrane lipids alter raft composition and lym-
phocyte activation® have been found more prevalent in lymphocyte membranes from SENIEUR-
compatible aged individuals than from young controls.’” Moreover, during lymphoblast formation
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T cells from elderly subjects retained higher amounts of PUFAs compared with cells from young
donors.* Thus, molecular alterations in membrane rafts could be a possible mechanism for age-
related lipid alterations to affect lymphocyte activation.

B. Lirip OXIDATION

Though the causal role of lipid oxidation and radical formation on the aging process itself and its
influence on immune function is still a matter of debate,’”%8 recent studies with antioxidants
(discussed in Section V) may emphasize the influence of lipid oxidation on immune reactivity in
the elderly. Previous studies found increased concentrations of lipid oxidation products in serum
and particularly within the LDL fraction when measured as thiobarbituric acid reactive substances
(TBARS).%° Analysis of a specific modification of apolipoprotein B (apoB) induced by 4-hydroxy-
nonenal (HNE), a natural derivative of oxidized polyunsaturated fatty acids,” revealed an increased
proportion of HNE-modified apoB in healthy, i.e., SENIEUR-compatible, aged subjects compared
with young controls.”! Since the fractional catabolic rate of LDL is decreased in the elderly in
parallel with the increased LDL serum concentration, the prolonged life-span of LDL particles in
the circulation in aged individuals may facilitate accumulation of lipid peroxidation end-products.
Intriguingly, the concentration of several lipophilic antioxidants, e.g., carotenes, is decreased in the
elderly when related to serum lipids, which represents their site of action and whose concentration
increased in sera from elderly subjects. Moreover, the amount of B-carotene per LDL particle is
decreased in healthy elderly subjects.”! However, other antioxidants, e.g., o-tocopherol, tended to
be increased’! in serum lipids from the elderly despite advanced oxidation of LDL, suggesting that
lipid peroxidation occurs slowly in human serum permitting tocopherol replenishment during the
process. However, only a minor part of serum LDL is oxidatively modified (less than 1%), and
overall LDL binding to its receptor is not diminished with LDL from the aged proposing that
altered receptor binding does not underlie the diminished downregulation of the LDL receptor on
the transcriptional level.*

IV.  SECONDARY ALTERATIONS OF THE IMMUNE SYSTEM

Secondary alterations of the immune system have been defined as those resulting from underlying
disease or environmental factors,® among those nutritional influences may play a major role.”>”
These comprise, e.g., protein-energy malnutrition, deficiencies in various micronutrients (Zn, Se,
Fe, Cu, vitamins A, C, E, B6, and folic acid), and oxidative changes, but also overnutrition. Also,
advanced glycosylation end products (AGEs) of proteins and lipids which accumulate during aging
can alter immune response by enhanced production of IFN-y, which may result in immune responses
leading to tissue injury.”* In addition, oxidative stress may contribute to altered immunoregulation
in the elderly.

A. SECONDARY ALTERATIONS RESULTING FROM DISORDERS OF LiPID METABOLISM

Hypercholesterolemia, whose incidence increases with age, contributes to the overaccumulation of
cholesterol in lymphocytes, which may indirectly affect immune response as discussed above.
Insulin resistance is tightly associated with the so-called metabolic syndrome describing the
common or separate existence of diabetes mellitus type II, hyperlipidemia, hyperuricemia, and
hypertension. This situation is typically associated by high serum concentrations of free, i.e., non-
esterified fatty acids (FFA). FFA can considerably alter activation and cytolytic function of lym-
phocytes in the absence of FFA-binding proteins in vitro.”>77 Since large concentrations of serum
albumin tightly bind FFA in human serum, it was unknown whether high serum FFA values as
they occur in states of insulin resistance may be able to inhibit lymphocyte activation. Recent data
from our laboratory, however, revealed that high serum FFA concentrations inhibit calcium response
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of T cells and this inhibition involves both CD4* and CD8* subsets.!% Thus, insulin resistance may
not only be deleterious for glucose metabolism, hence promoting bacterial growth due to hyperg-
lycemia and glucosuria, and alter cytokine production due to occurrence of AGEs, but also may
inhibit immune response by serum FFA elevation.

V. POSSIBLE INFLUENCE OF NUTRITIONAL INTERVENTIONS ON THE
IMMUNE SYSTEM IN THE ELDERLY

When considering dietary interventions on the immune system in the elderly, a clear goal has to
be defined first: In view of the fact that the immune system of the elderly is dysregulated rather
than simply inhibited in function, it is important to achieve a normally regulated immune system
rather than an augmentation of immune response. This aim is of particular importance when
considering on the one hand the mortality by infection, e.g., pneumonia, and on the other hand,
the wide variety of autoimmune phenomena occurring in healthy elderly subjects. However, a
reversion of immune system dysregulation or “rejuvenation” is a priori difficult to achieve in
otherwise healthy elderly individuals. Moreover, when attempting an “optimized” immune reactivity
in already diseased individuals, augmentation or inhibition of an immune response is intended
depending on the very clinical situation. Whereas vaccination response and infectious diseases will
benefit from a diet augmenting immune responsiveness, autoimmune phenomena could be alleviated
by adjuvant immunosuppression. These disorders include not only classical autoimmune diseases
but perhaps also the development of atherosclerosis.>”®

A. LiPID-MODIFYING INTERVENTIONS

1. Cholesterol

In spite of experimental data on the influence of cholesterol accumulation on lymphocyte respon-
siveness, there has been, up to now, no study showing that diets poor in cholesterol may enhance
immune response in the elderly. In contrast, the powerful cholesterol-lowering drugs of the “statin”
group, which inhibit HMG-CoA reductase activity, may exert immunosuppressive effects,” which
could contribute to their effect of preventing the progression of atherosclerosis. More refined
analyses revealed that lowering of cellular cholesterol disturbs the function of membrane rafts, thus
inhibiting T cell costimulation via glycosyl phosphatidylinositol (GPI)-anchored proteins.® More-
over, the inhibition of HMG-CoA reductase activity by statins also interferes with the provision of
substrates needed for lipidation of signaling proteins, e.g., for prenylation of Ras proteins.>® Thus,
the mechanism of immunosuppression by statins is not yet clear, but the development of modern
drugs to inhibit cholesterol biosynthesis on a more distal step, i.e., without inhibiting protein
lipidation,®® may contribute to our understanding of immunosuppression by cholesterol lowering.

2. Polyunsaturated Fatty Acids

Various aspects of immune function are inhibited in states of deficiency of overnutrition with
polyunsaturated fatty acids (PUFA).3! Fish oils include a high proportion of n-3 PUFA whose major
constituents, eicosapentaenoic acid and docosahexaenoic acid, inhibit the generation of eicosanoids
by interfering with the processing of arachidonic acid.®? Moreover, eicosapentaenoic acid is a
substrate for cyclooxygenase and 5-lipoxygenase leading to prostaglandins and thomboxans of the
3-series and 5-series leukotrienes, and many of these substances are biologically less active than
those derived from arachidonic acid.®?

However, only part of the immunosuppressive effect of PUFA is due to altered eicosanoid
synthesis. Notably, PUFA inhibit immune response by incorporation in membrane lipids and
subsequent interference with lymphocyte function independent of their effect on prostaglandin
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synthesis.?¥-8 Dietary lipid modifications generally revealed PUFA as potent modulators of various
aspects of the immune response, with PUFA of the n-3 series being more effective than those of
the n-6 series.® N-3 PUFA inhibit mitogen response of peripheral blood lymphocytes during and
following PUFA supplementation.?’-3 PUFA also inhibit cytotoxic T cell responses as revealed by
animal studies.®® Human studies indicate that diets rich in n-3 PUFA may inhibit antigen presentation
by MHC class II molecules, which is a prerequisite for stimulation of helper T cells.”! In addition
to decreased mitogen response, PUFA inhibit production of cytokines IL-1, TNF, IL-6, and IL-
2.88899293 PUFA were also shown to inhibit cell-mediated immunity in vivo, e.g., endotoxin
response® as well as delayed-type hypersensitivity (DTH) in animals®>¢ and humans.?® Therefore,
PUFA, particularly of the n-3 series, have found clinical application not only for the prevention of
atherosclerosis®’ but also for the treatment of various inflammatory diseases®®* and as adjuvant
immunosuppressive agents.'” Unfortunately, little information is available investigating the role of
PUFA with emphasis on the elderly. Negative correlations have been found between the PUFA
content of habitual diets and basal as well as stimulated NK cell activity, but PUFA supplementation
only increased NK cell number without affecting activity of NK cells.!”' Supplementation of n-3
PUFA resulted in a significant decrease in T cell mitogen response only in aged individuals and a
more pronounced decrease in IL-2 production in elderly than in young women.?” Moreover, syn-
thesis of IL-1, IL-6, and TNF was more dramatically reduced in aged than in young subjects.?’
These data emphasize that elderly individuals are particularly sensitive to the immunosuppressive
action of PUFA. Accordingly, elderly individuals with autoimmune diseases or progressive athero-
sclerosis may particularly benefit from PUFA supplementation. Though autoimmune and cardio-
vascular disorders are frequent problems in the elderly, only longitudinal studies will clarify whether
dietary PUFA supplementation should be generally recommended in the elderly or whether adverse
effects that as a increase the incidence of fatal infections may limit their application to particular
groups of patients.

3. Antioxidants

Antioxidants such as vitamin E (tocopherol) may augment immune reactivity by inhibiting PGE,
production, the immunosuppressive impact of which is particularly effective in the aged.'®> In
addition, prevention of polyunsaturated fatty acid oxidation of membrane lipids may contribute to
its beneficial effect on immune reactivity. A double-blind, placebo-controlled study supplemented
34 healthy aged (>60 yr) subjects with 800 mg o-tocopherol for 30 days.!®® This treatment
augmented not only plasma vitamin E concentration but also DTH, T cell mitogen response, and
IL-2 production. Recently, the effect of tocopherol substitution on indicators of T cell responsiveness
was confirmed when evaluating not only DTH but also antibody production against hepatitis B
with dose-dependent differences in these changes, suggesting 200 mg/day as an optimal substitution
for the immune system.!** Moreover, vitamin E may hinder the progression of atherosclerosis by
prevention of serum lipoprotein oxidation. Thus, vitamin E and possibly also other antioxidants
appear particularly useful dietary supplements for elderly individuals.

VI. CONCLUSIONS

The immune system in healthy elderly subjects is characterized by a dysregulation of immune
reactivity with diminished responses against foreign antigens and a high frequency of autoimmune
disorders. This dysregulation is due to primary alterations, comprising direct effects of aging on
the immune system, and pseudo-secondary alterations, which summarize age-related metabolic,
endocrine, and neuropsychologic changes in healthy individuals that are indirectly able to affect
immune function. This review focused on changes in lipid metabolism that occur during healthy
aging and that can be, at least to some extent, modified by dietary factors. Since the regulation of
the immune system is primarily altered in the elderly, dietary interventions should not simply
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“enhance” immune function. However, our primary goal should be a “rejuvenation” of the immune
system with strengthened responses against foreign antigens and suppression of autoimmune phe-
nomena. Therefore, large longitudinal studies have to be carried out to prove the efficacy of dietary
interventions to increase expectancy and, particularly, quality of life.
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I. INTRODUCTION

Aging in humans is associated with physiologic and metabolic changes that can have profound
effects on the physical and psychological well being of the individual. Among these changes is the
impaired ability to maintain glucose homeostasis. Proper control of blood glucose concentration
is important at any age, but it is of particular concern in the elderly. Age-related alterations in the
release and action of insulin are often exacerbated by modifiable factors that commonly occur as
a function of age. The resulting dysregulation of glucose homeostasis can have serious consequences
with respect to physical health and cognitive function. The purpose of this review is to present
recent studies that examine how aging affects glucose homeostasis and insulin secretion. Investi-
gations of the deleterious effects of altered glucose homeostasis, as well as possible measures aimed
at mitigating these effects, will also be presented.

1. CARBOHYDRATE METABOLISM AND GLUCOSE HOMEOSTASIS

Glucose is an essential nutrient, the major source of energy in the human body, and dietary carbohy-
drate is the most important source of glucose. Carbohydrate in the diet is normally in the form
of disaccharides (sucrose and lactose) and polysaccharides (starch) that must be hydrolyzed to
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monosaccharides to be absorbed and used by the body. Specific hydrolytic enzymes called glycosi-
dases, located in the saliva, pancreatic juice, and in the wall of the small intestine, break down
disaccharides and polysaccharides into their constituent monosaccharides, including glucose, fructose,
and galactose. The monosaccharides are transported across the intestinal wall and enter the portal
circulation. In the liver, glucose is either delivered to the bloodstream to be distributed among the
tissues or it is converted to glycogen for storage, depending on the body’s need for energy. Fructose
and galactose are rapidly converted to glucose, so blood concentrations of these monosaccharides are
usually very low and largely unregulated. However, the most abundant and important monosaccharide,
glucose, is subject to strict hormonal regulation that is critical to glucose homeostasis (138,155).

Glucose homeostasis is dependent almost entirely upon the normal synthesis and secretion of
insulin. Although numerous other hormones are necessary to increase blood glucose concentrations
during hypoglycemic episodes, only insulin is required to decrease blood glucose concentration by
enhancing peripheral tissue glucose uptake and by reducing glycogenolysis by the liver
(94,223,368). Variations in time and amount of food intake, as often occur in the human diet,
require the presence of strict homeostatic controls to maintain blood glucose concentrations within
a relatively narrow range (between 80 and 100 mg/100 ml in the postabsorptive state). This is
particularly important to the central nervous system, which utilizes glucose as its primary substrate.
The net effect of insulin’s action is to promote conversion of metabolizable fuels into a form that
can be stored. In the liver, insulin suppresses glycogenolysis and gluconeogenesis, and in adipose
tissue, insulin accelerates glucose transport and suppresses lipolysis. Insulin accelerates the trans-
port of glucose and amino acid into skeletal muscle and promotes protein synthesis (110). In
summary, insulin acts to decrease hepatic glucose production and to accelerate the uptake of glucose
into peripheral tissues, resulting in lowered blood glucose concentrations.

After the ingestion of carbohydrates, the B-cells within the islets of Langerhans respond rapidly
and with high sensitivity to the increased blood glucose concentration by secreting insulin. The
relatively short half-life of insulin in the blood (163) and the fact that the rate of insulin secretion
alone regulates changes in plasma insulin concentration, as opposed to regulation by the uptake
and catabolism of the hormone by peripheral tissues (41), make it essential that the secretion of
insulin operates under an effective feedback control system. Any alterations in B-cell function that
result in even minute delays or losses of sensitivity of the B-cell to changes in glucose concentration
could disrupt the feedback loop sufficiently to cause metabolic disorders (49).

Ill. AGE-RELATED CHANGES IN GLUCOSE HOMEOSTASIS

A diminished ability to regulate blood glucose concentration is a common occurrence with advancing
age. Many elderly individuals, in the absence of disease, experience changes in glucose homeostasis
manifested as glucose intolerance, the inefficient uptake of glucose from the blood by the peripheral
tissues. Glucose intolerance results in elevated blood glucose levels (hyperglycemia), which, over
time, can lead to numerous pathological conditions and increased mortality (145). Although it has
been the subject of intensive research for several decades, the exact cause of glucose intolerance is
not known. However, glucose intolerance is known to be associated with insulin resistance, a state in
which normal concentrations of insulin produce an attenuated biological response (113,200). Ongoing
investigations are attempting to answer the question; Are glucose intolerance and insulin resistance
normal consequences of aging, or are they the result of modifiable, environmental factors?

A. AGING AND THE DEVELOPMENT OF GLUCOSE INTOLERANCE

Glucose intolerance is characteristic of non-insulin-dependent diabetes mellitus (NIDDM) but may
also occur in the absence of NIDDM (18,25,112,177,184,257,299,326). In the U.S., there is
estimated to be approximately 15 million people with either diagnosed or undiagnosed NIDDM,
and there are about 25 to 30 million people with impaired glucose tolerance (181). The prevalence
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of both NIDDM and glucose intolerance increases with age (108,150,159,244,317,327). For exam-
ple, the average annual incidence of NIDDM per 100,000 persons triples between the ages of 50
and 70 compared with a less than 25% increase between the ages of 30 and 50 years (265). It is
estimated that between 25 and 30% of the population aged 65 and older has NIDDM or impaired
glucose tolerance (199). Older adults showing no clinical signs of diabetes often demonstrate
decreased glucose tolerance, i.e., decreased glucose disposal rate as determined by the oral glucose
tolerance test (8,9,65,70), even though resting levels of insulin secretion and fasting plasma glucose
concentration remain stable with age (140).

Glucose intolerance in the elderly, when it does occur, can vary greatly among individuals due
to genetic and environmental factors. Generally, however, the development of glucose intolerance
follows a predictable course that may be described in the following manner. Over several decades
there may occur a very gradual, genetically based diminution in the sensitivity of the pancreatic
beta cells to glucose stimulation, resulting in decreased insulin secretion. Concomitantly, there may
be an increased demand for insulin due to insulin resistance that is the result of age-related changes
intrinsic to the insulin receptor and/or to environmental factors such as obesity and lack of physical
activity. At some point the combination of increased insulin resistance and inadequate insulin
secretion in response to a glucose challenge will result in hyperglycemia, a hallmark of glucose
intolerance.

B. ENDOGENOUS FACTORS AFFECTING GLUCOSE INTOLERANCE

Several studies have revealed a general decline in carbohydrate and total energy intake with age
(303). Carbohydrate hydrolysis and monosaccharide uptake by the intestine are well-maintained
in aging humans and rodents (100,349). Taken together, these studies indicate that overnutrition,
particularly with respect to carbohydrates, and carbohydrate digestion are not factors contributing
to the development of glucose intolerance.

A gradual but significant rise in insulin resistance with age, independent of other variables
(69,214,263,380), suggests the existence of an age-related alteration in the ability of insulin to
mediate uptake of glucose in peripheral tissues. Binding of insulin to its receptor initiates a series
of intracellular events that result in stimulation of the glucose transport system and an increase in
intracellular glucose metabolism. Because the insulin receptor and glucose transport protein
(325,363) are critical for insulin to exert its biological effect, any alterations of these mechanisms
would have a serious effect on tissue insulin sensitivity. Although the results of several studies
examining age-related changes in insulin binding are conflicting, the majority of evidence supports
the conclusion that insulin receptor number and affinity are unaffected by age (85,103-
105,218,250,264,307,340).

The observation that changes in glucose transporter expression occur during development in
the rat (12) and in many physiological conditions such as NIDDM in the human (23,328) led Lin
et al. (216) to hypothesize that quantitative changes of the expression of the adipose/muscle-type
(GluT4) glucose transporter isoform may play a role in impaired glucose transport. These investi-
gators found a decrease in GluT4 protein in the muscle and fat tissue of aged rats as compared
with the younger animals. The authors emphasized, however, that although altered expression of
GIuT4 may contribute to glucose intolerance observed in some aging rats, differences in physical
activity or tissue size between the young and the aged rats may have influenced the results.
Nonetheless, Charron and Katz (50) found that in mouse models, genetic modification of the
expression of GluT4 had a profound effect on whole body insulin action and on glucose metabolism.
For example, mice that expressed no GluT4 exhibited insulin resistance and glucose intolerance.
Restoration of GluT4 expression in the skeletal muscle of these mice resulted in increased insulin
sensitivity and normal glucose metabolism. The results of this study appear to support the findings
of Houmard et al. (152) that a decrement in GluT4 protein concentration in skeletal muscle may
at least partially contribute to the insulin resistance of aging in humans.
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Several previous studies of humans and of rats support the hypothesis that age-related glucose
intolerance is due partially to a post-receptor alteration in insulin-mediated glucose uptake
(103-105,218,264). Insulin stimulates the tyrosine kinase activity of its receptor, resulting in the
phosphorylation of its cytosolic substrate, insulin receptor substrate-1 (IRS-1), which, in turn, asso-
ciates with phosphatidylinositol 3-kinase (PI3-kinase), thereby activating the latter. It has been sug-
gested that age-related changes in the regulation of the tyrosine kinase moiety may affect insulin
sensitivity of the cell by altering insulin receptor function (195,249). However, Eiffert et al. (85),
using the male Sprague-Dawley rat of ages 12 and 24 months, reported that insulin receptor function,
as measured by insulin binding and tyrosine kinase activity, was influenced more by diet and/or
exercise than by aging per se. Carvalho et al. (44) determined that phosphorylation of IRS-1 and
insulin-stimulated IRS-1 association with PI3-kinase were decreased by 25 and 98%, respectively, in
old vs. young rats, leading the authors to suggest that changes in the early steps of insulin signal
transduction may have an important role in the insulin resistance observed in old animals. Donnelly
and Qu (81) provide an excellent review of other possible post-receptor mechanisms of insulin
resistance.

C. MopbiriaBLE FACTORS EFFECTING GLUCOSE INTOLERANCE

The findings reported above, together with several other studies of humans and of rodents
(31,71,103,285,293,307,356) suggest that deteriorating glucose homeostasis may be an inevitable
consequence of aging in some individuals. However, it must be emphasized that aging is not always
associated with glucose intolerance (28,263,268). Ferrannini et al. (99) have suggested that in the
absence of disease, aging per se is not a significant cause of insulin resistance. Numerous studies
over the past 10 years have demonstrated the importance of modifiable environmental factors, such
as obesity, diet, and physical inactivity, with respect to the development of glucose intolerance and
insulin resistance (122,137).

Obesity is perhaps the most important factor contributing to the development of glucose
intolerance in the aged. Some investigators have suggested that age-related glucose intolerance is
independent of obesity (52,172,252,276). However, the vast majority of recent studies in humans
and rodents have demonstrated a relationship between obesity and insulin resistance (62,291,294).
Differences in conclusions regarding the effect of obesity on insulin resistance in the elderly may
reflect the heterogeneity in the distribution of body fat. Upper body obesity, or visceral fat, is
associated with a greater risk of decreased hepatic insulin extraction, impaired glucose tolerance,
hyperinsulinemia, and NIDDM (196,255,271). The accumulation of visceral fat (fat in the intraab-
dominal cavity) is a common development of age. In a series of studies, Colman et al. (57-59)
determined that an age-associated increase in total adiposity, particularly visceral fat, is the most
important contributor to the development of insulin resistance and glucose intolerance in older men.
It was also determined that weight loss resulted in reduced visceral fat and increased insulin action
in older men suffering from impaired glucose tolerance. In agreement with the Colman studies,
Cefalu et al. (46) concluded that accumulation of visceral fat is the most important determinant of
the development of insulin resistance. These authors suggested that insulin resistance may be due
more to changes in body composition, i.e., increased visceral fat, that often occur as a function of
age rather than to aging itself. The results of subsequent studies by numerous investigators empha-
size the importance of weight loss for the control or prevention of impaired glucose metabolism
(20,75,347), insulin (46,91,93,225), and diabetes (15,21,111,350).

Aging is associated with a decrease in lean body mass, particularly muscle tissue, and with a
concurrent relative increase in fat mass (30). Because muscle uses about 30% of total available
glucose, it is reasonable to assume that a decrease in muscle mass would result in a reduction in
glucose disposal. However, an extensive review of the literature by Kohrt and Holloszy (193) reveals
that loss of muscle mass with age does not contribute to the development of glucose intolerance.
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These findings suggest that, with regard to glucose intolerance and the age-related change in fat
mass and muscle mass, the increase in fat mass is certainly the more important factor.

Another factor that may contribute to the impairment of glucose metabolism in the elderly is
elevated plasma concentration of tissue necrosis factor-c(TNF-ov). This cytokine has been impli-
cated in the development of insulin resistance (97,151,179,344) and of NIDDM (11,147) and has
been shown to increase with advancing age in rodents (54,133,243). Paolisso et al. (269) recently
demonstrated that in healthy men and women, plasma TNF-o concentration was positively asso-
ciated with advancing age and negatively correlated with insulin action. Although the mechanisms
underlying these observations have yet to be determined, the authors provided evidence that plasma
TNF-o concentration may parallel the age-related increase in body fatness. Therefore, while TNF-
o may be associated with a general impairment of insulin-mediated glucose uptake with age, it
may also be a factor that can be controlled by means of weight reduction.

Attenuated glucose tolerance and insulin sensitivity in the aged may be linked to physical
activity. Decreased physical activity is common as people age and is a potentially reversible factor
contributing to glucose intolerance (14). Exercise is known to increase insulin sensitivity and
improve glucose tolerance (148,302,304), whereas physical inactivity has the opposite effect
(141,319). Kahn et al. (171) evaluated the effect of exercise training on insulin resistance and
insulin secretion of healthy older men. These authors demonstrated that 6 months of endurance
training improved insulin sensitivity but not glucose tolerance. The lack of improvement in glucose
tolerance was attributed to reduced insulin output by the B-cells. The results of this study concur
with those of other studies suggesting that aging is not associated with decreased insulin sensitivity
in non-obese individuals who exercise regularly (24,291,322,343). Exercise is an effective means
of preventing and treating impaired glucose tolerance and non-insulin-dependent diabetes mellitus
in aged men and women who already suffer from or are at risk for developing these conditions
(76,89,121,162,267,314,339,347,353). The mechanism underlying the beneficial effects of exercise
is unclear. Studies by Hughes et al. (154) and Cox et al. (61) have found that skeletal muscle in
the elderly responds to exercise training by increasing GluT4 concentration, resulting in improved
insulin action. This effect of exercise is apparently independent of diet (10) and the accumulation
of visceral fat (79). It should be noted that the improved tissue insulin sensitivity occurring as a
result of exercise is not always associated with increased glucose disposal (154,379). A study by
Dengel et al. (76) suggests that exercise must be accompanied by weight loss to improve insulin
sensitivity and glucose tolerance.

Changes in dietary composition are known to alter tissue insulin sensitivity and -cell respon-
siveness (7,33,34,123,194,247). Chen et al. (53) examined the relationship between dietary carbo-
hydrate- and age-related glucose intolerance. Elderly men eating an ad libitum diet were less tolerant
to glucose than the younger participants, but after a 3- to 5-day regimen of very high (85%)
carbohydrate intake, the results of insulin sensitivity and carbohydrate tolerance measurements of
these same men were comparable to those of the younger men. The authors concluded that reduced
glucose tolerance and insulin secretion, and increased insulin resistance, of aged non-obese men
are related to diet, particularly decreased carbohydrate intake. These results were verified by
Brunzell et al. (33,34), who observed that dietary carbohydrates in a physiological range (40-60%)
did not seem to have a major impact on insulin sensitivity, while insulin sensitivity increased when
carbohydrates composed more than 60% of the calories in the diet. However, the use of very high
carbohydrate diets (>60% carbohydrate) as a means of improving insulin sensitivity has no major
clinical significance, as these diets are not feasible in everyday life.

Barnard et al. (19) examined further the relationship between diet and the development of
insulin resistance by comparing the effects of raising female Fischer rats on a low-fat, high complex
carbohydrate (LFCC) diet versus a high-fat, sucrose (HFS) diet on serum glucose and insulin as
well as skeletal muscle glucose transport. No significant differences were observed between 6- and
24-month-old rats raised on the LFCC diet. However, when the 24-month-old animals raised on
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the HFS diet were compared with age-matched rats raised on the LFCC diet, major differences
were observed. Rats on the HFS diet had significantly higher fasting serum insulin and significantly
reduced insulin-stimulated glucose transport than the rats on the LFCC diet. Taken together, these
results led the authors to conclude that diet and not aging per se caused insulin resistance.

In summary, attenuated glucose tolerance in the aging human and rodent has been attributed
to decreased secretion of insulin and to decreased peripheral tissue insulin sensitivity
(51,55,82,241,286,287). Although much controversy has surrounded the question of which is the
more important mechanism contributing to the apparent deterioration of glucose tolerance in the
aged, the majority of recent studies point to insulin resistance (52,71,103,165,166,284,307) resulting
from modifiable environmental factors and/or postreceptor modifications inherent to aging cells.
However, changes in insulin secretion may also affect the ability of the aging animal to maintain
proper glucose homeostasis.

IV. AGE-RELATED CHANGES IN THE ENDOCRINE PANCREAS AND
IN INSULIN SECRETION

The effect of aging on insulin secretion and B-cell function is controversial. Studies of plasma
insulin response to increased plasma glucose concentration in humans, and in vivo and in vitro
studies of glucose-stimulated insulin secretion in rodents, have produced conflicting results. A
review of the literature to 1979 by Davidson (66) revealed increased, decreased, and no change in
insulin secretion with age in humans in response to a glucose load. Human studies using oral
glucose tolerance as an index of insulin secretion indicate no age-related decline
(65,71,83,172,228,284,323). The oral glucose tolerance test, considered an adequate index of
glucose metabolism in general, has found limited application in defining B-cell function. Variability
in plasma glucose levels due to gastrointestinal factors, e.g., differences in absorption rates, and
neurohormonal effects, e.g., suppression of insulin secretion by epinephrine, cannot be controlled
or quantified during this procedure. Plasma insulin concentrations of elderly subjects measured
during the oral glucose tolerance test have been observed to be normal or even elevated (66,103).
Conversely, Chen et al. (52) demonstrated that B-cell secretory capacity was 48% lower in older
men (57-82 yr) than in younger men (18-36 yr). This apparent discrepancy has been attributed to
an age-related reduction in the ability of the liver to metabolize insulin (101). Plasma insulin
clearance in the elderly is reduced by about 40% as compared with younger individuals (238).
Thus, plasma insulin concentration values obtained from the oral glucose tolerance test may reflect
hepatic insulin extraction rate rather than 3-cell secretory capacity.

Measurement of plasma insulin concentration in response to a glucose load, e.g., the oral
glucose tolerance test, is an indirect and possibly inaccurate index of B-cell responsiveness to
glucose. Thus, various techniques have been developed which provide a more accurate determina-
tion of glucose tolerance and of plasma insulin concentration. In the intravenous glucose tolerance
test, a glucose load is administered intravenously, thereby avoiding possible variations associated
with glucose absorption by the gastrointestinal tract. The euglycemic clamp technique (72) allows
maintenance of blood glucose concentration at a steady state by continuous intravenous glucose
infusion. The rate at which glucose is metabolized can then be determined by the rate of glucose
infusion necessary to maintain the blood glucose level. Concurrent with the determination of glucose
disposal rate, insulin release may be estimated from the measurement of plasma C-peptide con-
centration. Because C-peptide and insulin are stored and released by the B-cell in equimolar
quantities, yet C-peptide is not metabolized by the liver, plasma C-peptide concentration may be
a better indicator of prehepatic insulin concentration (278,279,308).

The intravenous glucose tolerance test and C-peptide measurement were utilized by Pacini et
al. (262) in evaluating B-cell insulin release and the role of the liver in insulin disposal in healthy,
oral glucose-tolerant young and old men. Results of the intravenous glucose tolerance test revealed
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no difference between the two groups with respect to plasma glucose and insulin concentration,
although C-peptide secretion rate in the elderly subjects was much lower than in the young controls.
These results led the authors to conclude that plasma insulin concentrations observed in the elderly
subjects were similar to those seen in the younger men due to a net effect of reduced hepatic insulin
extraction and a reduction in B-cell insulin secretion. However, this and other recent studies
demonstrating diminished insulin secretion with age (52,171) have not attempted to control dietary
intake or physical activity in the subjects. These environmental factors have a great impact on
glucose metabolism at any age (52,53,342), and B-cell function is intimately linked to glucose
metabolism. Therefore, it is critical that these factors be considered when examining the effects of
age on glucose-stimulated insulin secretion.

If, as some studies suggest (52,171,262), attenuated insulin secretion is a true effect of age,
then the question becomes, Is this attenuation of secretory capacity due to an age-related alteration(s)
that is intrinsic to the B-cell, or is the B-cell merely responding to the affects of age-related changes
in other tissues?

A. AGING AND PHYSICAL ALTERATIONS IN THE PANCREAS AND ISLETS

Extensive vascularization of the islet enables the B-cells to react rapidly and with great sensitivity
to even minor changes in blood glucose concentration. As such, any changes in islet or pancreatic
vasculature that result in impeded blood flow will affect B-cell responsiveness to glucose stimula-
tion. Pancreatic structural changes in the aged, including fibrosis of the exocrine tissue and pan-
creatic vascular degeneration, have been reported (37,364). These changes, however, were probably
not a function of age but rather a consequence of diabetes, as they were observed in elderly subjects
with NIDDM. In a study of the effects of aging on whole pancreatic blood flow and islet blood
flow in the Sprague-Dawley rat, Jansson and Swenne (167) determined that although pancreatic
blood flow decreased progressively with age, islet blood flow increased as the animal reached
maturity (20 weeks) and remained constant into senescence (104 weeks). When islet blood flow
was expressed as a fraction of pancreatic blood flow, the 20-week-old rats were found to have a
fractional islet blood flow of about 10%, whereas a significantly larger fraction (20%) was diverted
through the islets in the 104-week-old rats. Glucose administration increased significantly both
pancreatic blood flow and islet blood flow, and this effect was most apparent in the older animals.
These results indicate that in the healthy, aging animal, decreased blood flow to the islets is not a
factor contributing to B-cell responsiveness. However, it is possible that an age-related increase in
islet blood flow may have an adverse effect in individuals at risk for developing diabetes. Carlsson
et al. (43) suggested that the increased islet blood flow observed in diabetes-prone NOD mice may
augment homing to islets of inflammatory cells and soluble factors involved in B-cell destruction
associated with the development of diabetes.

Amyloid polypeptide, a 37-amino acid polypeptide that has been linked to deleterious effects
of aging, is produced by the B-cells of normal and NIDDM subjects (361) and may affect B-cell
responsiveness. Although amyloid deposition occurs in the islets of non-diabetic subjects, it occurs
to a much greater extent in the islets of those with NIDDM. Westermark et al. (362) found amyloid
deposition in 20 to 99% of the islets in 12 of 13 NIDDM subjects as compared with 3 to 11% of
the islets in 6 of 11 non-diabetic subjects. Extensive amyloidosis in islets correlates well with
impaired insulin secretion and increased glucose intolerance in the diabetic macaque (153) and in
genetically obese and diabetic mice (211,337). In human NIDDM, the extent of amyloid deposition
increased along with disease severity (221). Ohsawa et al. (256) demonstrated that islet amyloid
polypeptide inhibits glucose-stimulated insulin secretion in islets of Langerhans isolated from the
rat. In a study involving lean, non-diabetic individuals, Edwards et al. (84) observed that after a
75-g glucose load, amylin secretion exhibited a U-shaped curve with greater secretion in young
(20-40 yr) and old (61-90 yr) subjects than in middle-aged (41-60 yr) persons. A significant
association was found between maximum amylin secretion and a glucose concentration greater
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than 120 mg/dl. The authors interpreted these results as indicative of a counterregulatory role for
amylin. They also proposed that amylin may merely be acting as a marker of impaired glucose
metabolism. Although the results reported by Edwards et al. (84) are suggestive, there have been
no studies to date demonstrating an increase in islet amyloid deposition with age in non-diabetic
persons, nor has an age-related increase in islet amyloid polypeptide secretion been demonstrated.
Mitsukawa et al. (239) provided evidence that plasma islet amylyoid polypeptide concentrations
at both basal and glucose-stimulated conditions were unaffected by age in the human. Nonetheless,
the possibility that islet amyloid polypeptide plays a role in diminished B-cell responsiveness with
age will no doubt remain an active area of investigation.

Studies concerned with the effects of aging on insulin secretion normally have focused on the
secretory organ itself, with little consideration given as to how age-related changes in other tissues
may influence the regulation of the B-cell. It has long been known that insulin secretion is enhanced
by gastrointestinal hormones, e.g., gastric inhibitory peptide, enteroglucagon, gastrin, secretin, and
cholecystokinin, which are stimulated by the presence of food within the lumen of the gut (227,229).
The possibility exists that age-related changes occurring in the gut may compromise the enteroin-
sular axis, resulting in altered control input to the -cell. Using gastric inhibitory peptide as a
typical example of an enteric insulinotropic hormonal factor, Groop (124) examined the relationship
between insulin secretion, gastric inhibitory peptide, and aging. Groop (124) observed in aged
individuals an increased insulin/C-peptide response to a glucose load, while gastric inhibitory
peptide response was comparable to that of the younger subjects. Elahi et al. (86) also showed that
aging is associated with a normal gastric inhibitory peptide response to oral glucose, while B-cell
sensitivity to gastric inhibitory peptide was decreased. Similarly, studies by Meneilly et al. (234)
and Ranganath et al. (283) demonstrated that secretion of the major insulintropic hormones gluca-
gon-like peptide and glucose-dependent insulintropic polypeptide was increased and B-cell sensi-
tivity was decreased in old vs. younger subjects. Taken together, these results indicate that the
enteric end of the enteroinsular axis is intact in the aged, suggesting that impaired insulin secretion
with age must be intrinsic to the endocrine pancreas.

Certain pathological conditions associated with aging, e.g., NIDDM and chronic renal failure
with secondary hyperparathyroidism (3,95,96,109,146,173,222,306), can contribute to diminished
glucose-stimulated insulin secretion. However, normal age-related changes occurring in the healthy
animal have little impact on B-cell responsiveness. It may thus be inferred that the presence of an
age-related attenuation of insulin secretion is due to changes in stimulus-secretion coupling.

B. IN ViTRO ANALYSIS OF INSULIN SECRETION

Despite improved techniques for determining insulin secretion in response to glucose stimulation,
in vivo assessment of B-cell function is indirect and is subject to the influences of neural and
hormonal factors that cannot be controlled. As such, in vivo techniques for examining aging effects
specific to the B-cells are inherently imprecise. Evaluation of age-related alterations intrinsic to the
endocrine pancreas requires the use of a model for islet function that allows control over external
influences. To this end, islet function has been studied in vitro using either the whole perfused
pancreas, or isolated islets and B-cells. The whole perfused pancreas technique has the advantage
of allowing the islets to remain in a relatively normal physiological environment in which anatomical
relationships with other cells and tissues are intact, and the perfusion medium containing substrates
and test substances arrive at the islet via blood vessels. The major disadvantage of this technique
is that certain biochemical responses, such as islet glucose oxidation, cannot be studied directly
and are thus difficult to evaluate.

The use of isolated islets of Langerhans is less physiological than the use of whole perfused
pancreas. However, this technique provides the investigator the advantage of examining phenomena
intrinsic to the islet, separate from neural effects and the influences of hormones from other
endocrine organs. Because islets of Langerhans are normally isolated by collagenase digestion
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(208), it is possible that islets may be damaged during the procedure, resulting in abnormal secretion
(38,130). This is of particular concern during the isolation of islets from older rats whose collagen-
rich pancreases require longer digestion time and/or a greater concentration of collagenase in the
incubation solution (36). Techniques have been described in which collagenase-induced damage
to islets during isolation is minimized (22,36,215,309). Regardless of method of isolation used,
several studies have demonstrated that the pattern of glucose-induced insulin secretion are similar
in isolated islets and in the whole perfused pancreas (157,161,215). These studies validate the use
of isolated pancreatic islets of Langerhans for the study of insulin secretion at the cellular level.

Investigations using islets of Langerhans isolated from mice and rats have shown both decreased
(51,52,55,63,185,241,285-289,318,354) and increased (36,214) insulin secretion with age. An
investigation in our laboratory showed greater insulin secretion by islets isolated from young (6
mo.) vs. senescent (26 mo.) male Fischer 344 rats (309). The various results obtained from the
studies cited above may reflect differences in strain and species of animal model used as well as
varying definitions of senescence in rodents.

Islet size may also influence results of studies investigating the effect of age on insulin secretion.
The proportion of large islets in the pancreas of the rat increases with age (118,131,142,186,297).
Kitahara and Adelman (185) and Adelman (1) have shown that, regardless of the age of the rat,
large islets secrete more insulin than do smaller islets. These authors suggested that the age-
dependent decrease in insulin secretion of B-cells is observed only in small islets (50 to 80 um
diameter); larger islets are apparently less affected by aging. According to Adelman (1), the age-
related differences in glucose sensitivity of large vs. small islets introduces a confounding factor
that was rarely considered in past studies of islet responsiveness. As such, many previous investi-
gations of islet insulin secretion may require reinterpretation.

Reaven et al. (287) observed that larger islets from older (18 mo.) Sprague-Dawley rats
contained more B-cells, and more insulin per B-cell, than islets from younger (2 mo.) animals. A
progressive, age-related decrease in glucose- and leucine-stimulated insulin secretion per islet was
also observed (119,185), indicating that insulin release per B-cell declines significantly with age.
Adelman (1) has suggested that this apparent alteration of insulin secretion during aging may be
overcome in vivo by the capacity of older animals to compensate by expanding their pool of -
cells. The observation that the proportion of larger islets increases with age suggests that the insulin
secretory function of the endocrine pancreas as a whole does not become impaired with age but
rather adapts to the changing metabolic environment (1). The hypothesis of pancreatic adaptation
is consistent with data that describe attenuated insulin secretion by isolated islets without a con-
comitant decrease during whole pancreatic perfusion (309).

In addition to islet size, the effects of aging on the relative proportions and sensitivity of all
cell types that compose the islet must be considered. The normal islet consists of a-, -, and d-
cells that secrete glucagon, insulin, and somatostatin, respectively. These cells are in proximity,
which permits effective paracrine control of one cell type by another (260). Glucagon stimulates
secretion of both insulin and somatostatin (4,191,270,321,357), while somatostatin inhibits insulin
and glucagon release (4,191,220). Paracrine regulation of insulin secretion has been reported
(174,275,346), so it is possible that any age-related change in relative proportions of the cell types,
or even in the spatial relationships within the islet, may have a profound effect on B-cell respon-
siveness. Changes in paracrine regulation leading to altered insulin secretion is consistent with the
observations of decreased density, mean area, and sensitivity of glucagon-containing o-cells
(188,329). In addition, Casad et al. (45), using the whole perfused pancreas technique, observed
that the inhibitory action of somatostatin on insulin secretion is increased with age. However, these
findings are not supported by the work of Starnes et al. (332), who found no decrease in somatostatin
or insulin secretion from the whole perfused pancreas of the aged rat. A possible explanation for
the apparent discrepancy between Casad et al. (45) and Starnes et al. (332) may be found in the
observations of Adelman and colleagues (1,51), who have proposed that the ability of smaller islets
to secrete insulin is attenuated with age because of enhanced availability of somatostatin, while
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enhanced secretion of somatostatin with a subsequent decrease in insulin secretion was not seen
in larger islets. It is thus possible that the greater proportion of larger islets in the pancreases of
aged rats (118,131,142,186,297) is an adaptation that allows these animals to maintain insulin
secretion.

Another possible adaptation that may help maintain the insulin secretory capacity of the whole
endocrine pancreas was examined recently in our laboratory (310). Responsiveness and sensitivity
to glucose stimulation, as determined by changes in cytoplasmic calcium concentration, were
evaluated in individual B-cells isolated from senescent and young rats. A greater percentage of [3-
cells from the senescent rats (76%) responded to a stimulatory glucose concentration compared
with the young animals (63%). Of the responsive B-cells, a greater percentage of those from the
old rats (72%) responded to a low stimulatory glucose concentration as compared with the young
rats (58%). These data indicate that in older rats, an increase in the percentage of B-cells that are
responsive to stimuli, and/or an increase in the sensitivity of the responsive B-cells, contributes to
the maintenance of islet function at a level comparable to that of younger animals.

C. AGING AND INSULIN BIOSYNTHESIS

There is little evidence to suggest that any age-related changes in B-cell function occur at the level
of transcription. Microscopic analysis of 30-month-old rat B-cell nuclei reveals that with age, the
relative volume of the condensed (nontranscribable) chromatin increases progressively at the
expense of the dispersed (transcribable) form, suggesting that transcriptional activity could be
reduced in these aged cells (67). It was noted in this study, however, that under nonphysiological
in vitro conditons, old B-cell nuclei are able to react in the same way as young ones with respect
to chromatin redistribution and nuclear size increase, suggesting that the machinery for transcription
remains fully functional in the older cells. In a study of isolated islets from young and old Fischer
rats (354), it was determined that the levels of preproinsulin mRNA, the direct product of tran-
scription, did not change with age. These data strongly suggest that any alteration in the insulin
synthesis/secretion pathway is post-transcriptional.

In studies using the isolated islet preparation (354), it was demonstrated that, although prepro-
insulin mRNA levels remained the same, glucose-stimulated proinsulin biosynthesis was decreased
in islets of old animals, suggesting impaired translation. It was not determined if the impairment
was due to a defect in the signaling mechanism or to degeneration of the biosynthetic apparatus.
Evidence for the latter was provided by DeClercq et al. (67), who observed in freshly isolated islets
a decrease with age in the volume density of rough endoplasmic reticulum and Golgi complex,
changes that could affect proinsulin biosynthesis. It should be noted that DeClercq et al. observed
few other structural changes occurring with age.

Despite an apparent decrease in proinsulin synthesis and degeneration of the insulin synthetic
apparatus, the total insulin content of pancreases and of isolated islets is quite similar in both young
and old rats (119,309,354). The fact that pancreatic insulin content is the same in young and old
rats while insulin secretion is lessened with age implies that an age-related alteration may exist in
the actual secretion of newly made and preformed insulin from the B-cell. Draznin et al. (82),
working with islets isolated from 2- and 18-month-old Fischer 344 rats, concluded that the lower
insulin secretory response to glucose in old islets was due to an age-related impairment of glucose-
induced fusion of secretory vesicles with the plasma membrane. These investigators found that
glyburide, a substance that can directly stimulate secretory vesicle fusion with the plasma membrane
and subsequent vesicle lysis, will elicit insulin release from old islets that are unresponsive to
glucose. This observation implies that the secretory pathway per se is likely to be intact but glucose
signal recognition is impaired. Wang et al. (354) arrived at a similar conclusion, stating that
decreased insulin secretion in old islets may be due to impaired transduction of the glucose stimulus
into signals affecting steps in the insulin secretory pathway.
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In summary, the studies discussed above demonstrated that biological aging does not result in
significantly decreased insulin secretory capacity of the whole endocrine pancreas, and that insulin
secretion is unaffected by age-related alterations in pancreatic structure. In addition, pancreatic
islets of Langerhans undergo no significant physical changes with age that would impede insulin
release, and the B-cells are unaltered with respect to structure and function of the insulin biosynthetic
apparatus. Nonetheless, an age-related attenuation of B-cell responsiveness to secretagogues does
occur (26,27,160,201,272,273), suggesting an alteration in the stimulus-secretion coupling mech-
anism, the complex, postreceptor series of events within the B-cell that links the increase in plasma
glucose concentration to insulin secretion. The affects of aging on the stimulus-secretion coupling
mechanism are discussed in detail in the previous edition of this book (311)

V. ADVERSE EFFECTS OF ALTERED GLUCOSE HOMEOSTASIS IN THE AGED

As discussed in the previous sections, aging is often associated with changes in glucose homeostasis
resulting from insulin resistance and/or decreased insulin secretion. Although many of these changes
can be prevented or controlled through lifestyle choices, the fact remains that perturbations in glucose
homeostasis generally increase as a function of age. The end result is usually a large variation in
blood glucose and/or insulin concentration. Hyperglycemia, hypoglycemia, and hyperinsulinemia are
all related to pathological conditions. The deleterious effects of chronic dysregulation of blood glucose
and insulin levels merit consideration, as they are prevalent among the elderly.

A. HYPERGLYCEMIA

Hyperglycemia is a chronic or acute increase in fasting or postprandial blood glucose concentration
above those levels that are considered normal. In general, hyperglycemia occurs as a result of
decreased transport and uptake of glucose into muscle and adipose tissue, and an increase in hepatic
glucose output. Because blood glucose levels can vary widely depending on the influence of
numerous factors, there is no precise definition of hyperglycemia. Recently, the Expert Committee
on the Diagnosis and Classification of Diabetes Mellitus of the American Diabetes Association
established new diagnostic criteria for impaired glucose tolerance and diabetes (231). The revised
criteria were based on disease etiology, i.e., correlating blood glucose concentration with the
development of various pathologies. According to the new criteria, a fasting plasma glucose level
of 110 to 125 mg/dl indicates impaired fasting glucose and a value greater than 126 mg/dl indicates
diabetes. A 2-hour postprandial (75 g glucose) value of 140 to 199 mg/dl indicates impaired glucose
tolerance, while a value greater than 200 mg/dl is considered diagnostic of diabetes. Because of
their demonstrated relationship to the development of specific disease states, these values may
provide a quantitative and practical definition of hyperglycemia.

Glucose is an essential nutrient, but very high levels of glucose can produce adverse changes
in glucose metabolism, an effect often referred to as glucose toxicity (178,242,376,377). Hyper-
glycemia can lead to a reduced number of glucose transporters and to insulin resistance (13,107).
Hyperinsulinemia associated with hyperglycemia may also contribute to the development of insulin
resistance by down-regulating the number of insulin receptors (42). Hyperglycemia can even have
adverse effects on B-cell insulin secretion (158). Therefore, hyperglycemia resulting from insulin
resistance and decreased insulin secretion can worsen glucose intolerance by promoting further
insulin resistance and decreased insulin secretion, i.e., the effect contributes to its own cause. The
effects of glucose toxicity are somewhat reversible, as a reduction in hyperglycemia by any means
improves insulin sensitivity and insulin secretion in NIDDM (376).

It has been known for some time that acute and chronic hyperglycemia can accelerate aging
and mortality (5,168,192,305,355). In addition to glucose toxicity, hyperglycemia is linked to
numerous pathologic conditions that are usually associated with advancing age, including hearing
loss (313), cataracts (290), impaired cognitive function (235,314), DNA damage and tumor growth
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(64,280), osteoporosis (40,296), and impaired cellular immunity (280). In terms of prevalence,
health care costs, and length and quality of life, cardiovascular disease (CVD) is perhaps the most
important consequence of hyperglycemia. There is much evidence for an intimate association
between hyperglycemia and the development of CVD, although epidemiological evidence is insuf-
ficient to verify causality (345,352). Nonetheless, its close relationship to CVD implicates hyper-
glycemia as a risk factor contributing to this condition (127,205). This is most apparent in cases
of NIDDM. Persons with NIDDM have a twofold to fourfold increased risk of dying of heart
disease as compared with non-diabetic individuals (330). Several studies have indicated a causal
link between postprandial hyperglycemia and the development of CVD in persons with NIDDM
(135,136,187,213,331), and it is well documented that all forms of CVD, including coronary heart
disease, stroke, and peripheral vascular disease, are much more common in persons with NIDDM
than in non-diabetic individuals (127,207,245,281,320). Based on an analysis of 12 long-term
studies (> 5 years) of middle-aged to elderly subjects with NIDDM, Laakso (205) concluded that
hyperglycemia and poor glycemic control are associated with an increased risk for cardiovascular
disease. A meta-analysis of 20 different studies of 95,783 individuals followed for 12 years led
Coutinho et al. (60) to suggest that glucose seems to be a risk factor for cardiovascular events even
within a range that is below the diabetic threshold, and that glucose is likely to be a continuous
cardiovascular risk factor, similar to total cholesterol and blood pressure.

As noted earlier, there are approximately 25 to 30 million people in the U.S. with impaired
glucose tolerance (IGT). Persons with IGT exhibit elevated postprandial blood glucose concentra-
tions, while fasting levels are usually within the normal range (126). Because the prevalence of
IGT is known to increase with age, the deleterious effects of the poor glycemic control that usually
accompanies IGT should be of particular concern to the elderly (176). This is especially important
in light of growing evidence that IGT may be an independent risk factor for the development of
CVD (139,175,180,189,366). The prevalence of CVD in individuals with IGT and in control
populations with normal glucose tolerance has been investigated in numerous studies. In the
majority of these studies, an increased prevalence of CVD in subjects with IGT has been reported
(266,298). For example, in a study involving men aged 67 years, Ohlson et al. (254) observed an
increased prevalence of CVD in the subjects with IGT. Rewers et al. (298) reported a twofold
increase in coronary heart disease in non-Hispanic white individuals with IGT compared with those
with normal glucose tolerance. In this same study, the prevalence of coronary heart disease in
Hispanic individuals was similar for those with IGT and those with normal glucose tolerance,
suggesting that ethnicity may influence the effect of IGT on coronary heart disease. Gender may
also play a role in the relationship between IGT and CVD. The Tecumseh Community Health Study
demonstrated that even after controlling for other coronary risk factors, higher glucose levels 1
hour after a 100 gm glucose load are associated with excess coronary heart disease mortality in
non-diabetic men but not women (39). However, data from the Framingham Heart Study indicate
that hyperglycemia is an independent risk factor for CVD in non-diabetic women, but not among
men (366). The results of the Framingham study imply that, as they age, women may become more
vulnerable than men to the deleterious effects of hyperglycemia.

Cardiovascular disease is the result of significant and adverse changes in the macrovasculature
and in the microvasculature, changes due, in part, to an elevation of blood glucose either in the
fasting state or postprandially. In cases of poorly controlled diabetes, hyperglycemia is a clear risk
factor for microvascular complications, e.g., retinopathy, nephropathy, and, less directly, neuropathy
(127,187,280). Yamada and Ohkubo (373) demonstrated that, in healthy mice, excessive glucose
intake resulted in microvascular aging, indicating a direct effect of glucose. Macrovascular changes
associated with hyperglycemia have received greater attention in recent years. The most significant
finding has been that even a mild increase in chronic (fasting) or acute (postprandial) blood glucose
concentration can contribute to macrovascular injury (180,205). Yamasaki et al. (374) investigated
the effects of asymptomatic hyperglycemia on the thickness of the carotid artery wall, an indication
of more extensive atherosclerosis. Using ultrasonography, these investigators measured the intima
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medial wall thickness of the carotid artery in healthy male subjects, subjects with IGT, subjects
with moderately elevated postprandial glucose levels (non-IGT), and subjects with NIDDM. There
were no significant differences observed between the NIDDM group and the IGT and non-IGT
groups, and the values for intima medial wall thickness for all three of these groups were signifi-
cantly greater than those of the age-matched controls. The results of this study, together with those
of previous studies by others (106,251), suggest that atherosclerotic changes are an early conse-
quence of even mild elevations in postprandial blood glucose levels.

The mechanisms by which glucose produces its deleterious effects are not completely under-
stood. The harmful effects of acute hyperglycemia may occur rapidly through the generation of
free radicals, which in turn may mediate some of the changes associated with the development of
atherosclerosis, e.g., activation of coagulation, vasoconstriction (365), and the increased expression
of adhesion molecules (246). Glucose can also have a rapid and direct effect on the activity of
protein kinase C (198), which may result in increased endothelial permeability (132), increased
macrophage migration (115), and increased secretion of endothelin, a cytokine believed to be
involved in the development of atherosclerosis (367).

Another adverse effect of elevated glucose levels that has been described thoroughly in several
previous reviews (47,48,212,372) is the nonenzymatic glycosylation of proteins. As a function of
time and glucose concentration, protein amino groups react with aldehydes of sugars to form
unstable Schiff bases that can undergo further transformation into more stable Amadori products.
Through a complex series of dehydration and oxidation reactions, the Amadori products become
advanced glycosylation endproducts (AGE) (351). AGEs can accumulate over time (73) and can
induce excess cross-linking of collagen and other extracellular matrix proteins. The harmful effects
of glycosylation occur in a wide variety of tissues, because virtually every protein in the body is
subject to glycosylation. Among the tissues adversely affected by glycosylation are the eye
(2,6,134,190), cartilage (16,74,277), skin (240,360), kidney (117), bone (338), and brain (182,183).
Several age-related diseases and conditions are associated with glycosylation, including atheroscle-
rosis (301,315), Alzheimer’s disease (102,248), cataracts (282), neuropathy (56), and erectile
dysfunction (316). Macrovascular and microvascular complications are the most common and the
most significant consequences of glycosylation. The AGE-induced cross-linking of proteins in the
vascular wall has been implicated in pathological changes associated with atherosclerosis (32,35).
For example, extensive cross-linking can lead to the accumulation of LDL particles in the vascular
wall. Modification of the LDL particles by AGE render them prone to oxidation (219), which in
turn can hasten the uptake of LDL by macrophages and the conversion of these macrophages to
foam cells, a component of atherosclerotic plaque (80,92). The thickening, loss of elasticity, and
increased permeability of blood vessel walls that is associated with microvascular complications
may be due, in part, to glycosylation of vascular proteins.

Because causality between hyperglycemia and CVD has not been proven, it cannot be stated
with certainty that glycemic control will cause a significant reduction in cardiovascular events.
However, intensive glycemic control has been shown to cause a significant delay in the development
of microvascular complications in persons with type 1 diabetes (295). Similar results were observed
in persons with type 2 diabetes (253). The development of diseases related to microvascular changes
can be prevented with strict glycemic control (210). For example, Giansanti et al. (114) in a 10-
year retrospective study of subjects with type 1 diabetes, reported that deterioration of glycemic
control was related to a progression of retinopathy, while Matsumoto et al. (224) found that intensive
glycemic control was essential to prevent distal polyneuropathy. The authors of both of these studies
concluded that hyperglycemia is a major determinant for the development of these conditions
independent of age and duration of diabetes. Several longitudinal studies have demonstrated an
association between glycemic control and the presence of macrovascular disease. Kuusisto et al.
(204), using glycated hemoglobin levels as a marker of glycemic control, observed a stepwise
increase in coronary artery disease morbidity and mortality over 3.5 years in elderly Finnish men
with type 2 diabetes as glycemic control deteriorated.
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B. HYPERINSULINEMIA

Hyperinsulinemia is often considered a normal component of IGT, although it does not necessarily
parallel the development of glucose intolerance. An age-related decrease in the biological effec-
tiveness of insulin, i.e., insulin resistance, may be due to genetic predisposition or it may occur as
a result of acquired factors, such as obesity, lack of physical activity, or glucose toxicity. Regardless
of cause, the diminished responsiveness of insulin receptors requires an increased serum concen-
tration of insulin to produce the appropriate biological response. Initially, the endocrine pancreas
compensates for insulin resistance by increasing insulin secretion (203). Fasting and postprandial
glucose levels can be maintained within the normal range by means of this compensatory hyper-
insulinemia, but not indefinitely. Eventually, a combination of reduced insulin secretory capacity
of the B-cells and further diminution of insulin receptor responsiveness leads to the development
of IGT and hyperglycemia (370). Even with decreased insulin secretion, serum insulin levels usually
remain high relative to a state of normal glucose tolerance. Thus, for a period of years, and possibly
decades, hyperglycemia may occur in conjunction with hyperinsulinemia.

It is possible that hyperinsulinemia may play a role in the apparent association between CVD
and hyperglycemia (143,206). Hyperinsulinemia is strongly associated with a constellation of risk
factors that contribute to the development of CVD, including elevated triglyceride and LDL levels
(87,129,209,292), hypertension (77,88,98,116,230,324), decreased levels of HDL (87,209), and
increased plasminogen activator inhibitor-1 (169,170,348). Several investigators have proposed that
hyperinsulinemia may contribute to the development of atherosclerosis (68,334), possibly through
direct effects on the arterial wall. Insulin can stimulate smooth muscle cell proliferation and can
potentiate the effects of vascular growth factors (17,274). For example, Niskanen et al. (251)
suggested that greater carotid intima-media thickness observed in elderly subjects with NIDDM as
compared with control subjects was due, in part, to high postprandial insulin levels, while Suzuki
et al. (336) concluded from a study of non-diabetic subjects aged 50 to 59 years that insulin
resistance is an independent risk factor for carotid wall thickening. Insulin has been shown to
stimulate cholesterol synthesis and to promote the binding of LDL to smooth muscle cells (335),
fibroblasts (378), and monocytes (202, 258), all of which can result in arterial wall lipid deposition.
Insulin may also accelerate atherogenesis indirectly by promoting the development of hypertension,
dyslipidemia, and impaired fibrinolysis.

Hyperinsulinemia has been identified as a risk factor for CVD (78,90,358), although epidemi-
ological studies of non-diabetic persons have revealed that it is not a consistent risk factor (369)
and may be restricted to Caucasians (312). Several investigators have shown that hyperinsulinemia
is a risk factor for CVD only in populations with specific risk factor abnormalities, such as
hypertriglyceridemia (375) or the apolipoprotein E 3/2 phenotype (259). Age may also affect the
relation between hyperinsulinemia and CVD. Insulin levels have generally correlated with CVD
risk in middle-aged (40 to 60 years) Caucasian men, but not in older populations (128). Welin et
al. (359) concluded that hyperinsulinemia is not a major coronary risk factor in men over the age
of 80 years, while Ferrara et al. (100) determined that high blood insulin levels do not increase the
risk of fatal CVD in non-diabetic elderly men or women. It is thus possible that in general,
hyperinsulinemia is not a threat to people beyond a certain age, as these individuals are apparently
not genetically susceptible to any adverse effects of high insulin levels.

C. HyrOGLYCEMIA

Hypoglycemia is a syndrome characterized by symptoms of sympathetic nervous system stimulation
or of central nervous system dysfunction that are provoked by an abnormally low plasma glucose
concentration. Many factors can cause a decrease in blood glucose levels, including an inappropri-
ately high blood concentration of insulin, either endogenous or exogenous, hypoglycemic drugs,
e.g., sulfonylureas, and prolonged fasting. True hypoglycemia in older persons in the absence of



Carbohydrate Metabolism and Aging 219

disease is uncommon, and aging does not alter significantly the physiologic response to hypogly-
cemia when it does occur. However, the glucose level at which the maximum physiologic response
occurs is lower in the elderly. For example, at a glucose level of 60 mg/dl, young controls had a
greater response than did their elderly counterparts in the release of counterregulatory hormones,
i.e., epinephrine, glucagon, cortisol, and pancreatic polypeptide. At a glucose level of 50 mg/dl,
the responses were comparable between young and old. Symptom responses, such as hunger,
tremulousness, and palpitations, were similar in both groups (232,261).

Although the physiologic response to hypoglycemia is sufficient in healthy older individuals,
occasional hypoglycemic episodes are not innocuous. There is considerable evidence that acute
hypoglycemia causes cognitive dysfunction in diabetic (300) and nondiabetic
(144,149,156,217,333) humans. Hypoglycemia can affect complex as well as simple cognitive skills
such as visual reaction time (333) regardless of age. However, several recent studies suggest that
the elderly are at an increased risk of impaired cognitive capability associated with hypoglycemia
(164). Brierley et al. (29) reported that, despite an intact counterregulatory response, elderly subjects
experienced a decreased awareness of hypoglycemia, an effect attributed to diminished end organ
responsiveness to the counterregulatory hormones. Matyka et al. (226) determined that older men
are more prone to profound cognitive impairment during hypoglycemia than are younger men and
are less likely to experience prior warning symptoms when blood glucose levels fall. These
investigators, and others (233), suggest that a decreased ability to sense the onset of hypoglycemia
puts older diabetics, especially those who are treated with insulin or hypoglycemic agents, at greater
risk for severe or even fatal hypoglycemia. To prevent such an outcome, Teo and Ee (341), based
on a retrospective study of hypoglycemia in the elderly, have recommended regular meals, careful
use of hypoglycemic agents, and regular monitoring of blood glucose levels. Numerous studies
have demonstrated that, with regard to cognitive function, it is better to err on the side of higher
blood glucose levels, as hyperglycemia does not cause impairment of cognitive function (125) and,
in fact, appears to enhance memory and learning in elderly rodents and humans
(120,197,236,237,371).

VL.  SUMMARY AND CONCLUSIONS

In the human diet, carbohydrates are the primary source of glucose, an essential nutrient that is the
major metabolic fuel of the body under most conditions. Glucose homeostasis, the maintenance of
serum glucose concentration within a relatively narrow range, is dependent upon highly regulated
neural and hormonal activity. A critical hormonal component of glucose homeostasis is insulin,
which mediates the uptake of glucose in the peripheral tissues. Aging is associated with a decrease
in tissue sensitivity to the action of insulin, an effect that can result in inappropriately high plasma
glucose concentration, or glucose intolerance. The incidence of impaired glucose tolerance (IGT)
and of non-insulin-dependent diabetes mellitus (NIDDM) is increasing as the population ages.
However, aging is not always associated with IGT, and the development of glucose intolerance and
NIDDM is not inevitable in the aged. Environmental factors over which the individual has some
control, such as obesity, physical inactivity, and diet play a major role in the development of glucose
intolerance, although a small but significant decline in tissue insulin sensitivity, possibly related to
alterations in post-receptor events, appears inevitable with age.

Glucose-stimulated insulin secretion is generally well maintained in the healthy aging human
and rodent. There is currently no evidence of age-related changes in the pancreas, the islets of
Langerhans, or in the B-cell insulin biosynthetic apparatus that might hinder insulin release.
However, responsiveness of the B-cells to glucose stimulation is attenuated in the aged animal,
indicating that the stimulus-secretion coupling mechanism of insulin release is in some way altered
with age. An age-related impairment within this coupling mechanism has yet to be defined. It now
appears that any impairment of the B-cell coupling mechanism occurs in conjunction with an
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adaptive alteration of the B-cell population that allows the maintenance of insulin secretion, albeit
insufficient at times, in the face of changing exogenous influences occurring with age.

In healthy individuals, there is no significant deterioration of insulin secretory capacity with
age, and glucose intolerance can be prevented or at least delayed through lifestyle choices. None-
theless, IGT and NIDDM are occurring in epidemic proportions among the aging populations of
industrialized nations. IGT and NIDDM are associated with perturbations in glucose homeostasis
manifested as hyperglycemia, hypoglycemia, and insulinemia. Hyperglycemia and insulinemia are
strongly related to the development of cardiovascular disease and many other diseases and condition
associated with aging. Hypoglycemia is known to cause deficits in cognitive function and can be
especially dangerous in the elderly. However, because most of the age-related changes in glucose
homeostasis are not caused by aging per se, the deleterious effects of these changes are largely
preventable.
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I. INTRODUCTION

The chemical senses, taste and smell, govern the perception of food flavors and help determine
food preferences as well as eating habits.

Taste and smell deficits are thought to reduce the pleasure provided by food. Drug- or disease-
induced disorders of taste and smell can lead to food aversions and to altered food intakes.'3 Patients
typically complain of distorted or unpleasant tastes and reduced enjoyment of food.>* While there is
little evidence to link chemosensory deficits with overt malnutrition, clinicians have normally assumed
that taste and smell disorders can lead to inadequate energy intakes and eventual weight loss.’

Taste and smell functioning also decline with advancing age.5” Complaints regarding the taste
of food have often been reported by the elderly.® While the most common complaint was that food
tasted weak or flat, other age-related dysfunction has involved both olfaction and the oral perception
of texture.”!? Clinical and survey studies of the elderly have variously reported a narrowing of food
choices, a decline in food intakes, and an increased prevalence of malnutrition.'!-13

Many investigators believe that these factors are causally linked. Some have stated that the
irreversible age-related decline in taste and smell can lead to altered food preferences, inadequate
food intake, and poor nutrition.'*16 For example, impaired perception of sweet and salty tastes has
been reported to enhance dietary intakes of sugar and salt, with potential implications for hyper-
tension and diabetes among the aged.!” Health, nutrition, and quality of life are all said to be
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compromised by chemosensory dysfunction.'® Age-related deficits of taste and smell are very often
listed as potential causes of anorexia and malnutrition among the elderly.!>16.13

The key assumption guiding most sensory studies in aging has been that age-related deficits
in taste and smell have a causal impact on nutrition and health. However, no study has demonstrated
a causal relationship between sensory deficits, altered food habits, and compromised health in the
elderly. A critical appraisal of the available data is the chief purpose of this review.

A few points should be noted. First, not all sensory deficits observed among the elderly are
age-related. Both taste and smell are influenced by acute and chronic disease and by a variety of
pharmaceutical agents. Drug-induced disorders of taste and smell have been fully described else-
where.!*1¢ Since the elderly as a group suffer from a variety of chronic diseases and are more likely
to be medicated than are younger people, some of the observed taste and smell dysfunctions may
be illness- or drug-induced.

Second, sensory acuity in the elderly can vary across individuals. While some elderly subjects
suffer from taste and smell deficits, others do not.®!° Both taste and smell functions are susceptible
to age-related diseases.?’ Common causes of smell loss in the elderly include upper respiratory
viral infection and head trauma. Alzheimer’s disease and Parkinson’s disease are among the
neurological diseases also associated with smell losses.? Since, in many past studies, institution-
alized elderly of uncertain health were compared with community-based samples of young
people, some of the observed sensory deficits may have been secondary to the presence of acute
or chronic disease.

Third, a wide range of psychological or sociocultural variables influences eating behaviors of
the elderly. Studies citing the increased prevalence of frank malnutrition among the aged were often
based on hospitalized patients and residents of nursing homes, as opposed to healthy elderly.
Physical and mental health of the respondents was not always taken into account. Clinical depres-
sion, dementia and Alzheimer’s disease, and memory losses may affect food habits and contribute
to inadequate nutrition.?! Marital status, education, income, and membership in diverse cultural or
ethnic groups also influence food preferences and dietary choices. Food habits of the elderly are
likely to be influenced by these and other factors.?? Interestingly, a study of healthy, middle-class
elderly subjects without medical or financial restrictions revealed no evidence of malnutrition.??
There is always the possibility that anorexia and malnutrition among the elderly are due to age-
associated economic, sociocultural, and psychological factors and not to physiological deficits in
taste and smell.

Finally, the postulated causal relationship between altered chemical senses, eating habits, and
malnutrition is itself open to question. This causal link is thought to be mediated through altered
pleasure response to foods. Age-related sensory losses are said to be the main cause of altered food
habits, diminished food consumption, and compromised nutritional status.

In reality, there are many intervening steps between the chemical senses and food consumption.
Taste and smell sensitivity, hedonic preference profiles, and food choices are independent behavioral
variables that need not be tightly linked.?*?¢It has even been questioned whether detection threshold
for sweet, sour, salty and bitter tastes in water solutions has any relevance to food-related behaviors
at any age.?® For the most part, foods represent complex sensory stimuli, and even major shifts in
detection thresholds for the four basic tastes may have no practical significance. In some studies,
impaired detection thresholds of dilute taste stimuli were unrelated to perception of the same stimuli
at above-threshold levels. Other studies have shown that intensity scaling of basic tastes in water
solutions did not predict response to real-life foods.?*?® While age-associated sensory changes may
influence eating behaviors, their impact on food selection, nutritional status, and quality of life in
the older person remains to be determined.
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II. TASTE FUNCTIONING
A. ANATOMICAL STUDIES

The loss of taste sensitivity with age was for a long time attributed to the loss of taste buds.?” Taste
buds, found throughout the oral cavity, are most common on the papillae of the tongue. Fungiform
papillae are found mainly at the tip and the front edges of the tongue; foliate papillae are on the
folds along the outer edges of the tongue, while circumvallate papillae are found at the back of the
tongue.

The density of taste buds varies widely among individuals, as does taste acuity.'$282° Both the
number of papillae and the number of taste buds per papilla have been reported to decline with
age. Early studies have reported major atrophic disappearance of taste buds from the circumvallate
papillae, especially after the age of 70.2” However, it now appears that taste buds are replaced
throughout life, and that taste function is in fact stable.® There were no age-related differences in
number of taste buds in the fungiform papillae of humans, rhesus monkeys, and Wistar rats.30-32
Arvidson found no difference in the number of taste buds per fungiform papillae between 2 days
and 90 years of age.®

Taste losses in the elderly may thus be due to changes in cell membranes, or in receptor inner-
vation.* However, electrophysiological responses from taste nerves were stable, and neural recordings
showed that the peripheral taste system functions well in old age.’* Redundancy in the neural mediation
of taste may be one reason the sense of taste is so robust. Bortoshuk noted that a complete taste loss
would require damage to multiple nerves, damage to all receptors, or damage to all taste areas in the
central nervous system.® Although localized taste losses do occur in some elderly subjects, whole-
mouth taste sensation is preserved and such losses often go unnoticed.®

Oral hygiene, the use of medications and a variety of acute and chronic diseases affect taste
and smell functions.? For example, since taste nerves in the chorda tympani travel through the inner
ear, ear infections and respiratory infections have sometimes been associated with taste loss.!° Such
taste losses as have been observed among the elderly may be the result of cumulative pathology,
and not the result of normal aging.

B. PsYCHOPHYSICAL STUDIES

Taste sensitivity is reputed to decline with age. Early studies in this area have been reviewed by
Cowart,*> Murphy,’¢37 and Schiffman.’3° In general, taste sensitivity to water solutions of sweet,
sour, salty, and bitter compounds was measured using detection and recognition thresholds. Detec-
tion threshold is the minimum concentration of a stimulus that is perceived as distinct from distilled
water, while recognition threshold is the level at which it is perceived as salty or sweet. Respon-
siveness to more-concentrated solutions was measured using magnitude estimation procedures.*4!

C. DEeTeCTION AND RECOGNITION THRESHOLDS

Early studies on taste thresholds pointed to a sharp decline of taste acuity with age, at least for
some basic tastes. Sucrose detection and recognition thresholds in the elderly were higher that
those of young adults.*> Some studies showed that sensitivity to sweet, salty, and bitter (but not
sour) tastes declined after the age of 60, while others found that older adults (ages 48 to 60 yr)
were less sensitive to sweet, sour, and bitter (but not salty) tastes.*34

Studies on bitter taste, conducted using phenylthiocarbamide (PTC) and propylthiouracil
(PROP), reported a decline in sensitivity to PTC with age, corresponding to a mean 3% annual
increase in threshold levels.*# Subsequent research showed that only smokers showed an age-
related decline in bitter taste sensitivity to quinine and PROP.4
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However, threshold measures used in most early studies may have been subject to a variety of
problems, such as lack of water rinse between stimuli, and may not have provided an accurate picture
of taste sensitivity. In later studies, taste thresholds were determined using the method of limits.’” In
the ascending method, the concentration of the stimulus was increased until the subject detected its
presence. In the descending method, the stimulus was progressively diluted until it was perceived as
no different from water. Because studies on taste and aging were invariably cross-sectional as opposed
to longitudinal, the concern was that older people may differ in their decision-making criteria, and
may be more or less reluctant to say yes/no to ambiguous stimuli than are young people.*® The forced-
choice procedure, in which subjects are asked to choose between the stimulus and plain water, became
the method of choice, since it minimized the response criterion bias.

Murphy examined detection thresholds for the four basic tastes among subjects aged from 17
to 83 yr. The oldest subject group was 65 to 83 years of age. The data showed a gradual decline
in sensitivity, amounting to one log step over the age range studied.’®%’ Similar results were reported
by Cowart,> while Dye and Koziatek* observed a significant drop in sensitivity to sweet taste,
beginning in the eighth decade of life.

Detection thresholds for sweet and salty tastes appeared to be unaffected by either smoking or
gender. In one study, salt taste detection thresholds were measured in 76 adults aged 23 to 92 yr,
using a forced-choice staircase procedure, with water rinses between all stimuli.*® Although an age-
related drop in taste sensitivity was observed, it was smaller than reported in other studies.’¢*
Another study observed a twofold increase in thresholds for sucrose among subjects aged 60 to 88
yr as compared with subjects aged 20 to 45 yr.* However, individual sensitivities were highly
variable and the average deficit was not large.>

Some basic tastes were affected more strongly than others. Weiffenbach et al.’! showed that
thresholds for salty and bitter tastes were typically more affected by age than thresholds for sweet
and sour. Detection thresholds for the four basic tastes were obtained for 81 adults between 23
and 88 years of age. Sodium chloride thresholds showed a significant but small increase with age,
amounting to 0.1 of a log step per age decade. Quinine sulfate thresholds showed a similar but
weaker increase with age. No age-related effects were obtained for sucrose or citric acid. According
to Schiffman, taste detection thresholds among the elderly were 2.7 times higher for sweeteners,
11.6 times higher for sodium salts, 4.3 times higher for acids, and 6.9 times higher for bitter
compounds.?

Few studies have examined the sensitivity to other tastes. Schiffman and colleagues measured
detection thresholds for 19 amino acids in subjects age 17 to 27 yr and 75 to 87 yr, using a three-
cup forced choice procedure. Thresholds for older subjects were 2.5 times higher than for younger
ones, and no gender differences were observed.>?

Later studies of localized taste losses represent an important methodological innovation.® In
this procedure, strong taste stimuli were “painted” on discrete areas of the tongue and the oral
cavity. Localized taste deficits were obtained in patients with diagnosed bulimia, viral respiratory
infection and a history of head trauma. The elderly were more likely to have localized taste losses
than were young subjects.!® However, whole-mouth taste sensation was relatively robust, and no
profound decline in the sense of taste was observed. Whole-mouth sensory functioning, as assessed
by the threshold method, seems to be quite resistant to the effects of age.

D. INTENSITY SCALING

The scaling of suprathreshold intensity may be more relevant to taste function in the elderly than
are threshold measures. Early work in this area was previously reviewed by Cowart,3 Murphy,?’
and Schiffman.3 Observed taste losses in the elderly were largely limited to bitter taste.

In most studies, the perceived intensity of solutions was assessed using category scaling or
magnitude estimation procedures. The decline in taste acuity was denoted by a change in slope of
the intensity function with concentration, suggesting that the perceived sensation increased more
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slowly in the elderly than in the young. For example, the elderly had flatter slopes when rating
taste intensities of serial dilutions of 23 amino acids.>

Studies of above-threshold stimuli, conducted using magnitude estimation and magnitude
matching procedures, showed that sweetness perception was unaffected by age. Studies found no
change in slope in sweetness intensity rating,* and no age or gender effects for intensity scaling
of sucrose solutions.> The data were not always so consistent. One study found no difference in
sweetness intensity slopes between the young and the elderly subjects.”> However, the slopes for
the two adult groups were flatter than for 12-year-olds. A study on the perceived intensity of citric
acid among three groups of subjects also reported inconsistent results. Elderly subjects (ages 70
to 79 yr) showed flatter slopes than both young (age 20 to 29 yr) and very old subjects (ages 80
to 99 yr).>

Other studies reported major differences between taste qualities. Age-related effects were
greatest for bitter, marginal for sour, and least for sweet and salty stimuli. Gender effects were
obtained only for sour and bitter tastes.>*>¢ Murphy and Gillmore also found age-related effects
for bitter and sour, but not for salty and sweet tastes. In judging taste mixtures, the elderly (ages
56 to 83 yr) found bitter, but not the other three tastes, to be less intense than did young subjects
(ages 18 to 31 yr).” Another study similarly observed an age-related decline in the sensitivity to
bitter taste, but no decline in the perception of sweetness, saltiness, warmth or cold, or viscosity
among men and women, ages 25 to 93 yr.>® The only impairment was in the perception of local
pressure on the dorsal tongue, which might be related to impaired perception of food texture,
reported to be common among the elderly.>

E. Stupies oF Foobp StimuLl

Intensity scaling of the four basic tastes in food media failed to show major effects of age. There
were no age-related deficits in scaling of saltiness in tomato juice;*° no decline in the perception
of saltiness in potatoes or broth,®' and no decline in the perception of citric acid in an apple drink.>¢
Warwick and Schiffman found no age-related deficits in the intensity ratings for salt and sugar in
salted or sweetened daily products.® Only Murphy and Withee®? have reported an age-associated
decline in the perception of protein taste (hydrolyzed casein) in soup.

In an early study on food recognition,” older subjects (ages 67 to 93 yr) were as accurate as
young controls (ages 18 to 22 yr) in identifying a solution of salt thickened with cornstarch, and
were only slightly worse in identifying sugar. A more recent study found that elderly subjects were
not as good as middle-aged or the young in judging the presence or absence of salt in tomato
soup.%® Although detection thresholds for sodium chloride in tomato soup far exceeded those for
salt in water, the age-related deficits still held. The authors suggested that higher sodium detection
thresholds for salt in soup might impact on nutritional status, since the elderly may fail to detect
excessive salt levels in their diet.5

Only one study addressed the oral sensory perception of fats. Warwick and Schiffman® reported
that the elderly might show a reduced ability to detect the fat content of sweet and salty dairy
products, ranging from milk to heavy cream. However, the perception of fat in foods is largely
guided by stimulus consistency and texture and to a lesser degree by olfaction. The chief cues for
perception of fat in dairy products are stimulus thickness, smoothness, and viscosity. While oral
perception of food texture may be impaired in the elderly, it should be noted that sensory perception
of dietary fats is problematic at any age. Even young subjects did not always discriminate among
foods of low vs. high fat content.

Ill. TASTE HEDONICS

For the most part, studies on aging and taste acuity did not examine taste or food preferences.*
One study on preferences for sugar in pineapple juice showed that the elderly preferred less sweet
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stimuli. While not always consistent, later studies showed that the elderly preferred sweeter and
saltier stimuli that did younger subjects. In most studies, the stimuli were aqueous solutions of
sugar and salt, while some of the later studies also made use of beverages and soups.

Liking or disliking, often measured using magnitude estimates, or the perceived pleasantness
of a stimulus were the typical measures of the hedonic response. An alternative measure of
preference was the peak-preferred concentration of either sugar or salt in a food stimulus. Some
studies assessed it directly, by measuring the amount of sugar added to lemonade or salt added to
tomato juice or soup. For example, Pangborn, Braddock, and Stone® found that older people added
more salt to chicken broth than did younger ones.

However, hedonic response profiles can be highly idiosyncratic. One study® reported that
hedonic preferences for sweet taste did not differ between children, young adults, and the oldest
adults. Chauhan and Hawrysh® examined pleasantness ratings for different levels of citric acid in
water and in apple juice drink in three groups of subjects. The oldest group (ages 80 to 99 yr)
disliked high levels of citric acid and showed a lower hedonic optimum for sour taste. The old
group (ages 70 to 79 yr) showed a higher optimum than the younger group (20 to 29 yr), but only
for the solutions and not for the lemon-based drink. The same experiment showed an increase of
the salt “breakpoint” with age, but only for water solutions and not for chicken soup.® Again, age-
related deficits in salt taste perception were offered as the most likely explanation for the observed
preferences for higher levels of salt.

Only one study reported that hedonic rating for sodium chloride, sucrose, and citric acid
increased with age.®? Four concentrations of each stimulus were presented in both water and in
appropriate beverage bases, such as vegetable juice and lemonade. In general, beverages were
judged to be more pleasant than were aqueous stimuli. Older subjects preferred higher concentra-
tions of sugar and salt in both water and beverages than did younger subjects. This shift in hedonic
preferences toward higher levels of sugar and salt was again thought to be caused by age-related
sensory deficits.®? The suggestion made was that reduced perception of sweet and salty tastes among
the elderly might be one reason for increased intakes of sweet and salty foods, with consequences
for obesity, diabetes, and hypertension.!”

The question whether chemosensory preferences are driven by nutritional status has important
implications for nutrition and aging. At least one study suggests that it might be so. Murphy and
Withee examined the impact of taste preferences and age on selected biochemical indices of
nutritional status, including total protein, albumin, and blood urea nitrogen (BUN).’ Young and
elderly subjects rated the pleasantness of five concentrations of casein hydrolyzate prepared in an
amino-acid deficient soup base. Elderly subjects preferred 3.0% casein, as opposed of 0.5% casein
for younger people. Elevated preferences for casein were also reported for persons of lower
biochemical status.®’

IV. IDENTIFICATION OF FOODS

Classic studies of food identification by the elderly, conducted by Schiffman and colleagues, made
use of the multidimensional scaling (MDS) procedure. MDS is a mathematical method that allows
stimuli, including sensory stimuli, to be represented in points in space. Stimuli judged as similar
to one another are position close in space, while those judged as dissimilar are located further apart.
Proximity matrices can be obtained either by direct similarity scaling, or by calculating the inter-
item similarities on the basis of multiple additive scales.%

Identifying real-life foods involves oral perception of taste, flavor, and texture. Studies on
sensory identification of foods by the elderly minimized visual cues by the use of blindfolds or
dim red light, while textural cues were minimized by the use of steamed and blended foods.”% In
a pioneering MDS study, Schiffman presented 27 young college students (ages 18 to 22 yr) and
29 elderly residents of a retirement home (ages 67 to 93 yr) with 21 different foods to taste and
smell.” The foods included fresh unseasoned blended fruits, vegetables, meats, fish, nuts, grains,
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and dairy products. The foods were steamed, blended and strained, or pureed. Water was added to
minimize texture differences. The four taste standards, representing sweet, salty, sour and bitter —
sucrose, NaCl, lemon, and coffee — were presented in a cornstarch base. Blindfolded subjects
were first presented with a container of food to smell. Later, they tasted a teaspoon of the food,
spitting out the food into an opaque paper bag. The subjects were asked to identify the foods, and
rate them along 51 attribute scales.

Elderly subjects were sometimes unable to identify blended foods by taste and smell. Out of
24 foods, 21 were more frequently identified by young people than by the elderly. More elderly
subjects than younger ones commented on the weakness of taste and smell for the unseasoned
blended foods. MDS analysis of proximity data showed that elderly subjects used only a single
dimension that was related to pleasure, while younger subjects used two dimensions, suggesting
better discrimination.

A similar study by Stevens and Lawless compared the ability to identify pureed vegetables and
fruits by subjects, ages 18 to 65 yr.”%The foods were cantaloupe, peach, strawberry, broccoli, carrot,
corn, green pepper, lima bean, onion, pea, spinach, and turnip. The foods were cooked, drained
and pureed, and the experiment was conducted under dim red light. To minimize cognitive demands,
the subjects rated the similarity of pairs of stimuli, using direct scaling, and rated the purees on 10
attribute scales. The optimal MDS solution obtained using the ALSCAL program was a four-
dimensional one. In this study, no striking differences in food perception were obtained as a function
of age. The principal MDS dimension distinguished peach and strawberry from broccoli and
spinach. For older people, the intensity of flavor (flat vs. sharp) appears to be the single most
important dimension.

Impaired food identification by the elderly may involve the olfactory/trigeminal as opposed to
taste input. In a study by Murphy,® 40 young (ages 18 to 26) and 40 older people (ages 65 and
over) attempted to identify pureed foods while blindfolded, using only taste and odor cues. The
freshly prepared, steamed and blended foods were potato, tomato, carrot, broccoli, celery, lemon,
pear, banana, beef, coffee, sugar, and salt.

Younger people identified more foods on the first attempt than did older subjects. While
performance improved with feedback, the effect of age still held. Older women had higher scores
than older men. In the second study, 20 younger and 17 older women repeated the task with their
nostrils pinched to eliminate olfactory input. The rate of correct scores on the first attempt was
now the same for the two groups, suggesting that smell rather than taste plays a major role in the
identification of foods. This notion was confirmed by a later study showing that detection of the
spice marjoram in soup was largely based on olfactory input.”! In contrast, taste played a minor role.

The age-related drop in the ability to identify foods may also involve cognition. In Murphy’s
study,® younger women performed better than older women during repeated attempts at identifying
foods, suggesting that learning and memory, and semantic retrieval may also be involved. Younger
subjects were more likely to place incorrectly identified food into the correct semantic categories;
for example, 37 of 40 young people assigned pureed pears to the fruit category. In contrast, more
elderly subjects gave it a non-fruit label, mostly vegetable. Similar results were obtained with other
fruits, such as bananas. Younger subjects were more likely to operate within the appropriate
cognitive categories in assigning labels to foods, while the elderly showed greater variability and
more frequent inappropriate judgments. Reduced ability to identify foods by elderly adults may
result from a decline in olfactory sensitivity and in cognitive skills.

V. FOOD PREFERENCES

Food preferences are determined not only by taste and smell, but also by other sensory cues
including food texture, temperature, color, and appearance.”>” The elderly rate the taste of foods
as the main determinant of food selection,’ and the chief reason for the enjoyment and appreciation
of foods.” Food “taste” typically includes both taste and olfaction. Olfactory deficits are said to
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reduce food acceptability and result in diminished food intakes.!® Amplifying foods by adding
additional odor has been reported to increase hedonic tone and reverse age-related anorexia.”

In one early study on flavor amplification,* 14 elderly people (ages 77 to 84 yr) and 11 college
students (ages 17 to 25 yr), tasted five blended foods that were fortified with artificial flavors at
two levels of strength. The flavors included apple, beef, egg, pork, and walnut. The subjects tasted
the foods, and rated them along visual analog scales. Flavor amplification reduced complaints of
sourness and bitterness, and increased hedonic rating among the elderly, while reducing them for
the young.

In a later study,’® 75% of elderly subjects (ages 70 to 79 yr) were found to prefer those foods
that had been amplified or enhanced with added flavors. The non-caloric flavors, added to cooked
and drained foods, were carrot, pea, potato, tomato, apple, chicken, beef, and bacon. In some
samples, carrots were amplified with carrot flavor, in other samples, peas were enhanced with
bacon. The most frequently used enhancer was bacon, which was used 11 times in 22 samples.

Continuing this line of research, Schiffman and Warwick” reported that the elderly preferred
19 out of 20 enhanced foods. The flavors used were apple, bacon, beef, carrot, cheese, chicken,
pea, peach, pear, potato, and tomato. About half of the manipulations involved flavor amplification
and half involved flavor enhancement. In the amplification condition, carrots were amplified with
carrot flavor, apple juice with apple flavor, and tuna salad with tuna flavor. Although the subjects
did prefer the flavor-amplified foods, some of the observed increments were not large. More-
dramatic results were obtained in the flavor enhancement condition, where broccoli and cauliflower
were enhanced with cheese flavor, peas, beans, and turnip greens with bacon flavor, and spaghetti
with both bacon and cheese. In most cases, the added non-caloric flavors (bacon or cheese) provided
sensations commonly associated with dietary fats.

Although amplification and enhancement are distinct conditions, the two terms have sometimes
been used interchangeably. While flavor amplification might compensate for perceptual losses, food
enhancement with fat flavors adds a new sensory dimension. One study used fat-related flavors to
enhance institutional foods, mostly vegetables (n = 15); sauces and gravies (n = 8); breakfast foods
such as eggs, grits, maple syrup, and oatmeal, and main dishes such as beef barley soup, macaroni
and cheese, and veal paprika stew.”’ The six flavors used were roast beef, ham, bacon, prime beef,
maple, and cheese. One or two foods were enhanced at each meal, and food intakes and nutritional
status of 39 elderly residents of a retirement home (average age 85 yr) were examined over a 3-
week period. The study used a crossover within-subject design, with subjects serving as their own
controls. Out of 30 enhanced foods, only peas and carrots, mushroom gravy, and maple syrup
showed significant increases in intake. The most effective enhancers of food intake were meat
flavors: roast beef, bacon, and ham. Flavor enhancement did not increase energy intakes and
appeared to have no clinically significant effects on nutritional status.

VI. AGING AND FOOD SELECTION

Consumption of a varied diet is an effective way of assuring adequate nutrient intake.” The reported
narrowing of food choices with age is thought to be a potential cause of inadequate nutrition among
the elderly.

Data obtained from the 1977-78 Nationwide Food Consumption Survey (NFCS) are sometimes
cited as evidence that dietary variety declines with age.”® These data were based on a sample of
adults more than 54 years old (n = 4,983) drawn from among more than 30,000 people interviewed
in the NFCS study. Food consumption data were based on one 24-hour food recall and 2-day food
records.”® Approximately 2,500 different foods were reported over the 3-day period.

Consumption patterns of the elderly were analyzed using two separate measures of dietary
variety. The first measure, the variety index, was calculated by counting the number of different
foods in each of 18 previously defined food groups that were eaten by each individual over 3 days.
The elderly respondents ate approximately 35 different foods over three days, with men reporting
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more different foods than did women. The variety index declined slightly from the youngest (age
55 to 64) to the oldest group (>75 yr). The age-related decline for men was from 37.0 to 33.5
foods, while the decline for women was from 35.2 to 32.7. Categories in which the decline occurred
included meat, vegetables, and fruit. In contrast, other food categories showed no age-related decline
in variety. No changes were observed for milk products, whole and refined grain products, sweets,
soups, or desserts.”

The second measure of “core” foods was based on a straight frequency tally of foods consumed
over the 3-day period, and a more complex calculation of a food frequency score over the three
days. The first 20 items were the same by either score, and did not vary markedly with either age
or gender. As shown in Table 15.1, items consumed on at least 1 of the 3 days by approximately
50% of the elderly respondents were whole milk, coffee, white bread, potatoes (other than fried),
margarine, and sugar.”® These items were relatively inexpensive, simple to chew, and easy to prepare.
A higher proportion of the sample population 75 years and above lived alone, and had lower income
and educational levels than did younger adults.

TABLE 15.1
The Most Frequently Consumed Foods in the U.S. Diet

Adults Ages 75 and Over

All Adults Ages 19-74 Men Women
1.  Coffee, tea 1.  White bread, rolls, crackers 1 White bread, rolls, crackers
2. White bread, rolls, crackers 2. Whole milk 2 ‘Whole milk
3. Margarine 3. Sugar 3 Coffee, tea
4. Whole milk, whole milk beverages 4.  Coffee, tea 4. Margarine
5. Doughnuts, cookies, cake 5. Margarine 5. Sugar
6.  Sugar 6.  Potatoes, excluding fried 6.  Potatoes, excluding fried
7. Green salad 7.  Bacon 7 Orange juice
8. Regular soft drinks 8. Eggs 8. Eggs
9.  Cheeses, excl. cottage cheese 9.  Butter 9.  Lettuce
10.  Eggs 10.  Orange juice 10.  Butter
11.  Mayonnaise, salad dressings 1. Jam, jelly 11.  Low-fat milk
12.  Hot dogs, ham, lunch meats 12.  Lettuce 12.  Jam, jelly
13.  Alcoholic beverages 13.  Bananas 13.  Bananas
14.  Potatoes, excluding fried 14.  Whole-wheat, rye bread 14.  Ready-to-eat cereal
15.  Tomatoes, tomato juice 15.  Ready-to-eat cereal 15. Whole-wheat, rye bread
16.  Whole-wheat, rye bread 16.  Tomatoes 16.  Bacon
17.  Beef steaks, roasts 17. Low-fat milk 17.  Tomatoes
18.  Orange juice 18.  Gravy 18.  Ice cream
19.  Butter 19.  Ice cream 19.  Salad dressing
20.  French fries, fried potatoes 20.  Soup 20.  Soup

Note: Data from NHANES II (1976-80) and 1977 CSFII. Table based on data from Block et al.” and Fanelli and
Stevenhagen.”

The foods listed in Table 15.1 are not so different from the “core” foods of the American diet.
Block and colleagues published a similar analysis of the most frequently consumed foods in the
1976-80 NHANES II sample.” These data were based on 11, 658 adults, between 19 and 74 years
of age, and a single 24-hour food recall. The food frequency score was the number of persons
estimated to consume that food on any given day per 10,000 population.

Only three foods — coffee, white bread, and margarine — were consumed by more than 50%
of the respondents on any given day. The most frequently consumed foods were coffee and tea,
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white bread, margarine, whole milk, doughnuts, cookies and cakes, and sugar.” The “core” foods,
which appeared in the NHANES II data but not in the NFCS data, were doughnuts, regular (non-
diet) soft drinks, cheese, hot dogs, alcohol, steaks, and french fries. In their place, the NFCS data
reported bacon, jam/jelly, cereal, low-fat milk, ice cream, and soup.

Dietary trends among the elderly have followed those of the American public. A comparison
of 1977-78 NFCS data with the 1985 CSFII study® showed that American women ages 19 to 50
reduced the consumption of meat and full-fat milk, but consumed more low-fat milk, and low-
calorie soft drinks. A similar analysis of intake trends for the elderly®' showed that they too reduced
the consumption of meat, and increased the consumption of low-fat milk, low-calorie beverages,
and take-out foods.

VII. PSYCHOSOCIAL ISSUES IN AGING

A variety of factors other than taste and smell influence food intakes among the elderly. Studies
in social nutrition have addressed cohort effects, social support networks, and alterations in family
structure and gender roles.?? Such studies place food selection in a broader sociocultural context,
describing it as an integral part of food habits. Food habits have been defined as including actual
food consumption, food purchasing, meal patterns, the frequency of consumption of specific foods,
preferences for particular foods, and underlying nutrition-related attitudes and beliefs.

Aging is associated with a number of inevitable life changes, such as decreased income, altered
social and family roles, death of spouse and friends, and declining health status. Chronic diseases
and the use of medications, more prevalent with increasing age, may also require a change in food
habits.?!82 Medical nutrition therapy for obesity, diabetes, hypertension, and cardiovascular disease
may be associated with restricted energy intakes and reduced consumption of fats, sugar, and salt.
Any of those factors can have an influence on eating habits, as indicated in Table 15.2.

Social factors may play the dominant role in determining eating behaviors among the elderly.
Fujita reported that the food habits of Japanese elderly depended for the most part on the socio-
economic environment and the activities of daily living, and not on age-associated changes in
sensory function.®3 Appropriate integration into social networks is another factor influencing food
habits among the elderly. Beyond its positive influence on life satisfaction, social activity may
indirectly influence the patterns of obtaining, preparing and consuming foods.?? Income, gender,
marital status, living alone, and the lack of socialization at meals have been found in some studies
to affect food habits and have an impact on nutritional status.?* Institutionalization in hospitals and
nursing homes was also found to affect food habits and nutrition, although these effects could not
be separated from those of poor health and sharply reduced physical activity.®> Dentition and oral
health also affect food acceptance.3¢

Food habits are also influenced by psychiatric and psychological factors.!>?! The prevalence of
clinical depression is high among the elderly.!* However, the effects of depression on food habits
are not always consistent. While some depressed patients complain of a diminished ability to taste
and enjoy food, others reported a craving for sweets. Up to 15% of depressed patients showed
increased appetite and consequent weight gain.

VIII. CONCLUSIONS

While sensory losses in both taste and smell do occur in the elderly, there is little evidence that
such losses are causally tied to altered eating habits, malnutrition, and ill health. Only a few studies
have examined the impact of sensory dysfunction on eating habits and quality of life, and it remains
a vital area for further research. There is also a need for more-extensive studies in social nutrition
to investigate the mechanisms of food selection that lead to dietary variety or to a narrowing of
food choices. In particular, such factors as poverty, education and occupation, marital status, living
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TABLE 15.2
Potential Causes of Altered Eating Habits and
Food Choices in the Elderly

Social Factors
Poverty
Institutional setting
Living arrangements
Marital status
Lack of socialization at meals

Psychiatric and Behavioral Factors
Depression
Loneliness
Dementia

Health Status and Physical Functioning
Decreased energy needs
Reduced energy expenditure
Acute and chronic disease
Immobility
Poor oral hygiene
Inability to chew

Metabolic Factors
Neurotransmitters
Hormones
Drug—nutrient interactions

Chemosensory Factors
Taste and smell deficits
Diminished perception of bitter taste
Reduced pleasure response to foods
Absence of sensory specific satiety

arrangements, physical activity, and social support networks are likely to be among the major
determinants of physical and mental health and good nutrition among elderly adults.?’
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I. INTRODUCTION

Proteins are crucial to cellular function because of the roles they play as biological catalysts and
as essential components of cell structure. Furthermore, proteins are in a state of constant turnover,
i.e., proteins are continuously synthesized and degraded. It is therefore not surprising that there is
strong interest in the effects of aging on protein turnover. Since our previous review of this field
for this series,! there have been several reviews published.”> The comprehensive review by Van
Remmen et al.3 is particularily noteworthy because of its focus on transcriptional processes in
addition to translational processes. When these reviews are considered in total, the general conclu-
sion that can be drawn is that protein synthesis and protein degradation decline with age.>> In this
review, we will discuss the more recent studies in this area in relationship to the previous studies
in this area, which have been described in detail in previous reviews.

Il. EFFECT OF AGE ON PROTEIN SYNTHESIS

The view that protein synthesis declines with age is based primarily on measurement of general
or total protein turnover."® When the effect of age on the synthesis of individual proteins is
examined, it is found that synthetic rates of individual proteins may increase, decrease or not
change.” Furthermore, within an individual organism there may be heterogenity both between and
within tissues. For example, the rates of skeletal muscle protein synthesis in male Fischer 344/BN
F1 rat soleus muscle declines with age, while there is no change in synthetic rates in gastrocnemius
or extensor digitorus longus muscles.® In human liver, the fractional synthesis rate (FSR) of albumin
is not affected by age while the FSR for fibrinogen decreases ~37%.° An examination of the
synthesis of human myosin heavy-chain and sarcoplasmic reticulum protein turnover found that
myosin heavy-chain synthesis decreased with age, which would correlate to an age-related decrease
in whole body protein and mixed muscle protein synthesis.!® In contrast, sarcoplasmic protein
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synthesis was not affected by aging.'? Utilizing the double labeling technique for measuring protein
turnover (synthesis + degradation), Ferrington et al.!! observed that calcium regulatory proteins of
the sarcoplasmic reticulum in hind limb muscles of Fischer 344 rats exhibit divergent turnover
rates. They reported that Ca**-ATPase and ryanodine receptor turnover rates decreased 27% and
25%, respectively, with age while the 53-kDa glycoprotein exhibited a 25% increase in rate of
turnover and calsequestrin turnover was unchanged.!' Changes in protein synthesis with age are
not limited to the cytosol. For example, there is a roughly equivalent decrease in the rate of
mitochondrial protein synthesis in human skeletal muscle (35% decrease) and rat heart (42%
decrease).!>13,

While it is still accepted that total protein synthesis declines with age, it has become obvious
that a great deal of heterogenity exists in the effect of age on individual protein synthetic rates
between as well as within tissues. This suggests that further studies on general/total protein synthesis
will not make a significant contribution to our understanding of the role of alterations in protein
synthetic rates in the aging process. While there is a general decrease in protein synthesis with age
in liver, Butler et al., utilizing 2-D gel electrophoresis, observed that only 11 of ~500 hepatic
proteins exhibited major age-related alterations, i.e., either appearing or disappearing with age.
Thus, while the search for proteins whose turnover is age sensitive may be considered a fishing
expedition, only when enough of the pieces of the puzzle are available will we be able to start
putting the puzzle together and to then begin gaining an understanding of the interrelationships
between protein synthesis and the aging process.

Over the past 3 decades, a large number of studies have focused on the effect of age on specific
steps of protein synthesis (e.g., aminoacylation of tRNAs and the initiation and elongation steps
of protein synthesis), and these studies have been described in detail in previous reviews.!* While
the actual steps of protein synthesis that are affected by age haven’t been conclusively identified,
it appears likely that ribosome aggregation to mRNA declines with age and that peptide chain
elongation is reduced because of a decline in the activities of the elongation factors EF-1 and EF-
2.3614 The potential role of oxidative stress in the age-related decline in protein synthesis was
suggested by a study of Ayala et al.’> They showed that oxidative stress (treatment with cumene
hydroperoxide) significantly reduced protein synthesis in rats. It was found that the elongation step
of protein synthesis was most sensitive to cumene hydroperoxide treatment and that EF-2 exhibited
both oxidative modification and reduced activity. Thus, oxidation modification of elongation factors
could provide an explanation for the reduced protein synthesis with age. This is of particular interest
because of the popular concept that oxidative stress plays a role in the aging process, i.e., aging is
associated with increasing levels of oxidative stress. In 1989, a great deal of interest in the role of
elongation factors in aging was generated when transgenic Drosophila melanogaster were produced
using a P-element vector containing a cDNA copy of the EF-1a gene under the control of the
inducible hsp70 (70-kDa heat shock protein) promoter. Previous studies by Webster and Webster!®
showed that EF-1o. decreased dramatically (over 90%) with age in Drosophila. Therefore, Shepard
et al.!” produced transgenic flies that would overexpress EF-1o. They reported that the life span of
the transgenic flies was greater than non-transgenic flies. This was the first report of a transgenic
manipulation extending the life span of an organism and suggested that the age-related decline in
protein elongation was important in aging. Unfortunately, later studies showed that these transgenic
flies were not expressing more EF-1ae mRNA, EF-1a. protein or exhibiting greater EF-1c. activity. '8
It was concluded that the longer life span of the transgenic fly was not due to the overexpression
of EF-1a but was due to a positional effect of where the transgene inserted into the genome.!8!°

Ill. THE EFFECTS OF AGE ON PROTEIN DEGRADATION

The effects of age on protein degradation have received much less attention than has the effects of
age on protein synthetic activity. There are three likely reason for this lack of attention. First, it
has been generally accepted that protein degradation must decline with age since the total protein
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content of cells and tissues remains relatively constant in the face of significant declines in the
rates of protein synthesis.?®?! Second, it is difficult to accurately measure protein degradation. Third,
there are multiple pathways of protein degradation and the mechanisms of action are not as well
understood as the mechanisms of the protein synthetic pathway. Age-related decreases in protein
degradation have been reported in nematodes (Turbatrix aceti), in a variey of rat tissues, and in
senescent fibroblasts.?2>?* Taking into consideration all of the reviews of this topic leads to the
general conclusion that protein degradation does indeed decline with age.>332425

There are two primary pathways of protein degradation, the lysosomal pathway and the extra-
lysosomal, or cytosolic, pathway.* The degradation of intracellular proteins through the lysosomal
pathway incorporates both macroautophagic and microautophagic sequestration of these proteins
prior to degradation.?® Dice’s laboratory has discovered an additional pathway in which proteins
are transferred directly across the lysosomal membrane through an hsc73-mediated transport pro-
cess.?>2?7 This direct transport pathway is inhibited by the aging process.? It has also been suggested
that macroautophagic uptake of proteins is reduced with age.?* There have been no studies of the
effect of age on microautophagic activity.

The major proteolytic activity of the cytosolic fraction is contributed by the proteasome, which
plays an important role in the turnover of oxidatively modified proteins.?$2° Over the past decade,
our knowledge of this pathway of protein degradation has increased enormously, and it is generally
believed that the proteasome plays a major role in cellular protein degradation. The proteasome is
a multisubunit complex that exists in two molecular forms, one having a molecular weight of ~750
kDa (20S) and the second of ~2,000 kDa (26S).2 The 20S proteasome is a barrel-shaped structure
composed of 28 subunits, representing 14 different gene products, arranged in four rings of seven
subunits each.?® The subunits are labeled o and 3 based on their homologies to the subunits of the
archebacterial 20S proteasome, which has the same 28 subunit structure but is composed of only
two gene products, o and .%® The subunit arrangement of the mammalian 20S proteasome is thus
0,3,B,01,. Within the central cavity of this structure are found the active sites for three different
peptidase activities, i.e., chymotrypsin-like, trypsin-like and caspase-like (PGPH) activities. The
chymotrypsin-like activity appears to be the rate-limiting peptidase for proteasome-mediated protein
degradation.?®3 The 20S proteasome normally associates with a multisubunit regulatory protein,
the 19S cap, forming the 26S proteasome.?® The primary function of the 26S proteasome is to bind
and degrade proteins that have been coupled with ubiquitin, ubiquintination being the major pathway
for targeting proteins for degradation.?®

Because of the importance of the proteasome in protein degradation, investigators have begun
studying the effect of aging on the proteasome and its activity. These studies are listed in Table
16.1. Only the caspase-like activity was observed to decrease (~50-60%) with age in all four
studies. Very little, if any, change in trypsin-like or chymotrypsin-like activity was observed with
age in the proteasome by most studies. The decline in caspase-like activity does not affect the rate
at which the proteasome degrades casein, a commonly used protein substrate for measurement of
proteasomal proteolysis.3! Therefore, Shibatani et al.3! have concluded that it is unlikely that the
age-related alterations of proteasomal peptidase activity are sufficient to account for the decline in
protein degradation exhibited with aging, a conclusion with which Cuervo and Dice? concur.

If it is accepted that protein synthesis and degradation decline with age it can then be asked
what the potential ramifications of decreased protein turnover would be for the cell. It is well
established that cellular responsiveness to environmental and metabolic challenges is directly related
to the rate of protein turnover. These responses are tied to the induction of critical enzymes, and
a decrease in the rate of turnover would be predicted to lead to a decrease in the rate of enzyme
induction.?! In other words, the cellular levels of enzymes with short half-lives can be altered
more rapidly than enzymes with long half-lives. Another consequence of slowed turnover would
be an increased cellular dwell time for a protein. The greater the dwell time of a protein, the greater
the probability that the protein will sustain damage.’ There are, in fact, a significant number of
studies that have demonstrated increases in the appearance of altered proteins with age.’*3” These
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TABLE 16.1
Effect of Age on Chymotrypsin-Like (ChT-L), Trypsin-Like (T-L)
and Caspase-Like (C-L) Activities of the 20S Proteasome

Change with Age

Ages Studied

Sex/Strain (Months) Cht-L T-L C-L Reference
Male/Fischer 344 7 vs. 26 +30% +15% —40% 31
Male/Fischer 344 8-10 vs. 25-28 -30% -17%  -60% 32
Male/Fischer 344 8 vs. 24 nc nc -50% 34
Female/Lou 18 vs. 33 nc nc -55% 33

Note: nc = no significant change.

alterations are largely post-translational in nature. For example, it has been reported that 40% of
the inactive FDP-aldolase molecules found in the livers of old mice can be accounted for by the
age-related decrease in degradation of these altered molecules.®® At one time, it was thought that
the production of altered proteins was due to errors in translation, but more-recent studies have
shown that the accuracy of translation is not significantly affected by age.>%? A recent study by
Heydari et al.* indicates that the transcription factor, HSF1 (heat shock transcription factor 1)
becomes altered with age. This transcription factor plays a key role in the tra