
The role of nutrition in the care of the 
elderly patient1 

Helen B. Brown, Ph.D. Nutrition has a direct bearing on the health of the geriatric 
patient. For the rapidly growing elderly population, nutrient de-
ficiencies are a reality, especially deficiencies in calcium, iron, 
vitamins A, C, and the water-soluble B vitamins. The risk of 
malnutrition increases with the progressive physiological and so-
cioeconomic changes of aging. The quality of the diet can be 
further compromised by physical and mental disabilities, chronic 
alcoholism, overmedication, and diseases such as cardiovascular 
diseases, diabetes, cancer, reduced immunity, and osteoporosis. 
Geriatric patients may be undernourished on entering the hospital. 
Many questions remain concerning the nutritional status, nutri-
tional requirements, cause of deficiencies, nutrient supplementa-
tion, drug treatment, and the role of nutrition in the overall care 
of the elderly patient. 
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With the number of persons over 65 years of age growing 
in our society, the challenges of their health care are 
receiving much more attention. The elderly constitute a 
special group with distinct individual needs arising from 
the progressive physiological and biochemical changes of 
aging and from socioeconomic conditions.1'2 Aside from 
the difficulties that bring the elderly to a physician's care, 
the older patient is unique because the rate of aging differs 
from person to person. The care of each patient requires 
the physician to recognize the extent of aging with its 
physiological changes in body composition and in metabolic 
and immune reactions. 
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Figure. Mean total daily caloric intakes (A), basal metabolic 
rates (B), energy expenditures (C) and energy expenditures per unit 
of body weight (D) in men of different ages. Vertical bars represent 
standard errors of the means. Correlation coefficients for regres-
sions on age of total calories, basal calories, and total-basal calories 
were —0.374, —0.374, and —0.231, respectively, and were all statis-
tically significant (P < 0.01). 

Reprinted from McGandy et al12 with permission. 

Because aging increases the risk of malnutri-
tion in the elderly person3,4 and because under-
nutrition inevitably reduces the ability to resist 
and to recover from disease, nutrition must be 
integrated with the overall care of the geriatric 
patient. Although adult nutrient requirements 
are sufficiently well known to do this, more must 
be learned about the elderly's specific nutrient 
requirements, how they change with age, and the 
relationship of nutrient intake to nutrient status, 
overall health, and the risk of disease. This paper 
reviews the physical and physiological changes of 
aging as they affect the health of the elderly 
person and indicates some areas of research nec-
essary for adequate nutritional care of the geria-
tric patient. 

The aging process 
Aging is a lifelong process beginning, for our 

purposes, with mature adults, 25 to 30 years old. 
Changes occur, imperceptibly at first; yet by age 
45 to 55, alterations in appearance, body weight, 
and endocrine activity are apparent. Physiologi-
cal aging is characterized by a gradual deterio-
ration in the efficiency of metabolic processes,1,2,5 

which is related to the breakdown of integrated 

mechanisms rather than to changes in individual 
cells, tissues, and organs. Although the homeo-
static mechanisms of specific organs and systems 
are still in place in the elderly, they readjust more 
slowly than in the young. There is no particular 
age at which any one function, such as glucose 
tolerance, renal function, or immune reaction, is 
diminished. Consequently, the elderly person is 
increasingly vulnerable to stress, injury, infec-
tion, and disease. 

Body composition changes throughout adult 
life.5,6 Both cross-sectional and longitudinal stud-
ies demonstrate a gradual decline in lean body 
mass (LBM) between the second and sixth dec-
ade, estimated6 to be about 3 kg/10 yr; between 
age 70 and 76,1 kg is lost.7 Muscle tissue accounts 
for the majority of the weight loss. Calcium re-
sorption from bone contributes to weight loss 
and also reduces height.8 At the same time, the 
proportional amount of body fat increases, re-
sulting in a heavier body weight despite the loss 
of LBM.9,10 Body weights of Americans rise be-
tween age 30 and 60 and gradually decline there-
after.11 

This change in body composition results in a 
reduction of the amount of food consumed and 
calories ingested. In a study of 500 men, aged 20 
to 99 years, food intake decreased by 300 calories 
per day between ages 28 and 55 years and by 
600 calories after age 75 years12 (Figure). The 
reduced caloric requirement was accounted for 
by decrements in the basal metabolic rate and in 
energy expenditure resulting from the lowered 
LBM. This low calorie intake and food consump-
tion has been found in all population surveys and 
in many smaller studies of the elderly.3,4 

With a decline in food consumption and dimin-
ishing need for calories, the nutrient quality of 
food becomes more important for the elderly. 
Foods should be nutrient-dense and moderate in 
calories. The elderly cannot afford to indulge in 
any quantity of high-energy, nutrient-poor foods 
like fat- and sugar-rich desserts or alcoholic bev-
erages. Protein, mineral, and vitamin require-
ments are independent of energy needs, so the 
risk of becoming undernourished and even mal-
nourished increases as food intake decreases. The 
reduced calorie intake, however, need not jeop-
ardize nutrient intake. The men in the study 
illustrated in the Figure were living indepen-
dently, healthy, and consuming adequate 
amounts of nutrients as measured by the Rec-
ommended Dietary Allowances (RDA).13 Be-
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cause the RDA are designed to meet the needs 
of most individuals and to prevent deficiencies, 
they are neither minimal nor optimal amounts. 
Two thirds of the RDA is often used as the 
minimum amount of nutrients necessary to sup-
port good health. Those who regularly ingest less 
than two thirds are considered undernourished. 

Undernutrition in the elderly 
The quality of foods an older person selects 

depends on the eating habits and food prefer-
ences established over a lifetime. The person 
whose food choices were previously limited is 
already at high risk of nutrient insufficiency. The 
risk of undernutrition is further increased by the 
physical and socioeconomic changes that often 
occur with age.3'14 General health, activity, and 
income affect the ability of an elderly person to 
shop and prepare meals. Physically handicapped 
persons in particular may have difficulty getting 
to the store. Inadequate cooking and refrigera-
tion facilities also limit food preparation. The 
ability to eat and enjoy food is impaired by poor 
dentition, loss of taste and smell, and poor eye-
sight. Appetite and interest in food are lost with 
loneliness, physical isolation, and depression. 

These social and psychological factors in the 
lives of the elderly can often lead to chronic 
alcoholism, a major contributor to undernutri-
tion.15 With alcoholism, multiple nutrient defi-
ciencies are possible.16 Protein-calorie malnutri-
tion results from the lack of protein-rich foods. 
Alcohol also interferes with absorption of electro-
lytes (calcium, magnesium, potassium, zinc) and 
vitamins (folic acid, BI2, thiamine) and the storage 
of vitamin A. Alcoholism's effect on the individ-
ual depends on the extent of the deficiencies and 
the nutrients involved. Anemia, however, is a 
common development. 

Undernutrition of the elderly in our popula-
tion is a reality. Surveys of the eating habits of 
older Americans living independently3-4 indicate 
that their average nutrient intake was less than 
the RDA; over one third were eating less than 
minimal amounts (<2/3 RDA). Other than calo-
ries, which were below the RDA in all studies, 
calcium, iron, vitamins A and C, and the water-
soluble B vitamins were most likely to be defi-
cient, especially thiamine, niacin, and riboflavin. 

The Health and Nutrition Examination Survey 
(HANES) of a large, representative U.S. pop-
ulation17 reported that 45% to 65% of those over 
65 years of age were eating less than two thirds 

of the RDA of calories, calcium, and vitamin A. 
These deficiencies were present regardless of the 
income, sex, or ethnic origin. Income below the 
poverty level was only one of the conditions 
associated with low nutrient intake. All women, 
especially blacks and whites with low incomes, 
were likely to be deficient in iron. Niacin, thia-
mine, and vitamin C intakes were also reported 
to be substandard, especially in women, blacks, 
and low-income groups. In the Ten-State Sur-
vey,18 protein intake was also found to be low for 
several of these population subgroups. 

Clinical signs of nutritional deficiency were 
rarely identified in HANES, although some 
indications of inadequacy were evident.19 Bio-
chemical studies revealed subnormal hematolog-
ical indices, especially in blacks with low incomes. 
Erythrocyte folacin levels were extremely low 
(<140 ng/mL in 60% of the black elderly persons 
with low incomes.20 As determined by urinary 
levels or enzyme/coenzyme function tests, values 
for B vitamins, thiamine, riboflavin, and pyridox-
ine were marginal.3 

The quality of meals served in nursing homes 
is as divergent as that of meals eaten by the 
independent-living population.4,21 22 Food pur-
chased by nursing homes varies in nutrient con-
tent from home to home.23 Food eaten by resi-
dents of nursing homes may be below the mini-
mum standard in several nutrients, such as cal-
cium, iron, vitamin C, and protein,4 whereas 
residents of other nursing homes may receive 
adequate nutrients.22 

Hospitalized elderly patients may also be un-
dernourished. In a Swedish study, up to one third 
of the geriatric patients had signs of malnutrition 
when they were first admitted to the hospital. 
These were psychogeriatric patients, medical 
emergency patients, and acute stroke patients.24 

Undernourishment was evaluated by easily avail-
able nutritional indicators. Elderly patients who 
are at risk of undernutrition during their hospital 
stays are those with infections, malignancy, se-
vere cardiovascular disease, strokes associated 
with eating problems, presurgical patients, and 
those with poor mental performance and poor 
dental status. Hospitalized patients recovering 
from femoral neck fractures were found to be 
eating less than 50% of nutrient requirements of 
protein, calcium, and vitamins, especially vitamin 
D, in spite of adequate food being offered them.25 

Attempts to provide adequate food with con-
gregate meals for independent-living elderly 
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have improved their nutrition,26 especially their 
intake of calcium, iron, zinc, and niacin.4 Suffi-
cient amounts of all nutrients (>2A RDA) were 
provided in a Cincinnati program.27 

To correct or prevent deficiencies, many el-
derly take vitamin supplements that are either 
prescribed or self-administered,28 but those using 
them most need them least.29 Vitamin absorption 
is adequate unless a particular cause of vitamin 
depletion is present, such as gastrointestinal dis-
ease, alcoholism, or certain medications. The 
clinical and functional benefit of vitamin supple-
mentation has yet to be established.3 

Megadoses of vitamins are not necessary and 
are toxic when taken for extended periods.28 

Excess vitamin A causes liver damage and der-
matological injury. Excess vitamin D causes gas-
trointestinal upset, renal damage, and calcifica-
tion; excess vitamin E results in coagulation de-
fects, vitamin C loss, and oxalate stones in the 
bladder. Megadoses also interfere with the effec-
tiveness of drugs. 

Drugs and the elderly 
Foods and nutrients affect the efficacy of drug 

treatment beyond that induced by the aging 
process30-33: they modify the rates of drug ab-
sorption and uptake, compete with drugs for 
binding to plasma proteins, and alter rates of 
detoxification and renal and biliary clearance. 
No general statement can be made, however, 
about the effect of foods on the amount of drugs 
in circulation: plasma levels depend on the par-
ticular nature and chemical form of the drug 
itself, the volume of fluid taken with the drug, 
the time between dosage and meals, and the type 
of food eaten.30 For example, the plasma levels 
of erythromycin were twice as high when doses 
were taken with meals as when they were taken 
after overnight fasting.34 In contrast, the plasma 
levels of acetylsalicylate with fasting were twice 
those attained when it was taken at mealtime.35 

The form in which salicylate is administered is 
another determinant: food reduces plasma levels 
of acetylsalicylate taken in enteric-coated capsules 
but does not affect plasma levels of the drug 
taken in the form of enteric-coated granules.36 

Drugs, in turn, affect nutrition. In the elderly, 
drug-induced malnutrition is also common. Cer-
tain drugs can modify appetite, impair digestion, 
and inhibit nutrient absorption, thus compromis-
ing nutrients' ability to maintain body function 
and changing metabolic excretion rates.37 Min-

eral loss is caused by such drugs as antibiotics, 
corticosteroids, cardioglycosides, and digitalis, as 
well as nephrotoxic agents, oral hypoglycemics, 
and cancer therapeutic agents. With multiple 
drug use and prolonged treatment, mineral loss 
can be severe. Excessive amounts of salicylates 
and laxatives also deplete minerals. Oral diuretics 
not only deplete sodium and potassium but also 
calcium, magnesium, and zinc. Drugs that tend 
to damage intestinal mucosa interfere with cal-
cium absorption, and intestinal bleeding results 
in iron loss and may also cause folate malabsorp-
tion. Excessive use of antacids causes overloads 
of sodium, magnesium, and aluminum, depend-
ing on the type of antacid. Some antacids can 
result in toxicity in persons with renal insuffi-
ciency. Folate deficiency also arises with misuse 
of antacids. Mineral oil interferes with the ab-
sorption of the fat-soluble vitamins, including 
vitamins A and D. Magnesium hydroxide causes 
hypophosphatemia, resulting in calcium loss. 

Overmedication of the elderly is now common. 
The typical geriatric patient takes 5 to 10 or 
more different drugs a day.24'36 Potential inter-
actions among drugs producing clinical effects 
increase rapidly as the number of drugs taken 
rises. Only 2% of patients taking two drugs are 
likely to receive interacting drug combinations, 
whereas 33% of the patients taking 10 drugs are 
likely to be exposed to drug interactions, and 
50% are so exposed with 12 drugs. Loss in the 
efficacy of a drug's action is hard to evaluate, 
though the situation may have serious implica-
tions. Potentially adverse drug combinations oc-
cur with drugs the elderly commonly take: Sali-
cylates may interact with corticosteroids, sulfon-
ylureas, ethanol, and spirolactone.38 Salicylates 
also affect the action of anticoagulants, oral hy-
poglycemics, methotrexate, and probencid.39 

Thiazide diuretics react with the D vitamins and 
with sulfonylureas; the danger in using thiazides 
with digitalis preparations is probably widely rec-
ognized. 

Physicians treating the elderly need to under-
stand the nutritional consequences of drugs in 
addition to interactions and intolerances. An ef-
fective therapeutic regimen for a geriatric patient 
is one with a minimum number and dosage of 
appropriate drugs. 

Disease in the elderly 
Many diseases common in the elderly have a 

nutritional component, including heart disease, 
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hypertension, and diabetes. Treating these con-
ditions calls for limiting dietary fat, refined sugar, 
and salt and emphasizing nutrient-dense foods 
(milk, bread and cereal, fruit and vegetables). 
One purpose of the diet for heart disease is to 
maintain a moderate plasma cholesterol level. 
Although hypercholesterolemia is not a strong 
risk factor for coronary heart disease beyond the 
sixth decade, the low-fat, nutrient-dense regimen 
meets the nutritional needs of the elderly. Salt 
restriction is necessary to control blood pressure. 
For elderly persons with taste insensitivity, omit-
ting salt in cooking and at the table may increase 
the tendency to appetite loss and inadequate food 
intake. 

The development of cancer is much more 
likely to be a result of the composition of the diet 
as it is ordinarily prepared and consumed rather 
than a result of natural toxic agents, contami-
nants, or additives contained in the food.40 

Dietary fat is directly associated with the devel-
opment of cancer,41 especially in the breast, 
prostate, and colon, as demonstrated by epide-
miological and case-controlled studies. Cancer 
incidence and mortality correlate with the total 
dietary fat level. Changing from a low- to high-
fat diet increases the incidence of these cancers, 
as demonstrated by Japanese emigrants to the 
United States.42 The vegetarian-type diets fol-
lowed by Seventh-Day Adventists and Mormons 
are associated with low incidence and mortality 
of breast and colon cancers.43,44 Prostate cancer 
correlated with breast and colon cancers in sev-
eral epidemiological studies but was found to be 
low in native Hawaiians, even though the inci-
dence of breast cancer was high. A high incidence 
of prostate and low incidence of breast cancer 
were reported in the Mormons in Utah.44 

Specific nutrients may protect against cancer 
development.40 In epidemiological and experi-
mental studies41 the fiber in fruits, vegetables, 
grains, and cereals seems to be protective, but 
the specific components of the fiber need to be 
identified before these observations can be veri-
fied. The protective action of vitamin A and the 
retinoids reported in experimental animals and 
epidemiological studies may be particularly im-
portant in treating the elderly because of the 
extent of the vitamin A deficiency in this popu-
lation. The cancers of epithelial cells are those 
most affected. Increased intake of vitamin A in 
animals has demonstrated its protective effect. 
Reviewers of the evidence, however, do not rec-
ommend use of vitamin A beyond standard 

amounts "because of its toxicity and the inability 
of epidemiological studies to distinguish the ef-
fects of carotenes from those of vitamin A."41 

The immune system becomes less responsive 
as a person ages,45 but undernutrition causes 
further deterioration.46 An adequate diet can 
improve the immune system, as was demon-
strated in a group of elderly patients47 given a 
diet with sufficient calories, vitamins, and trace 
elements for eight weeks. Their plasma protein 
levels, i.e., albumin, prealbumin, transferrin, ret-
inol-binding protein, increased as well as their 
zinc and iron levels. Similarly, the effectiveness 
of vaccines for pneumonia, influenza, and tetanus 
were enhanced when nutrient deficiencies in the 
diets of the elderly were corrected. Supplemen-
tation with zinc and vitamin C have also improved 
immune response. Megadoses of vitamins and 
minerals, however, have not been beneficial and 
may be harmful. Much more has to be learned 
to understand the relationship of nutritional ele-
ments, immune reactions, and the modifications 
imposed by age.48 

Osteoporosis is a serious condition in the el-
derly in which calcium loss from bone so exceeds 
calcium deposit that bones fracture sponta-
neously.49-52 After the late 20s or early 30s, when 
bones attain their maximum density, calcium de-
pletion may occur, and after the fifth decade 
calcium loss is accelerated and becomes signifi-
cant, particularly in women after menopause. 
Because calcium balance is controlled by the 
serum level of vitamin D (calcitrol) and the para-
thyroid hormone, a diet adequate in calcium and 
vitamin D is required. 

The availability of calcium is strongly influ-
enced by living and eating habits. Calcium ab-
sorption is increased by exercise and decreased 
by immobilization, causing bone resorption. Cal-
cium loss is intensified by caffeine, nicotine, and 
alcohol. Certain food components, such as phy-
tates, cellulose, and oxalic acid, may induce neg-
ative calcium balance.53 Diets high in vegetable 
protein increase urinary calcium output; animal 
protein, containing phosphate, does not.54 As has 
been noted, aluminum antacids deplete phos-
phates, resulting in calcium loss and bone resorp-
tion. Diuretics, glucocorticoids, and tetracycline 
also cause calcium loss. 

Osteoporotic patients are in negative calcium 
balance, with increased resorption of bone, rapid 
rate of bone turnover, and a relative estrogen 
deficiency in women. In addition, these patients' 
intestinal absorption and renal conservation of 
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calcium are not as efficient as in those without 
the disease,55 and their kidneys are less responsive 
to parathyroid hormone in stimulating the syn-
thesis of 1,25 (OH)2 vitamin D,56 which is needed 
for calcium absorption. Altered living habits and 
inactivity are also important contributors to the 
negative calcium balance. 

The therapeutic agents now available are sex 
steroids, dietary calcium, and vitamin D. Al-
though these agents may reduce resorption up to 
six months, they do not usually increase bone 
formation. Sodium fluoride may become an im-
portant treatment for osteoporosis since it in-
duces calcium absorption and increases bone for-
mation and bone mass.49 Its effect is not apparent 
for several months to a year. The effective so-
dium fluoride dose is between 50 mg and 75 mg, 
and treatment requires concomitant intake of 
1200 mg to 1500 mg of calcium a day. Although 
epidemiological studies57'58 and long-term treat-
ment of osteoporotic patients49'59 have indicated 
fluoride treatment is effective, it is still experi-
mental. 

The serious effects of osteoporosis in our aging 
society have led many nutritionists to conclude 
that the present RDA of 800 mg calcium is not 
sufficient. Increased requirements call for cal-
cium supplementation, especially when calorie 
intake is limited, as in the elderly. Calcium glu-
conate, carbonate, and citrate are equally effec-
tive and should be taken along with calcium-rich 
dairy products55'60 and adequate sources of vita-
min D. Twelve to fifteen hundred milligrams of 
calcium a day are now found necessary to main-
tain a positive calcium balance in the older per-
son. In one study, such supplementation in-
creased bone density in half of the osteoporotic 
patients treated.53 

Areas of investigation 
Many questions need to be answered concern-

ing the elderly's nutritional requirements and the 
contribution nutrition can make to their overall 
care. Do nutrient requirements of a healthy el-
derly person differ from those of a healthy mid-
dle-aged person? The present dietary standards 
(RDA) do not include the specific requirements 
of persons 60 years old and beyond. The stand-
ards should be extended by decades to 65, 75, 
and 85 years.60 What disorders might an elderly 
person have that do not affect a healthy nutri-
tional state?61 Munro suggests that the range of 
allowances be expanded as appropriate to include 

the elderly with degenerative diseases along with 
the well elderly.60 

Reasons for nutrient deficiencies common in 
the elderly need to be found.62 For instance, 
absorption of iron and folate may be impaired by 
gastric atrophy. This common ailment in the 
elderly results in reduced production of hydro-
chloric acid leading to a more alkaline pH in the 
proximal duodenum. Because a higher intra-
mural pH increases folate absorption, the higher 
pH due to reduced acid could result in folate 
deficiency. Folate deficiency could also result in 
anemia in this age group. Low dietary iron could 
account for low hemoglobin levels. Absorption 
of iron apparently is intact in the elderly, yet the 
transfer to the red blood cell is defective.62 

Low plasma levels of one or more nutrients in 
the older person may or may not be significant.62 

For instance, 80 mg ascorbate per day above the 
amount in the diet is needed in the elderly person 
to attain white cell ascorbate levels equal to those 
in young people, yet no clinical benefits have 
been demonstrated for the vitamin C-supple-
mented elderly.63 Low serum albumin levels are 
not increased by a high-protein diet in the elderly 
as they are in the young.64 Assessing protein 
nutriture is complex.62 Reduced muscle mass is 
partly responsible for the low rate of protein 
breakdown in the elderly. Research is needed to 
investigate how those proteins that turn over 
more rapidly than albumin (i.e., prealbumin, ret-
inol-binding protein, transferrin) are affected by 
age. Is the supplementation of specific vitamins 
and minerals able to overcome their loss due to 
drug treatment? 

More general questions remain65-68: Do nu-
trient deficiencies result from an inadequate diet 
or from impaired utilization? Are they the result 
of aging or of disease? Under what conditions is 
nutrient supplementation effective? What is the 
relationship of nutritional status to development 
of particular disorders? Does optimal nutrition 
deter disease development? Will it improve phys-
iologic and metabolic functions? How does treat-
ment with specific drugs affect nutritional status? 
Would nutritional support of the geriatric patient 
result in the use of fewer drugs and in lower 
dosage? The immunologic status of the older 
person is another important area of investigation. 

Nutrition may have a significant influence on 
the aging process. How "old" is "old?" Can the 
extent of the aging process be measured in phys-
iological or in metabolic terms? Are there im-
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munological factors that can serve as a measure 
of the degree of aging? 

Questions must also be asked concerning the 
care of our older citizens. What is the impact of 
the living situation and physical condition on 
their health and nutritional status? What kind of 
medical and social support systems, both in the 
family and in the community, are required to 
meet their needs? 

The evidence is sufficient to conclude that 
nutrition has a direct bearing on the health of 
the elderly person. Changes with age, in them-
selves, make nutritional demands that increase 
the risk of malnutrition and become more acute 
with physical, mental, and physiological incapac-
ities. The geriatric patient requires integration 
of nutritional and medical care along with meas-
ures for overall health maintenance.70,71 Physi-
cians need to know the nutritional status of their 
geriatric patients and of the particular conditions 
of their lives that may compromise their health. 
Nutritional care should be an integral part of the 
overall medical and social care of the elderly. 

References 
1. Munro HN. Nutrition and ageing. Br Med Bull 1981; 

37:83-88. 
2. Watkin DM. The physiology of aging. Am J Clin Nutr 1982; 

36:750-758. 
3. Bowman BB, Rosenberg IH. Assessment of the nutritional 

status of the elderly. Am J Clin Nutr 1982; 35:1142-1151. 
4. O'Hanlon P, Kohrs MB. Dietary studies of older Americans. 

Am J Clin Nutr 1978; 31:1257-1269. 
5. Shock NW. Energy metabolism, caloric intake and physical 

activity of the aging. [In] Carlson LA ed. Nutrition in old age. 
Symposium of Swedish Nutrition Foundation. Almquist and 
Wiksell, Upsala, 1972, 12-23. 

6. Forbes GB, Halloran E. The adult decline in lean body mass. 
Hum Biol 1976;48:161-173. 

7. Steen B, Isaksson B, Svanberg A. Body composition at 70 
and 75 years of age: a longitudinal population study. J Clin 
Exp Gerontol 1979; 1:185-200. 

8. Rossman I. Anatomic and body composition changes with 
aging. [In] Finch CE, ed. Handbook of the Biology of Aging. 
Reinhold, New York, 1977, 189-221. 

9. Borkan GA, Norris AH. Fat redistribution and the changing 
body dimensions of the adult male. Hum Biol 1977; 49:495-
513. 

10. Brozek J, Keys A. Evaluation and leanness-fatness in man: 
Norms and interrelationships 1951; Br J Nutr 5:194-206. 

11. Abraham S, Johnson CL, Najjar MF. Weight by height and 
age for adults 18-74 years, United States, 1971-1974. Vital 
and health statistics: Series 11. Data from the National Health 
Survey, no. 208, DHEW publ (PHS) 70-1656. National Center 
for Health Statistics, Hyattsville, MD, 1979. 

12. McGandy RB, Barrows CH Jr, Spanias A, Meredith A, Stone 
JL, Norris AH. Nutrient intakes and energy expenditure in 
men of different ages. J Gerontol 1966; 21:581-587. 

13. Food and Nutrition Board. Recommended Dietary Allow-
ances. 9th ed. National Academy of Sciences, National Re-
search Council, Washington DC, 1980. 

14. Schlender ED. Food choices in the elderly. Drugs and nutri-
tion in the geriatric patient. [In] Roe DA, ed. Drugs and 
Nutrition in the Geriatric Patient. Churchill Livingston, New 
York, 1984, 27-46. 

15. Hyams DE. Drug usage by the elderly. [In] Roe DA, ed. 
Drugs and Nutrition in the Geriatric Patient. Churchill Liv-
ingston, New York, 1984, 1-26. 

16. Gastineau C. Nutritional implications of alcohol. [In] Nutri-
tion Reviews' Newer Knowledge of Nutrition. 5th ed. Nutri-
tion Foundation, Inc., Washington, DC, 1984, 68-78. 

17. National Center for Health Statistics. Dietary intake source 
data, United States 1971-1974. DHEW Publ (PHS) 70-1221. 
National Center for Health Statistics, Hyattsville, MD, 1979. 

18. Ten-State Nutrition Survey. 1968-1970. V Dietary. DHEW 
Publ (HSM) 72-8133, U.S. Dept. Health, Education and Wel-
fare, Centers for Disease Control, Atlanta, GA, 1972. 

19. Preliminary findings of the First Health and Nutrition Ex-
amination Survey. US 1971-1972. Dietary intake and bio-
chemical findings. DHEW Publ (HRA) 74-1219-1, Washing-
ton, DC, US Government Printing Office 1974. 

20. Bailey LB, Wagner PA, Christakis GJ, Araujo PE, Appledorf 
H, Davis CG, Dorsey BS, Dinning JS. Vitamin Bi2 status of 
elderly persons from urban low-income households. J Am 
Geriatr Soc 1980; 28:276-278. 

21. Clarke M, Wakefield LM. Food choices of institutionalized 
vs. independent-living elderly. J Am Diet Assoc 1975; 66:600-
604. 

22. Harrill I, Erbes C, Schwartz C. Observations on food ac-
ceptance by elderly women. Gerontologist 1976; 16:349-355. 

23. HankinJH, AntonmatteiJC. Survey of food service practices 
in nursing homes. Am J Public Health 1960; 5:1137-1144. 

24. Asplund K, Axelsson K, Norbert A, Eriksson S. Malnutrition 
in hospitalized elderly patients. [In] Chandra RK, ed. Nutri-
tion, Immunity and Illness in the Elderly. Pergamon Press, 
New York, 1985, 213-227. 

25. DickersonJWT, FekkesJ, Goodinson SM, Older MWJ. Post-
operative food intake of elderly fracture patients. [In] Chan-
dra RK, ed. Nutrition, Immunity and Illness in the Elderly. 
Pergamon Press, New York, 1985, 247-252. 

26. Kohrs MB. Evaluation of nutrition programs for the elderly. 
Am J Clin Nutr 1982; 36:812-818. 

27. Joering E. Nutrient contribution of meals program for sen-
ior citizens. J Am Diet Assoc 1971; 59:129-132. 

28. Roe DA. Vitamin use and abuse among the elderly. [In] Roe 
DA, ed. Drugs and Nutrition in the Geriatric Patient. Church-
ill Livingston, New York, 1984, 137-146. 

29. Yearick ES, Wang MS, Pisias SJ. Nutritional Status of the 
elderly: dietary and biochemical findings. J Gerontol 1980; 
35:663-671. 

30. Viswanathan CT, Welling PG. Food effects on drug absorp-
tion in the elderly. [In] Roe DA, ed. Drugs and Nutrition in 
the Geriatric Patient. Churchill Livingston, New York, 1984, 
47-70. 

31. Greenblatt DJ, Sellers EM, Shader RI. Drug disposition in 
old age. N EngJ Med 1982; 306:1081-1088. 

32. Pippinger CE. Geriatric clinical pharmacology. [In] Geriatric 
Medicine Task Force: Report and Recommendations. Appen-



82 Cleveland Clinic Quarterly Vol. 53, No. 1 

dix S-6. The Cleveland Clinic Foundation, Cleveland, OH, 
1984, 263-270. 

33. HathcockJN. Metabolic mechanisms of drug-nutrient inter-
actions. Fed Proc 1985; 44:124-129. 

34. Bechtol LD, Bessent CT, Perkal MB. The influence of food 
on the absorption of erythromycin esters and enteric-coated 
erthyromicin in single-dose studies. Curr Ther Res 1979; 
25:618-625. 

35. Koch PA, Schultz CA, Wills RJ, Hallquist SL, Welling 
PG. Influence of food and fluid ingestion on aspirin bioa-
vailability. J Pharm Sei 1978; 67:1533-1535. 

36. Bogentoft C, Carlsson I, Ekenved G, Magnusson 
A. Influence of food on the absorption of acetylsalcilic acid 
from enteric-coated dosage forms. Eur J Clin Pharmacol 1978; 
14:351-355. 

37. Roe DA. Drug-induced mineral depletion in the elderly. [In] 
Roe DA, ed. Drugs and Nutrition in the Geriatric Patient. 
Churchill Livingston, New York, 1984, 105-120. 

38. Blaschke TF, Cohen SN, Tatro DS, Rubin PC. Drug-drug 
interactions and aging. [In] Jarvik LF et al, eds. Clinical 
Pharmacology and the Aged Patient. Raven Press, New York, 
1981, 11-26. 

39. Lamy PP. Over-the-counter medication: the drug interac-
tions we overlook. J Am Geriatr Soc 1982; 30(suppl):S69-
S75. 

40. Van Eys J. Nutrition and neoplasia. [In] Nutrition Reviews' 
Present Knowledge in Nutrition, 5th ed. Nutrition Founda-
tion, Inc., Washington, DC, 1984, 840-851. 

41. Committee on Diet, Nutrition and Cancer. Diet, Nutrition 
and Cancer. National Academy Press, Washington, DC, 1982. 

42. Dunn JE Jr. Cancer epidemiology in populations of the 
United States—with emphasis on Hawaii and California—and 
Japan. Cancer Res 1975; 35:3240-3245. 

43. Phillips RL. Role of life-style and dietary habit in risk of 
cancer among Seventh-Day Adventists. Cancer Res 1975; 
35:3513-3522. 

44. Lyon JL, Klauber MR, Gardner JW, Smart CR. Cancer 
incidence in Mormons and non-Mormons in Utah, 1966-
1970. N Engl J Med 1976; 294:129-133. 

45. Weksler ME. Senescence of the immune system. Med Clin 
North Am 1983; 67:263-272. 

46. Chandra RK. Nutrition-immunity-infection interactions in 
old age. [In] Chandra RK, ed. Nutrition, Immunity and Illness 
in the Elderly. Pergamon Press, New York, 1985, 87-91. 

47. Chandra RK, Joshi P, Au B, Woodford G, Chandra 
S. Nutrition and immunocompetence of the elderly. Effect 
of short-term supplementation on cell-mediated immunity and 
lymphocyte subsets. Nutr Res 1982; 2:223-232. 

48. Beisel WR. Single nutrients and immunity. Am J Clin Nutr 
1982; 35(suppl):417-468. 

49. Riggs BL. Treatment of osteoporosis with sodium fluoride: 
an appraisal. [In] Peck WA, ed. Bone and Mineral Research, 
Annual 2, 1983. Elsevier Science Publishers, New York, 1983, 
366-393. 

50. Heaney RP, Gallagher JC, Johnston CC, Neer R, Parfitt AM, 
Whedon GD. Calcium nutrition and bone health in the 
elderly. Am J Clin Nutr 1982; 36:986-1013. 

51. Parfitt AM, Gallagher JC, Heaney RP, Johnston CC, Neer R, 
Whedon GD. Vitamin D and bone health in the elderly. Am 
J Clin Nutr 1982; 36:1014-1031. 

52. Spencer H, Kramer L, Osis D. Factors contributing to cal-
cium loss in aging. Am J Clin Nutr 1982; 36:776-787. 

53. Lee CJ, Lawler GS, Johnson GH. Effects of supplementation 
of the diets with calcium and calcium-rich foods on bone 
density of elderly females with osteoporosis. Am J Clin Nutr 
1981;34:819-823. 

54. Spencer H, Kramer L, DeBartolo M, Norris C, Osis 
D. Further studies of the effect of high protein diet as meat 
on calcium metabolism. Am J Clin Nutr 1983; 37:924-929. 

55. Spencer H, Kramer L, Lesniak M, DeBartolo M, Norris C, 
Osis D. Calcium requirements in humans. Clinical Ortho-
paedics and Related Research 1984; #184:270-280. 

56. Tsai K-S, Heath H III, Kumar R, Riggs BL. Impaired vita-
min D metabolism with aging in women: possible role in 
pathogenesis of senile osteoporosis. J Clin Invest 1984; 
73:1668-1672. 

57. Bernstein DS, Sadowsky N, Hegsted DM, Guri CD, Stare 
FJ. Prevalence of osteoporosis in high- and low-fluroride 
areas in North Dakota. JAMA 1966; 198:499-504. 

58. Simonen O, Laitinen O. Does fluoridation of drinking-water 
prevent bone fragility and osteoporosis? Lancet 1985; 2:432-
433. 

59. Riggs BL, Seeman E, Hodgson SF, Taves DR, O'Fallon 
WM. Effect of the fluoride/calcium regimen on vertebral 
fracture occurrence in postmenopausal osteoporosis: compar-
ison with conventional therapy. N Engl J Med 1982; 306:446-
450. 

60. Munro HN. Major gaps in nutrient allowances. The status 
of the elderly. J Am Diet Assoc 1980; 76:137-141. 

61. Brown HB. Nutrition research project. [In] Geriatric Medi-
cine Task Force: Report and Recommendations. Appendix S-
4. The Cleveland Clinic Foundation, Cleveland, OH, 1984, 
250-257. 

62. Naito H. Statement on nutritional assessments. Research on 
aging. [In] Geriatric Medicine Task Force. Report and Rec-
ommendations. Appendix S-4. The Cleveland Clinic Foun-
dation, Cleveland, OH, 1984, 258-262. 

63. Andrews J, Letcher M, Brook M. Vitamin C supplementa-
tion in the elderly: a 17-month trial in an old persons' home. 
Br Med J 1969; 2:416-418. 

64. Gersovitz M, Munro HN, Udall J, Young VR. Albumin 
synthesis in young and elderly subjects using a new stable 
isotope methodology: response to level of protein intake. 
Metabolism 1980; 29:1075-1086. 

65. Rivlin RS. Nutrition and aging: some unanswered questions. 
Am J Med 1981; 71:337-340. 

66. Harper AE. Nutrition, aging, and longevity. Am J Clin Nutr 
1982; 36:737-749. 

67. Harper AE, Simopoulos AP. Summary, conclusions, and 
recommendations. Am J Clin Nutr 1982; 35:1098-1107. 

68. Rivlin RS. Summary and concluding statement: evidence 
relating selected vitamins and minerals to health and disease 
in the elderly population in the United States. Am J Clin Nutr 
1982;36:1083-1086. 

69. Weksler ME. The influence of immune function on lifespan. 
Bull NY Acad Med 1978; 54:964-969. 

70. Delahanty LM. Geriatric team dynamics: the dietitian's role. 
J Am Diet Assoc 1984; 84:1353-1356. 

71. Heisler P. Dietetic department report on nutrition and the 
elderly. [In] Geriatric Medicine Task Force. Report and Rec-
ommendations. Appendix S-6. The Cleveland Clinic Foun-
dation, Cleveland, OH, 1984, 271-273. 

He len B. Brown, Ph.D. 
Emeritus Off ice 
T h e Cleveland Clinic Foundation 
9 5 0 0 Euclid A v e n u e 
Cleveland, O H 4 4 1 0 6 


