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INTRODUCTION

A s health care costs in the US rise with aging and
obesity trends, the focus will be on dietary habits
contributing to morbidity and mortality. Life

expectancy has increased worldwide with an increase
in the number of older adults. Another noticeable trend
is an epidemic of obesity. The well publicized food
pyramid recommended for the general US population
has been modified for older adults whose nutritional
requirements are quite different. The nutrition industry
has evolved after landmark legislation over the years
(Table 1). Adequate nutritional counseling will help
older adults lead healthy lives.

Optimal nutritional status is an important compo-
nent of health and even more so in the elderly. Although
malnutrition is easily diagnosed in late stages, the chal-

lenge is with early diagnosis. Malnutrition encompasses
a variety of conditions including over and under nutri-
tion of protein, energy and nutrients (1). If defined as
“decreased nutrient reserves,” malnutrition exists in up
to 15% of ambulatory outpatients, 35% to 65% of hos-
pitalized elderly and 25% to 60% of long term care res-
idents (1). Global malnutrition, defined as reduced
intake or increased requirements for proteins and calo-
ries is common in the geriatric age group and associated
with comorbidities such as anemia, pressure ulcers,
infection, sarcopenia, cognitve impairment and overall
functional decline, with an increase in mortality (2).

ANOREXIA AND AGING
The consumption of food is modulated by sociologic
(e.g. quantity of meals eaten in a group is larger than
when alone), psychologic (e.g. favorite desserts),
physiologic (e.g. more food is consumed in the
evening in preparation for the overnight fast) and
genetic factors (3). Taste, vision, hearing and olfaction
play large roles in food enjoyment. Olfaction is con-
sidered the most important factor in food enjoyment;
the threshold of detecting smells consistently increases
with aging and the capacity for odor identification
decreases (4). Taste is often altered by many medica-
tions, with bitter and sweet taste affected more com-
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monly (5). Both ageusia (loss of taste) and dysgeusia
(altered taste) may result from use of medications. Fla-
vor enhancement (e.g. using monosodium glutamate)
may increase food palatability and acceptability (5).

Older adults eat smaller meals and tend to experi-
ence satiety easily; this is attributed to a combination
of decreased fundal accommodation and more rapid
antral distension (6). Although not definitely proven,
the secretion of a number of gut hormones is altered as
age advances. There is some evidence that the levels of
cholecystokinin, a satiety hormone, increase with
aging; it slows gastric emptying and sensitizes the
antrum to distension (4). Amylin, an anorexia agent,
also increases with aging (3). Ghrelin, a stomach hor-
mone, stimulates food intake and reduces fat metabo-
lism; ghrelin levels may decline with aging (5). The

role of leptin, which increases with aging in women
but declines in men, is not clear (3). 

Anorexia of aging (physiologic and/or pathologic)
increases the risk of protein-energy malnutrition.
Common disorders associated with a decline in
appetite include diabetes, hypothyroidism, zinc defi-
ciency, renal failure, depression and cancer (6). In sev-
eral of these disorders, cytokines such as tumor necro-
sis factor, interleukin-1 and interleukin-6 are elevated
and cause anorexia, loss of muscle mass and cachexia
(6). Other factors that influence food intake include
ethnicity, financial status, living alone, reduced mobil-
ity, accessibility to food sources, cognitive status and
other less recognized factors (4). Meals eaten with one
or more persons tend to be larger, but in reality older
people are more likely to eat alone (7). The ambience
of the setting also makes a difference, with better
intakes noticeable in restaurants than at home (8).
Meal composition also influences intake. Older adults
tend to eat less carbohydrates and fats and consume
fewer calories than younger persons (3). 

DRUGS AND APPETITE
Several medications have adverse effects on appetite
and consequently on nutritional status; examples
include anticholinergics, antihistamines, antibiotics,
digoxin, theophylline, NSAIDs, iron supplements and
psychotropic drugs (Table 2) (5). Reduction of func-
tional capacity and failure to thrive has been reported
to result from the use of metoclopramide for gastro-

paresis and nausea in older
adults (9). The presence of glu-
cose in the duodenum increases
hunger in older persons unlike
young adults (5). Therefore, liq-
uid glucose supplements given
an hour prior to a meal could
not only provide calories but
also stimulate appetite. Thera-
peutic diets with various restric-
tions may be unnecessary, espe-
cially in the nursing home set-
ting. Appetite-stimulating or
orexigenic drugs are available.
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Table 1
Landmark nutritional legislation (31) 

1990 Nutrition Labeling and Education Act
• FDA mandate uniform labeling of foods
• Establish claims about content and disease prevention

1994 Dietary Supplement Health and Education Act
• Defined dietary supplements, established procedures

to ensure safety, regulating health claims, label 
supplements and encourage research

1997 FDA Modernization Act
• Allowed health claims not authorized by FDA if 

supported by the National Academy of Sciences or
National Institutes of Health

(continued from page 22)

Table 2
Drugs and effect on nutrition (6,9,45)

Effect Examples

Drugs reducing appetite anticholinergics, antihisamines, antibiotics, digoxin, 
Drugs increasing appetite benzodiazepines, glucocorticoids, amitriptyline
Drugs altering taste captopril, metronidazole, lithium
Drugs causing dry mouth diuretics, clonidine, tricyclic antidepressants
Drug absorption reduced by food levodopa, phenytoin, theophylline
Drug absorption increased by food carbamazepine, metoprolol, diazepam
Foods reducing drug metabolism grapefruit juice
Foods increasing drug metabolism broccoli, cauliflower, citrus
Drugs causing folate deficiency phenytoin, antacids, aspirin
Drugs causing calcium deficiency tetracyclines, phenytoin
Failure to thrive metoclopramide



Cyproheptadine is not very effective and may cause
delirium (10). Anabolic agents e.g. testosterone, oxan-
drolone and nandrolone increase muscle mass but tend
to cause liver dysfunction (10). Megesterol acetate
increases appetite in older adults especially patients
with cancer or AIDS, but therapy should be discontin-
ued after 12 weeks due to adrenal suppression (10).
Dronabinol, obtained from cannabis, may be useful in
demented or hospice patients (10). Terminal anorexia
(loss of appetite at end-of-life) should be differentiated
from reversible anorexia and managed with attention
to symptom relief rather than caloric intake.

NUTRITIONAL ASSESSMENT
Accurate nutritional assessment may be difficult in older
adults due to presence of cognitive impairment, anerg y
to intradermal antigens, physical disability and lack of
age-based normograms (11). Modified food guide pyra-
mids reflect the different nutritional requirements for the
elderly (Table 3) with special focus on water, calcium,
f i b e r, vitamins B1 2 and D, iron and zinc. Nutritional
assessment comprises of a complete history for risk fac-
tors for malnutrition (such as low income, quality of diet,
social isolation, chronic illnesses, etc.); dietary assess-
ment through diet recall (usually in the previous 24
hours), food records (24 hours to 7 days), diet history
(through interviews, take an hour or more) and food fre-
quency questionnaires (from a list of over 100 items);
physical examination including anthropometry; and
measurement of biochemical and immune markers
( Table 4). Body mass index should be calculated from
height and weight (Table 5). Albumin has a long half-life
(2–3 weeks) compared to prealbumin (2–3 days). Serum
albumin level decreases with inflammation, stress,
hepatic and renal disease; albumin may not reflect early
protein energy undernutrition (11). The need for specific
assays must be individualized; vitamin B1 2 deficiency is
particularly common and may be asymptomatic or pre-
sent with hematological or neuropsychological features
(12). Nutritional osteomalacia as a result of vitamin D
deficiency in the elderly has been largely overlooked;
older adults presenting with unexplained musculoskele-
tal pain or falls may be screened for vitamin D status,
especially if they are largely confined indoors with no
exposure to sunlight or consume inadequate dairy prod-
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Table 3
Nutritional recommendations for the elderly (11,46,47)

Variable Comment

Calories Average daily caloric needs 30Kcal/day
Carbohydrates 55 to 60% of total calories
Protein 0.8g/Kg body weight/day
Fats Reduce dietary cholesterol and saturated fats

Less than 30% of total calories
Water 30 mL/Kg body weight/day

Minimum 1500 mL/day unless contraindicated
e.g. CHF

Fiber 25–30 g/day with adequate water
Vitamin A 600–700 µg retinol equivalents/day

Toxicity more common due to increased gut
absorption and decreased liver metabolism

Deficiency uncommon in older adults
Vitamin B6 1.3 mg/day

Deficiency causes hyperhomocysteinemia
Vitamin B12 2.4 µg/day

Food-cobalamin malabsorption most common 
basis

Deficiency causes neuropsychiatric and 
hematological manifestations

Vitamin C 100 mg/day
May prevent cataracts and increase HDL

Vitamin D 400 IU/day
Osteomalacia common—inadequate exposure 

to sunlight (less skin synthesis), decreased
intestinal absorption, reduced hydroxylation
in liver and kidney

Vitamin E 30 IU/day
May improve immune status

Vitamin K 50 µg/Kg/day
Frequent antibiotic therapy, malabsorption 

and increased clearance cause deficiency—
abnormal prothrombin time

Folic acid 240 µg/day
Deficiency increases homocysteine levels

Calcium 1200 mg/day (men), 1500 mg/day (women)
Prevent bone loss

Magnesium 420 mg/day (men), 320 mg/day (women)
Use of aluminum containing antacids 

facilitates deficiency
Iron 10 mg/day

Deficiency should prompt immediate investi-
gation, especially of the gastrointestinal tract

Zinc 12 mg/day
Deficiency causes ageusia and diarrhea
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ucts (13). Associated lactase insuff i c i e n c y, primary or
secondary to diseases or medications, aggravate the
problem. Dietary adjustments can help improve outcome
of several age associated disorders (Table 6). (continued on page 32)

Table 4
Nutritional assessment in older adults (11,48)

Component Special attention

Detailed medical Dietary assessment (risk factors, 
history diet recall, food diaries/history)

Weight loss or gain
(>10% in 6 months or >5% in 1 month)
Recent illness
Neuropsychological problems
Functional decline
Alcohol consumption

Complete physical Focus on features of malnutrition 
examination
Anthropometrics Height

Weight
Body mass index (see Table 5)
Body and limb circumferences for skeletal

muscle mass
Skin fold thicknesses for subcutaneous fat

Basal energy Harris Benedict equation
expenditure Men: 66.47 + 13.75 (weight) + 

5.0 (height)  – 6.67 (age)
Women: 665.1 + 9.56 (weight) + 

1.85 (height) – 4.68(age)
Serum proteins Albumin: normal >3.5 g/dL, T1⁄2

(18-21 days)
Prealbumin: normal >15 mg/dL, T1⁄2

(2-3 days)
Transferrin: normal >200 mg/dL, T1⁄2

(8-10 days)
Immune Total lymphocyte count
parameters (>1500/mm3: normal

<1500/mm3:possible undernutrition
< 800/mm3: severe malnutrition)
Anergy to intradermal antigens e.g. 

tuberculin, mumps
Serum cholesterol <160 mg/dL suggests undernutrition
level <130 mg/dL associated with poor prognosis
Additional Studies Chest radiograph
(individualize) Hepatic and renal function

Ferrokinetics 
Calcium, phosphorus
Vitamin levels (B12, folic acid, D)
Tests for malabsorption

Table 5 
Body mass index (BMI) (49)

• Calculation of Body Mass Index: 

weight (kgs) / height (m2) or
weight (lbs) / height (inches2) × 703

• Underweight <18.5
• Normal 18.5–24.9 kg/m2

• Overweight 25.0–29.9
• Obesity 30–39.9
• Morbid obesity 40–49.9

Source: National Institutes of Health, National Heart, Lung and Blood
Institute Website.

Table 6 
Nutrition in select disorders, relevant to older adults (11)

Disorder Comments

Vascular disease Supplement vitamins B12, B6 and folate 
if serum homocysteine levels are high

Vitamin E may reduce LDL oxidation and 
inhibit platelet aggregation

Increased fiber and reduced saturated fats 
in the diet lower cholesterol levels; fruits
and vegetables protect against cardio-
vascular disease

Pressure ulcers Adequate protein intake, monitor albumin 
levels

Zinc supplementation if deficiency present
Vitamin C, iron, manganese and copper 

necessary for wound healing; helpful if
deficiency exists

Impaired cognition Antioxidants (e.g. glutathione, selenium, 
carotenoids and vitamins A, C and E) 
may limit neuronal injury

Thiamine deficiency can cause neurological 
damage

Vitamin B12 and folic acid deficiency can 
manifest as cognitive impairment

Bone diseases Calcium intake usually low in older adults
Lactose intolerance, inadequate exposure 

to sunlight, fewer intestinal receptors for
vitamin D, and decreased skin synthesis
of vitamin D predispose to osteomalacia

Dairy products and fortified foods help 
achieve the recommended daily calcium
intake of 1200 to 1500 mg
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MINI-NUTRITIONAL ASSESSMENT
A rapid nutritional evaluation in older adults is possi-
ble by using a tool termed the Mini-Nutritional Assess-
ment (MNA). This validated screening method utilizes
questions regarding food intake, weight loss, mobility,
cognition and recent illness and calculation of body
mass index (11). If the score suggests protein calorie
undernutrition, a detailed assessment may follow.
Maximal score is 30; score ranges from 24–30 are nor-
mal, 17–23.5 suggest elevated malnutrition risk and
<17 indicates frank undernutrition (14).  

CALORIE RESTRICTION AND LONGEVITY
Chronic calorie restriction appears to increase
longevity and delay the onset of age-related diseases in
mammals (15). While calorie restriction in animals has
been shown to retard aging and extend median and
maximal life span, evidence in humans comes from
observational studies (16). The increased life span of
centenarians of Okinawa island as compared to other
people in Japan has been attributed mostly to the
decreased energy consumption with adequate lipid and
protein intake (16). This survival advantage disappears
when the individuals move off the island of Okinawa,
and change the dietary pattern (16). Limiting energ y
intake without compromising the supply of essential
nutrients is crucial for the beneficial effect (15). Calo-
rie restriction preserves mitochondrial and microsomal
membrane function, and reduces oxidative stress (gen-
eration of reactive oxygen species) in various tissues
(15). The unsaturated to saturated fatty acids index of
cellular membranes is reduced by increasing the
amount of linoleic and linolenic acids, thus enhancing
cellular resistance to damage by peroxidation (15).
Insulin levels decline and tissue sensitivity to insulin
increases; plasma thyroxine and triiodothyronine (T3)
levels decline (15). Calorie restriction leads to
decreased body weight and fat, delayed skeletal and
reproductive maturation (17). Studies in rhesus mon-
keys showed attenuation of age-related decline of dehy-
droepiandrosterone and melatonin, possible biomarkers
of longevity (17). Calorie restriction is associated with
decreased plasma norepinephrine levels, reduced sym-
pathetic activity and lower blood pressure measure-
ments (16). Long-term studies to ascertain the benefit

of calorie restriction on life span in long-lived species
(humans), are needed but hard to conduct in practice.

DIET AND CANCER       
The fact that immigrants acquire the same cancer risk
as the host population favors environmental over
genetic factors as the main determinants of cancer
rates (18). Although dietary fat has been blamed for
promoting breast, colorectal and prostate cancer, ana-
lytical studies have not substantiated this observation
(19). Beef intake has been linked to increased colorec-
tal and prostate cancer risk, leading to speculation
about cooking methods producing harmful hetero-
cyclic amines or polycyclic aromatic hydrocarbons
(19). Excessive ingestion of salted food increases the
risk of nasopharyngeal and gastric cancer, while the
consumption of extremely hot drinks predisposes to
esophageal cancer (18). Folate deficiency affects DNA
methylation leading to possible aberrant DNA synthe-
sis (20). The risk of colon and breast cancer is
decreased by increasing folate intake, especially in
persons consuming alcohol (20). Polymorphism of the
methylenetetrahydrofolate reductase gene alters folate
metabolism and increases the risk of colon cancer
(18,20). Vitamin E decreases the risk of prostate can-
cer, particularly among smokers (20). Calcium and vit-
amin D supplementation protect against colorectal
adenomas and cancers (18). While consumption of
carotenoids reduces the risk of lung cancer in non-
smokers, paradoxically, the risk of lung cancer is
increased in heavy smokers, asbestos workers and

(continued from page 30)

Table 7
Healthy choices that may help reduce cancer risk (21) 

• Variety of food items with emphasis on plant sources
• Five or more daily servings of fruits and vegetables
• Whole grains are preferable to refined (processed) grains 

or sugars
• Limit consumption of red meats
• Limit portion sizes while maintaining sufficient total energy

intake
• Balance caloric intake with physical activity
• Limit consumption of alcoholic beverages
• Folic acid, vitamin D and calcium supplementation may 

protect against colorectal cancer



alcoholics (20). Beta carotene supplementation does
not protect against colon cancer except perhaps among
regular alcohol users (20). Although beta carotene is
not associated with prostate cancer, dietary lycopene
present in tomatoes, pink grapefruit and watermelon
appears to reduce the risk of prostate cancer (20). Vit-
amin C supplementation may have a beneficial effect
on oral, esophageal, gastric and premenopausal breast
cancer (20). The role of high fiber diet in preventing
colorectal adenoma has become controversial. In one
study, high fiber diets did not reduce the risk of col-
orectal adenomas and cancer (18). Healthy dietary
choices and regular physical activity have the potential
to decrease cancer risk (Table 7) (21). 

THE VEGETARIAN DIET  
A vegetarian is usually defined as an individual who
does not consume meat or fish (22). Vegetarian dietary
patterns vary, e.g. lacto-ovo-vegetarians (no meat or
fish), lacto-vegetarians (no eggs, meat or fish), vegans
(no dairy or animal products). Semivegetarians occa-
sionally eat meat but predominantly consume plant prod-
ucts (22). Surveys suggest 2.5% of Americans are vege-
tarians, while up to 25% are semivegetarians (22). Sev-
eral government and health groups recommend plant-
based diets and the number of older adults claiming to be
vegetarians is steadily rising (23,24). Vegetarian meals
are offered in eight out of 10 US restaurants (22). 

The vegetarian diet ranks high in fiber content and
low in saturated fats, trans fatty acids and cholesterol.
These diets have been linked to reductions in risk of
o b e s i t y, coronary artery disease, hypertension, diabetes
and cancer (23). There are fewer harmful bacteria that
convert primary bile acids in the colon to the carcino-
genic secondary bile acids in vegetarians, and perhaps
account for the lower concentration of fecal mutagens
(22). Plant foods have a favorable effect on lipids by
multiple mechanisms, such as dietary fiber binding bile-
acids, promoting fecal losses of cholesterol and produc-
ing short chain fatty acids in the colon which after
absorption inhibits hepatic cholesterol synthesis. Fur-
thermore, saponins in legumes bind to fat micelles
forming insoluble complexes, soy proteins can increase
cellular uptake of LDL, while nuts and garlic reduce
LDL without affecting HDL (23). Diastolic and systolic

blood pressures are 5–10 mmHg lower in vegetarians
compared to nonvegetarians (22). Foods like beans and
whole grains have a low glycemic index, increase sati-
ety and reduce the rate of glucose absorption while pro-
viding more bulk with less energ y. The American
Dietetic Association recommends 20 to 35 grams of
fiber per day.  In general, it is advisable to consume fiber
from several natural sources (soluble and insoluble
types) as first choice, before resorting to fiber supple-
ments; the sources may include 5–7 servings of vegeta-
bles and fruits daily, in addition to whole grain cereal as
recommended by the World Health organization (25). 

Older adults consuming a vegetarian diet can meet
energy and protein needs (22). Recommended daily
protein intake should be higher in vegetarians relying
on cereals which are low in lysine; this can be bal-
anced by consuming more soy protein (22). Bioavail-
ability of nonheme iron (plant foods) is significantly
lower than that of heme iron (animal foods); iron
absorption is reduced by phytate in wheat and herbal
teas (22). Phytate binds zinc, preventing its absorption,
leading to zinc deficiency. Vitamin C and organic acids
in fruits and vegetables enhance iron absorption. Soak-
ing and sprouting beans and grains, fermentation of
soy products and leavening of bread can hydrolyze
phytate and promote iron absorption (22). Consump-
tion of fortified foods and adequate sun exposure pre-
vents vitamin D deficiency. Adequate calcium intake
is possible in vegetarians due to fortification of break-
fast cereals, fruit and tomato juices as well as intake of
low-oxalate greens (broccoli, collards, kale and okra)
which carry calcium of high bioavailablility (22).

Strict vegetarianism could lead to B12 deficiency
especially if food-B12 malabsorption is also present
(12). The hematological effects of vitamin B12 defi-
ciency may be hidden due to high folic acid content of
vegetarian diets. Vegans are most at risk; without for-
tification (soymilk, breakfast cereals and yeast) or sup-
plements, plant-based diets without eggs or dairy prod-
ucts do not provide vitamin B12 (22). High serum
homocysteine levels seen in vegetarians were lowered
with administration of vitamin B1 2 i n j e c t i o n s .
Although intake of n-6 fatty acids (linoleic acid) is
high, vegetarian diets lack n-3 fatty acids (eicosapen-
taenoic acid-EPA and docosahexaenoic acid-DHA)
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usually found in fish (22). Consumption of flaxseed oil
(contain linolenic acid which is converted to DHA),
sea vegetables or DHA-rich microalgae supplements
can combat the n-3 fatty acid deficiency.

THE MEDITERRANEAN DIET
The Mediterranean diet has gained publicity from its
purported effect in increasing longevity. Dietary pat-
terns established in antiquity in Greece and Southern
Italy provide the foundations of the Mediterranean
diet. This diet is comprised of a variety of plant prod-
ucts (vegetables, unrefined cereals, legumes, nuts,
seeds), seasonal produce with minimal processing,
fresh fruit for dessert, olive oil as main fat source (high
monosaturated-to-saturated fat ratio), daily consump-
tion of dairy products (cheese or yogurt) and small
amounts of wine with meals and low intake of fish,
eggs, red meat and poultry (Table 8) (26). Olive oil dif-
fers from seed-oils in that the whole fruit is com-
pressed to extract oil without use of solvents, and none
of the beneficial components are lost. Wild greens
mixed with extra virgin olive oil in rural Greece con-
tain flavinoids (myricetin, quercetin, kaempferol, api-

genin, etc), the principle dietary antioxidants (27).
Although the Mediterranean populations have less
access to good health care and cigarette smoking is
more common, average life expectancy is higher than
that of richer nations in Europe and North America
(27). Antioxidants in the diet may be responsible for
the reduced incidence of cardiovascular diseases, can-
cer and geriatric syndromes (26). The reduction in
mortality (mostly from coronary artery disease and
cancer) associated with the Mediterranean diet occurs
irrespective of sex, body-mass index, smoking status
and physical activity (28).    

FUNCTIONAL FOODS
Over half of the population of the US (158 million peo-
ple) consumed dietary supplements in 2000 (29). A
functional food targets a specific physiologic process
that is distinct from its nutritional value contributing to
either health promotion or disease reduction (30).
Polyphenols (fruits, vegetables, nuts), flavonoids
(chocolate, tea, wine) and resveratrol (red wine, grape
skins) are antioxidants that protect against atheroscle-
rosis (29). Allyl compounds (garlic) have antimicrobial
and insect repellant properties (31). Soy isoflavones
(soy milk, tofu) are phytoestrogens that may prevent
coronary artery disease, osteoporosis, breast and
prostate cancer (29,32). Carotenoids (carotene, lutein,
zeaxanthin, lycopene) have antioxidant properties and
may prevent cataracts, macular degeneration, athero-
sclerosis and cancer (29,32). N-3 polyunsaturated fatty
acids (cold water fish e.g. salmon, trout, mackerel)
decrease VLDL, increase HDL, inhibit platelet aggre-
gation and prevent arrhythmias; they may reduce the
risk of sudden death from cardiac disease by half (29). 

PROBIOTICS 
Probiotics are food supplements containing live micro-
o rganisms that provide a beneficial health effect (30,33).
Markets in USA provide probiotics in the form of fer-
mented milk and yogurt containing Lactobacillus and
Bifidobacterium species (34). The intestinal microbial
ecosystem in the adult incorporates over 500 diff e r e n t
bacterial species (35). The composition of the human
intestinal flora varies with age, immunologic status, gas-

(continued from page 33)

(continued on page 41)

Table 8 
Components of the Mediterranean diet (26,27)

Daily
Dairy—2 servings
Cereals—8 servings
Fruits—3 servings
Vegetables—6 servings
Olive oil
Plenty of water
Physical activity
Moderate amount of wine
Herbs instead of salt

Weekly
Sweets—3 servings
Eggs—3 servings
Potatoes—3 servings
Pulses, olives, nuts—3 servings
Poultry—4 servings
Fish—6 servings

Monthly
Red meat—4 servings

PRACTICAL GASTROENTEROLOGY • JUNE 2004



tric acidity, alcohol use, stress, colonic
transit time and diet amongst other factors
(33). Intestinal permeability reflects the
gut-barrier function, excluding foreign
antigens and regulating immune
responses. Bacterial colonization of the
intestine is vital to stimulation of intestinal
lymphocytes and maturation of the
mucosal immunologic defense mecha-
nisms (oral tolerance induction) (35). Nor-
mally the stomach and small intestine con-
tain only small numbers of bacteria, with
bacterial counts not exceeding 103 org a n-
isms/mL of jejunal juice (36). With disor-
ders of gastric acid suppression, motility
disorders and immune suppression, small
intestinal bacterial overgrowth (SIBO)
may occur; in older adults SIBO may pre-
sent atypically as weight loss or failure to
thrive. Probiotics exert their beneficial
e ffects in many ways, e.g. production of
cytokines and antibacterial agents to
destroy harmful pathogens, reduction of
gut pH by production of lactic acid, com-
petition with inimical microbes for recep-
tors and available nutrients, enhancement
of immune function and provision of lac-
tase to aid in lactose digestion (33,34,35).
Probiotics are useful in antibiotic-associated diarrhea,
t r a v e l e r’s diarrhea, inflammatory bowel disease, irritable
bowel syndrome and perhaps in preventing SIBO
(30,33). Older adults with constipation may have
increased intestinal motility after consumption of dairy
products containing Lactobacillus or Bifidobacterium
(33). Whether the immunity-enhancing effects of probi-
otics can offset the decrease in mucosal immunity with
aging, is not clear at this time. Probiotics increase
bioavailability of nutrients e.g. folic acid, niacin, vitamin
B6 and riboflavin in dairy products (33). Evidence for the
cancer risk reduction effect has come from animal stud-
ies, where probiotics inhibit the incidence of colon, liver,
small intestinal and breast cancer (33). Severely immuno-
compromised individuals may be at risk of Lactobacillus
endocarditis and bacteremia (33). Consumers could uti-
lize well-known probiotic species slowly, increasing
intake over two or three weeks to desired level. 

HOMOCYSTEINE, AGING AND NUTRITION
Folic acid, vitamin B12 and vitamin B6 are essential
for homocysteine homeostasis (Figure 1) (20). Opti-
mal levels for plasma homocysteine are considered to
be below 10 µmol/L. High homocysteine levels ele-
vate the risk of coronary artery disease (CAD) signifi-
cantly, similar to the effect of smoking or hypercholes-
terolemia (20). It is also a risk factor for stroke, periph-
eral artery disease, extracranial carotid arterial disease,
aortic atherosclerosis, deep vein thrombosis and possi-
bly dementia (including Alzheimer’s disease) in the
geriatric age group (37). Homocysteine causes
endothelial dysfunction, increases the arterial intimal-
medial thickness and arterial stiffness and promotes
blood coagulation (38). 

Levels of homocysteine increase with age after
menopause and with smoking (39). Candidates for
assessment of homocysteine levels include patients
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Figure 1. The inter-relationship of vitamins B6, B12, folate and homocysteine.
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with CAD without conventional risk factors, patients
at high risk with impaired renal function, hypothy-
roidism, pernicious anemia, recurrent deep vein
thrombosis, malnutrition and those on certain medica-
tions (e.g. theophyline, levodopa, tamoxifen, anticon-
vulsants and methothrexate amongst others) (20,37)
Homocysteine has been identified as a risk factor for
dementia (including Alzheimer’s disease) possibly
through effects on vascular endothelial cells or neuro-
toxicity (40). Scores on global cognition tests e.g. Mini
Mental State Examination and Cambridge Examina-
tion for Mental Disorders in the Elderly are inversely
related to homocysteine levels (41). Inadequate intake
of vitamin B12 and folate is associated with a variety
of neurologic disorders (40). It is unclear if lowering
homocysteine levels will prevent cardiovascular
events (42). Studies are underway involving combina-
tion therapy with select vitamins.

MULTIVITAMINS: USE IN OLDER ADULTS
The U.S. Preventive Service Task Force (USPSTF) has
concluded that evidence is insufficient for or against
the use of vitamins A, C, E, multivitamins with folic
acid and anti-oxidants for the prevention of cancer or
cardiovascular disease (43). Further, the USPSTF
found that ß carotene not only was without benefit for
the prevention of cancer or cardiovascular disease, but
may even be harmful in heavy smokers, in whom mor-
tality may be increased (43). There is little evidence
that any single vitamin supplement, multivitamin com-
bination or combined antioxidant supplement has sig-
nificant benefit in the primary or secondary prevention
of cardiovascular disease (44). 

The American Academy of Family Physicians
states that megadoses of certain vitamins and minerals
are harmful. For example, excessive consumption of
vitamin A has been associated with fracture. When vit-
amins are taken, one is urged to adhere to doses rec-
ommended by the Institute of Medicine and not exceed
the Recommended Dietary Allowance (43). Yet it is
worth stating that many older adults ingest fewer than
1000 calories per day and the prevalence of protein
calorie malnutrition and deficiency of one or more vit-
amins is common in such individuals, raising consid-
eration for supplements.

SUMMARY
Appropriate food choices in older adults could improve
longevity and quality of life. Nutritional supplements
and herbal remedies are being promoted, but patients
should be monitored for drug interactions and adverse
events. Cancer prevention diets, food fads and func-
tional foods are subjects of frequent debate; future stud-
ies will clarify their place in nutritional recommenda-
tions. The role for counseling regarding nutrition is
important in health care and should be recognized. ■
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