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There is a physiological decline in food intake with aging. The reasons for the decline in food intake are multifac-
torial and involve both peripheral and central mechanisms. Altered hedonic qualities of food occur due to alter-
ations in taste and, more particularly, smell with aging. A decline in adaptive relaxation of the fundus of the
stomach and an increased rate of antral filling appear to play a role in the early satiation seen in many older per-
sons. Cholecystokinin levels are increased with aging and older persons are more sensitive to the satiating effects
of this gut hormone. The decline in testosterone levels in older males leads to increased leptin levels and this may
explain the greater decline in food intake with aging in the male. Within the hypothalamus, decreased activity of
both the dynorphin (kappa opioid) and neuropeptide Y systems occurs in aging rodents. Cytokines are potent an-
orectic agents. Many older persons have mild inflammatory disorders that lead to anorexia. Exercise may in-
crease food intake in older persons.

 

“I am grateful to old age because it has increased my
desire for good conversation and decreased my desire
for good food.”

—Cicero, DeSenectute, 43 B.C.

 

A

 

S seen from this quotation from Cicero, the concept of
a physiological decrease in food intake with aging is

certainly not a new one. However, it was not until 1988 that
Morley and Silver (1) defined this syndrome as the “anor-
exia of aging” and began to characterize the mechanisms re-
sponsible for this physiological phenomenon. This article
reviews what has been an exciting decade in our under-
standing of the pathogenesis of the “anorexia of aging.”

 

E

 

PIDEMIOLOGY

 

There are now a number of cross-sectional (1–3) and longi-
tudinal (4–6) population studies demonstrating a decline in
food intake with aging. This decline is predominantly due to a
decrease in fat intake (7). Both Wurtman and colleagues (8)
and Rolls and colleagues (9) have demonstrated that this de-
cline in food intake is also present in healthy elderly persons.

This decline in food intake occurs despite the increase in
body fat and the epidemic of obesity that occurs in middle
age (3,10). The reasons for this are the decline in physical
activity and resting metabolic rate that occurs with aging
(11). In addition, the increase in visceral fat with aging in-
creases the efficiency of fat accretion and decreases the
ability to oxidize fat (12).

A number of studies have now found that older women
have a strong desire to decrease their food intake and lose
weight (13–15). In addition, fear of weight gain is seen in a
subset of older persons (16), and anorexia nervosa and bu-
limia have been reported to occur in older persons (17).
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Flavor is the sensation that is produced when a substance
is placed in the mouth. The sensation of flavor is produced
by the interaction of chemoreceptors (olfaction and taste),
mechanoreceptors (touch/textures), thermoreceptors (tem-

perature), and nocireceptors (pain). The complex interaction
of these different receptors in the nose, mouth, and throat is
integrated within the central nervous system to produce an
opinion of the flavor of a specific foodstuff. Of all the
senses, olfaction appears to be the key to the recognition of
taste (18). Palatability is defined as the introspective evalua-
tion of the hedonic (pleasurable) qualities of a food (19).
Blundell and Rogers (20) suggested that highly palatable
foods enhance food intake through a positive feedback
mechanism. Palatability acts as an orosensory reward (21).
Pleasantness of food is an important determinant of food
choice and in some circumstances food intake (22). Flavor
is considered an extremely important component in decid-
ing food choices in older persons (23).

Approximately 1.65% of adults have a chronic chemosen-
sory problem (24). Olfactory problems occur in 1.4% and
gustatory problems in 0.6%. Forty percent of persons with
chemosensory problems are more than 65 years of age.

Odor perception declines with aging (25). This has been
demonstrated to be true for both orthonasal and retronasal
stimuli (26). Older women with reduced olfaction had a re-
duced interest in cooking and consuming a variety of food-
stuffs. There is a decline in threshold sensitivity, supra-
threshold intensity, and suprathreshold identification of ol-
faction with aging (18). Schiffman (27) demonstrated a
longitudinal decline in odor identification over more than 3
years. This decline was particularly marked in octogenari-
ans. Female subjects have greater smell acuity than males
(27). Olfactory thresholds decline to a greater extent in
those older persons with dementia (28). Sinusitis is a com-
mon disease associated with a marked decline in sense of
smell (29,30).

Multiple anatomical changes occur in the normal nose
with aging. The olfactory bulbs and tract volumes decline
with age after 50 years of age (31). Neither changes in ol-
factory bulb nor temporal lobe volumes have been directly
correlated with the age-related decline in smell.

Absolute taste thresholds increase by two to nine times
with aging (32). However, suprathreshold taste thresholds
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change little with aging. The decline in taste sensitivity with
aging occurs in virtually every old person (33). Stevens and
colleagues (34) demonstrated that when older persons have
their taste threshold tested on multiple occasions they dem-
onstrate much greater intraindividual variability than do
younger persons.

Older persons tend to show a greater decline in bitter taste
than in other taste modalities (35). This is true for quinine
but not for urea. There are also significant losses in supra-
threshold sensitivity to bitter tastes with aging (35). The ad-
dition of sweeteners produced a lower elevation of bitter taste
thresholds in older persons than in younger persons (35).

The threshold for recognition of monosodium glutamate
with 0.5 mM inosine-5

 

�

 

-monophosphate was 2.8 times
higher in older persons than younger persons (35). When
monosodium glutamate was added to foodstuffs, the op-
timally preferred concentration was above the detection
threshold in water.

Prasad and colleagues (36) have suggested that zinc defi-
ciency may play a role in the elevation of taste threshold
with aging. Pathological alterations of decreased taste sen-
sation (hypogeusia) have been associated with iron defi-
ciency, oral candidiasis, xerostomia, and depression (37).

Abnormal taste sensation (dysgeusia) is most commonly
associated with psychiatric distress. A variety of medica-
tions are associated with abnormal taste (35).

Stevens and colleagues (38) demonstrated that older per-
sons were less capable of detecting salt in a soup recipe.
Older persons have lower discrimination scores and higher
absolute thresholds for sodium chloride in water. However,
thresholds for salt in tomato soup increased approximately
10 times because of the “mixture suppression” effect. In this
situation older persons’ taste thresholds came closer to ap-
proximating those of younger persons but were still at least
twice as high.

A 3-week exposure of retirement home residents to a fla-
vor-enhanced diet resulted in an increased intake of some
foods but not in total macronutrient or energy intake (39).
Flavor-enhanced foods were preferred by older persons.
Those on the flavor-enhanced diet also had an enhancement
of immune function and an increased grip strength.

In contrast, Drewnowski and colleagues (40) reported that
older persons prefer less salty chicken broth to younger per-
sons. They found that older and younger persons were equally
capable of detecting the salty taste. Sodium intakes did not re-
late to salt preferences. Drewnowski (41) has therefore argued
that attitudes and social and economic factors are more impor-
tant than taste thresholds for making food choices.

Sensory-specific satiety is defined as the decline in the
pleasurable response to a food as a function of eating. Rolls
and McDermott (42) reported that older persons were less
likely to develop sensory-specific satiety than younger per-
sons. Studies examining the variety of diet consumed by
older persons have been conflicting, finding that older per-
sons consume both a more monotonous (43) or a more var-
ied diet (44) and that older persons have fewer food crav-
ings than younger persons (45).

Alterations in taste, texture, oral feel, and odor of foods
with aging are integrated through inputs of the gustatory
and olfactory afferents in the brain stem. This can result in

altered food preferences and reduce the quality of nutrients
ingested. These sensations are modulated by cortical inputs
that are derived from psychological factors—for example,
perceptions and beliefs about the sensory attributes of food
and attitudes including beliefs concerning the health and nu-
trition properties of foodstuffs, cultural beliefs, and the
price and/or value of the food. One way to gain more insight
into the interaction of different factors in discriminating be-
tween the palatability of foodstuffs for young and older per-
sons would be to utilize consumer research techniques such
as preference mapping (46).
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Numerous animal studies have demonstrated that both
the stomach and the small intestine play a role in the regula-
tion of food intake (47). Overall, the intestine acts as a brake
on food intake by inducing satiation that results in the termi-
nation of a meal. It achieves this by utilizing both ascending
nerve fibers in the autonomic nervous system and hormonal
signals. These signals are integrated in the nucleus tractus
solitarius and the hypothalamus.

As food passes down the esophagus, neuronal messages
are sent through the autonomic nervous system to the fun-
dus of the stomach, resulting in dilation of the fundus in
preparation to receive food—that is, receptive relaxation
(48). When food reaches the stomach it releases nitric oxide
(NO), locally causing further fundal smooth muscle relax-
ation—that is, adaptive relaxation. Food particles are mixed
in the fundus and then passed on to the antrum. Antral
stretch is directly related to the signaling of satiation (49).
The effect of antral stretch on satiation is enhanced by the
hormone cholecystokinin (CCK). CCK is released from the
duodenum in response to the ingestion of fat and/or protein.
A number of gastrointestinal hormones, for example, gluca-
gon-like peptide (50) and pancreatic hormones such as amy-
lin (51), have also been shown to be involved in the satia-
tion cascade.

A number of changes in the gastrointestinal satiation pro-
cess occur with aging. Overall, these changes tend to re-
sult in early satiation in older persons. This has been dem-
onstrated experimentally by Clarkston and colleagues (52).
They showed that when older individuals received the same
amount of food as younger persons they reported greater sa-
tiation. This early satiation was related to the rate of gastric
emptying. Older persons have delayed gastric emptying for
large (

 

�

 

500-kcal meals), but not small, meals.
There are no data on receptive relaxation and aging. Pre-

liminary data from N. Chien and J. Morley (unpublished
data, 1998) suggested that older persons have more rapid
fundal emptying, suggesting decreased fundal capacity. Our
baroreceptor studies have suggested that older persons have
reduced fundal compliance. Despite the reduced fundal
compliance, older persons were less aware of fundal disten-
sion, possibly because of autonomic dysfunction. This sug-
gests that the fundus 

 

per se

 

 is not directly involved in the in-
creased satiating signals present in older persons. Rodent
studies have suggested that the reduced fundic compliance
in older persons is due to reduced NO synthase production
(53). The smaller capacity of the fundus suggests that there
is more rapid antral filling with aging. Increased antral sig-
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nals, therefore, appear to be the most likely cause of the
early satiation that occurs in older persons (Figure 1).

CCK levels increase with aging (54). CCK slows gastric
emptying and therefore will increase antral stretch. Animal
studies demonstrated that there is an increased satiating ef-
fect of CCK with aging (55). Our preliminary data suggest
that this is also true in humans (I. Chapman, M. Horowitz,
and J. E. Morley, unpublished observations).

When an intraduodenal tube is used to bypass the stom-
ach, infusion of nutrients directly into the small intestine re-
sults in less decrease in hunger in older than in younger per-
sons (56). Wilson and colleagues (57) demonstrated that
when a liquid caloric supplement was administered 60 min-
utes before a meal, older persons ate more than when the
same supplement was administered immediately before the
meal. These studies support the concept that the antrum is
the area involved in signaling the increased satiation to the
brain in older persons.

Roberts and colleagues (58) found that when older indi-
viduals had their food intake reduced, unlike younger per-
sons, they did not increase their food intake sufficiently to
return their weight to its basal level. Similarly, when over-
fed, older persons failed to subsequently reduce their food
intake sufficiently to return their weight to its basal level.
The discrepancy between antral and duodenal effects in old,
compared to young, persons provides a mechanistic expla-
nation for the findings of Roberts and colleagues.

Pancreatic hormones have been implicated in the regula-
tion of appetite. While much of the literature has suggested
that insulin may directly affect appetite, infusions of insulin
in humans have failed to demonstrate an effect on appetite
or food intake (59). Glucagon and somatostatin both alter
food intake, but no studies have been undertaken in older in-
dividuals or animals. Amylin, a peptide hormone coreleased
with insulin from the Islets of Langerhaus, is a potent an-
orectic agent when administered peripherally (60). There is
no difference in the efficaciousness of amylin when admin-
istered to young or older rodents (61). Amylin produces its
effect on appetite, in part, by decreasing the rate of gastric
emptying (62). This is through a mechanism independent of
nitric oxide (63). In humans, amylin levels decrease in mid-
dle age and then increase in older age (64). This increase in

amylin levels in older age suggests that amylin may play a
role in the anorexia of aging and the delayed gastric empty-
ing seen with aging.
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Leptin is a cytokine-like peptide hormone that is secreted
from adipose cells (65). Leptin deficiency is responsible for
the hyperphagia and obesity of the genetically obese (ob/ob)
mouse (66). Leptin deficiency has also been reported as a
rare cause of obesity in humans (67). Leptin not only de-
creases food intake but also increases resting metabolic rate
(65). There is also evidence for leptin playing a role in the
regulation of the hypothalamic-pituitary-gonadal axis (65).

Studies in aging rodents have reported that both fat mass
and leptin levels increase with aging (68,69). Li and col-
leagues (70) found in aging male rats an increase in leptin
gene expression that was out of proportion to the increased
adiposity seen with aging. Wolden-Hanson and colleagues
(68) reported that the increase in leptin was more closely as-
sociated with subcutaneous rather than visceral fat. Leptin
administration to young rats results in a selective decrease
in visceral adiposity (71). Old Brown-Norway rats have a
decrease in visceral adiposity (68) and it is possible that this
is due to the increased circulating leptin levels.

With aging in human females there is an increase in lep-
tin levels at middle age and a decrease in older age (10). The
decrease in serum leptin levels in women over the age of 60
was reproduced in the New Mexico Aging Process Study
and was showen to be more closely related to subcutaneous
rather than visceral fat (72). Resting metabolic rate is corre-
lated with leptin levels in females but not in males (73). Ex-
ogenous and endogenous estrogens are unrelated to leptin
levels in females (74,75).

Males have lower leptin levels than females even when
leptin levels are correlated for total adiposity (65,72). In
males, in contrast to females, leptin levels increase with ag-
ing in both cross-sectional (74,76) and longitudinal (72)
studies.

Testosterone levels decline with aging in both cross-sec-
tional (77) and longitudinal (78) studies. This decline in tes-
tosterone with aging is correlated with the age-related de-
cline in body mass and strength (79,80). Testosterone
replacement in older males increased strength (81). Tes-
tosterone in animals has been demonstrated to increase food
intake (82).

In both cross-sectional and longitudinal studies multivari-
ant analysis has demonstrated a role of the declining testos-
terone in the increasing leptin levels (72,73). Testosterone
administration to older hypogonadal men suppressed the el-
evated leptin levels (81). Leptin gene expression is lower in
abdominal adipose tissue in men compared to women (83).
Wabitsch and colleagues (84) reported that dihydrotes-
tosterone suppressed leptin mRNA in adipocytes and the
leptin secretion from these cells in vitro. However, the exact
mechanism by which testosterone modulates leptin secre-
tion remains to be determined. It is possible that it involves
stimulation of nitric oxide synthase in adipocytes.

Both the absolute and the proportional decline in food in-
take with aging are greater in males than females (4). Leptin
decreases food intake by inhibiting neuropeptide Y and NO

Figure 1. Early satiation of aging: nitric oxide, adaptive relaxation,
and appetite. Decreased adaptive relaxation of the fundus of the
stomach leads to more rapid antral filling and early satiation.
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synthase in the hypothalamus (85). It is tempting to specu-
late that the decline in testosterone in the aging male leads
to an increase in leptin and a decline in food intake (Figure 2).

 

C

 

YTOKINES

 

Cytokines are released in response to chronic inflamma-
tion, infections, injuries, and neoplasms. These immunoreg-
ulatory peptides have a variety of effects that can lead to
severe malnutrition (Figure 3). Besides being anorectic, cy-
tokines decrease serum albumin, induce lipolysis, produce
muscle protein breakdown, and induce nitrogen loss (86).
The decrease in serum albumin occurs not only because of
decreased hepatic synthesis and increased catabolism but
also because of extravasation of albumin from the intravas-
cular space.

Both interleukin-1 (IL-1) and tumor neurosis factor 

 

�

 

(TNF

 

�

 

) produce anorexia. Both of these cytokines directly
stimulate leptin mRNA expression and increase serum lep-
tin (87) and induce interleukin-6 production (88). Besides
their effects on leptin, cytokines also stimulate hypotha-
lamic corticotrophin releasing factor, which is markedly an-
orectic (89).

The ciliary neurotrophic factor (CNTF) receptor is one of
the members of the IL-6/leptin receptor super family. CNTF
is a potent anorectic agent in rodents and humans (90).
CNTF reduces hypothalamic neuropeptide Y (NPY) mRNA
expression (91). The role of CNTF in the physiological or
pathological anorexia of aging is yet to be determined.

There is evidence that TNF is increased in the cerebrospi-
nal fluid of older rodents (92). There is some evidence sup-
porting the concept that TNF

 

�

 

, IL-1 beta, and IL-6 increase
in the serum of healthy elderly persons (86). A pathological
condition—idiopathic “senile” anorexia—has been associ-
ated with increased levels of IL-6 and TNF (93).
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Within the central nervous system, multiple neurotrans-
mitters are involved in the regulation of food intake (94).
While much of the neurotransmitter interactions that regu-
late food intake and integrate energy balance take place
within the hypothalamus, numerous other areas within the
central nervous system, such as the amygdala and the nu-
cleus tractus solitarius, are also involved. An oversimplifi-

cation of the central feeding system is that within the hy-
pothalamus, NPY and norepinephrine are predominantly
responsible for driving intake of carbohydrates (47) and the
endogenous kappa opioid receptor, dynorphin, is responsi-
ble for the intake of fat and highly palatable foodstuffs (95).
Numerous other neurotransmitters, for example, orexin A,
can also increase food intake (96). Emerging evidence sug-
gests that these neurotransmitters may produce their effects
on food intake by activating nitric oxide synthase in ana-
tomically specific sites (97; Figure 4).

These feeding drive neurotransmitters are held in check
by a complex cascade of inhibitory neurotransmitters (94).
The best delineation of these systems is the serotonin-corti-
cotrophin releasing factor (CRF) system (98). CRF levels
are elevated in the cerebrospinal fluid of patients with an-

Figure 2. Mechanism by which declining testosterone levels lead to
a decreased food intake with aging (NO � nitric oxide).

Figure 3. Cytokines and food intake: mechanisms by which cyto-
kines produce anorexia, weight loss, and malnutrition. CNTF � cili-
ary neurotrophic factor; IL-1 � interleukin-1; IL-6 � interleukin-6;
TNF� � tumor necrosis factor.

Figure 4. Diagram of the multiple inputs that regulate food intake
into the central nervous system and the transducer system in the hy-
pothalamus. Norepinephrine (NE), neuropeptide Y (NPY), orexin,
and dynorphin drive food intake by activating nitric oxide (NO). The
serotonin-corticotrophin releasing factor (CRF) system attempts to
decrease feeding.
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orexia nervosa and in approximately two thirds of patients
with depression (99). It has been suggested that CRF may
play a central role in the pathophysiology of anorexia in
these conditions (47). A full description of the neurotrans-
mitters implicated in the regulation of the central feeding
drive is beyond the scope of this review.

Studies on the central feeding drive and the anorexia of
aging to date have been confined to rodents. There is clear
evidence of a decline in the opioid feeding drive system
with aging in both rats (100) and mice (101). This appears
to be due predominantly to a decline in opioid receptor ac-
tivity with aging (102). The decline in the opioid feeding
drive is compatible with the decrease in total fat intake that
occurs in aging humans (4).

Recent studies have suggested that NO may play a coor-
dinating role in appetite regulation. Evidence that NO plays
a key role in increasing food intake includes:

1. NO synthase antagonists decrease food intake and body
weight (103).

2. NO synthase levels in the hypothalamus are altered by
modulating nutrient intake (104).

3. NO synthase levels are increased in the hypothalamus of
the genetically obese (ob/ob) mouse (105) and NO syn-
thase inhibitors produce a marked decrease in food in-
take and body mass in these mice (106).

4. NO donors increase food intake (107).
5. Leptin decreases and NPY increases NO synthase (97).

In old mice NO synthase inhibitors are more potent in re-
ducing food intake than in young mice (108). Aging is asso-
ciated with a decline in mRNA for NO synthase. Thus, pre-
liminary evidence supports the possibility that the decline in
food intake with aging is due to a decline in brain NO syn-
thase. This may explain the greater decline in caloric inges-
tion with aging in males, as this age-related decline in tes-
tosterone results in increased leptin levels, decreased NPY,
and decreased NO synthase (Figure 2).
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In young persons exercise increases food intake. Exercise
is thought to increase the preference for carbohydrates and
thus result in a decrease in fat content in a diet (109). How-
ever, the effects of exercise on food intake are not obvious
over the short term, although some evidence suggests acute
exercise does not result in a depletion of glycogen stores on
food intake (110). King and colleagues (111) failed to show
an effect of a substantial increase in energy expenditure due
to intense exercise on hunger or food intake within 48
hours. Thus, there is little evidence for a strong coupling be-
tween short-term energy expenditure and energy intake. In
addition, physical exercise over a 3-day period failed to al-
ter leptin levels (112). Even an 18-week weight training ex-
ercise program that increased average daily metabolic rate
failed to increase energy intake (110).

With aging there is a decline in physical activity and rest-
ing metabolic rate (11). Poehlman and Danforth (113) found
that an 8-week endurance training program (cycling exer-
cise) in older persons increased total energy expenditure by
both increasing the direct energy cost of physical activity

and by elevating resting metabolic rate. This increase was
partially due to an increase in norepinephrine appearance
rate. In addition, energy intake was increased by 12%.

Fiatarone and colleagues (114) studied the effects of re-
sistance exercise in older nursing home residents. In those
doing resistance exercises there was a nonsignificant ten-
dency to increase intake of the caloric supplement.

Thus, there is some evidence that exercise (especially en-
durance exercise) may increase food intake in older persons.
The mechanism(s) by which this may occur are totally un-
known. Decreased body fat with exercise may eventually
lead to a decline in leptin levels and, therefore, increased
food intake secondary to an increase in NPY and NO. Over
the short term the stress of exercise will increase corticotro-
phin releasing factor (115), which provides an explanation
for the uncoupling between energy expenditure and energy
intake when exercise is first started (Figure 5).

 

Conclusion

 

There is a physiological decline in food intake with ag-
ing. The reasons are multifactorial and may include alter-
ations in the hedonic qualities of food (decreased odor and
taste), increased gastrointestinal satiation signals, increased
leptin levels (predominantly in males secondary to the age-
related decline in testosterone), and a decline in the central
feeding drive. This physiological anorexia places the older
persons at major risk for developing severe anorexia in
cases of disease (116,117). Disease is often associated with
cytokine release that not only produces anorexia but also
decreases muscle protein synthesis and causes extravasation
of albumin out of the intravascular space. Physical activity
declines with aging and endurance exercise can increase en-
ergy intake and carbohydrate preference. The mechanism(s)
coupling altered muscle mass with the decline in food in-
take during the aging process are deserving of intensive
study.
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