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ABSTRACT: We are expected to live longer than if we had been born 100 years ago however, the 

additional years are not necessarily spent in good health or free from disability. Body composition 

changes dramatically over the course of life. There is a gradual increase in body weight throughout adult 

life until the age of about 60-65 years. In contrast, body weight appears to decrease with age after the 

age of 65-75 years, even in those demonstrating a previous healthy body weight. This age related decrease 

in body weight, often called unintentional weight loss or involuntary weight loss can be a significant 

problem for the elderly. This has been shown to be related to decline in appetite and food intake is 

common amongst the elderly and is often referred to the anorexia of aging. Underlying mechanisms 

regulate energy homeostasis and appetite may change as people age. In this review, peripheral factors 

regulating appetite have been summarized in regards to their age-dependent changes and role in the 

etiology of anorexia of aging. Understanding the alterations in the mechanisms regulating appetite and 

food intake in conjunction with aging may help inform strategies that promote healthy aging and 

promote health and wellbeing in the elderly years, with the end goal to add life to the years and not just 

years to our lives. 
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During the aging process, changes occur that have 

significant impact on our general health and wellbeing. 

Over the past century it appears that there have been 

significant changes to the human life cycle. We are now 

expected to live longer than ever before, with estimated 

life expectancy at birth in the United States now 79 years, 

opposed to 47 years in 1900 (www.aoa.gov/ 

Aging_Statistics/Profile/2012). This increase in life 

expectancy can be explained by the improvements in 

healthcare provision, causing a drop in mortality rates, 

rather an extension in the maximum life span per se. The 

increase in life expectancy has caused a shift in the 

population demographic, with the number of people aged 

65 years and older predicted to increase by 135% between 

2010 and 2050 (quickfacts.census.gov/qfd/states/ 

00000.html). Moreover, the fastest growth is seen in the 

‘oldest’ old; those aged 85 years and older, which is the 

group most likely to require healthcare services 

(esa.un.org/wpp/Excel-Data/ population.htm). This shift 

can be partially explained by the slower growth in the 

proportion of the non-elderly in the US population.  

However, largely as a result of higher fertility rates and 

immigration, America’s population remains younger than 

other developed countries [1]. Nevertheless, like the rest 

of the world, the US is an ageing society; Americans are 

living longer in the period of their lives which they are 
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considered ‘elderly’, the population average age is rising, 

and the proportion of the population classed as ‘elderly’ is 

increasing each year (www.aoa.gov/ 

Aging_Statistics/Profile/2012). These demographic 

changes have profound implications for public health, the 

economy, social care systems, healthcare policies, and 

more importantly for human health and well-being. 

However, although based on these reports showing that 

the life expectancy has increased, the additional years are 

not necessarily spent in good health or free from 

disability. The risk of developing at least one non-

communicable disease increases with age [2]. This is not 

so much of a function of age in years, but rather reflects 

an accumulation of risk factors during the course of life. 

Investigating physiological changes that occur in 

conjunction with aging may help inform strategies that 

promote healthy aging and promote health and wellbeing 

in the elderly years, with the end goal to add life to the 

years and not just years to our lives.  

Body composition changes dramatically over the 

course of life. There is a gradual increase in body weight 

throughout adult life until the age of about 60-65 years. In 

contrast, body weight appears to decrease with age after 

the age of 65-75 years, even in those demonstrating a 

previous healthy body weight [3-5]. This age related 

decrease in body weight, often called unintentional weight 

loss [6] or involuntary weight loss [7] can be a significant 

problem for the elderly. It is estimated that the prevalence 

of unintentional weight loss and involuntary weight loss 

could be as high as 27% in high risk populations. More 

specifically, this weight loss occurs in the form of lean 

muscle tissue loss, also called sarcopenia [8, 9]. This loss 

of muscle mass may result in loss of strength [10, 11], 

frailty [12], bone fractures [13], higher risk of falls [14, 

15], greater injury from falling [16, 17], higher rates of 

hospital admissions (www.cdc.gov/HomeanRecreational 

Safety/Falls/adultfalls.html), delayed recovery [18] and 

premature mortality [19-21]. Furthermore, the relative 

stability of BMI during this period often masks the true 

severity of loss of lean tissues [22], since in some cases 

there is an increase in body fat which accompanies the 

loss of lean tissue. The weight loss in older individuals 

[23] occurs mainly as the  result of a progressive decrease 

in energy intake [24-26] as well as reductions in energy 

expenditure from both reduced physical activity [27] and 

reduced basal metabolic rate due to less metabolically 

active tissue mass [28, 29]. Several studies in rats have 

shown that there is an age related decrease in body weight, 

and this decrease is often preceded by a decreased food 

intake [30-32]. Similarly, data from human studies using 

dietary surveys report low energy intake in elderly, 
suggesting the elderly population  may be malnourished, 

which despite being one of the greatest threats to health 

and well being of older adults, is increasingly common 

among the elderly [33]. It is estimated that 4.3% 

community-living individuals aged  over 65 years are 

malnourished, and as high as 37% of the institutionalized 

elderly demonstrate “protein-energy malnutrition” [34]. 

However, despite strong evidence to suggest that the 

changes in food intake are responsible for the age related 

changes in body weight and body composition, the 

mechanisms responsible for the age related changes in 

dietary intake are unclear. 

The decline in appetite and food intake is common 

amongst the elderly and is often referred to the anorexia 

of aging [34, 35]. In a study which focused on the ability 

to perform specific activities of daily living, over 27% of 

community-resident and institutionalized Medicare 

beneficiaries aged over 65 years reported that among all 

daily activities (e.g. walking, dressing, showering, using 

toilet, getting out of bed/chair), the activity that showed 

no significant increases in age-related limitations was 

‘eating behavior’ [36]. These findings suggest that the 

anorexia of aging cannot directly be explained by age-

related limitations of daily activity. On the other hand, the 

age-related limitations on more strenuous physical 

activity [37, 38] may lead to decrease in energy 

expenditure which may cause a reduction in appetite. 

Although one study showed that acute food intake 

regulation was not attenuated by physical activity status 

[39], reduced physical activity is an important factor 

contributing to reduced energy requirement in the elderly 

[40, 41]. Future studies need to address age-related effects 

of energy homeostasis while controlling for physical 

activity levels in older individuals. The mechanisms 

responsible for the reduction in energy intake that lead to 

the anorexia of aging are not clearly understood, but are 

of increasing interest and have been the focus of many 

recent reviews [42]. Identifying the mechanisms 

responsible for this age related anorexia, is a key step to 

develop future treatment and preventions strategies to 

prevent age related weight loss and adverse changes in 

body weight and composition which represent such a risk 

of malnutrition, frailty and falls in the aging population. 

Unlike energy expenditure, energy intake occurs in 

distinct bouts and fluctuates considerably from day to day 

in response to individual demands [43]. The fact that food 

intake does vary considerably indicates that it is a 

controlled process. This control is achieved by regulating 

the initiation and termination of eating occasions; hunger 

triggers the meal initiation which determines the daily 

number of meals (meal frequency) whereas satiation 

terminates a meal and determines the size of a particular 

meal [44].  Overall, hunger and satiation are tightly 

regulated by peripheral and central systems as well as the 
environmental factors interact to control energy 

homeostasis. Studies have reported that the systems 

involved in regulating energy homeostasis may become 
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increasingly ineffective as we age. Roberts et al [45] 

investigated the effects of overfeeding (energy intake > 

energy requirements), and underfeeding (energy intake < 

energy requirements) on subsequent energy intake and 

body weight in young and elderly men. Following the 

period of underfeeding, young men effectively 

compensated for the energy deficit by increasing their 

subsequent voluntary energy intake. Furthermore, 

following the period of overfeeding the young men 

decreased their subsequent meal intake to accurately 

compensate for the excess energy intake. Conversely, the 

elderly men were unable to adjust their subsequent meal 

intakes in both of the conditions. Resultantly, the young 

men were able to re-gain the weight they had lost during 

the underfeeding intervention, and lose the weight they 

had gained during the overfeeding intervention. However, 

the older men re-gained just over 60% weight they lost 

during underfeeding, and were only able to lose about 

30% of the weight they had gained during the overfeeding 

intervention [45]. In another study, Rolls et al  [46] 

assessed energy intake following a standard fixed energy 

yogurt preload in young (aged 18-35 yrs) and older (age 

60-84 yrs) men. The older men were unable to 

compensate for the yogurt preload by reducing intake at a 

subsequent test meal as precisely as younger men. 

Although the older men reported higher fullness ratings 

following the yogurt preload, they consistently overate at 

the subsequent test meal [46]. Together these findings 

support the notion the mechanisms controlling energy 

intake are impaired in the elderly.  

However, the precise mechanism underlying the 

impaired regulation on energy homeostasis in the elderly 

is unclear; partially because the mechanisms involved in 

the successful control of energy intake in healthy, young 

adults are not fully understood, but also because these 

mechanisms may also be dysregulated, resulting the 

excess energy intake and development of overweight and 

obesity in the younger population. It is also important to 

note that as with the majority of human physiology 

studies, selected study participants are mostly without 

health-related issues which may not be representative of 

the general population, particularly the elderly population 

who are struggling with various major and multiple health 

problems. Thus, the results from these studies may even 

underestimate the true extent and severity of the energy 

balance dysregulation in elderly individuals with 

(multiple) chronic diseases.  

 

 

 

 
 
Figure 1. The factors involved in the etiology of anorexia of aging 

 

 

The complexity of anorexia in the elderly is also 

related to the fact that energy balance is a multifactorial 

phenomenon that is undeniable regulated by complex 

peripheral and central mechanisms [47]. Meal size 

(satiation) is affected by various factors include olfactory 

stimuli [48], stretch receptor signals originating in the 

stomach and proximal small intestine [49-51], nutrients 

(glucose, amino acids), metabolites (lactate, pyruvate and 

ketones) and alterations in gut hormones including 

cholecystokinin (CCK), glucagon like peptide -1 (GLP-1) 

and ghrelin in response to nutrient ingestion. These 

signals have indirect effects on the central mechanisms 

via activation of afferent vagal fibres, or direct effects 

through the blood to release neurotransmitters. However, 

these mechanisms are also affected by the environment 

context specifically the obesogenic environment that we 
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live in [52], it is clear that the etiology of anorexia of aging 

involves multiple failures in the physiology (Figure 1) [6]. 

Elucidating the age-related alterations in the mechanisms 

associated with the energy homeostasis may lead novel 

strategies for prevention and intervention methods for 

anorexia of aging.  

 

Gastric effects  
 

One of the factors that has been shown to play a role in 

the etiology of anorexia in the elderly is antral stretch is 

[53]. Impaired relaxation of proximal stomach in the 

elderly might also cause rapid antral filling and earlier 

antral stretch [54] which may contribute to early satiation 

[55]. Several studies have reported a decreased gastric 

acid secretion, and slower rate of gastric emptying in the 

elderly (age 70-84 year) compared to young (age 23-50 

year) persons [56, 57]. On the other hand, Madsen et al 

(2004) found no changes in gastric emptying associated 

with age are small in young (20–30 years) versus (74–85 

years) participants. One possible speculation would be 

that the effects of smoking in the older population may 

explain the inconsistency in the results from different 

studies, as it has been shown that smoking delays gastric 

emptying [58, 59]. Thus, studies measuring gastric 

emptying need to control for the smoking habits of the 

participants. Moreover, the studies which demonstrate a 

negative effect of age on gastric acid secretion often fail 

to exclude study participants who are suffering from 

atrophic gastritis or the presence of helicobacter pylori 

(H.pylori) -its causative bacterium [60]. In contrast, 

studies that have excluded study participants with gastric 

disease have reported that no age-related decrease in 

gastric acid secretion [61]. Furthermore, although the 

presence of H.pylori could explain a lower gastric acid 

secretion in elderly persons, when the presence of the 

bacterium was controlled for the negative effect of age on 

pepsin output persisted [61]. Moreover, there is a large 

variability in gastric emptying rate in both between- and 

within-subject [62]. Therefore it is possible that the 

differences that have been shown in gastric emptying in 

older versus younger persons may need to be reconsidered 

based on these concerns.  In addition to several age-

associated changes in gut physiology, altered synthesis, 

secretion and impaired responsiveness to signals from 

both brain and gut are part of the main factors underlying 

the anorexia of aging. There is increasing evidence 

showing the importance of the hormones from the 

gastrointestinal tract (cholecystokinin, glucagon-like 

peptide, ghrelin, Peptide-YY), pancreatic signals (e.g. 

insulin), and adipokines (e.g. leptin) in producing the 
anorexia of aging. In the next sections, we will review the 

evidence for potential role in the anorexia of aging. 

 

Signals from the gut 

 
Cholecystokinin (CCK) 

CCK is released predominately from the I cells in the 

duodenum and jejunum in response to the presence of 

nutrients in the intestinal lumen [63-65]. Higher 

concentrations are associated with a reduction in meal 

size, the duration of a meal, and enhanced perceptions of 

fullness and reduced hunger during the course of a meal 

in both humans and animal models [66-68]. CCK co-

ordinates the release of digestive enzymes from the 

pancreas, stimulates gall bladder contraction, increases 

intestinal motility and inhibits gastric emptying [63, 69]. 

Fatty acids and proteins are particularly potent stimuli for 

CCK secretion, although fat in the triacylglyceride form 

does not cause postprandial elevation of CCK [70-72], 

and fatty acids with chain lengths of 12 or more carbons 

are the most potent stimuli for CCK. Studies with animals 

showed that vagotomised rats do not show the lipid 

induced delay in gastric emptying or suppression in 

subsequent food intake [73, 74], and furthermore 

administration of dexoxyglumide; a selective CCK-1 

receptor antagonist blocks the fatty acid induced slowing 

of gastric emptying, and abolishes the associated 

reduction in the size of a subsequent meal [74]. These 

findings suggest that the CCK gut-brain signalling is a 

vagally mediated process, and this hypothesis is supported 

by reports that the CCK-1 receptor expression in human 

vagal afferent neurons [75, 76]. 

Some studies have suggested an increase in CCK 

signaling with age, which ultimately suppresses food 

intake and resultantly causes weight loss. MacIntosh et al 

[35] reported that elderly persons had higher fasting 

plasma CCK concentrations, and demonstrated greater 

CCK response following intraduodenal lipid infusion. 

However, despite these higher circulating concentrations, 

the older men did not report any change in subjective 

hunger following the nutrient infusion. In another study 

by the same authors, an intravenous CCK-8 infusion, 

caused greater suppression in food intake and higher 

plasma CCK-8 concentrations in the older persons [77]. 

Thus, older individuals have higher fasting concentrations 

of CCK, and they appear to be more sensitive to the 

effects of elevated CCK than younger persons suggesting 

a possibility for an aging-related resistance to the appetite 

suppressing effects of CCK [77].  

 

Glucagon like peptide-1 (GLP-1) 

GLP-1 is mainly released by the L cells of the distal 

small intestine in response to nutrient ingestion [78-80]. 

Following a meal GLP-1 is secreted in two phases; the 
first short rapid release occurs 5-10 min postprandially 

[78, 81], followed by a second delayed and extended 

release occurring 30 to 60 min following the ingestion of 
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a meal. Thus, it is hypothesized that there are two distinct 

mechanisms of GLP-1 secretion. The initial phase, where 

GLP-1 is secreted rapidly into the blood stream, occurs 

before the GLP-1-secreting L cells are in direct contact 

with the nutrients. Therefore it is likely that a proximal to 

distal gut signalling pathway exists to regulate the 

response of the L cells during this initial phase [82]. The 

second, delayed GLP-1 secretion phase may be associated 

with the direct stimulation of the L cells by the ingested 

nutrients. 

Central administration of GLP-1 reduced food intake, 

slows gastric emptying and reduces body weight in rats 

[83]. Furthermore intravenous administration of GLP-1 is 

reported to suppress appetite and reduce energy intake in 

some [84-86], but not all studies [87, 88]. There is 

consistent evidence that GLP-1 can slow the rate of gastric 

emptying, even within a physiological range [89-91], 

which occurs via activation of vagal afferent pathways 

[92]. MacIntosh et al [93] showed that there was no 

difference between young and older persons in their 

plasma GLP-1 following glucose infusion via 

intraduodenal feeding tube which bypassed the antrum. 

However, several others reported increased GLP-1 

responses after a preload meal [94] and to oral glucose in 

older compared to young women [95], suggesting that 

increased GLP-1 may be contributing to suppressed 

appetite and lower energy intake in older individuals. 

 

Ghrelin 

Ghrelin is predominately synthesized by the oxyntic 

cells in the stomach in response to a period of fasting [96]. 

Unlike many of the other gut peptides plasma ghrelin 

concentrations rise in the fasted state [97], and ghrelin 

concentrations are suppressed, rather than stimulated by 

nutrient exposure in the stomach, duodenum, jejunum 

[98], with carbohydrates and proteins more potent 

suppressors of ghrelin than fats [99]. Ghrelin stimulates 

food intake when administered peripherally or directly 

into the brain [100]. Central administration of ghrelin in 

rats has been shown to increase the number of meals 

without causing significant changes to the size of each 

eating occasion [101], resultantly rats ate more and gained 

weight. 

In humans peripheral ghrelin infusion to achieve 

physiological plasma concentrations is a potent stimulator 

of energy intake [102]. The pre-prandial rise in plasma 

ghrelin is associated with an increase in subjective hunger 

ratings [103], suggesting that ghrelin is an important 

signal in meal initiation, opposed to controlling the size of 

meals. Long term infusion of ghrelin in rats creates 

hyperphagia, and results in increased adiposity. It is 
reported that older persons have ghrelin concentrations 

that are a third lower than those observed in younger 

persons [104]. Postprandial ghrelin concentrations were 

higher in undernourished elderly than well nourished 

elderly and young group [105]. However others have 

failed to demonstrate similar results [106]. It is possible 

that differences in BMI between the groups may confound 

the results as BMI is reported to be associated with plasma 

ghrelin concentrations  [107]. Moreover, using total, 

acylated and desacylated forms of ghrelin may confound 

the results; for instance Di Francesco and colleagues [108] 

reported that acylated ghrelin –that is the active 

component of ghrelin, was lower in elderly in fasting 

conditions. Similarly, Bauer et al [109] reported that basal 

and postprandial levels of active and total ghrelin declined 

postprandially (carbohydrate-rich test meal) only in the 

younger (N=15; age=35.4 years) than the older (N=19; 

age=80.7 years) persons. In line with this, they also 

showed that older participants had higher fullness and 

lower hunger self-ratings postprandially in the absence of 

a postprandial decline in ghrelin levels. This indicates a 

clear manifestation of anorexia specific for the elderly. 

Interestingly although both anorexia nervosa and anorexia 

of aging are marked with reduced food intake, the fasting 

and circulating levels of the hunger gut hormone ghrelin 

levels -when compared with the controls, are higher in AN 

patients (vs. healthy controls) whereas lower in anorexia 

of aging group (vs. young persons). This may indicate that 

in AN, the high levels of ghrelin is a consequence of 

reduced food intake whereas in anorexia of aging, the low 

ghrelin levels may be the contributing factor for reduced 

food intake. 

 

Peptide YY (PYY) 

PYY is produced in the small intestine and colon, 

released from the gastrointestinal tract after eating a meal, 

and inhibits energy intake in rats and humans [110]. 

Although PYY concentrations have been shown to 

decrease with age in rats and humans which might 

influence energy intake [111], its role in unintentional 

weight loss has yet to be studied.  

 

Signals from the adipose tissue 

 
Leptin 

Leptin is another possible factor that plays a role in 

the development of aging anorexia. Leptin is an 

anorexigenic hormone secreted by the adipose tissue 

proportionally to the adiposity levels in the body 

influencing long-term energy balance status [112]. In a 

study with healthy elderly (age = 67-78 years; BMI = 18-

36 kg/m2) women, fasting plasma leptin levels were found 

to be higher than the young persons, even after adjusting 

for body fat mass [113]. They also found that leptin and 
insulin levels were significantly correlated in elderly 

women [113]. In another study [114] with an older group 

of elderly individuals (age = 74-82 years; 77.9 ± 1 year (m 
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± SD), postprandial (from 30 minutes to 4 hours) serum 

leptin was also significantly higher compared with the 

young individuals (age = 25-38 years; 29.5 ± 1 year). Di 

Francesco et al [114](2006) also reported that older group 

also had higher levels of serum leptin prior to the meal 

intake, thus leptin concentrations did not change 

significantly postprandially in both groups. They showed 

no time x age interaction effect which indicates that leptin 

did not changes significantly short after a meal [114] 

which is in line with the leptin’s role in long-term rather 

than short-term energy balance [47]. On the other hand, 

Bauer et al [109] reported no difference between old and 

young persons in basal leptin levels and following meal 

ingestion as well as over time in young (N = 15; age = 

35.4 years) and older (N = 19; age = 80.7) groups.  

 

Adiponectin 

Adiponectin or adipocyte complement–related 

protein of 30 kDa is a circulating protein produced and 

secreted from adipose tissue into the bloodstream. It is 

involved in glucose regulation and fatty acid oxidation 

[115] and inversely correlated with body fat percentage in 

adults [116]. Circulating adiponectin levels were found to 

show steep increase by the third week of postnataly and 

became relatively stable therafter in mice [117]. An 

association between insulin sensitivity and circulating 

levels of adiponectin has also been shown in adult mice 

[118] and humans [119]. Cnop et al [120] showed that 

adiponectin positively correlated with age, and negatively 

correlated with BMI. Thus, age-dependent decrease in 

insulin sensitivity, it may be possible that adiponectin 

levels may show age-dependent increases.  

 

Resistin 

Resistin an adipocyte-secreted factor and FIZZ3 [121, 

122], is a 12.5-kDa cysteine-rich protein that is 

specifically expressed in white adipose tissue and when 

released into the circulation it reduces the energy intake 

by a central mechanism affecting the NPY neurons in 

animals and humans and suppresses insulin-stimulated 

glucose uptake in adipocytes [123, 124]. Energy 

restriction reduces resistin gene expression and insulin 

resistance in rodents [125]. To date, there has been no 

study investigating the alterations in resistin or its effects 

have been reported. 

 

Signals from the pancreas 

 

Insulin  
Insulin is one of the principal hormones involved in 

glucose metabolism and one of the satiety signals that acts 
on the arcuate nucleus of lateral hypothalamus to reduce 

food intake [126]. Several studies assessed fasting levels 

of insulin in response to various stimuli such as food 

intake, intraduodenal food administration or intravenous 

CCK, and results varied in different protocols. Several 

studies found that basal levels of insulin elderly and young 

individuals did not show any difference [93, 94, 109, 127], 

whereas significantly higher basal insulin levels in elderly 

compared with young individuals were reported by others 

[104, 105, 114]. 

Di Francesco and colleagues [114]  showed that 

fasting plasma insulin was higher in the elderly than in the 

young persons. They also reported a significant time x age 

interaction effect showing a higher peak of plasma insulin 

at 30min postprandially in the elderly [114]. When the 

elderly group is divided as under and well nourished, 

insulin levels were found to be higher in well nourished 

elderly than in both undernourished elderly and well 

nourished young individuals [105]. Greater rise in blood 

glucose and insulin were shown in elderly compared to 

the young persons following intraduodenal glucose 

infusions [105]. Another study using intraduodenal 

glucose and lipid infusions (on separate days) for 120 

minutes showed that although basal plasma insulin levels 

did not differ, increased significantly in older than 

younger individuals following glucose intraduodenal 

infusions [93]. Interestingly in a similar study with the 

age-matched groups, MacIntosh et al. [77]  observed 

statistically significantly higher basal levels of insulin in 

young than the elderly persons (5.6 ± 0.4 vs. 4.6 ± 0.3 

mU/liter; p < 0.05) and blood glucose concentrations were 

statistically significantly lower in young than in older 

persons at baseline (4.9 ± 0.1 vs. 5.2 ± 0.1 mmol/L; p < 

0.05).  

 

Glucagon 
Glucagon is produced by α-cells in the pancreatic 

islets of Langerhans. Researchers postulated that 

glucagon might contribute to satiety in older adults [23]. 

Glucagon decreases energy intake by reducing meal size 

via a mechanism causing increases in the glucose 

oxidation for energy [128]. In an animal study, there was 

no significant effect of glucagon on food intake as a 

function of age in mice [129, 130]. Melanson et al 
[130]compared older women (N = 8; age = 72 ± 2 yrs) and 

young women (N = 8; age = 25 ± 2 yrs) in their ability to 

maintain normal blood glucose homeostasis following a 

meal consumption. Although young and older women did 

not differ in their hormone and metabolite responses to 

fasting and consumption of a small meal (snacks), 

following consumption of large meals (2092 and 4148 kj), 

older individuals showed higher levels of blood glucagon 

[130]. 

 
Amylin 

Islet amyloid polypeptide (IAPP, amylin), like 

insulin, is produced in the β-cells within the pancreatic 
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islets of Langerhans in response to blood glucose levels. 

Amylin inhibits insulin-stimulated glucose metabolism 

and muscle glycogen synthesis. It slows gastric emptying 

and reduces energy intake through effects on the 

hypothalamus [131]. When administered as an anti-

obesity agent, amylin reduces food intake and lead to 

weight loss in obese patients [132]. However there is 

limited evidence from either animal [128, 129], or human 

studies [133, 134] that aging alters amylin secretion or 

effect. Intraperitoneal administration of amylin has been 

shown to be slightly but not significantly more potent in 

suppressing food intake in young than older rats [135]. In 

humans, basal amylin concentration and increase 120 

minutes following a oral glucose load did not differ 

between older (from 5.3 ± 0.5 to 16.4 ± 2.3 pmol/l) and 

young group (from 4.9 ± 0.5 to 14.1 ± 1.5 pmol/l) [133]. 

However, another study comparing, elderly and young 

study participants amylin responses following an oral 

glucose tolerance test (OGTT) were found to be 

proportional to insulin levels indicating reduced levels of 

amylin (impaired amylin release) in the older compared to 

the younger persons [136, 137]. However, based on the 

insulin sensitivity changes in the elderly, amylin may be 

merely be acting as a marker of impaired glucose 

metabolism [136]. Further studies needed to 

systematically investigate the age-based amylin 

alterations in individuals controlling for insulin sensitivity 

and glucose mechanisms.  
 

Pancreatic polypeptide (PP) 

PP is a 36-amino acid peptide discovered in the early 

1970s. It is synthesized by endocrine F cells of the 

pancreatic islets and secreted from the pancreas 

postprandially in proportion to the amount of calories 

ingested [138]. It reduces energy intake and body weight 

by slowing gastric emptying [139]. In addition, PP is 

expressed in a sparse number of endocrine cells in the 

small and large intestine [140]. It is a satiety signal that is 

released 10–20 min following a meal [141] which 

increases satiety and decreases test meal intake [142]. PP 

also inhibits gastric emptying through centrally mediated 

mechanism that involves the vagal nerves which may also 

be part of the contributors to its appetite reduction role 

[143, 144]. To our knowledge, there are very few studies 

to date investigating the change in PP levels with aging. 

Plasma PP is secreted in a diurnal pattern and shown to be 

higher in the adults older than 35 years [145]. It has also 

been shown that, on the intestinal epithelium, PP can also 

inhibit intestinal electrolyte and water secretion [146] 

which may be a mechanism that can explain the 

constipation that is seen in the elderly [147].  Thus, one 
may speculate that PP may contribute to unintentional or 

involuntary weight loss in elderly people due to their 

anorectic effects.  

Conclusion 

 

Underlying mechanisms regulate energy homeostasis 

may change as people age. It is possible that variations in 

peripheral satiety signals including GLP-1, CCK, leptin 

and ghrelin may be affect the central control mechanisms 

responsible for co-ordination of energy intake control 

signals. In healthy old individuals, hunger signals prevail 

over satiety signals, and this is perhaps an adopted 

response to the age related increasing of BMI up until the 

ages 70 to 75 [6]. It is possible that this adopted response 

may then contribute to the prolonged satiety and 

inhibition of hunger after age 70-75. This condition may 

lead to a calorie deficit and finally to malnutrition in the 

elderly and may be one of the explanations for the 

anorexia of aging in the older individuals. Thus the 

increases in the satiety signals (i.e. GLP-1) due to 

relatively large amounts of fat and the reductions in the 

acylated to desacylated ratio of ghrelin [108], would lead 

to decreased hunger in the elderly. This condition may 

lead to a reduction in energy intake which results in 

anorexia of aging. A similar interplay between hunger 

signal ghrelin and short term satiety hormone CCK has 

been proposed as an explanation for anorexia of aging 

[126]. Energy homeostasis is complex mechanism with 

multiple central and peripheral signals leading hunger and 

satiety. To date, there are signals related to energy 

homeostasis that are yet to be studied [42] such as; 

bombesin, glucose-dependent insulinotropic polypeptide, 

glucagon-like peptide 1, obestatin, orexins, and resistin. 

Moreover, central factors also have highly complex 

pivotal roles in energy homeostasis; however age related 

alterations in central appetite signals in humans are very 

limited, thus we have not included that literature in this 

review.  
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