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Abstract

The anorexia of ageing, a reduction in food intake with increased age, is associated with negative health
outcomes such as sarcopenia frailty, cachexia morbidity and mortality. Pharmacological agents such as
appetite stimulants have been a major focus to combat the anorexia of ageing; however, these medications
are linked to various adverse side effects. Therefore, understanding the physiological causes of reduced
appetite may lead to the creation of innovative intervention strategies in the ageing population. Current
research has identified the pro-opiomelanocortin (POMC) and Agouti-related peptide (AgRP) neuronal
subsets of the arcuate nucleus (ARC) as the centre of appetite regulation. This review investigates the
current understanding of appetite regulation and subsequent dysregulation with age, and the age-associated
changes in the anorectic (appetite-suppression) and orexigenic (appetite-stimulating) pathways, thereby
implicating the POMC and AgRP neurons. It primarily investigates the physiological changes underlying
appetite reduction with ageing to orient future interventions to combat the anorexia of ageing.
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Introduction

The dysregulation of appetite control is common during the natural ageing process, resulting in a reduction
of food intake. This process is often called ‘the anorexia of ageing’ and is associated with sarcopenia, frailty,
cachexia, morbidity and mortality (Simmons et al., 2008). In the elderly population (defined as those 65+
years old), the anorexia of ageing impacts approximately 25 per cent of home-dwellers, 62 per cent in
hospital settings and 82 per cent in nursing home populations (Roy et al., 2016).

Several appetite stimulants have been tested for efficacy as a pharmacological intervention for combatting
appetite reduction in older adults. The main stimulant studied in the malnourished elderly population since
the early 2000s, megestrol acetate (Megace), has demonstrated mixed results in a few small and randomised
trials (Persons and Nicholls, 2007). For instance, one study randomly assigned nursing home residents to
receive placebo or Megace (800mg per day) for 12 weeks, followed by 13 weeks off treatment. There were no
significant differences in weight gain and body composition between treatment groups at 12 weeks. However,
improvements in appetite, quality of life and wellbeing were significantly greater in Megace-treated
residents based on participant feedback. Last, at 25 weeks post-treatment initiation, 61.9 per cent of
Megace-treated residents had gained greater than or equal to 1.82kg compared to 21.7 per cent of placebo
residents (Yeh et al., 2001). However, a later study reported no significant improvement in weight, functional
status or health-related quality of life following a 63-day treatment period of varying doses of Megace
(Reuben et al., 2005). The three-week difference with regards to Megace administration between these two
studies could explain the discrepancy in the results. Therefore, further clinical trials are necessary to discern
the proper Megace dosing regimen in this population.



In addition, the administration of Megace has been linked to adverse side effects such as diarrhoea,
cardiomyopathy, leukopenia, depression and pulmonary embolism (Gurvich and Cunningham, 2000; PDR
Search, 2020). Due to the lack of weight-gain success in limited clinical trials, and several adverse side
effects, Beers Criteria (standards for medication use for those over the age of 65; American Geriatrics
Society, 2019) has labelled Megace as a potentially inappropriate medication to treat cachexia/poor appetite
(AGS, 2022). These findings necessitate further comprehension of the biochemical and physiological basis
for appetite regulation to implement novel intervention strategies (Table 1).

Change with age

Decreased sense of taste

Decreased sense of smell

Decreased gastric motility

Decreased NPY levels

Decreased ORX and MCH
levels

Decreased AgRP levels

Hypoxia-induced weight
loss potentially linked to
ischaemic stroke

Impact on
pathways

Blunts hedonistic
pathway, favouring
anorectic pathway

Blunts hedonistic
pathway, favouring
anorectic pathway

Blunts orexigenic
pathway

Blunts orexigenic
pathway

Blunts orexigenic
pathway and
favours anorectic
pathway

Blunts orexigenic
pathway and
favours anorectic
pathway

Blunts orexigenic
pathway and
favours anorectic
pathway

Interventions

Sorbet Increases
Salivation

Supplementation with
zinc sulphates, Vitamin
A, and Vitamin B3 + the

removal of sucralose

Reduce dietary fat
intake, anti-obesity
medication (Orlistat),
daily bouts of physical
activity

More structured
mealtimes (similar time
each day)

Spread-out mealtimes

Administration of
glucocorticoids and/or
CPT-1inhibitors

Typical treatments for
ischaemic stroke

(aspirin, beta blockers,
nitrates, surgery, etc.)

Example of major ongoing
research questions

Although successful in two
small clinical trials, can this
intervention elicit increased
food intake on a larger scale
and over a longer period of
time?

What is the relationship
between common
drugs/supplements taken by
older adults and the
pathophysiology of
presbyosmia?

What are the health
implications of
reducing/removing dietary fat
from the diet of older adults?
How safe is taking Orlistat
over a continued period of
time? What type of exercise,
and undertaken for how long,
demonstrates the greatest
improvement in gastric
motility in older adults?

Several studies in non-human
models demonstrate increases
in NPY levels, but does the
same occur in humans?

More spaced-out mealtimes
allow more time for digestion,
but what is the physiological
impact on ORX and MCH
levels?

What is the proper dosage of
each medication, and are
there any adverse effects in
prolonged usage?

How do hypoxic conditions
impact AgRP levels? Do
typical ischaemic treatments
help restore baseline levels of
appetite-regulating
metabolites?



Decreased ghrelin levels Blunts orexigenic Ghrelin mimetics and How safe is ghrelin-agonist
pathway liquified meals administration in older adults?
How compliant are older
adults with regards to
maintaining a primarily liquid

diet?

Increased leptin levels Blunts orexigenic Avoid inflammatory Are non-pharmaceutical
pathway and foods, physical activity, approaches to decrease leptin
favours anorectic proper sleep, alpha lipoic  levels effective, or should
pathway acid, fish oil pharmaceutical approaches

be pursued?
Table 1: Approaches to combat the anorexia of ageing.

Note: Hedonistic Pathway: reward and desire to consume palatable food; Anorectic Pathway: appetite
suppression; Presbyosmia: the gradual loss of olfactory abilities that occurs in most people as they grow older;
Orexigenic Pathway: appetite stimulation; NPY: Neuropeptide Y (an orexigenic neurotransmitter located in one of
the neuronal subsets in the ARC); ORX (orexin neurons): ORX neuropeptides enhance gut motility, activated by
NPY; orexigenic neurons; MCH (melanin-concentrating hormone) antagonist for a-MSH, activated by ORX
neuropeptides, orexigenic neurons; AgRP (agouti-related peptide): an orexigenic neurotransmitter located in the
AgRPaRc neuronal subset, an inhibitor of a-MSH; Ghrelin: hunger hormone released from endocrine cells,

activates AgRParc neurons, main controller of orexigenic pathway; Leptin: satiation hormone released from white
adipocytes, activates POMCpgc neurons, inhibits AgRP prc neurons, main controller of anorectic pathway.

Methods

To construct this narrative review, the author searched PubMed using the keywords ‘POMC and AgRP’ and
the filter ‘review’. No time limits were used. One hundred and thirty-seven articles were found (September
2020). Several of these papers, plus additional publications found in the references, were used to construct a
framework of POMC and AgRP action in the ARC and their downstream effects.

For a better understanding of the physiology of ageing and the pathophysiology of the anorexia of ageing,
the phrase ‘anorexia of ageing’ was searched in PubMed. There was no time limit set. Inclusion criteria
included ‘clinical trial’ and participants aged 65+. Twenty-four articles were found (February 2021).
Additional clinical trials cited in the references of these studies were used to complete the narrative review.
Clinical trials investigating pathological and social factors/interventions were excluded, as were studies

regarding anorexia nervosa in elderly populations.

Appetite

Appetite is a part of the energetic equilibrium required for weight regulation. Today, it is evident that
appetite is part of a complex process in which a signalling pathway occurs between the digestive system, the
endocrine system, the brain and sensory nerves to modulate hunger, satiation and satiety. However, this
complex process can be more simplistically thought of as a system composed of two complementary
pathways: the hedonistic pathway and the homeostatic pathway (Andermann and Lowell, 2017). The
homeostatic pathway is driven by internal and metabolic signals (e.g. hormones) to maintain energy balance.
In contrast, the hedonistic pathway is driven by environmental signals (such as food presentation) based on
reward and desire to consume palatable food for pleasure (Berthoud, 2011; Lee and Dixon, 2017). The
intricate nature of appetite regulation depends on the balance of the hedonistic and homeostatic pathways
(Lee and Dixon, 2017). This review will primarily focus on the homeostatic pathway.

Homeostatic appetite



Homeostatic appetite is divided into two general pathways. These pathways are thought of as the anorectic
pathway, which functions by suppressing appetite, and the orexigenic pathway, which functions by ‘de-
suppressing’ appetite. These pathways are centralised in the ARC of the hypothalamus and project to similar
regions of the brain, such as the lateral hypothalamus and paraventricular nucleus (Cui et al., 2017).

Within the ARC exists two distinct subsets of neurons implicated in energy balance. The first subset —
referred to as AgRPpgrc neurons — express AgRP, neuropeptide Y (NPY), and GABA. This subset of neurons
in the ARC modulates the orexigenic pathway and predominately functions through inhibiting the anorectic
pathway, thereby ‘de-suppressing’ appetite (Paeger et al., 2017). The second subset of neurons in the ARC,
referred to as POMCpgrc neurons, express the peptide neurotransmitter POMC and cocaine-amphetamine-
regulated transcript (CART). This subset of neurons in the ARC modulates the anorectic pathway and
functions primarily by activating neuronal networks that suppress feeding (Cui et al., 2017). The subsequent
activation and inhibition of these distinct ARC neuronal populations are controlled by physiological signals
that fluctuate with the body’s energy levels. The peptide hormone leptin is the main controller of the
anorectic pathway, whereas ghrelin is the main controller of the orexigenic pathway (Cui et al., 2017; Figure

1).

Orexigenic Anorectic

Ghrelin

Figure 1: Basic overview of appetite regulation.

Note: Ghrelin and leptin serve as the main controllers of the orexigenic and anorectic pathways, respectively. The
orexigenic pathway in the ARC (AgRP neurons) is stimulated by ghrelin. The anorectic pathway in the ARC (POMC
neurons) is stimulated by leptin. Leptin also inhibits AgRPprc activity (see ‘Ghrelin and leptin changes with age’

below). Activation of the anorectic pathway suppresses appetite, whereas activation of the orexigenic pathway
‘de-suppresses’ appetite through second-order neurons.

Changes with age

Appetite regulation changes with age

Research demonstrates that the physiology of hedonistic and homeostatic appetite control changes with age,
which may contribute to the onset of the anorexia of ageing (Atalayer and Astbury, 2013). A better



understanding of the biochemical and physiological changes in appetite regulation with age may potentially
lead to the creation of new intervention strategies to combat the anorexia of ageing and its negative health

outcomes.

For instance, alterations in chemosensory detection of food play a role in the suppression of appetite in the
elderly population, thereby resulting in decreased food intake (Hays and Roberts, 2006). For example, a
moderate loss of taste occurs during the normal course of ageing in a healthy adult (Schiffman, 1997). This is
demonstrated in a recent cross-sectional analysis of 359 community-dwelling Dutch senior citizens (age 65—
93), which established that 9.2 per cent of the sample had poor taste, and self-reported poor taste was
associated with poor appetite (Fluitman et al., 2021).

In response to this loss of taste with age, a novel pilot test referred to as ‘Sorbet Increase Salivation’ (SIS)
was conducted in the last decade to combat xerostomia (dry mouth) and ultimately increase food intake.
This study demonstrated that elderly subjects who consumed two ounces of lemon-lime sorbet prior to
lunch/dinner ate a more significant amount of food and had significant increases in salivation when
compared to those who consumed a non-citrus drink prior to lunch/dinner. On average, residents consumed
208 * 98 grams of food pre-sorbet compared to 253 + 96 grams of food post-sorbet (Crogan et al., 2014).
Hence, the SIS approach offers a novel method to increase food intake via salivation stimulation while
offering the potential to entice older individuals to eat more. However, this study included a small sample

size (n=22), and demonstrates a need for further studies with larger sample sizes.

In addition, the sense of smell also deteriorates with the progression of ageing (presbyosmia), as older
individuals demonstrate a higher odour detection and recognition threshold (the minimal concentration of
an aroma necessary to be detected by the human nose; Doty, 1991). From 2011 to 2014, the National Health
and Nutrition Examination Survey included a ‘Chemosensory’ component in which it was determined that
about 12 per cent of individuals aged 40 or older experience alterations in their sense of smell, and this value
increases to roughly 40 per cent in those aged 80 or older (NHANES, 2011-2012; NHANES, 2013-2014).
Thus, a deterioration in smell as one ages may dampen the hedonistic pathway of appetite.

Various avenues have been tested to combat presbyosmia, such as the addition of zinc salts and vitamins A
and Bz to the diet, as well as the removal of the organochlorine sweetener sucralose. However, these
approaches have been met with varying levels of success, most likely due to the unique biological effect of
different drug types. Therefore, further research is needed to understand the pathophysiology underlying
presbyosmia to formulate more targeted approaches to restore one’s sense of smell (Schiffman, 1983;
Schiffman, 1997; Schiffman, 2007; Schiffman and Rother, 2013; Schiffman and Zervakis, 2002).

Modifications in the gastrointestinal tract also play a role in decreased food intake in the elderly population
(Hays and Roberts, 2006). Elderly individuals require a longer period to digest the same nutrients when
compared to younger individuals, in which the extra distension placed on the antral stomach (the portion of
stomach that holds broken-down nutrients) is directly related to lower sensations of satiation (Clarkston et
al., 1997; Moriguti et al., 2000; Rolls et al., 1995; Soenen et al., 2015). Sturm et al. (2004) showed that after
pre-loading with a nutrient-rich liquid, the antral area of older individuals was greater than that of younger
subjects who consumed the same nutrient-rich liquid. This extra distention placed on the antral stomach
creates a longer digestion period, as demonstrated by both a slower gastric emptying time (time it takes for
50 per cent gastric emptying) and post-prandial hunger being inversely associated with gastric emptying in
elderly individuals (Clarkston et al., 1997).



One novel approach to improve gastric emptying in older adults has been the use of the obesity management
drug, Orlistat (a pancreatic lipase inhibitor; Drug Bank, 2021). However, to date, there has only been one
clinical trial using Orlistat specifically in older adults. This study, in which Orlistat administration inhibited
the usual decrease in gastric emptying following dietary fat consumption, demonstrated promise. Yet only
nine older adults were studied (Tai et al., 2011), requiring further study to determine efficacy and safety of
this drug.

Therefore, a different approach, such as the participation in regular bouts of light to moderate physical
activity prior to mealtime, may be of benefit to this population (Bi and Triadafilopoulos, 2003). However,
more research is needed to determine the duration and type of physical activity that not only helps improve
gastric emptying in older individuals but also is deemed safe and enjoyable.

Orexigenic pathway changes with age

Orexigenic appetite is regulated by the peptide hormone ghrelin (Cui et al., 2017). Ghrelin is synthesised by
endocrine cells located in the gut and is the only known orexigenic gut peptide. Ghrelin concentrations
increase pre-prandially in humans and during bouts of food deprivation in animals (Cui et al., 2017; Mani et
al., 2019; Uchida et al., 2020). Ghrelin can access the ARC through an incomplete blood-brain barrier
adjacent to the median eminence (Cabral et al., 2017; Uriarte et al., 2018). Inside the ARC, ghrelin’s main
targets are AgRPprc neurons (Méquinion et al., 2020), where it binds the growth hormone secretagogue
receptor (Cui et al., 2017).

Activated AgRPsrc neurons directly innervate the lateral hypothalamus and release NPY neuropeptides into
this brain region (Wasinski et al., 2020). NPY neuropeptides bind to a Class-A G-protein coupled receptor
expressed by orexin neurons found within the lateral hypothalamus (ORXj gy ), triggering the release of an
orexigenic neuropeptide, orexin (Gene Group, 2020; Guo et al., 2018; Okumura and Nozu, 2011). ORX
neuropeptides subsequently diffuse to various regions of the central nervous system, where they bind to
ORX receptors and initiate further orexigenic actions (O’Leary, 2014).

ORX neuropeptides stimulate vagal and spinal nerves (as well as the enteric plexus), mucous and
musculature of the gut (Guo et al., 2018). These areas impact gut motility (Ahima and Antwi, 2008; Baccari,
2010; Bulbul et al., 2010). ORX peptides increase enteric motor neuron activity and smooth muscle
contractility within the duodenum, resulting in enhanced gastric emptying (Squecco, et al., 2011; Figure 2).
The enhanced rate of gastric emptying via enteric ORX peptide excitation thereby stimulates the orexigenic
pathway.
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Figure 2: ORX| ya impacts gastric motility.

Note: Following activation of ORX| ya neurons by the binding of NPY to its receptor, ORX neuropeptides are

released and diffuse to the enteric plexus. Inside the enteric plexus, ORX binds its receptor expressed on enteric
neurons and G cells. This results in the release of enteric ORX peptides, which function by increasing motor
neuron activity and increasing smooth muscle contractility, thereby enhancing gastric emptying.

ARC: arcuate nucleus; GHS-R: growth hormone secretagogue receptor; AgRPprc: agouti-related peptide neurons

in the arcuate nucleus; AgRP: agouti-related peptide; NPY: neuropeptide Y; NPY-R: neuropeptide Y receptor;
ORX| Ha: orexin neurons in the lateral hypothalamus; ORX: orexin neuropeptides; ORX-R: orexin receptor; LHA:

lateral hypothalamus.

The orexigenic effects initiated by activated ORXj 5 neurons extend beyond enhancing gastric motility.
Within the lateral hypothalamus, ORX neuropeptides bind to ORX receptors expressed on melanin-
concentrating hormone neurons (MCHj g5 ). This stimulates the release of MCH neuropeptides, an
antagonist of a-MSH, a key anorectic peptide hormone (see Anorectic pathway changes with age’, below),
thereby blunting the anorectic pathway (Barson et al., 2013; Diniz et al., 2019; Madelaine et al., 2020).

However, changes in the gene expression of key orexigenic proteins throughout the ageing process result in
the suppression of appetite in elderly individuals (Wernette et al., 2011). For example, the gene expression
and resulting protein content of NPY and its receptors decreases with age in rodents (Morley, 2001; Takeda
et al., 2010), resulting in a reduction of ORX;a neuronal stimulation and the consequential blunting of the

orexigenic pathway.

In addition, reduction in the gene expression of the orexigenic peptide hormones ORX and MCH, and a
decrease in the prevalence of ORX receptors located throughout areas of the hypothalamus, are associated
with the normal ageing process (Kappeler et al., 2003; Porkka-Heiskanen et al., 2004, Wernette et al., 2011).



This results in less stimulation of the orexigenic pathway and a decreased ability to inhibit the anorectic
pathway.

To combat these changes, one may alter the meal structure of elderly individuals to include more spread-out
feedings, as this would allow more time for digestion and improve gastric emptying rate (Jackson et al.,
2007). Additionally, the introduction of a day-to-day meal plan may result in increased levels of NPY.
Animals on a trained eating regimen demonstrate increased NPY levels prior to the normal mealtime
(Campos et al., 2012; Chen et al., 2019; Kalra et al., 1991; Yoshihara et al., 1996). However, clinical trials are
necessary to determine the impact of meal timing on NPY levels in humans.

Anorectic pathway changes with age

Leptin is primarily secreted by white adipocytes, which are fat storage cells located in the subcutaneous layer
of skin and between muscles and internal organs (Harris, 2014). Leptin accesses the ARC through the median
eminence (Cui et al., 2017; Scott et al., 2009), and its main targets are POMCagrc neurons (Dodd et al., 2015).
There are at least six leptin receptor isoforms, the longest of which, Ob-Rb, is expressed on POMC r¢
neurons (Harris, 2014; Wauman et al., 2017). Leptin binds Ob-Rb located on POMC pr¢c neurons and activates
the anorectic pathway (Dodd et al., 2015).

Leptin-activated POMCpgrc neurons induce synthesis of the polypeptide hormone precursor, POMC (Cui et
al., 2017; Morton et al., 2006). Activated POMC peptide hormones are processed by several enzymes to form

the small, biologically active peptide acetyl-a-melanocyte stimulating hormone (0-MSH; D’Agostino and
Diano, 2010; Morton et al., 2006; Figure 3).
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Figure 3: a-MSH synthesis.

Note: Following activation of POMCagrc neurons, an enzymatic cascade occurs, culminating with the production

of acetyl-a-melanocyte stimulating hormone. The subscripts indicate the number of amino acid residues
composing each peptide. Ob-Rb: leptin receptor; POMC: pro-opiomelanocortin; PC1/3: pro-hormone convertase
1; Pro-ACTH: pro-adrenocorticotropic hormone; PC2: pro-hormone convertase 2; CLIP: corticotropin-like
intermediate peptide; CPE: carboxypeptidase E; PAM: peptidyl a-amidating monooxygenase; NAT: n-
acetyltransferase.



POMC g neurons directly innervate the paraventricular nucleus (Bell et al., 2018; Cui et al., 2017; Morton
et al., 2006). Following activation, a-MSH enters the paraventricular nucleus and binds melanocortin
receptors (MCR). a-MSH is an agonist for the MCR system constituents, which are imperative for the
continuation of the anorectic pathway (Bell et al., 2018; Cui et al., 2017; Morton et al., 2006).

Within the paraventricular nucleus resides thyrotropin-releasing hormone neurons (TRHpyy ), which
express MCRs (Decherf et al., 2010). The activation of MCRs expressed on TRHpyyN neurons by a-MSH results
in a signalling cascade culminating in the production of triiodothyronine (T3), a regulator of the body’s
metabolic rate (Amin et al., 2011; Campos et al., 2020; Figure 4). Tz administration upregulates
mitochondrial uncoupling proteins (UCPs), resulting in increased internal thermogenesis (Barbe et al., 2001;
Bézaire et al., 2007; Lanni et al., 1999; Mullur et al., 2014; Puigserver, 2005; Silva, 2011; Weitzel et al., 2001).
The increase in internal thermogenesis has been proposed to induce appetite suppression (Coppola et al.,
2004; Harris et al., 2001; Josic et al., 2010; Kong et al., 2004; Perello et al., 2006, Strominger and Brobeck,
1953).
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Figure 4: ARC control of TRH levels.

Note: a-MSH binds MC4R on TRHpyN neurons and initiates the production of cyclic adenosine monophosphate

(cAMP). Following an enzymatic cascade, CREB binds to CRE on TRH promoters in the paraventricular nucleus,
thereby increasing the transcription and translation of TRH neuropeptides. TRH neuropeptides move through the
median eminence to the anterior pituitary and stimulate the production of TSH. TSH moves through the
bloodstream to the thyroid resulting in the production of T4. T4 is converted to the bioactive T3 by the deiodinase

enzyme, D,. Ob-Rb: long form of leptin receptor; POMCpgc: pro-opiomelanocortin neurons in the ARC; (-MSH:
alpha-melanocyte stimulating hormone; MC4R: melanocortin receptor 4; TRHpyN: thyrotropin receptor hormone

neurons in the paraventricular nucleus; cAMP: cyclic adenosine monophosphate; CREB: cAMP response element
binding protein; CRE: cAMP response element; TSH: thyroid-stimulating hormone; Ty4: thyroxine; T5:

triiodothyronine; D,: deiodinase 2; ARC: arcuate nucleus; PVN: paraventricular nucleus.



Like the changes in gene expression in orexigenic signalling proteins, the ageing process has been linked to
changes in anorectic signalling, thus amplifying appetite suppression as one ages (Wernette et al., 2011). For
instance, the ageing process results in reduced AgRP gene expression in rodents (Kmiec, 2006; Zhang et al.,
2004). The reduction in AgRP gene expression ‘de-suppresses’ the anorectic pathway. AgRP is also an
endogenous antagonist for a-MSH (Zhang et al., 2017). Therefore, stimulated AgRPrc neurons in elderly
individuals are not able to suppress a-MSH as effectively as a younger individual, resulting in an inability to
suppress the anorectic pathway. Several avenues to increase AgRP gene expression have been demonstrated
in rodent models, such as the administration of glucocorticoids (Shimizu et al., 2008) and a reduction in
long-chain acyl-CoA in the ARC via carnitine palmitoyltransferase-1 inhibition (CPT-1; Obici et al., 2003).
However, further research is needed not only to determine proper dosing but also to troubleshoot potential

adverse effects of these pharmaceutical approaches.

Finally, research demonstrates that exposure to hypoxia (oxygen deprivation at the level of the tissue)
stimulates weight loss (Kayser and Verges, 2013; Netzer et al., 2008; Quintero et al., 2010), most likely due to
reduced appetite and subsequent decreased food intake (Benso et al., 2007; Kalson et al., 2010; Westerterp
and Kayser, 2006). Interestingly, in hypoxic conditions, ghrelin levels decrease (Matu et al., 2017; Wasse et
al., 2012). At the same time, both leptin (Lippl et al., 2010; Mekjavic et al., 2016; Shukla et al., 2005; Snyder
et al., 2008) and POMC (Varela et al., 2017; Zhang et al., 2011) levels increase, and the effect on AgRP
remains unknown (Kietzmann and Mékeld, 2021). This is an intriguing connection, because roughly 800,000
strokes occur annually in the USA, and approximately 87 per cent of those are considered ischaemic
(inadequate blood supply to an organ or part of the body). Additionally, approximately three-quarters of all
strokes occur in individuals aged 65 years or older (Benjamin et al., 2018). Thus, it appears that there could
be a relationship between hypoxia-induced pathophysiology and the reduction and increase of orexigenic
and anorectic metabolites, respectively. However, new research initiatives are needed to further elucidate
this relationship and discover whether typical ischaemic treatments such as medication, surgery and lifestyle
alterations also impact these metabolites (Mayo Clinic, 2021).

Ghrelin and leptin changes with age

Plasma ghrelin levels decrease during the normal ageing process (Hays and Roberts, 2006). Rigamonti et al.
(2002) showed that normal-weight older subjects exhibited 35 per cent lower ghrelin plasma concentrations
when compared to normal-weight younger subjects. Additionally, in younger subjects, post-prandial ghrelin
levels returned to fasting levels approximately two to four hours after meal completion, while elderly
subjects did not exhibit return-to-fasting level ghrelin concentrations in a post-prandial setting (Di
Francesco et al., 2008).

In contrast to plasma ghrelin decreasing with age, plasma leptin concentrations increase with age (Atalayer
and Astbury, 2013). This is evident by both pre- and post-prandial leptin levels in elderly individuals being
higher than the leptin levels present in younger individuals (Di Francesco et al., 2006; Zamboni et al., 2004).

Therefore, rising leptin levels and falling ghrelin levels are potential targets to combat the anorexia of
ageing. Accordingly, avoiding inflammatory foods (e.g. trans fats, refined sugars), consuming anti-
inflammatory foods (e.g. fatty fish), participating in moderate physical activity, and supplementing with
alpha lipoic acid and fish oil may all aid in leptin stabilisation (Abd El-Kader et al., 2013; Ellulu et al., 2016;
Huerta et al., 2015; Reseland et al., 2001; Shapiro et al., 2008; Spiegel et al., 2004). Also, in the past decade,
steps have been taken to develop ghrelin mimetics, such as macimorelin for the diagnosis of growth



hormone deficiency, anamorelin for the treatment of cancer cachexia, and relamorelin for the treatment of
gastrointestinal disorders (Currow and Abernathy, 2014; Koch, 2013; Van der Ploeg et al., 2014).
Furthermore, liquified meals offer promise of increased appetite in older adults. Elderly individuals who
consume liquified meals exhibit higher post-prandial ghrelin composites when compared to those
consuming isoenergetic solid meals (Tieken et al., 2007). Nevertheless, despite the potential for liquid meals
to increase appetite in older individuals, longer intervention trials are needed to determine compliance to a
predominately liquid-based diet in this population.

Conclusion

Appetite incorporates both hedonistic and homeostatic mechanisms, which are centred through the ARC and
stem out to various regions of the body. Ghrelin and AgRPprc neurons control the orexigenic pathway in
which activation stimulates hunger. Leptin and POMC g neurons, on the other hand, control the anorectic

pathway in which activation primarily suppresses hunger. Comprehension of appetite regulation and the
subsequent biochemical and physiological modifications that occur during ageing allows for the
implementation of intervention strategies to combat the anorexia of ageing. The AgRPrc and POMCarc

neuronal subsets are prime targets for such interventions.
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Glossary

a-MSH: biologically active peptide of POMC; ligand for melanocortin receptors; inhibited by MCH and AgRP
neuropeptides

AgRPR(: refers to the orexigenic neuronal subset of the ARC which contains AgRP, NPY, and GABA

neurotransmitters; green light
AgRP: an orexigenic neurotransmitter located in the AgRPsrc neuronal subset; an inhibitor of a-MSH

Anorexia of ageing: declined food intake with age


https://pubmed.ncbi.nlm.nih.gov/11812848/
https://pubmed.ncbi.nlm.nih.gov/21616199/
https://pubmed.ncbi.nlm.nih.gov/10811540/
https://journals.physiology.org/doi/abs/10.1152/ajpendo.1996.270.4.E589
https://academic.oup.com/biomedgerontology/article/59/4/M396/637791
https://www.sciencedirect.com/science/article/abs/pii/S0197458004001125
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1001112

ARC: located in the hypothalamus near the median eminence, this brain region contains two distinct

neuronal subsets thought to control hunger and satiation
Cachexia: weakness and wasting of the body due to severe chronic illness
CART: an anorectic neurotransmitter located in one of the neuronal subsets of the ARC
Chemosensory: (of a sense organ or receptor) responsive to chemical stimuli

CPT-1: enzyme in the outer mitochondrial membrane that converts long-chain acyl-CoA species to their
corresponding long-chain acyl-carnitines for transport into the mitochondria

Duodenum: the first part of the small intestine immediately beyond the stomach, leading to the jejunum

Endogenous: growing or originating from within an organism

Enteric: relating to intestines

Enteric plexus: a complex autonomic nerve plexus (bundle of nerves and vessels) inside the walls of the

gastrointestinal tract, from oesophagus to anus
GABA: inhibitory neurotransmitter

Ghrelin: hunger hormone released from endocrine cells; activates AGRP sgc neurons; main controller of

orexigenic pathway

Lateral hypothalamus: portion of the brain associated with the orexigenic pathway; contains ORXj ya and

Leptin: satiation hormone released from white adipocytes; activates POMCrc neurons; inhibits AgRPrc

neurons’ main controller of anorectic pathway

MCH]J ya: melanin-concentrating hormone; antagonist for a-MSH; activated by ORX neuropeptides;
orexigenic neurons
CR: main receptor utilised in the anorectic pathway; o-MSH is the predominant ligand

Morbidity: the condition of being diseased

Neuropeptide: a compound containing two or more amino acids in which the carboxyl group of one acid is

linked to the amino group of the other; a neuropeptide would be produced in the brain
NPY: an orexigenic neurotransmitter located in one of the neuronal subsets in the ARC
Ob-Rb: leptin receptor

ORX ya: orexin neurons located in the lateral hypothalamus; ORX neuropeptides enhance gut motility;

activated by NPY; orexigenic neurons

Paraventricular nucleus: portion of the brain that predominantly contains anorectic neuronal subsets such

as TRH and CRH; innervated by POMC ¢ neurons



Peptide: a compound containing two or more amino acids in which the carboxyl group of one acid is linked

to the amino group of the other; a neuropeptide would be produced in the brain

POMC: an anorectic neurotransmitter located in the POMC ¢ neuronal subset

POMC gc:refers to the anorectic neuronal subset of the ARC which contains POMC and CART

neurotransmitters: red light
Post-prandial: of or relating to a meal (before or after)
Pre-prandial: of or relating to a meal (before or after)
Sarcopenia: loss of muscle tissue as a natural part of the ageing process
T3: biologically active thyroid hormone; associated with the regulation of the body’s metabolic rate
TRHpyy: activation results in a downstream signalling cascade culminating in the production of T3

UCP: proton channel found in inner mitochondrial membrane that uncouple oxidative phosphorylation from
ATP, thereby generating heat as a byproduct
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