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Abstract

Objectives: Obesity is considered a worldwide important health problem with continuously increasing prevalence, particularly
among postmenopausal women. Weight gain is one of the major concerns of menopause. Understanding the contributing factors to
postmenopausal obesity helps to reduce its incidence and thus its associated health complications. The present study aimed to review
the role of ghrelin in mediating postmenopausal obesity.

Methods: A literature review was done to understand the possible association between ghrelin levels and obesity in postmenopausal
women.

Results: It was found that the lack of estrogen during menopause increases the serum ghrelin level. In addition, the results revealed
that ghrelin stimulates appetite, changes food preference, and causes an accumulation of visceral fat resulting in weight gain. On the
other hand, ghrelin was found to have many protective effects as an anti-inflammatory and a neuroprotective agent.

Conclusions: In general, the ghrelin hormone is a double-edged sword as it mediates the increase of body weight in postmenopausal
women. More importantly, it plays a considerable role in protecting postmenopausal women from cardiovascular and
neurodegenerative diseases. The selective blockage of appetite-stimulating and metabolic effects of ghrelin may be of a potential

prophylactic or therapeutic effect for postmenopausal overweight and obesity.
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The Burden of Postmenopausal Obesity and its
Contributing Factors

Theincidence of overweight, as well as obesity is increasing
worldwide. Based on the World Health Organization
(WHO) report, obesity prevalence nearly tripled between
1975 and 2016 with a high prevalence among women
where 39% of women aged 18 were overweight in 2016.
Further, the WHO defines overweight and/or obesity
as “an abnormal or excessive fat accumulation that may
impair health” Obesity is also described as “a chronic
disease that is characterized by the excessive accumulation
of fat tissues and increases the risk of so-called civilization
diseases such as cardiovascular and metabolic disorders,
as well as cancers” (1).

Women are at higher risk of overweight or obese,
particularly as they grow older and postmenopausal
women are a particularly vulnerable population for obesity
and its consequences (2). In the United States, 66.3% of
women aged 40-59 years were found to be overweight
and obese with a prevalence rate of around 38.2% (2). The
Family Budget Study data in Brazil revealed that 58.0% and
63.0% of women aged 45-54 and 55-64 were overweight,
out of these, 21.5% and 26.0% were obese, respectively (3).
The increasing prevalence of obesity is directly correlated
with an increase in morbidity and mortality rates (4).

Menopause marks the cessation of menstrual cycles
and is defined as “happening 12 months after the final

menstrual period” It is caused by the depletion of the
gonadal follicles and a decrease in estrogen secretion.
Premenopause is known as a period of quite regular
menses that precedes menopause, which refers to the
duration of 3-12 months with irregular bleeding preceding
menopause. The increased incidence of weight gain among
postmenopausal women is also accompanied with a high
incidence of several diseases such as diabetes, metabolic
syndrome, cardiovascular diseases, and even cancer (5,6).

In addition to the genetic predisposition, many other
factors contribute to the increase in body fat accumulation
in postmenopausal women (7). Contributory factors
include the ethnic group, reduced lean body mass,
diminished resting metabolism, and the use of certain
medications such as steroids, glitazones, and insulin (7),
as well as the lack of estrogen and reduced physical activity
as the main reasons of this condition (8). The reduction
in the estrogen level during menopause, along with its
associated alterations in fat metabolism and deposits
plays a fundamental role in the prevalence of such health
problems among postmenopausal women. In conditions
of hypoestrogenemia, the fat tends to deposit around
visceral organs (9,10).

The adipose tissue is classified into white and
brown fatty tissues. The white adipose is divided into
subcutaneous fat, which is accumulated below the skin,
and visceral fat that surrounds the internal organs such
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as kidney, liver, and intestine. Adipocytes, as the main
cells of the adipose tissue, undergo hypertrophy and
hyperplasia in response to increased triacylglycerol
storage and this leads to an alteration in their metabolic
activities. In addition, adipocytes secrete substances
known as “adipokines such as leptin and adiponectin” that
play a role in insulin sensitivity and the regulation of food
intake and subsequently body weight. Recent studies have
shown a strong correlation between increased incidences
of diseases with obesity, particularly visceral obesity (11).

The maintenance of body weight relies on balancing
energy input with energy expenditure. Further, energy
homeostasis is controlled by many central and peripheral
peptides such as ghrelin, leptin, adiponectin, and insulin.
The alteration of one of these peptides or more during
menopause may contribute to a change in body weight and
itscomposition (12). Inaddition to the role of the alterations
of these peptides in causing obesity, they are claimed to
be the reason behind the difficulty in weight reduction,
as well as the maintenance of this reduced weight among
postmenopausal women even with intensive behavioral
weight loss programs (13). Furthermore, the alteration
of these adipokines contributes to the development of
postmenopausal obesity-associated conditions such as
insulin resistance, coronary heart diseases, and impaired
cognitive function (14,15).

Ghrelin Hormone in Postmenopausal Women

Ghrelin, as a growth hormone secretagogue (GHS)
peptide, is chemically formed of 28-amino acids and is the
only known appetite-stimulating or orexigenic peptide
(16). The gastric oxyntic cells are considered as the main
ghrelin secreting cells (17) that are characterized by their
close contact with the capillaries, suggesting the endocrine
functions of ghrelin (18). Ghrelin is also synthesized in
small quantities in the rest of the gastrointestinal tract by
another kind of ghrelin-producing cells which lies in close
contact with the lumen of the intestine (19). These two
different kinds of cells may play distinctive physiological
functions. In addition, ghrelin manufacturing is attributed
to placenta, pancreas, kidney, pituitary, and hypothalamus
(20).

Circulating ghrelin has unacylated and acylated
forms. The acylated form is also known as “ghrelin
or AG” and represents 10% of the whole circulating
ghrelin (21). The actions of ghrelin are mediated by two
subtypes of G-protein-coupled receptors, type la and
1b GHS receptors (Rs), which are found in the pituitary,
hypothalamus, kidney, or adipose tissues (21).

In addition to its effect on appetite and body weight,
ghrelin plays an essential role in glucose homeostasis. It also
stimulates the motility and secretion of the hydrochloric
acid by the stomach and inhibits the secretion of pepsin
(21). Further, the serum level of ghrelin increases during
starvation, weight loss, and upon the increase in blood
insulin levels while it decreases during the period of

satiety after meals, especially fat and carbohydrate-rich
meals (22).

The unacylated form of ghrelin that is also referred to
as “des-acyl ghrelin or DAG” demonstrates the dominant
plasma form (90%). It was thought earlier to be an inactive
form of the ghrelin because it could not bind to GHSR1a,
the type of ghrelin receptors that mediates the biological
actions of the ghrelin (16). Later, it was found that DAG
plays a crucial role in many physiological functions and
pathological conditions (23). It is considered as a separate
hormone that acts independently or together with AG
(24). Obese subjects exhibited an increase in their DAG
plasma levels associated with unchanged AG levels,
indicating the role of body weight in the regulation of DAG
(25). Moreover, DAG promotes the loss of body weight
by reducing fat mass and AG. It also enhances glucose
utilization by increasing postprandial insulin release
and insulin sensitivity (26) The association between the
effect of DAG on the postprandial glucose level and the
pre-prandial levels of AG reflects the regulatory role of
DAG in individuals with relatively increased AG levels
(24). It should be noted that DAG effects are not blocked
by GHSRla-blockers contrary to the effectiveness of
such blockers on inhibiting AG-mediated insulin release
(27,28).

There are conflicting findings regarding the role of
ovarian hormones in regulating ghrelin secretion. Thus,
“estradiol exerts a tonic inhibitory effect on ghrelin
release in females” as evidenced by the increase of food
intake, body weight, plasma ghrelin level, hypothalamic
neuropeptide Y, as well as agouti-related protein mRNA
expressions that were reported after ovariectomy
(OVX), an experimentally induced menopause (29). It
was suggested that the increased food intake following
OVX is because of “releasing ghrelin secretion from the
tonic inhibitory effect of estradiol”. These data suggest
that “estradiol inhibits the orexigenic action of ghrelin
in females and that weight gain associated with OVX is
ghrelin-mediated” (29). This drives the attention toward
the possible role of ghrelin in mediating postmenopausal
obesity and the potential effectiveness of ghrelin
antagonists as a treatment of postmenopausal obesity.
Contrarily, it was shown that short-term exogenous
estrogen did not modify the ghrelin level in neither
premenopausal nor post-menopausal women, suggesting
that “ovarian hormones are not involved in the regulation
of ghrelin secretion in women” (30).

The enhanced appetite and visceral fat accumulation
in postmenopausal women may be caused by an increase
in the ghrelin level which may also explain the difficulty
that postmenopausal women face in maintaining weight
loss (Figure 1). Obesity-associated complications,
especially visceral obesity is linked to an increase in the
levels of some inflammatory markers, along with an
alteration in adipokines. A study conducted by St-Pierre
et al on the association between the serum ghrelin level in
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Figure 1. Ghrelin as a Mediator for Postmenopausal Obesity.

overweight and obese postmenopausal women with some
inflammatory markers such as tumor necrosis factor-alpha
(TNF-alpha) showed a positive association between AG
and TNF-alpha (31), reflecting the role of a high ghrelin
level in overweight and obese postmenopausal women in
mediating the associated complications.

However, conflicting reports exist on the impact of
visceral fat versus subcutaneous body fat on the ghrelin
level. Ikezaki et al reported a negative association
between visceral fat and the ghrelin level, explaining that
higher insulin resistance which accompanies visceral fat
accumulation results in the inhibition of ghrelin secretion
(32). This was contradictory to the results reported by
Sondergaard et al on the visceral fat as a strong predictor
of the serum ghrelin levels in premenopausal women.
Based on their results, higher levels of visceral fat led to
higher ghrelin levels (33). These studies indicate that the
correlation between the ghrelin level and the visceral fat
differs in different premenopausal women, which could
be due to the hormonal changes associated with the
transition from pre- to postmenopause.

It seems that an increase in the ghrelin level in both
overweight and obese postmenopausal women represents
a physiological response as evidenced by the reported
beneficial effects of ghrelin such as being a vasodilator (34)
and having anti-inflammatory properties (34-36). The
lower concentration of ghrelin was found to be associated
with carotid atherosclerosis (37) and stroke (38). For
instance, Karim et al concluded that “postmenopausal
women greater than 10 years into menopause had
significantly lower concentrations of ghrelin compared
with women within 6 years of menopause, which
can partially explain the increased risk of stroke and
cardiovascular diseases in this population among older
postmenopausal women” (39).

Similarly, Isomoto et al found the anti-inflammatory
effect of ghrelin and reported the gastroprotective
effect of the increased ghrelin level in acute gastritis,
a response which is associated with an occurring
inflammatory process (40). Ghrelin causes an increase in
the local blood flow and the production of prostaglandins
(20,40,41). These findings may explain the higher ghrelin
concentrations in lean individuals and patients with
chronic liver disease, celiac disease, bulimia, or anorexia
nervosa (42,43). The use of combined oral contraceptives

increases the concentration of ghrelin in women with
severe malnutrition (44). Conversely, lowering the
concentration of ghrelin is linked to obesity and insulin
resistance (45). In addition, ghrelin was found to show
a neuroprotective effect on mitochondrial respiration
through its stimulatory effect. In higher brain functions,
ghrelin takes part in the regulation of the “sleep-wake
state” (46), as well as “learning and memory consolidation”
(47). All these beneficial actions of ghrelin make it very
important for aging women and attract attention to its
potential therapeutic effects for many neurodegenerative
diseases that are common in old individuals including
postmenopausal women (48). The change in the ghrelin
level during the stage of perimenopause was also found to
be associated with the alterations of other adipokines such
as adiponectin as compared to pre- and postmenopause
stages (49).

In general, the findings of previous studies on the ghrelin
level in and its effects on postmenopausal women indicate
that the increase of ghrelin hormone after menopause
is a physiological response to the post-menopausal-
inflammatory response. Further, ghrelin acts as an anti-
inflammatory hormone and provides many protective
actions although it simultaneously increases food intake
and fat accumulation leading to more inflammation. An
increase in body weight to a certain level or maybe through
a negative feedback mechanism leads to a reduction in the
ghrelin level with the advance of postmenopause during
the following years. This could cause the worsening of
the associated inflammation and explain the increase of
the risk for different diseases. Accordingly, the selective
inhibition of the orexigenic effect of ghrelin or the
prolongation of the satiety time may be of value in treating
postmenopausal obesity.

Changes in Satiety in Postmenopausal Women and the
Role of Ghrelin

Satiety is the time interval between the meals with no
hunger. The termination of this interval coincides with
the feeling of the hunger and intake of the next meal that
is correlated with the increase of ghrelin and the decrease
of leptin, which is considered as the satiety hormone
(50). The alterations in ghrelin and leptin levels with
menopause are also related to the changes in olfaction and
gustation which play a great influence on food preference
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and feeding behaviour (49). This was evidenced by the
enhanced expression of ghrelin and its receptors reported
in type I, II, and III taste bud cells. The response to the
citric acid and sodium chloride was lower in the GHS-R
null mice as compared with wild-type controls (51). A
recent study investigated the olfaction and taste functions
in obese female patients and their association with serum
ghrelin and leptin levels compared with healthy controls.
Based on the reports, an inverse relationship was found
between the serum level of leptin with olfaction and taste
while there was an insignificant correlation between the
ghrelin level and the alterations in both sensations (52).

Conclusions

Overall, ghrelin is a major peptide for food intake
stimulation in addition to its positive energy balance-
promoting effect and weight gain. It is suggested that
antagonizing the effects of ghrelin by receptor antagonists
blocks the transmission of orexigenic signals from the
gastrointestinal tract to the brain and, subsequently, may
be used as effective anti-obesity therapies. As a result, the
developmentofghrelinantagonistsisanareaofinvestigation
on the part of pharmaceutical companies. Thus, it will
be of great interest to investigate the effectiveness of
interventions that aim to decrease the circulating ghrelin
levels or targeting its receptor antagonists in treating the
weight gain of the postmenopause, as well as its associated
complications.
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