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Ghrelin in Pathological Conditions
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Abstract.  The recently identified gastric hormone ghrelin was initially described as a natural Growth Hormone
Secretagogue Receptor ligand.  Apart from ghrelin’s first discovered action, which was the stimulation of Growth
Hormone release, implications for many other functions have been reported.  It seems that ghrelin exhibits an important
role in conditions related to processes regulating nutrition, body composition and growth, as well as heart, liver, thyroid or
kidney dysfunction.  In this review, current available knowledge about ghrelin’s role in various pathological conditions is
presented.
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THE gastric hormone ghrelin was first identified as an
endogenous ligand for the former orphan receptor
Growth Hormone Secretagogue Receptor 1a (GHS-R)
[1–4].  Its discovery is an example of reverse phar-
macology, meaning that it started with the synthesis
of analogues [Growth Hormone-Releasing Peptides
(GHRPs)] and Growth Hormone Secretagogues (GHSs)
[5, 6] and it ended with the discovery of a natural
ligand [7] via the discovery of a natural receptor [2].
GHS-R is a classical G-protein coupled receptor, con-
sists of 366 amino acids and it was found to contain
seven putative alpha-helical membrane spanning seg-
ments and three intracellular and extracellular loops.
It is distributed widely in the anterior pituitary and in
both hypothalamic and non-hypothalamic regions.
Surprisingly, higher GHS-R stimulation activity was
also found in stomach extracts by Kojima et al., who
were also able to identify its purified endogenous
ligand, ghrelin [7].  The term “ghrelin” contains “ghre”
as an etymological root for “growth” in many languages
[8].  “GH” and “relin” also represent an abbreviation

for “growth-hormone-release”, a characteristic effect
of ghrelin [3, 9].

Human ghrelin gene is located on chromosome 3
and consists of 4 exons and 3 introns.  Human and rat
genes that encode ghrelin are similar to the ones in the
mouse [10].  The product of the gene transcription is
processed by alternative splicing to yield two different
mature mRNAs, which produce the ghrelin precursor
and des-Gln 14-ghrelin.  Both these two peptides are
biologically active, although the presence of lower
amounts of des-Gln 14-ghrelin in the human stomach
suggests that ghrelin is the major active form [3].

Ghrelin precursors, as discovered in rats and humans,
consist of 117 amino acids [11] and the ghrelin sequence
immediately follows the signal peptide.  Ghrelin is a 28-
amino acid peptide with an n-octanoylation at Ser3.
This n-octanoyl modification is needed in order to
keep ghrelin functional [11].

Also, from the ghrelin precursor protein derives
obestatin, a recently identified 23-amino acid peptide
which has originally been described to suppress food
intake, inhibit jejunal contraction and decrease body
weight gain [12].  Furthermore, four other minor
ghrelin-derived molecules have been isolated from rat
stomach including octanoyl ghrelin-(1-27), decanoyl
ghrelin, decanoyl ghrelin-(1-27) and decenoyl ghrelin.
All these molecular forms of ghrelin were also found
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in human plasma and stomach [13].
Ghrelin mRNA is expressed in several tissues.  In

the stomach, ghrelin-containing cells are found to be a
distinct endocrine cell type in the submucosal layer of
the stomach, known as X/A like cells, that represent a
major endocrine population in the oxyntic mucosa
[14].  These cells contain round, compact, electron-
dense granules and are filled with ghrelin [15].  The
fact that adult human plasma ghrelin concentrations
are 100–120 pmol ghrelin ml–1 indicates that ghrelin is
secreted into blood vessels, to circulate throughout the
whole body [15].  Ghrelin is also expressed in other
tissues, such as hypothalamus [7], pituitary [16], heart
[17], the small and large intestine [15], placenta [18],
pancreas [19], kidney [20], testes [21], lymphocytes
[22].

Apart from GH-releasing effects there is a recent
large quantity of information on ghrelin’s action in-
cluding hypothalamic activities [23], influence on the
pituitary-gonadal axis [24], stimulation of appetite [11,
25, 26] , influence on sleep [27, 28] and behavior [29],
control of gastric motility [30] and acid secretion [31,
32].  It also exhibits action on the cardiovascular sys-
tem, [33] the immune system [22] and on neoplastic
cells [34] and induces adiposity [25].  Ghrelin levels
change significantly throughout development.  The
highest levels are found during early postnatal life,
when growth hormone begins to exert its effects on
growth and important changes in food intake occur
[35].

In order to determine the physiological role of
ghrelin genetic studies have been carried out.  Ablation
of ghrelin resulted in no significant difference in size,
growth rate, food intake, body composition and repro-
duction between ghrelin-null (Ghrl–/–) mice and wild-
type littermates [36].  Exogenous ghrelin stimulated
appetite in both Ghrl–/– and wild-type mice [36].  It
has also been reported that male Ghrl–/– mice exhibit-
ed no rapid weight gain induced by early exposure to a
high-fat diet 3 weeks after weaning [37].

Given this wide spectrum of biological activities, it
is evident that the discovery of ghrelin opened many
new perspectives within neuroendocrine and metabolic
research [38, 39].

In this review, ghrelin is examined in relation to
various clinical conditions, aiming to find out whether
ghrelin plays a role for or against them.

Ghrelin and Growth Hormone release

The pattern of GH secretion is complex and is
regulated positively by Growth Hormone Releasing
Hormone (GHRH) and negatively by somatostatin
(SS), two neurohormones that interact functionally at
both hypothalamic and pituitary levels, and whose in-
teractions are responsible for the pulsatile GH release
pattern in mammals [40].  Ghrelin, whose first discov-
ered action was the stimulation of GH release [41]
seems to act either by directly activating the Central
Nervous System receptors located inside or outside the
blood-brain barrier or by peripheral activation of the
vagal nervous system [42].

There is some evidence indicating the regulating
role of ghrelin in GH release [41, 43].  It has been re-
ported that GHRH infusion increased pituitary levels
of ghrelin RNA and that, decreased hypothalamic se-
cretion of GHRH, caused decreased pituitary ghrelin
expression, indicating that pituitary ghrelin expression
is GHRH dependent [44].  Furthermore, it seems that
ghrelin-induced GH secretion is exerted via a hypotha-
lamic point of action, as suggested by a recent report in
which exogenous ghrelin was unable to significantly
increase GH release in patients with hypothalamic
organic lesions, suggesting that the GH response to
ghrelin in vivo requires an intact endogenous GHRH
system [45].  Also, an undamaged GHSR system
seems to be important for ghrelin to exert its GH-
releasing and appetite-stimulating actions [46, 47].

Ghrelin levels seem to differ between the two sexes,
as basal ghrelin concentrations in women during the
late follicular stage are higher than those of men [48],
explaining, at least in part, the differences in GH secre-
tion between the two sexes.

It has been proposed that ghrelin rejuvenates the
GH/IGF-1 axis.  Chronic administration of either the
exogenous GHSs, or ghrelin, has been reported to ele-
vate the lowered GH levels due to ageing [49].  On the
other hand, ghrelin levels are lowered in acromegaly,
when GH levels are elevated [50].  These two findings
indicate the existence of a possible feedback effect of
GH upon ghrelin.  Furthermore, the pattern of ghrelin
fluctuations is similar to that of GH and Insulin like
Growth Factor 1 (IGF-1) secretion [4, 51].

GHRH seems to be the primary stimulator of GH se-
cretion and ghrelin plus GHRH seem to be more effec-
tive than either peptide alone upon GH secretion [52].
Furthermore, somatostatin and metabolic compounds
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(glucose or free fatty acids) have no inhibitory effect
on ghrelin-induced GH release, unlike GHRH-induced
GH release, which is restrained by somatostatin [53].

It seems that there is a reduction in the number and
size of GH-immunoreactive cells in aged human pitu-
itary [54] a state in which GH secretion is impaired
[40].  Ghrelin administration might be more effective
in treating GH-deficiency in states, such as aging, than
administration of either GH or GHRH alone [40].

Ghrelin and pathological conditions of Growth 

Hormone hypersecretion or deficiency

In patients with active acromegaly, elevated GH and
IGF-1 levels cause an impaired inhibition in glucose
uptake and stimulation in glucose output, representing
a state of insulin resistance [50, 55, 56].  Fasting serum
ghrelin levels have been reported lower than [50, 55,
57] or similar to healthy controls [65, 66] in patients
with active acromegaly.  Ghrelin levels in acromegaly
have been reported negatively correlated to IGF-1 [59]
and low basal levels of ghrelin are not further reduced
during the Oral Glucose Tolerance Test (OGTT) [55],
implying that ghrelin secretion depends on insulin re-
sistance induced by GH, together with some degree of
a putative GH-IGF-1 negative feedback control [59].
Furthermore, ghrelin seems to affect both pituitary and
Gastro-Entero-Pancreatic hormone secretion in pa-
tients with acromegaly, as in normal subjects [60].

Ghrelin is expressed in many types of pituitary ade-
nomas, including those in patients with acromegaly,
enhancing the development of adenoma cells via auto-
crine and/or paracrine pathways [61].

Treatment of acromegaly, which consists of admin-
istration of Growth Hormone Receptor (GHR) antago-
nists [62–70], somatostatin analogues (octreotide and
lanreotide) [50, 58, 71–73] or surgical treatment [50,
57, 58, 74], results in diverse ghrelin levels.  Treat-
ment with octreotide has successfully suppressed pre-
viously elevated GH and IGF-1 levels [50, 71–73] and
ghrelin secretion [45] in acromegalics.  Surgical trans-
sphenoidal removal of a GH-secreting tumor has also
been used in order to eliminate the cause of GH excess
and is followed by an improvement of insulin sensitiv-
ity [50, 57, 74].  Ghrelin levels have been reported to
increase after successful transsphenoidal surgery fol-
lowed by normalization of GH and IGF-1 [50, 57, 58],
suggesting a preoperative ghrelin suppression caused
by GH/IGF-1 hypersecretion.  In contrast, treatment

with octreotide seems to cause a persistent suppression
in serum ghrelin levels in acromegalic patients [50, 57,
58, 61], as in healthy subjects [61, 75] possibly via a
direct effect of octreotide on ghrelin-producing gastric
cells [50].  Given the fact that the diagnosis and the
post-treatment evaluation of the disease activity, based
on the post-glucose nadir value or GH and IGF-1 levels
have some limitations [56, 74] , ghrelin levels might
be useful for diagnostic purposes [74] or for post-
treatment assessment of cure.

Patients with Growth Hormone Defeciency (GHD)
show lower levels of GH and IGF-I [59, 76].  Plasma
ghrelin levels in GHD patients have been reported
similar to [59, 76] or lower [77] than those of healthy,
Body Mass Index (BMI)—matched subjects.  Ghrelin
was found not to be correlated to either GH or IGF-1
in GHD patients [48, 59, 76].  However, in GHD,
ghrelin was found inversely correlated with waist
circumference and waist-to-hip ratio, suggesting that
ghrelin concentrations are influenced by body fat
distribution in both normal and GHD subjects [76].

Another syndrome usually characterized by GH de-
ficiency, hypogonadotropic hypogondism, obesity and
hyperphagia is the Prader-Willi Syndrome (PWS), a
complex genetic disorder caused by lack of expression
of paternally inherited imprinted genes on chromo-
some 15q11-q13 [78].  Studied in children and in
adults with PWS fasting ghrelin has been reported to
be higher than in BMI and percent body fat-matched
controls [79, 80].  Furthermore, in children with PWS,
ghrelin levels were decreased after a meal, indicating
that the regulation of meal-induced ghrelin suppres-
sion is still operative during childhood [81], although
such a decrease postprandially is not observed in PWS
adults [80].

Hexarelin, a GHS [82, 83] , GHRH [52, 63] and
human recombinant GH (rhGH) [77, 84] , have long
been used for treatment of GHD.  One year of treat-
ment with rhGH in GHD adults resulted in an increase
in the previously low fasting ghrelin levels, related
possibly to the reduction of BMI and percentage of
body fat accompanying rhGH therapy.  On the other
hand, short-term (7 days) treatment of GHD with
rhGH resulted, as expected, in increased levels of
IGF-1 and further decrease in ghrelin’s levels, possibly
due to an inhibitory feedback between GH/IGF-1 and
ghrelin [77].

More experimental data are needed in order to clarify
the exact impact of ghrelin on GH/IGF-1 axis, and
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therefore propose a role for ghrelin in diagnostic pro-
cedures or treatment of GHD.

Ghrelin and Obesity

The growing prevalence of obesity and eating disor-
ders has led to an increasing interest to investigate the
mechanisms involved in energy homeostasis and food
intake.  A complex physiological system exists to bal-
ance energy expenditure, composed of both afferent
signals and efferent effectors [85].  Ghrelin was found
to be one of the most powerful orexigenic and adipo-
genic agents known in mammalian physiology [11,
25], stimulating appetite and increasing food intake
when administered intravenously in healthy humans
[26].  Ghrelin functions as an orexigenic signal from
the gut to the brain [86], is expressed mainly in the
stomach and its immunoreactivity has also been found
in the arcuate nucleus of the hypothalamus [87].  Plas-
ma ghrelin concentrations rise progressively during
fasting and fall to a nadir within an hour of eating [86,
88].  Its effect seems to be mediated via stimulation of
a population of arcuate nucleus neurons [87], which co
expresses two orexigenic peptides: neuropeptide Y and
agouti-related protein.  The nucleus is located at the
base of the hypothalamus on both sides of the third
ventricle and due to the weak blood-brain barrier in
this region, it is exposed to peripheral signals such as
circulating adrenal and gonadal steroids and large pep-
tides such as leptin and insulin [86, 89].

Ghrelin secretion is up-regulated under conditions
of negative energy balance and down-regulated in the
setting of positive energy balance, and is negatively
correlated with BMI, body fat mass, adipocyte size,
plasma insulin levels, plasma glucose levels and plas-
ma leptin levels [51].  Interestingly, the ratio of fasting
ghrelin to obestatin was positively correlated to BMI
and was found higher in obese than in controls, despite
the fact that it decreased in both groups postprandially,
suggesting a possible involvement of high preprandial
ratio in the pathophysiology of obesity [90].

The effect of ghrelin on metabolism seems to be
opposite to that of leptin [3, 7, 91–93].  In obesity,
ghrelin plasma levels are decreased, possibly indicating
physiological adaptation to positive energy balance
rather than an involvement in the etiology of obesity
[94–97], although a blunting in the nocturnal rise in
ghrelin concentrations in obese subjects might be an
important element in obesity biology [96].

Many efforts are currently being made towards the
modulation of the bioavailability of an endogenous
orexigenic factor, such as ghrelin, in order to treat obe-
sity.  In vitro generated biostable RNA-based com-
pounds that specifically bind n-octanoyl ghrelin have
been used successfully in experimental animal models,
aiming to inhibit ghrelin-mediated GHS-receptor
activation [98].  Furthermore, vaccination of rats with
ghrelin immunoconjugates resulted in decreased feed
efficiency and body weight gain and reduction of body
fat [99].

Ghrelin and Eating Disorders

A number of experimental data have clarified that
nutritional conditions regulate GH secretion [23, 51]
and indeed undernutrition and fasting are associated
with enhanced GH secretion in human, whereas over
nutrition, exemplified by obesity, is characterized by
suppressed GH release [94].  Anorexia nervosa (AN)
is a state of chronic under nutrition in which GH secre-
tion is highly disordered and, on the whole, markedly
enhanced.

Mean fasting levels of plasma ghrelin in both sub-
types of AN patients, the dietary restricting form (AN-
R) and the binge-eating/purging form (AN-BP), were
found significantly elevated compared to healthy,
BMI-matched, subjects [97, 100].  Both BMI and the
presence or absence of binge-eating/purging seems to
have some influence on fasting plasma ghrelin levels
in these patients.  Fasting ghrelin levels in AN-BP
patients were reported to be significantly higher than
that in AN-R ones and plasma ghrelin concentrations
in both forms of the illness were negatively correlated
with BMI [101].  Absence of influence of high plasma
ghrelin concentrations on feeding in patients with AN
could suggest a lack of sensitivity to circulating
ghrelin.  It seems that up-regulation of ghrelin under
conditions of negative energy balance may represent a
negative feedback mechanism in order to maintain
energy balance [97].  For all that, exogenous ghrelin
administration is unlikely to be effective as a single
appetite stimulator for this patient group [102].

On the other hand, ghrelin levels in subjects with
bulimia nervosa (BN), an eating disorder characterized
by habitual abnormal binge eating behaviour, have
been reported to be elevated compared to healthy
controls [103], possibly inducing hyperphagia in BN
patients.  Ghrelin levels in this patient group have been



GHRELIN IN PATHOLOGICAL CONDITIONS 443

reported negatively correlated to BMI [103–105] and
other nutritional parameters, such as percent body fat
[105].  A relationship between plasma ghrelin levels
and habitual binge-eating and purging seems difficult
to be established.  Ghrelin in BN purging type (BN-P)
has been reported higher than in both BN-non purging
(BN-NP) and healthy controls [105].  In addition, both
BN-P and AN-BP subjects have shown significant cor-
relation among plasma ghrelin values, frequencies of
binge-purge cycles and serum amylase values [105].
On the other hand, in a recent report, women with
binge-eating and purging behaviour had lower ghrelin
levels than women with AN-R [104].  Either ghrelin
levels are influenced by habitual binge/puging or
ghrelin concentrations simply reflect the nutritional
status and energy imbalance regarded in these forms
of eating disorders.

Studies conducted to determine the degree of herita-
bility of eating disorders have yielded some interesting
results, showing either genetic susceptibility to AN
[106] or BN-P [107, 108], or no correlation of any of
the ghrelin gene variants with eating disorders [109].
The dissimilarity observed in various studies including
ghrelin gene polymorphisms, may possibly be attribut-
ed to different study populations.

Ghrelin and Diabetes

The influence of ghrelin on insulin secretion has
been studied extensively.  There are conflicting results
from animal studies, suggesting a stimulatory [19, 110,
111], or inhibitory [112, 113] effect of ghrelin on insu-
lin.  In humans, studies demonstrate that ghrelin exerts
modulatory action on insulin secretion and glucose
metabolism [113], suggesting a negative association
between ghrelin and insulin [88, 114–116].  Intrave-
nous administration of glucose and insulin failed to
suppress serum ghrelin, contrary to oral meal effect,
suggesting that, besides insulin, other referring signals
from the gastrointestinal track possibly interfere with
the postprandial ghrelin suppression [117].

Basal ghrelin levels were found to be decreased
compared with healthy subjects in children with newly
diagnosed Type 1 Diabetes Mellitus (T1DM), both at
the time of diagnosis and after 1–4 months of insulin
treatment [118].  Moreover, it has been suggested that
basal insulin secretion is essential for meal-induced
ghrelin suppression, as shown in a study comparing
postprandial ghrelin levels in patients with T1DM

given intravenously prandial doses, basal doses or no
insulin during meal intake [119].

Low plasma ghrelin has been associated with insulin
resistance, hypertension and Type 2 Diabetes Mellitus
(T2DM) [120].  In T2DM subjects, basal ghrelin
concentrations were found to be lower compared to
normal and to obese normoinsulinemic subjects, whilst
postprandial ghrelin suppression was attenuated in
both diabetics and hyperinsulinemic patients [121].

It has also been shown that among patients with
T2DM, obese patients had lower and lean patients’
higher fasting plasma ghrelin concentrations than
normal-weight patients.  Fasting plasma ghrelin
concentration was negatively correlated with BMI in
both nondiabetic and diabetic patients [89].

Mice lacking leptin (ob/ob) are hyperphagic, obese
and hyperglycemic.  Αblation of ghrelin in ob/ob mice
resulted in no reduction of hyperphagia and obesity al-
though the hyperglycemia observed in ob/ob mice was
reduced [122].  Deletion of ghrelin caused an increase
in insulin secretion in response to glucose challenge
and augmented peripheral insulin sensitivity [122],
implying that, in animal model, ghrelin seems to con-
tribute to the regulation of insulin secretion and insulin
sensitivity.

Ghrelin and Cardiovascular System

Ghrelin has been demonstrated to exert cardiac ef-
fects in both animal models [123–127] and in humans
[6–8, 128].  Ghrelin administration seem to excert
beneficial cardiac effects on isoproterenol-induced
myocardial injury [124, 125] and negative inotropic
effect on guinea pig papillary muscle [126].  Further-
more, in rat hearts subjected to ischemia followed by
reperfusion, both ghrelin and the synthetic peptidyl
GHS hexarelin, significantly reduced infract size,
whilst desacylated ghrelin administration had no sig-
nificant effect on ischemic injury [123].  Furthermore,
ghrelin-treated group of rats after myocardial infrac-
tion showed a greater increase in body weight, a sig-
nificantly higher cardiac output, increased diastolic
thickness of the non-infracted posterior wall and an in-
hibited Left Ventricular (LV) enlargement compared
to the group given placebo [127].

Ghrelin and ghrelin receptor are expressed in human
isolated arteries, veins and vascular smooth muscle
cells and cardiomyocytes [129].  Furthermore, both
ghrelin and des-octanoyl ghrelin showed a vasodilator
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potency and efficacy in reversing ET-1 induced vaso-
constriction [129].

Beneficial heamodynamic effects of ghrelin in
healthy humans via reducing cardiac afterload and in-
creasing cardiac output have been demonstrated [130,
131] , including a decrease in mean arterial pressure
(MAP), without a significant change in heart rate, in-
crease in cardiac index and stroke volume index and
decrease in systemic vascular resistance [130] and also
an increase in left ventricular (LV) ejection fraction in
a dose-dependent manner, without significantly alter-
ing circulating levels of corticotropin, cortisol, IGF-1,
noradrenaline or adrenaline [131].

In patients with Chronic Heart Failure (CHF) plas-
ma ghrelin levels were not significantly different com-
pared to healthy subjects [132].  However, patients
with cardiac cachexia (body weight loss and muscle
wasting in end-stage CHF) [128] had significantly
higher ghrelin levels than those without cachexia, and
those levels were negatively correlated with BMI and
positively with GH and Tumor Necrosis Factor—a,
possibly indicating that increased ghrelin levels in
these patients may have a compensatory role under
conditions of anabolic/catabolic imbalance [132].  Gh-
relin treatment in this patient group resulted in sig-
nificant decrease in MAP, and increased cardiac index
and stroke volume index, potentially through arterial
vasodilatation and reduction of cardiac afterload [133]
and improved muscle wasting and increased peak
workload and peak oxygen consumption [134].  In ad-
dition, plasma norepinephrine levels were significantly
decreased by ghrelin administration implying that
beneficial effects of ghrelin on cardiac performance
may be due to inhibitory effects of ghrelin on sympa-
thetic nerve activity [134].

Taken together, current data suggest that ghrelin
might be used as a therapeutic potential in the treat-
ment of CHF and cardiac cachexia [135], although
more studies are needed to further clarify in detail its
mechanisms of action.

Ghrelin and Liver

Several studies have been carried out in order to elu-
cidate the role of ghrelin in liver disease.  Interest has
been so far focused on ghrelin levels in chronic liver
disease (CLD), Hepatocellular Carcinoma (HCC) and
non-alcoholic fatty liver disease (NAFLD).

Ghrelin serum levels were found elevated in patients

with CLD compared with healthy controls [136] and
were not correlated to neither the grade of liver
dysfunction or to the etiology of CLD (viral, biliary,
alcohol and others).  However, clinical parameters
associated with deterioration of CLD such as gas-
trointestinal bleeding, ascites and encephalopathy as
well as anemia, inflammatory markers, hypoglycemia
and renal dysfunction were found to have a positive
correlation with ghrelin levels [136].  Also, there was
no correlation found between hypertensive gastropa-
thy, gastric fundus varices, portal hypertension and
esophageal varices and ghrelin levels, possibly be-
cause X/A like cells resist to lesions of the stomach
mucosa [137].  Finally, ghrelin was not associated
with BMI, possibly as BMI may not be a suitable in-
dex for cachexia in CLD patients because of the high
prevalence of ascites and peripheral edema [136].

Ghrelin levels and levels of alpha-fetoprotein (AFP)
have been reported to be inversely correlated in HCC
patients.  It remains unclear whether low ghrelin levels
in HCC are responsible for some clinical symptoms of
advanced carcinomas, such as the decrease in appetite
and food intake, and negative energy balance [136]
GHS-R has been reported to be expressed in human
hepatoma cells [138].  Ghrelin induces an upregulation
of insulin-induced activities in these cells, such as
phosphorylation of Insulin Receptor Substrate-1 (IRS-
1), mitogen-activated protein kinase activity and cell
proliferation, possibly implying ghrelin’s mitogenic
potential in hepatoma cells [138].

The role of ghrelin in NAFLD is still unclear.  In a
study, low ghrelin serum levels were found in NAFLD
patients [137] while in another study it was demon-
strated that low ghrelin levels could not be attributed
to small intestinal bacterial activity [139], which is en-
countered commonly in non-alcoholic steatohepatitis.
In addition, ghrelin levels were significantly correlated
with Homeostasis Model Assessment index (HOMA-IR)
in both healthy and NAFLD patients [137].

Ghrelin and Renal Failure

Using specific radioimmunoassays, plasma ghrelin
and desacyl-ghrelin were measured in patients with
mild-to-severe renal failure and were compared to
samples of healthy subjects.  Plasma ghrelin plus desa-
cyl-ghrelin seem to increase in proportion to the sever-
ity of renal failure and correlate with fat mass, plasma
insulin and serum leptin levels [140, 141] and inverse-
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ly correlated to glomelular filtration rate (GFR) and to
BMI [142].  Recent studies in rodents demonstrated
that ghrelin gene is expressed in glomerulus and renal
cells [20], as well as in the epithelium of the distal
tubules [143].

Approximately one-fifth of ghrelin-like immunore-
activity is detected in the urine compared with the
plasma ghrelin concentration in healthy subjects, sug-
gesting that ghrelin is filtered from the blood or active-
ly secreted into the urine or that the peptide is more
stable in the urine than in the circulation [140].  In
addition, bilateral nephrectomy and heminephrectomy
in mice cause an increase in plasma total ghrelin.
However, since nephrectomy does not increase steady
state ghrelin contents and ghrelin mRNA levels in the
stomach, it seems that increased ghrelin in renal fail-
ure results from decreased clearance or degradation
in the kidney [140].

It has been shown that approximately half of the
plasma total ghrelin (ghrelin plus desacyl-ghrelin), as
well as almost ninety percent of GH, are removed from
the blood by a single course of hemodialysis.  In addi-
tion, ghrelin levels were found lower in patients on PD
than the predialysis and the HD ones, suggesting a
possible explanation for the anorexia presented most
often in patients on PD [144].

Ghrelin and Thyroid Disorders

Hyperthyroid patients have been reported to have
increased appetite and food intake, although the under-
lying mechanism is not well established [145].  Studies
have revealed that ghrelin levels are reduced in hyper-
thyroidism and become normalized by medical anti-
thyroid treatment [146, 147].  This indicates that hy-
perphagia associated with hyperthyroidism is possibly
not mediated via circulating ghrelin.  Excess of thyroid
hormones have been suggested to regulate circulating
ghrelin levels.  It has also been shown that the euglyce-
mic hyperinsulinemic clamp suppresses circulating
ghrelin levels compared with fasting ones regardless
of thyroid status [146].

In addition, ghrelin levels in hypothyroid patients
have been reported similar to those of healthy subjects
[147], although in animal model of hypothyroidism,
ghrelin was found increased [148].

It has been demonstrated that ghrelin is expressed
in fetal but not in infant or adult thyroid, and is re-
expressed in tumors.  It seems that there are ghrelin

receptors other than GHS-Rs in normal and neoplastic
adult thyroid, as ghrelin-binding sites may be detected
in the absence of the specific GHS-R mRNA.  More-
over, it seems that ghrelin possesses anti-proliferative
properties in thyroid carcinoma cells lines in both
undifferentiated and differentiated tumor cell lines,
suggesting a possible role of ghrelin in regulating
tumor growth [149].

Ghrelin and Biliopancreatic Diversion, R-en-Y 

Gastric Bypass, Gastric Banding

Basal ghrelin levels are reported to decrease in
obese subjects [51].  Several surgical methods have
been used to induce weight loss [150–157].  The
mechanisms that lead to weight loss after surgical
procedures aiming to weight reduction in morbidly
obese subjects have been studied extensively.  Three
types of surgical methods are usually used for weight
loss: laparoscopic and laparoscopic adjustable silicone
gastric banding (ASGB).

The acute decrease of plasma ghrelin in subjects
after biliopancreatic diversion (BPD), was followed
by an increase in ghrelin levels, two [150] and twelve
[158] months postoperatively, although BMI and
HOMAIR decreased [151].  HOMA-IR was negatively
correlated to circulating ghrelin, indicating that ghrelin
increased levels postoperatively could be involved in
the improvement of insulin sensitivity [151].

In contrast, studied in patients post- Roux-en-Y gas-
tric bypass (RYGB), ghrelin levels have been reported
to be lower than the pre-operative ones for a longer pe-
riod of time [153, 157].  Moreover, the 24-hour ghrelin
profile in patients after RYGB was reported lower,
compared to patients with diet-induced weight loss
despite the greater percent of weight loss in the post-
RYGB group.  Furthermore, meal-related fluctuations
and diurnal rhythm of ghrelin, while present in the
dieting group, were absent in the post-operative one.
It seems reasonable that the markedly suppressed
ghrelin levels after RYGB might contribute to the
long-term weight-reducing effect of the procedure
[157].

In order to compare the effects of different surgical
procedures, Plasma ghrelin was determined and found
increased after weight loss 24 months following
ASGB compared to baseline, preoperative levels, in
contrast to ghrelin levels after RYGB, although weight
decreased less in post-ASGB than in RYGB subjects
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[155] , explaining, in part, the more sustained weight
loss observed post-RYGB.  Moreover, no meal-related
changes in plasma ghrelin were observed in
post-RYGB and post-ASGB groups compared to not
operated controls.  These findings suggest that each
method leads to weight loss by a different mechanism
involving ghrelin [156].

Ghrelin and Cancer

Expression of ghrelin and its functional receptor has
been detected in different types of cancer, especially
hormone-dependent cancers of the prostate [159, 160],
breast [34] and ovarian/endometrial systems [160],
and in normal human testis and testicular tumors
[161].  The presence of ghrelin and GHS-R in neo-
plastic cell lines suggests a potential role in regulating
cancer cell proliferation through autocrine/paracrine
pathways.

Ghrelin production has been detected in cancer cell
lines of the stomach, intestine [162, 163] , and pancre-
as [164] , where it increased proliferation, motility and
invasiveness of pancreatic adenocarcinoma cell lines,
In the liver, ghrelin is reported to up-regulate several
insulin-induced activities, including mitogen-activated
protein kinase activity and cell proliferation [165].

Ghrelin is produced in both normal and adenoma-
tous human pituitary [166, 167].  The presence of gh-
relin mRNA and GHS-R mRNA in pituitary adenomas
also indicates that pituitary adenoma-produced ghrelin
may contribute to the development of adenoma cells in
an autocrine/paracrine manner [164].  Ghrelin has
been shown to stimulate proliferation in rat pituitary
cell lines and this effect is inhibited by Mitogen-Acti-
vated Protein Kinase (MAPK), tyrosine kinase and
protein kinase C inhibitors [167, 165].  Activation of
MAPKs has been observed in several tumor cell lines
[166].  It is noteworthy that normal or benign and
malignant tissues express the components of the ghre-
lin GHS-R axis [160].  An evaluation of the potential
use of ghrelin as diagnostic markers or as targets for
anti-cancer treatment could therefore be of therapeutic
importance.

Studies of the expression of ghrelin in the thyroid
gland showed that ghrelin is produced in fetal thyroid
and follicular tumors [166], as well as by human thy-
roid parafollicular carcinoma cell lines [168], and by
medullary thyroid carcinoma and thyroid C cells
[169].  Ghrelin was found to inhibit thyroid cell prolif-

eration of thyroid carcinoma cell lines, in vitro, dose-
dependently and synthetic GHSs were found to cause a
significant inhibition of cell proliferation on cell lines
derived from follicular thyroid cancer cells [170].

Elevated ghrelin levels have been reported in pa-
tients with lung cancer cachexia, compared to patients
with lung cancer without cachexia.  Ghrelin levels in-
creased in patients with anorexia following chemother-
apy, perhaps representing a compensatory mechanism
for the catabolic-anabolic imbalance in cachectic
patients [171].  In addition, in animal model of cancer
cachexia, plasma ghrelin concentrations increased
with the progression of cachexia [172].  However, syn-
thetic peptidyl GHSs exhibited an antiproliferative ef-
fect on human CALU-1 lung cancer cells [171].  Since
the results of the existing studies are conflicting, fur-
ther ones are needed to elucidate the role of ghrelin in
the development of both lung and thyroid cancer.

Conclusion

Ghrelin is a newly identified hormone and new
aspects of its function are discovered nearly on daily

Table 1. Basal ghrelin levels in pathological conditions com-
pared to healthy subjects

Disease
Basal Ghrelin Levels 

Compared to Healthy Subjects

Acromegaly ↓ / ←→
Prader-Willi Syndrome ↑
GH deficiency ↓ / ←→
Obesity ↓
Anorexia Nervosa ↑
Bulimia Nervosa ↑
Diabetes ↑ in lean T2DM

↓ in obese T2DM
↓ in T1DM

Cardiovascular Disease ←→ in CHF without cachexia
↑ in CHF cachexia

Liver Disease ↑ in CLD
↓ in HCC and NAFLD

Renal Failure ↑
Thyroid disorders ↓ in hyperthyroidism

←→ in hypothyroid
Surgical interventions to

reduce weight
↓ shortly after BPD,
↑ long-term after BPD
↓ after RYGP
↑ after ASGB

Cancer ↑ in cancer cachexia

↑: Increased levels, ↓: decreased levels,  ←→: no change
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basis.  Ghrelin represents a crucial endocrine link
connecting physiological process regulating nutrition,
body composition, and growth [38].  The recent
discovery of obestatin [12], may lead to elucidate the
terms of energy homeostasis.  Taking into account that

ghrelin is related to a great amount of pathological
conditions (summarized in Table 1), including heart,
liver, thyroid and kidney disfunction, ghrelin’s patho-
physiological role and its therapeutic implications re-
main to be fully investigated.
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