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Abstract It has recently been shown that ghrelin is a
pleitropic modulator with effects on diverse biological
functions, such as energy homeostasis and reproduction. In
this study, ghrelin levels and its relationship between meta-
bolic and biochemical parameters were investigated in male
subjects with idiopathic hypogonadotropic hypogonadism
(IHH). Patients in the study were composed of 33 men with
IHH, and controls were composed of 36 healthy age-matched
men. The patients’ group had significantly higher waist/hip
ratio (WHR), and lower testis volume, luteinizing hormone
(LH), follicle stimuling hormone (FSH) and total testoster-
one (TT) levels when compared with controls. Plasma
total ghrelin levels were significantly lower in patients than
in controls (96.4 £ 29.1 ng/ml vs. 146.1 £ 28.9 ng/ml,
P < 0.001, respectively). No correlation of ghrelin was
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found with body mass index, waist/hip ratio, homeostasis
model assessment insulin resistance index, testis volume,
LH, FSH and TT levels in both patients and controls.
The present study showed that ghrelin levels were signifi-
cantly lower in men with IHH than in controls. However,
further studies are needed to better understand the relation-
ships between ghrelin, and metabolic and reproductive
systems.

Keywords Hypogonadotrophic hypogonadism -
Ghrelin - Insulin resistance - Obesity

Introduction

Ghrelin, a hormone produced mainly by stomach, was
identified originally as the endogenous ligand of the growth
hormone secretagogue receptor. Ghrelin might also be
synthesized in other organs, where it might have autocrine
or paracrine effects, indicating that ghrelin has other
effects, as well as stimulating the release of growth hor-
mone. In recent years, there has been increasing evidence
suggesting that ghrelin may play a role in the central reg-
ulation of reproduction [1]. The immunoreactivity and gene
expression for ghrelin and its functional receptor have been
found in the hypothalamus, known as the most important
area in the control of reproduction, hypophysis, testicular
Leydig cells, ovary in rats, sheep and humans, indicating
that ghrelin has a role in the regulation of reproductive
function [2]. It is suggested that ghrelin has predominantly
an inhibitory effect on hypothalamic gonadotropin-releas-
ing hormone (GnRH) secretion or GnRH induced
gonadotropin secretion, but direct stimulatory effect on
basal luteinizing (LH) and follicle stimulating hormone
(FSH) secretions in vitro. In most studies, exogenous
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ghrelin has been reported to inhibit LH secretion in vivo
and to decrease LH responsivenes to GnRH in vitro [3-8].
On the other hand, it has interestingly been shown that
ghrelin stimulates LH release from pituitary cells of rats
and of goldfish [9]. In the testis, ghrelin was capable of
inhibiting testosterone secretion in vivo and in vitro, and
testosterone replacement therapy restores low-ghrelin lev-
els in hypogonadal men [10-12].

To date, data indicating the plasma ghrelin levels and
related to the effects of ghrelin on the control of the
reproductive system have generally been obtained from
animal studies, but investigations about plasma levels in
hypogonads and the effects on human reproductive system
are insufficient. In this study, our aim was to evaluate
plasma ghrelin levels in male patients with idiopathic
hypogonadotropic hypogonadism (IHH) and its relation to
different metabolic and biochemical parameters.

Materials and method

This study was conducted at Endocrinology Department of
Haydarpasa Training Hospital, Gulhane School of Medi-
cine, Istanbul, between February 2007 and September
2007. The subjects in the study were composed of two
groups: patients and controls. Under the current Turkish
Military Act, the patients with hypogonadism must be
evaluated in detail by hospitalizing to assess whether they
are appropriate for completing their military service or not.
Patients’ group was composed of 33 hypogonadal males,
and controls were composed of 36 healthy age-matched
soldiers, who serve as security personnel, from our military
hospital. Andropometric and biochemical characteristics of
both groups are shown in Table 1. Based on the clinical
history, physical examination and routine laboratory

Table 1 Baseline characteristics of both groups

Patients Controls P value
N 33 36 ns
Age 229 + 4.1 222 +25 ns
BMI (kg/m?) 229+ 44 229+ 27 ns
WHR 093 + 0.07 0.86 £ 0.05 0.001
Testis volume (ml) 74 +£48 20.7 £ 1.7  <0.001
LH (mIU/ml) 0.38 £ 0.6 38+ 1.7 <0.001
FSH (mIU/ml) 0.7 £0.8 29+ 15 <0.001
Total testosterone (ng/ml) 14+ 1.6 7.0 £ 14 <0.001
HOMA-IR 193 £ 125 1.01 £0.62 <0.001
Plasma ghrelin level (ng/ml) 96.4 £+ 29.1 146.1 £ 28.9 <0.001

BMI, body mass index; WHR, waist/hip ratio; LH, luteinizing hor-
mone; FSH, follicle stimulating hormone; HOMA-IR, homeostasis
model assessment insulin resistance
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measurements, patients with diabetes, primary hypogo-
nadism,  hypopituitarism  except for  secondary
hypogonadism, or other endocrine, renal, liver and car-
diovascular diseases, were not included in the study. None
of the patients and controls had any caloric restrictions, and
the rates of their calorie intake were at almost similar
levels. The fact that testosterone levels were under 3.5 ng/
ml was defined as THH when gonadotropin levels were
close to lower limit or lower than normal range. Magnetic
resonance imaging test was performed in all patients to
exclude any pituitary lesion. The study protocol was
approved by the local research ethics committe, in accor-
dance with the declaration of Helsinki, and written
informed consent forms were obtained from all
participants.

Anthropometric measurements

In all study participants, body weight (kg) and height (m)
were measured in undressed condition. Waist circumfer-
ence was measured as the minimum size between iliac crest
and lateral costal margin, while hip circumference was
determined as maximum size over buttocks, using a mea-
suring tape in centimetres (cm).

Biochemical and hormonal assays

After an overnight fasting, serum levels of insulin, LH, FSH
and total testosterone (TT) were measured by chemilumi-
nometric immunoassay methods (Abbott Laboratories,
Abbott Park, Chicago, IL, USA). Fasting blood glucose
levels were measured by using an autoanalyser (Beckman
Coulter LX-20, USA). The insulin resistance score in the
study was computed with the formula homeostasis model
assessment insulin resistance (HOMA-IR): fasting plasma
glucose (mmol/l) times fasting serum insulin (mIU/1) divi-
ded by 22.5.

For ghrelin measurement, blood samples of the patients
and healthy individuals after an overnight fasting were
taken into test tubes containing aprotinin (0.6 IU/ml of
blood), and these samples were immediately chilled via ice
boxes, and then, serum samples were separated by centri-
fugation and stored in deepfreeze at —70°C until being
analyzed. Plasma total ghrelin levels were measured with a
commercially available ELISA kit (the range of detection:
0-100 ng/ml, sensitivity: 0.08 ng/ml, Phoenix Interna-
tional, USA).

Testis ultrasonography
The anatomy and structure of the testis were evaluated with

an ultrasonography device (Esaote AU 5, Italy) by one of
the radiologists of our hospital (all measurements were
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made by the same radiologist). Testis volume was calcu-
lated using this formula [length (cm) x width (cm) x
height (cm) x 0.52].

Statistical analysis

Clinical and laboratory data were expressed as
mean = SD. Distributions of variations were assessed
using Shapiro-Wilk test. Comparisons between groups
were performed using Mann—Whitney U test. Correlations
between variables were investigated by Pearson correlation
test. All statistical analyses were performed through a PC
compatible statistics programme (SPSS v.13, Chicago, IL,
USA) and P-values less than 0.05 were considered statis-
tically significant.

Results

The group of patients was composed of 33 men with IHH,
controls were 36 healthy men. On comparing the two
groups, patients had significantly higher levels of WHR
and HOMA index, and lower levels of testis volume, LH,
FSH and TT. Plasma ghrelin levels were significantly
lower in patients when compared with controls
(96.4 £ 29.1 ng/ml vs. 146.1 £ 28.9 ng/ml, P < 0.001,
respectively) (Table 1).

The group composed of patients with six anosmic sub-
jects. Plasma ghrelin levels showed no significant
difference between anosmic and normal smelling patients
(94.8 £ 27.2 vs. 103.3 £ 39.8 ng/ml, P > 0.05). No cor-
relation of ghrelin was found with body mass index, waist/
hip ratio, homeostasis model assessment, insulin resistance
index, testis volume, LH, FSH and TT levels in both
groups.

Discussion

The present study is the first human study with the highest
number of cases investigating plasma ghrelin levels and its
relation with some metabolic and hormonal parameters. In
this study, plasma total ghrelin levels were found to be
lower in men with IHH than in healthy controls, and no
correlation related to ghrelin was found between age, BMI,
WHR, HOMA, testis volume, LH, FSH and TT levels.
Patients with low serum testosterone and gonadotropin
levels are diagnosed with hypogonadotropic hypogonad-
ism. While some cases are genetic in origin (KALI,
FGFR1), others are considered to be idiopathic. During the
foetal development, GnRH secreting neurons and olfactory
neurons migrate together from the olfactory area to hypo-
thalamus, and GnRH neurons eventually reside in this area

[13]. When this transport does not take place, hypogona-
dotrophic hypogonadism and anosmia (also called
Kallman’s syndrome) ensues.

Ghrelin is mainly secreted from the stomach, hypo-
thalamus and, to a lesser extent, from testis and other
tissues. The best known effect of ghrelin is on growth
hormone secretogogue reseptor type la (GHS-Rla) and
thus causing growth hormone to be secreted. GHS-R1a is
highly expressed in the areas of hypothalamus and pituitary
glands, mainly involved in the control of appetite, food and
energy intake and reproduction [14]. In light of the litera-
ture, some studies have been consistently suggested the
potential effects of ghrelin on the control of the repro-
ductive system in humans and rodents. While ghrelin has
an effect on gonadotropin secretion, gonadotropin has also
an effect on ghrelin secretion. Some studies (in vivo) have
shown that ghrelin has inhibitory effects on the control of
pulse frequency of LH secretion in overectomized rodents
[3], overectomized rhesus monkeys [5], and in cyclic and
overectomized female rats [7]. On the other hand, it has
been shown that ghrelin stimulates LH release from the rat
pituitary cells (in vitro) depending on the phase of estrous
cycle [4]. This interaction between ghrelin and gonado-
tropins has been proposed as a protective mechanism to
decrease energy requirement of the body in the presence of
energy insufficiency [15]. This situation indicates that
ghrelin might be responsible for inhibiting reproductive
function in the state of malnutrition to avoid the excess
metabolic demands, such as pregnancy and sexual inter-
course [16].

Gonadotropins appear to be involved in the modulation
of ghrelin expression or secretion. In a study, it was
reported that ovarian ghrelin mRNA expression was dis-
rupted by blockade of preovulatory gonadotropin surge as
shown by administiration of a potent GnRH antagonist
[16]. In a different study by the same authors, it was
reported that Leydig cell-specific expression of ghrelin in
rat testis is under the control of LH, but not of FSH [17].
On the other hand, Pagotto et al. [12] reported no corre-
lation between ghrelin levels and gonadotropins.

On the other hand, it was reported in some previous
studies that ghrelin has a direct effect on testicular func-
tions. In the testicular tissue, ghrelin is mainly located in
Leydig cells, Sertoli cells and seminifer tubuli [17], and
ghrelin receptor has been demonstrated to exist in testis
[18]. In the rat testis, ghrelin secretion is mainly under the
control of pituitary LH secretion [11, 17, 19]. In the study
performed by Barrelio et al. [17], it was reported that
mature foetal and adult Leydig cells contain ghrelin, and
that testicular ghrelin mRNA and protein expression are
decreased after long-term hypophysectomy, and human
chorionic gonadotropin replacement therapy increases
ghrelin mRNA and peptide levels. In another study,
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reported by the same group, it was suggested that in-
tratesticular injection of ghrelin inhibits the proliferative
activity of immature Leydig cells in vivo and regulates
stem cell factor. It was proposed in this study that
acquisiton of ghrelin expression by Leydig cell precursors
during differentiation may operate as a self-autoregulatory
signal for the inhibiton of proliferative activity in these
cells [20]. In the testis, it was shown that ghrelin could
inhibit testosterone secretion in vivo and in vitro [10, 11].
On the other hand, testosterone replacement theraphy
increases ghrelin levels [12]. The major source of androgen
secretion in the testis is Leydig cells, and ghrelin and its
receptors are also mainly present in Leydig cells. As was
understood from this interaction between ghrelin and tes-
tosterone, ghrelin could be proposed to play a role on
testosterone secretion by causing an autocrine or paracrine
effect, as well as gonadotropins.

In a different study reported by Pagotta et al. [12], cir-
culating ghrelin levels were significantly decreased in
obese hypogonadal men, compared to their overweight
matched controls, and a positive correlation was reported to
exist between ghrelin, and total and free testosterone. In the
same report, testosterone replacement therapy of 6 weeks
was reported to increase circulating ghrelin levels to those
found in normal control subjects and to decrease HOMA
index [12], but the limitation of this study was the small
number and the heterogenity of the subjects investigated in
the study (of total 7 subjects with hypogonadism, 4 were
with Klinifelter’s syndrome; 1 with primary hipogonadism
due to varicosel, and 2 with Kallman’s syndrome, and
controls, including 9 obese and 10 normal weight subjects,
were composed of two control groups). In the same study,
ghrelin levels were reported to be lower insignificantly in
patients with primary hypogonadism than in those with
secondary hypogonadism [12]. In our study, ghrelin levels
were demonstrated to be lower in men with IHH than in
healthy controls. Due to the above mentioned causes, the
fact that levels of gonadotropins and testosterone are
decreased in IHH cases could explain the low levels of
plasma total ghrelin in these cases. However, our study
showed that there is no correlation between ghrelin and
gonadotropins in both patients and controls although pre-
vious studies reported that ghrelin has negative effects on
gonadotropins. The fact that correlation emphasized in
previous studies was not indicated in our study was linked
to the existence of secretion defects of gonadotropins due
to pituitary and/or hypothalamic causes in our patients.
Although ghrelin increases the secretion of gonadotropins
from pituitary gland in the absence of GnRH [4], and
GnRH is absent in some of our patients, a positive corre-
lation may be expected between ghrelin and gonadotropins
levels in patients’ group. However, this effect was also
linked to secretion defects of gonadotropins from pituitary.
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Considering the results of our study, low levels of gonad-
otropins and androgen were thought to cause low levels of
ghrelin levels. In addition, the restriction of our study is the
absence of a group with primary hypogonadism in the
study. The fact that patients with IHH have lower gona-
dotropin levels may have an addional effect on patients
with lower ghrelin levels when compared to patients with
primary hypogonadism.

Another limitation in our study was that the effect of the
treatment on ghrelin levels could not be investigated
although the testosterone and/or gonadotropin replacement
therapies were applied to patients. Follow-up visits by the
patients were unlikely because our patients had been
referred to the center from distant troops, and then returned
their towns and provinces after completing detailed
investigations.

Although a negative correlation between BMI and
ghrelin levels was reported [21-24], no correlation as to
BMI and ghrelin levels could be indicated in our study due
to close BMI levels between nearly 22-24 kg/m?, except
for only three and one obese subjects in patients and con-
trols, respectively (BMI levels of three obese subjects
among patients were 30.5, 32.2 and 37.9 kg/m?, and that of
one obese subject in controls was 33.4 kg/m?), and only
one subject indicated lower BMI level among patients
(16.7 kg/m?). In our study, the fact that high WHR levels
exist in patients indicated higher abdominal obesity in
patients than in controls in spite of similar BMI values, and
suggested that higher WHR levels in IHH could contribute
to the detection of low ghrelin levels in this group.
Although a negative correlation was reported between age
rates and ghrelin levels [22], no significant correlation was
found in our study.

Obesity and insulin resistance are frequently encoun-
tered in hypogonadal patients when compared with healthy
individuals. Lower ghrelin levels could be the reason of
obesity and insulin resistance in hypogonads. In previous
studies, it was reported that ghrelin inhibits the secretion of
insulin [22, 24] and increases glucose output in primary
hepatocytes, while des-acyl ghrelin, most abundant form of
ghrelin in the body, decreases glucose output in primary
hepatocytes [25], and that ghrelin inhibits the secretion of
adiponectin, a hormone decreasing insulin resistance [26]
and causes an increase in the levels of counter-insulinary
hormones, such as growth hormone and cortisol [27]. In
addition, low plasma ghrelin levels are associated with
several components of metabolic syndrome, such as obes-
ity, insulin resistance and high blood pressure, indicating
that ghrelin might be a useful biomarker for the metabolic
syndrome [28-30]. Interestingly, insulin also inhibits
ghrelin secretion [31], which could be seen as a vicious
circle. In our study, although there was no correlation
between ghrelin and HOMA indexes in both groups,



Endocr (2008) 34:81-86

85

HOMA indexes were found to be higher in IHH when
compared with controls, and so the association between
HOMA and ghrelin expressed above suggested that HOMA
indexes higher in IHH group could cause low levels of
ghrelin via direct or indirect effects.

Conclusion

In conclusion, the present study showed that male patients
with THH had lower ghrelin levels when compared with
healthy males. Low ghrelin levels in the patients with IHH
could result from low levels of gonadotropins, the tendency
of the patients with IHH to obesity and insulin resistance.
However, further studies should be performed to enlighten
the relationships between ghrelin and reproductive system
in the humans in both genders.
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