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Abstract: Ghrelin is new peptide might be associated with common features of polycystic ovary syndrome
(PCOS) like insulin resistance and adiposity. Irregularities of ghrelin levels in PCOS contributed to the many
physiological problems as (obesity and energy balance). The purpose of this work was to evaluate the ghrelin
levels in women with polycystic ovary syndrome and control and secondarily assessed the correlation of ghrelin
levels with obesity and insulin resistance. Serum ghrelin levels were compared between 57 Chinese women
have PCOS were divided into two groups according to their body mass index (BMI): 30 overweight/obese
PCOS and 27 non obese PCOS and 20 healthy controls. The correlation between ghrelin levels and other
hormones was investigated. Anthropometric measurements were made for all subjects. Biochemical and
hormonal investigations included plasma glucose, insulin, luteinizing hormone (LH), follicle-stimulating
hormone (FSH), estradiol (E2), testosterone and insulin resistance was measured by using Homeostasis Model
of Assessment of Insulin Resistance (HOMA-IR). Serum ghrelin levels were measured by Enzyme Linked
Immunosorbent Assay (ELISA) method. Plasma ghrelin levels were significantly decreased in overweight/obese
PCOS compared to non-obese PCOS and control group. Fasting insulin levels and HOMA-IR were significantly
higher in theoverweight/obese group compared to control. Significant inverse correlation was observed between
ghrelin levels and BMI in both overweight/obese PCOS and control (r = -0.71, p<0.05; r = -0.61, p<0.05).
There were not any correlations between ghrelin levels and other parameters like HOMA-IR, LH, FSH, E2 and
testosterone in PCOS were observed. The findings of this study propose that plasma ghrelin levels were found
to be lower in PCOS than control and negatively correlated with BMI. It is a new marker that may be used for
diagnosis of PCOS.
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 INTRODUCTION

Polycystic ovarian syndrome (PCOS) is most
frequent gynecological endocrinopathy in women of
reproductive age. Moreover it is assumed as a kind of
metabolic disorder. Among the racial and ethnic
populations, polycystic ovarian syndrome tends to be a
heterogeneous medical condition.

The prevalence varies between 5-10% (Azziz et al.,
2004). PCOS characterized by two or three following
criteria; hyperandrogenism (either clinical or
biochemical), chronic anovulation and polycystic ovaries.
The PCOS is important cause of infertility also associated
with features of metabolic syndrome (Adiposity, insulin
resistance, low grade inflammatory state, dyslipidemia,
cardiovascular disease and type 2 DM) (Rotterdam
ESHRE/ASRM-Sponsored PCOS Consensus Workshop
Group, 2004).

The prevalence of overweight or obesity in the world
has increased at an accelerating rate. Obesity, mostly
abdominal, is detected in 30-75% of women with PCOS
(Azziz et al., 2004; Ehrmann, 2005). The association of
obesity with PCOS has been recognized and the major
basis for this link is the ability of obesity to prompt IR,
but not all obese have IR or PCOS, (Practice Committee
of the American Socity for Reproductive Medicine,
2008). Insuline nesisitence is a common feature in women
with Poly Cystic Ovar Syndromti (PCOS)., affecting
about 50% lean and obese PCOS patients, but the obesity
and PCOS independently may effect on insulin resistance
(Ehrmann, 2005). In this condition decreased sensitivity
of adipose tissue, skeletal muscle and liver which cause
reduced effects of insulin to maintain normal blood
glucose .The cause of insulin resistance in PCOS is not
fully clarified. It is suggested that the post-receptor defect
in insulin (Ehrmann, 2005).
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Ghrelin is synthesized mainly by endocrine cells in
the gastric mucosa and it is a 28 amino-residue peptide.
Ghrelin has been revealed to be a potent stimulant of
Growth Hormone (GH) secretion from the pituitary. In
addition it is appears to play an important role in the
regulation of food intake and energy balance. Ghrelin and
its receptors are expressed in pancreatic beta cells,
proposing that it might have effects on insulin secretion
(Sakata and Sakai, 2010).

Ghrelin is secreted mostly from the stomach that
activates appetite initiation in humans in starving
conditions and drops postprandial, suggesting a relation
between the ghrelin secretion and meal consumption.
While insulin plays a vital role in the regulation and
control of glucose (Cummings et al., 2001; Cummings
and Shannon, 2003; Cicek and Inanc, 2011).

Several studies exposed high levels of ghrelin during
fasting, which returned to basal levels after meal ingestion
(Asakawa  et  al.,  2001;  Toshinai  et  al.,  2001; Tschop
et al., 2000). 

Several works demonstrated that the ghrelin levels
are lower in obese subjects (Ukkola and Poykko, 2002),
however the plasma ghrelin levels rise increasingly in lean
subjects during fasting and fall after eating. This
declaration in previous studies sustains the possibility that
ghrelin maybe performing as a ‘‘trigger’’ for meal
initiation (Toshinai et al., 2001), as well as (Ukkola et al.,
2002) suggested that the ghrelin might play a role in the
pathogenesis of human obesity.  On the other hand some
researchers evaluated the relationship of ghrelin with
gestational age (Imam et al., 2009).

In PCOS, low levels of ghrelin were observed in
PCOS compared to those in control groups (Glintborg et
al., 2006; Micic et al., 2007; Moran et al., 2007) however
not in all studies (Daghestani et al., 2011; Orio et al.,
2003; Wasko et al., 2004).

Moreover, plasma ghrelin is lower in Pima Indians,
a population susceptible to obesity, compared with age
and weight-matched Caucasians (Tschop et al., 2001). It
is unclear from these studies whether ghrelin homeostasis
is impaired in PCOS. 

The objectives of this study were to investigate
ghrelin levels in Chinese women with or without PCOS
and the relationship of these levels to the insulin
resistance, obesity markers and other biochemical features
of PCOS.

MATERIALS AND METHODS

During March 2010 to March 2011, seventy seven
Chinese women attended to the infertility department,
second affiliated Hospital of Harbin medical University
were recruited. Twenty cases control and Fifty seven
patients with PCOS were classified into two groups
according to their Body Mass Index (BMI) which was
calculated as (weight in kilograms divided by the square

of height in meters). Overweight/Obesity was defined as
BMI more than 25 kg/m2. Thirty overweight/obese and
twenty seven non obese PCOS. Medical history and
physical examination screened all the cases. None of them
had any chronic disease or was undergoing any
pharmacological treatment. All diabetics or those having
glucose intolerance were excluded. Bodyweight and
height were measured. The homeostasis model for the
assessment of insulin resistance (HOMA-IR) defined
insulin resistance.

Biochemical measurements: Subjects fasted overnight
for 12 h, next morning fasting blood collected 5 mL, put
it aside for 1 h, on the 3000 r/min. All blood samples for
each woman were immediately centrifuged, and the serum
was stored at -20ºC until analysis.

The Fasting Serum Insulin (FIN) and Fasting Plasma
Glucose (FPG) were estimated using the automated
chemiluminescence analyzer.

The basal serum levels of LH, FSH, E2, and
testesterone were estimated using the: 

C E-test (TOSOH) II insulin (IRI) immune reagents
TOSOH AIA Co., Ltd. Japan

C E-test (TOSOH) II testosterone (T) immunological
reagents TOSOH AIA Co., Ltd. Japan

C E-test (TOSOH) II follicle stimulating hormone
(FSH) immuno reactivity reagents TOSOH AIA Co.,
Ltd. Japan

C E-test (TOSOH) II luteinizing hormone (LH)
immuno reactive reagents TOSOH AIA
Co.,Ltd.Japan

C Glucose kit (enzymatic oxidation) Biological
Engineering Co., Ltd.  Shanghai Branch China.

C Insulin resistance (HOMA-IR) was calculated using
the formula:

 HOMA-IR = fasting insulin (I:U/mL)×fasting
glucose (mmol/L)/22.5

C Plasma Ghrelin ELISA Kit R & D company USA

Statistical analysis: Data are presented as mean±SD. The
comparisons between PCOS patients and their matched
control were done using paired T test. The Pearson
correlation coefficient (r) was used to find out the
correlation between ghrelin and other variables. A
probability value p<0.05 was considered statistically
significant. All analyses were run using the statistical
package SPSS, v.16.0.

 RESULTS

The PCOS patients were divided into 2 groups.
Group  1;  thirty  overweight/obese  PCOS  patients and
group  2;  twenty  seven  non  obese  PCOS  patients
(Table 1).  The      results    showed     that   women    with
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Table 1: Characteristics and biochemical parameters of the women with polycystic ovary syndrome (PCOS) and healthy control
PCOS BMI>25(n = 30) PCOS BMI<25(n = 27) Controlsn (n = 20) p-value 

Age (year) 25.10±3.26 27.18±4.66 28.50±4.70 p>0.05
BMI (kg/m2) 28.62±2.0*• 22.91±1.82* 24.15±2.12 p<0.05
Waist (cm) 88.88±13.11*• 83.55±7.94 81.95±3.77 p<0.05
LH mIU/Ml 8.29±4.45* 7.28±4.11* 3.03±0.60 p<0.05
FSH mIU/mL 4.66±2.03* 5.17±2.27* 2.53±0.76 p<0.05
E2 pmol/L 253.25±248.2* 335.0±210.19• 142.76±40.97 p<0.05
T nmol/L 1.74±0.60 1.70±0.64 0.93±0.20 p<0.05
FPG mmol/L 5.39±1.06* 5.36±0.69* 5.30±0.41 p>0.05
FIN :U mL 21.06±12.7*• 15.38±11.05* 11.0±3.50 p<0.05
HOMA.IR 5.02±3.32*• 3.81±3.07* 2.67±0.90 p<0.05 
Ghrelin (pg/mL) 2195.97±1378.8*• 2761.36±1628.9* 2287.88±1380.43 p<0.05
Data are shown as mean±SE; *: p<0.05 obese PCOS compared with controls; •: p<0.05 obese PCOS compared with non-obese; BMI: Body mass
index; waist circumference; LH: Luteinizing hormone; FSH: Follicular stimulating hormone; E2: Estradiol 2; T: Testosterone; FPG: Fasting plasma
glucose; FIN: Fasting insulin; HOMA-IR: Homeostasis model of insulin resistance

Table 2: Pearson correlations coefficients of ghrelin levels with other circulation of biochemical markers in PCOS and control
Ghrelin (ng/mL)
-----------------------------------------------------------------------------------------------------------------------------------------------
PCOS (n = 57) Controls (n = 20)
----------------------------------------------------- ---------------------------------------------------------------
 r p  r  p

Age (Year) 0.17 p>0.05 0.28 p>0.05
BMI (kg/m2) - 0.71* P<0.05 - 0.61* p<0.05
Waist (cm) - 0.039 p>0.05 0.15 p>0.05
HOMA.IR - 0.032 p>0.05 - 0.15 p>0.05
LH (mIU/mL) - 0.92 p>0.05 0.039 p>0.05
FSH (mIU/Ml) 0.04 p>0.05 0.52 p>0.05
E2 (pmol/L) 0.21 p>0.05 0.02 p>0.05
T (nmol/L) 0.23 p>0.05 0.30 p>0.05
FBG (mmol/L) 0.08 p>0.05 - 0.28 p>0.05
FIN ( :U mL) 0.02 p>0.05 - 0.12 p>0.05
NG: non-significant = p>0.05; *: Correlation is significant at the 0.05 levels; BMI: Body mass index; HOMA-IR: Homeostasis model of insulin
resistance; FIN: Fasting insulin; LH: Luteinizing hormone; FSH: Follicular stimulating hormone; E2: Estradiol 2; T: Testosterone; FPG: Fasting plasma
glucose 

overweight /obese    PCOS   had    higher   BMI,    waist
circumferences (28.62±2.0 kg/m2, 88.88±13.11 cm) as
compared with non obese (22.91±1.82 kg/m2, 83.55±
7.94) and control group (24.15±2.12 kg/m2, 81.95±3.77
cm). Increased levels of LH, FSH, E2, testosterone, FIN,
and HOMA-IR (p<0.05) in PCOS as compared with
control group.

Moreover, patients with overweight/obese PCOS also
had lower ghrelin (2195.97±1378.8) than non obese
PCOS (2761.36±1628.9) and controls (2287.88±1380.43)
(p<0.05). While age and FBG levels were not
significantly different (p>0.05) between the three groups
(Table1).

There was a negative correlation in ghrelin (pg/mL)
with BMI (r = -0.71, p<0.05), waist (r = -0.039, p>0.05),
HOMA-IR (r = -0.032, p>0.05), LH (r = -0.92, p>0.05)
between the PCOS group and the control group. Positive
correlation but not significant with age (r = 0.17, p>0.05),
FSH (r = 0.04, p>0.05), E2, (r = 0.021, p>0.05),
testosterone (r = 0.23, p>0.05), FPG (r = 0.08, p>0.05),
FIN (r = 0.02, p>0.05) as shown in (Table 2).

In both groups, ghrelin levels did not correlate with
either age, waist, LH, FSH, E2, T, fasting glucose, insulin
levels and HOMA.IR (p = NS).

DISCUSSION

This study investigated ghrelin levels in patients with
PCOS in comparison to those in control women matched
for age and BMI. In a recent study the active/total ghrelin
ratio was reported to be significantly lower in PCOS
patients compared to a control group but the levels of
active and total ghrelin, even though lower, did not reach
significance (Panidis et al., 2010). Both active and
inactive ghrelin are establish in the circulation, where the
latter is the more abundant form. The majority of the
studies on ghrelin, however, have investigated total
ghrelin, (Daghestani et al., 2011) and there was
contradiction in the reported results.

In the present investigation. We demonstrated in our
PCOS patients reduced levels of ghrelin in
overweight/obese PCOS (2195.97±1378.82 pg/mL)
compared to the non-obese (2761.36±1380.43 pg/mL) and
control (2287.88±1380.43 pg/mL). 

Controversial data were reported concerning ghrelin
levels in patients with PCOS: from decreased (Glintborg
et al., 2006; Micic et al., 2007; Moran et al., 2007), to
normal (Daghestani et al., 2011; Orio et al., 2003) or
elevated levels in one study (Wasko et al., 2004).
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In contrast to our findings (Schofl et al., 2002) found
that in insulin-sensitive PCOS women, ghrelin levels were
similar to those in healthy controls, (Orio et al., 2003)
demonstrated that in women with PCOS, ghrelin
concentrations are not different from those of weight-
matched controls and no relationship between circulating
ghrelin and the hormonal pattern of PCOS. (Wasko et al.,
2004) concluded that PCOS women have higher ghrelin
levels compared to controls. This discrepancy of results
may be explained by a small size of subjects or may be
related to definite social factors that need extra
investigations.

In agreement with our results, (Pagotto et al., 2002)
found low ghrelin levels have been revealed in obese
population, especially in PCOS.

Moran et al. (2007) have reported that postprandial
ghrelin response has been impaired in obese PCOS
compared to those in control groups. They have also
reported that weight loss improves postprandial ghrelin
response.

When we evaluated the correlation between serum
ghrelin levels and BMI, waist circumference we found
that the ghrelin levels were inversely correlated with BMI
in overweight/obese PCOS. The result indicates that in
women with PCOS the abundance of fat mass reduces
ghrelin levels in obese subjects (Tschop et al., 2000).
Similar to (Ukkola and Poykko, 2002) found that the
inverse correlation between ghrelin levels and BMI, as
well as the increase of ghrelin levels after weight loss ,
supports the assumption that levels of ghrelin modulate
food intake during both a short-acting feedback related to
meal consumption (Cummings et al., 2002).

In this study, our investigation reported that no
significant correlation between ghrelin and waist
circumference, testosterone, luteinizing hormone,
estradiol 2 and fasting plasma glucose, from our
observation of above results led us to suggest that these
biochemical characteristic of PCOS are not affected on
ghrelin similar to (Pagotto et al., 2002). 

In comparison to matched controls, PCOS women
had greater serum insulin levels, confirming previous
reports. In our study, ghrelin negatively correlate with
fasting insulin levels and HOMA.IR but not significant
suggesting that insulin in PCOS women does not oppose
effect on ghrelin.

In agreement with the observations of some studies
like Orio et al. (2003) showed plasma ghrelin levels didn’t
significantly correlate with either fasting insulin
concentrations or estimates of insulin sensitivity. Some
studies showed an significant inverse relation between
ghrelin and insulin (Pagotto et al., 2002; Moran et al.,
2007; Tschop et al., 2000). The correlation of ghrelin with
insulin sensitivity was reported as independent from the
degree of adiposity (McLaughlin et al., 2004).

CONCLUSION

Ghrelin is a new marker that may be used for
diagnosis of PCOS. Our data demonstrate that ghrelin
levels are significantly lower in Chinese women with
overweight/obese PCOS than non-obese PCOS and
controls. Our data reveals a significant negative
correlation between ghrelin and BMI, and there is no
relationship between ghrelin and HOMA-IR, testosterone,
LH, and estradiol 2.

The exact vision of ghrelin to be further explained by
larger-scale studies. 
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