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Correlation of serum leptin and ghrelin levels with 
endocrine and reproductive parameters in women with 
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Klomifen sitrat rezistant polikistik over sendromlu hastalarda 
ghrelin ve leptin düzeylerinin endokrin ve reprodüktif 
parametrelerle korelasyonu
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Abstract

Objective: To investigate the changes in serum ghrelin and leptin levels in patients with clomiphene-resistant polycystic ovary syndrome (PCOS).

Materials and Methods: Thirty-five patients who could not achieve ovulation or pregnancy despite using 150 mg/day of clomiphene citrate (CC) 
participated in the study. Thirty-five patients who were compatible with the study group in terms of age and body mass index (BMI) but did not have 
clinical and laboratory findings of PCOS constituted the control group. On the third day of the cycle, in addition to the basal hormone profile, ghrelin and 
leptin levels were also measured. Patients in both groups went to IVF/ICSI. Basal hormone values, leptin, ghrelin, metabolic, demographic parameters, and 
clinical pregnancy rates were correlated.

Results: Patients in both groups were recorded to be similar in terms of age (29.4±0.11 vs 28.5±7.30), BMI (24.3±3.07 vs 23.8±1.55), and infertility time 
(6.14±4.30 vs 6.03±1.28). Serum ghrelin levels of the PCOS group were significantly lower than the control group (0.48±2.21 vs 1.19±4.02) Serum leptin 
levels of the PCOS group were significantly higher than the control patients (45.6±304 vs 16.5±0.32). Serum leptin levels and BMI (r=0.65, p<0.01) A 
positive correlation was found between luteinizing hormone (LH) (r=0.53, p<0.02), and insulin resistance (r=0.74, p<0.03). There was a negative (r=-0.76, 
p<0.03) correlation between serum ghrelin and LH. A positive and significant correlation was found between serum ghrelin, testosterone, mature oocyte, 
and implantation rates.

Conclusion: Serum ghrelin correlates with fertility outcomes in women with CC-resistant PCOS undergoing IVF/ICSI.

Keywords: Clomiphene resistance, polycystic ovary syndrome, ghrelin, leptin, HOMA-IR, LH, fertility outcome

Öz

Amaç: Bu çalışmanın amacı klomifen sitrata dirençli polikistik over sendromlu (PKOS) hastalarda serum leptin ve ghrelin düzeylerinin endokrin parametreler 
ve implantasyon oranları üzerine etkisini göstermektir.

Gereç ve Yöntemler: 150 mg klomifen sitratla yapılan ovulasyon indüksiyonuna cevap vermeyen otuz beş PKOS hastası çalışmaya dahil edilmiştir. Kontrol 
grubuna da benzer yaş ve vücut kitle indeksine (VKİ) sahip PKOS olmayan otuz beş infertil kadın alınmıştır. Serum ghrelin, leptin ve diğer hormon değerleri 
siklusun üçüncü gününde ölçülmüştür. Her iki grupta da IVF/ICSI uygulanmıştır.

PRECIS: This study was planned to determine the effect of serum ghrelin and leptin levels on endocrine parameters and implantation rates in 
patients with clomiphene-resistant polycystic ovary syndrome (PCOS).
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Bulgular: Yaş (29,4±0,11 vs 28,5±7,30), VKİ (24,3±3,07 vs 23,8±1,55), infertilite süresi (6,14±4,30 vs 6,03±1,28) açısından iki grup arasında anlamlı 
farklılık yoktur. Serum ghrelin düzeyleri PKOS grubunda kontrol grubuna kıyasla anlamlı olarak düşük bulunmuştur (0,48±2,21 vs 1,19±4,02). Serum 
leptin düzeyleri ise PKOS grubunda kontrol grubuna göre anlamlı yüksek bulunmuştur (45,6±304 vs 16,5±0,32). Serum luteinleştirici hormon (LH), 
testesteron insülin düzeyleri ve insülin rezistansı PKOS grubunda kontrol grubuna göre anlamlı olarak yüksek bulunmuştur. Serum leptin, VKİ (r=0,65, 
p<0,01), LH (r=0,53, p<0,02), insülin ve insülin rezistansı (r=0,74, p<0,03) arasında pozitif ve anlamlı korelasyon mevcuttur. Serum ghrelin ve LH 
düzeyleri (r=-0,76, p<0,03) arasında negatif ve anlamlı korelasyon bulunmuştur. Serum ghrelin, testosterone düzeyleri, toplanan matür oosit sayısı (r=0,70, 
p<0,02), ve implantasyon oranları (r=0,79, p<0,03) arasında pozitif ve anlamlı korelasyon bulunmuştur.

Sonuç: PKOS hastalarında serum ghrelin düzeyleri ile implantasyon oranları arasında korelasyon bulunmaktadır.

Anahtar Kelimeler: Klomifen sitrat rezistan PKOS, ghrelin, leptin, HOMA-IR, LH, gebelik sonuçları

Introduction

Because of its properties similar to the metabolic syndrome, 
polycystic ovary syndrome (PCOS) negatively affects the 
reproductive outcome by causing both endocrine and adipose 
tissue dysfunction(1,2). Despite recent advances in assisted 
reproduction techniques, difficulties in conceiving patients 
with PCOS persist. We can list the possible causes of subfertility 
we encounter in patients PCOS as follows. (i) anovulation, (ii) 
hyperandrogenism, (iii) endocrine dysfunction, (iv) impairment 
in endometrial responsiveness. In addition to these factors, it 
is thought that dysfunction detected in the adipose tissues of 
PCOS cases in the last decade may cause subfertility by affecting 
the release of peripheral peptides(1-3). Peptides either cause 
subfertility by directly affecting the ovary and endometrium or 
indirectly affect hypothalami-pituitary neurons(1,2,4).
Ghrelin and leptin are peptides that contribute to subfertility in 
cases of PCOS(1,2,4). These two peripheral peptides disrupt both 
gonadotropin secretion and follicle development by having 
negative or positive energy balance as well as their effects on 
the release of insulin and other hormones and contribute to 
the subfertility seen in PCOS(1). Leptin and ghrelin show their 
central effects through the GnRH pulse generator(1,2). The main 
synthesis site of ghrelin is the gastrointestinal system and shows 
its effect in the arcuate nucleus(4,5). Ghrelin increases the feeling 
of eating but decreases follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH) secretion(6,7). The effect of ghrelin 
on GnRH release is mediated by the GH secretagogue receptor 
(GHS-R)(8). Ghrelin inhibits FSH, LH release, and estrogen and 
progesterone secretion by binding its receptor(4). Ghrelin also 
contributes to follicling maturation by preventing apoptosis via 
GHS-R1a found in follicles(9). Although the primary synthesis 
site of leptin is adipose tissue, it is also synthesized in granulosa 
cells(10). Since GnRH neurons do not contain a leptin receptor, 
leptin stimulates GnRH release by acting through kisspeptin 
neurons(11). While physiological leptin levels stimulate follicle 
development and steroidogenesis, cystic development may occur 
in the ovaries in the presence of high leptin(12). Relationships 
between serum leptin and ghrelin levels and other parameters 
and reproductive outcome in infertile patients with PCOS have 
been discussed in previous studies(1,2,4,10). However, the effect of 
serum levels of these two peptides on implantation, pregnancy 
rates, and other parameters in clomiphene-resistant PCOS cases 
were not investigated.

The aim of the study was to determine the relationship between 
serum ghrelin and leptin levels and reproductive outcome and 
endocrine parameters in women with CC-resistant PCOS.

Materials and Methods

A total of 70 patients who decided to on IVF/ICSI were included 
in the study. While 35 of these patients were clomiphene-
resistant patients with PCOS, the remaining 35 were non-PCOS 
control patients. Both groups were matched for age and body 
mass index (BMI). In this way, adiposity affecting ghrelin and 
leptin synthesis was disabled. Failure to achieve ovulation or 
pregnancy despite 150 mg clomiphene citrate (CC) Daily for 
six months was accepted as CC resistance. The control group 
was selected from unexplained infertile women. They did not 
carry the clinical, laboratory, or dermatological findings of 
PCOS. In the control group, 13 of 35 (37.1%) patients complied 
with the metabolic syndrome criteria. Letrozole treatment was 
administered to CC-resistant cases before IVF/ICSI. PCOS cases 
unresponsive to letrozole were referred to IVF/ICSI. Serum 
samples were taken on the third day of the cycle of the patients 
in the PCOS and control groups. Serum LH, FSH, testosterone, 
insulin, ghrelin, and leptin levels were measured in fasting 
blood samples. Serum Leptin levels were measured by ELISA 
kit following the manufacturer’s protocol. The sensitivity of 
the kit was 2 pg/mL and ranged 2-400 pg/mL. Ghrelin levels 
were measured with an enzyme immunoassay kit following the 
manufacturer’s protocol. The sensitivity of the kit was 0.13 ng/
mL and the range was 0.13-1.34 ng/mL. The homeostatic model 
assessment (HOMA-IR) Formula was used for insulin resistance. 
The cases who became pregnant with letrozole were excluded. 
Women with a history of antiandrogens, antidiabetics, and lipid-
lowering drugs were excluded. Females with known causes of 
infertility like uterine fibroids, male factors, and other metabolic 
disorders were excluded from the study. Local Ethics Committee 
approval was obtained from Memorial Kayseri Hospital. Both 
PCOS and non-PCOS participants underwent conventional 
antagonist protocol. Relationship between serum ghrelin and 
leptin levels and implantation rates (IR), clinical pregnancy rate 
(CPR), and other metabolic and demographic parameters. 

Statistical Analysis

The Statistical Package for Social Sciences software 21.0 for 
Windows software software (SPSS, Inc., Chicago, IL, USA) 



126

Turk J Obstet Gynecol 2022;19:124-9 Yurci et al. Ghrelin, leptin in CC resistant PCOS

was used for the analysis of collected data. The normality of 
disturbance was analyzed with the Kolmogorov-Smirnov test. 
A t-test was used for data comparisons. Pearson correlation 
analyses were used to detect possible correlations among 
the data. A p-value of <0.05 was set as significant. Data were 
expressed as mean ± SD.

Results

Table 1 shows all endocrine, metabolic, and demographic 
parameters. The age (29.4±0.11 vs 28.5±7.30), BMI 
(24.3±3.07 vs 23.8±1.55), and duration of infertility 
(6.14±4.30 vs 6.03±1.28) were similar. Serum total Ghrelin 
levels of PCOS cases were found to be significantlylower
whencomparedwithnon-PCOS cases in the control group 
(0.48±2.21 vs 1.19±4.02). Serum levels of leptin in women 
with PCOS were significantly higher than in the patients in 
the control group (45.6±304 vs 16.5±0.32). The cases in the 
PCOS grouparenon-obese and their BMI values and ages are 
similar to the control cases. Therefore, fluctuations in leptin 
and ghrelin levels depending on age and BMI values were 
eliminated. The PCO group had significantly higher LH, 
testosterone, and insulin levels compared with the control 
group. Both groups had similar serum FSH and glucose levels. 
PCOS group had higher HOMA-IR than those in the control 
group. Ghrelin and leptin levels were not correlated with any 
group. Serum leptin showed positive correlation with BMI 

(r=0.65, p<0.01) LH (r=0.53, p<0.02), insulin and HOMA-
IR (r=0.74, p<0.03). Serum leptin levels were not correlated 
with the number of mature oocytes (MII). Any correlation 
was not detected between CRP and leptin. Serum ghrelin 
and LH levels were negatively correlated (r=-0.76, p<0.03). 
Serum ghrelin showed a positive correlation with testosterone, 
mature oocytes (r=0.70, p<0.02), and implantation rates 
(r=0.79, p<0.03). No correlation was not detected between 
ghrelin, insulin, HOMA-IR, age, and BMI. Ghrelin did not 
show any correlation with CPR (Table 2).

Discussion

The impact of serum ghrelin and leptin on metabolic and 
demographic findings of infertile women with PCOS has 
been investigated in previous studies(1,13). However, the 
effect of serum ghrelin or leptin on the metabolic parameters 
of women with clomiphene-resistant PCOS has not 
been studied to date. This study is the first clinical study 
investigating the relationship between serum ghrelin and 
leptin levels and endocrine and reproductive parameters in 
CC-resistant PCOS cases and is important in this respect. 
Our study clearly showed that, while a significant increase 
in serum leptin levels, a significant decrease in ghrelin levels 
in CC-resistant PCOS. While these changes in leptin and 
ghrelin levels are consistent with the results of some previous 
PCOS studies, they are different from the results of some(1,2). 

Table 1. Demographic, hormonal and reproductive characteristics of CC resistant PCOS and control groups

CC resistant PCOS 
(n=35)

Non-PCOS
(n=35) p

Age (y) 29.4±0.11 28.5±7.30 0.60

BMI (kg/m2) 24.3±3.07 23.8±1.55 0.33

Infertility duration (y) 6.14±4.30 6.03±1.28 0.07

Testosterone (ng/mL) 0.87±5.03* 0.39±7.60 0.001

Day 3 Estradiol (pg/mL) 39.5±2.11 38.8±3.04 0.65

Day 3 Progesterone (ng/mL) 0.24±0.10 0.25±0.012 0.32

LH (mIU/mL) 11.33±0.11* 5.44±1.43 0.002

FSH (mIU/mL) 6.22±3.44 5.88±1.70 0.65

Insulin (mU/L) 12.2±3.43* 7.01±8.33 0.002

HOMA-IR 3.66±5.12* 1.74±3.02 0.001

Glucose (mg/dL) 91.4±4.05 88.5±644 0.21

MII oocyte 13.4±4.69* 7.40±6.10 0.002

Implantation rate (%) 40.0% 37.1% 0.057

Clinical pregnancy (%) 51.4% 48.7% 0.06

Ghrelin (ng/mL) 0.48±2.21* 1.19±4.02 0.02

Leptin (pg/mL) 45.6±304* 16.5±0.32 0.001

Data presented as means ± SD. BMI: Body mass index, FSH: Follicle-stimulating hormone, HOMA-IR: Homeosta-sis model assessment of insulin resistance, LH: Luteinizing hormone, 
PCOS: Polycystic ovary syndrome, MII: Mature oocyte, *p<0.05
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When we evaluated both peptides separately, the high 
leptin levels we found were consistent with those in other 
studies(14-16). However, there are studies reporting normal 
serum leptin levels in infertile cases of PCOS(17,18). However, 
serum leptin levels showed a positive correlation with BMI, 
LH, insülin levels, and HOMA-IR in CC-resistant PCOS 
cases. The correlation findings we obtained are compatible 
with the literature except for LH(15,16,19). The relationship 
between high leptin levels and insülin resistance in infertile 
patients with PCOS is known fact(14), and we found the 
same finding in CC-resistant PCOS cases. The positive 
relationship between BMI and leptin may be evidence that 
adipose tissue content and function change in CC-resistant 
PCOS cases. As for the positive relationship between LH and 
leptin, increased peripheral leptin levels may increase LH by 
stimulating GnRH release via kisspeptin receptors in arcuate 
neurons(1,11).
We detected a positive but insignificant correlation between 
leptin and the number of mature oocytes. Similarly, there 
was no significant correlation between leptin levels and 
implantation rates, and clinical pregnancy rates. These data 
do not mean that there is no relationship between leptin and 
reproductive outcome. While physiological amounts of leptin 
induce sex steroid synthesis and oocyte development in the 
ovaries, supraphysiological concentrations of leptin may lead 
to an ovarian cyst formation(12). However, in patients with 
hypothalamic amenorrhea, leptin treatment regulates the 
LH pulse frequency(1,20). However, in the presence of high 
leptin, there is a decrease in the response of the ovaries to 
gonadotropins(21,22). High HOMA-IR levels may also limit the 
physiological effects of leptin on the ovary. Insulin ensures 
successful ovulation by regulating both gonadotropic hormone 
receptors and GnRH pulse frequency in the ovaries(23). Since all 
physiological pathways will be dysregulated in the presence of 
high leptin, it will not be possible for leptin to positively affect 
reproductive parameters in CC-resistant PCOS cases. However, 
the presence of central leptin resistance due to chronic 
inflammation in PCOS cases may also prevent leptin from fully 
performing its physiological functions in the hypothalamic-
pituitary-ovarian axis(24).
The second parameter that we evaluated in CC-resistant 
PCOS cases and found a significant decrease in their levels 
is ghrelin. In most of the studies in the literature, decreased 
serum ghrelin levels have been reported in infertile PCOS 

cases(15,17). Our study is the first clinical study to report a 
decrease in ghrelin levels in CC-resistant PCOS cases. We 
found a negative correlation between a decrease in ghrelin 
levels and an increase in LH levels. Under normal conditions, 
physiological levels of ghrelin block LH release(4). Ghrelin 
exerts this inhibitory effect on LH in both animals and humans 
through GnRH neurons(25,26). Because of the decreased ghrelin 
levels, found in our study, the suppressive effect of ghrelin on 
LH may have been neutralized and increased LH. However, 
the positive correlation we found between Ghrelin levels 
and serum testosterone levels may also be a physiological 
consequence of the LH increase. This is how we can explain 
the positive correlation between ghrelin and testosterone 
synthesis, as increasing LH levels stimulate androgen synthesis 
in the ovary.
One of the most important results of the current study is the 
presence of a positive correlation between ghrelin levels and 
the number of mature oocytes collected and implantation 
rates. In CC-resistant PCOS cases, we can explain the increase 
in the number of mature oocytes and implantation rates due 
to the decrease in ghrelin level in two ways. Due to decreased 
ghrelin levels, the inhibitory effect of Ghrelin on GnRH 
neurons is removed and FSH and LH release are activated(1,4). 
As a result, the number of mature eggs collected in IVF/ICSI 
casesduetoincreased FSH and LH release also increases, which 
increases the implantation rates. The most interesting finding 
of our study was that there was no correlation between clinical 
pregnancy rates and ghrelin levels. The physiological amount 
of ghrelin increases follicle maturation and quality due to its 
anti-apoptotic effect on ovarian follicles(4,9). The decreased 
ghrelin levels found in CC-resistant cases may in oocytes 
and reduce the follicle quality. This may explain the lack of 
a correlation between clinical pregnancy rates and serum 
ghrelin.

Conclusion

In this observational study where we compared serum 
levels of ghrelin or leptin with endocrine, demographic, and 
reproductive parameters of CC-resistant PCOS and non-
PCOS cases. We found a significant decrease in ghrelin levels 
despite an increase in leptin levels in the PCOS group. Despite 
the significant correlation between leptin levels and BMI, LH, 
insülin levels, and HOMA-IR, we did not detect a relationship 
between implantation and pregnancy rates and leptin levels. 

Table 2. The resulst of correlation analysis between leptin, ghrelin levels and other measured parameters

Age BMI HOMA-IR LH MII oocyte Testosterone IR CPR

Leptin
r=0.34
p=0.43

r=0.65
p<0.01*

r=0.74
p<0.03*

r=0.53
p<0.02*

r=0.32
p=0.22

r=0.50
p=0.65

r=-0.60
p=0.52

r=0.42
p=0.12

Ghrelin
r=0.43
p=0.33

r=0.30
p=0.54

r=0.31
p=0.66

r=-0.76
p<0.03*

r=0.70
p<0.02*

r=0.876
p<0.01*

r=0.79
p<0.03*

r=0.51
p=0.32

BMI: Body mass index, HOMA-IR: homeostasis model assessment of insulin resistance, LH: Luteinizing hormone, IR: Implantation rate, CPR: Clinical pregnancy rate, MII: Mature oocyte, 
*p<0.05
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However, in addition to the correlation between ghrelin levels 
and serum testosterone and LH levels, ghrelin levels correlated 
significantly with the total number of mature oocytes and 
implantation rates. Thanks to more comprehensive studies 
evaluating ghrelin and leptin levels as well as other peptides 
in CC-resistant PCOS cases, we can reach more definite 
conclusions about the reproductive outcome in cases with 
metabolic syndrome.
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