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Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine 
system disorder among women of  reproductive age with a 
prevalence of  6–25%.[1] The diagnosis of  PCO is usually 
based on the presence of  at least two of  the three following 
criteria:  (1) Ovulatory dysfunction,  (2) biochemical or 
clinical signs of  hyperandrogenism, and  (3) polycystic 
ovaries on ultrasonography (USG).[2]

This syndrome has adverse effects on the quality of  life 
and associated with several medical complications including 
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cardiovascular disorders, hypertension, type  2 diabetes, 
obstructive sleep apnea, and obesity.[3‑5]

Obesity is common in more than the half  of  women 
with PCO. The central fat distribution (android obesity) 
exacerbates the risks of  diabetes mellitus and cardiovascular 
disease.[1]

In addition to this fact that obesity involved the peripheral 
tissue, the intra‑abdominal fat increased in women with 
PCOS, which is independent of  obesity.[6]

Fat tissue secretes bioactive cytokines and adipokines, 
including adiponectin, leptin, and resistin.[7] Some evidence 
suggested an association between dysregulated expression 
of  leptin and the onset of  obesity‑related pathologies 
including PCOS.[8,9]
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Leptin is an anorexigenic peptide hormone which 
secreted by adipocytes and circulates in the plasma as 
a free or protein‑bound adipokine.[10] Leptin decreases 
appetite, increases energy expenditure, and reduces the 
production of  neuropeptide Y from the hypothalamus. 
Neuropeptide Y increases food intake and after a 
long‑term administration leads to obesity.[11] Leptin 
may also have a role in reproductive function, acting at 
many levels of  the hypothalamic‑pituitary‑ovarian axis.[12] 
Circulating leptin levels have been positively correlated 
with body fat independent of  PCOS according to some 
studies.[13,14] However, some studies have not shown 
significant differences in serum leptin levels in women 
with PCOS when compared with age‑  and body mass 
index  (BMI)‑matched controls.[15,16] In this study, we 
attempted to investigate both the leptin level among 
PCOS as well as its relationship with BMI among a group 
of  PCOS women referred to reproductive clinics.

Methods

The ethics committee of  Kermanshah University of  
Medical Sciences approved this study, and informed 
consent was obtained from all the participants. During 
6 months study period (December 2014 to May 2015), 
we evaluated 84 women with a complaint of  primary 
or secondary infertility lasting for 2–12  years who 
referred to our IVF clinic. All subjects underwent a 
complete screening session included laboratory, 
imaging, and physical examination. Patients with 
adrenal or hypothalamic disorders, Cushing’s syndrome, 
hypothyroidism, and hyperprolactinemia were excluded 
from the study. Moreover, none of  patients had received 
any medications that affected hormonal concentrations, 
for at least 3  months before the study. Eight women 
excluded from the study and total 76 remained patients 
were divided into following groups.

Control
Infertile patients due to tubal block with no other pelvic 
abnormality and male factor infertility (healthy women with 
the normal‑sized ovary, regular menstrual cycles, and no 
sign of  hyperandrogenism).

Polycystic ovary syndrome
Infertile patients who were diagnosis as PCOS based on 
Rotterdam consensus criteria. the presence of  at least 
two of  the following features:  (1) Oligomenorrhoea or 
amenorrhoea;  (2) biochemical and/or clinical evidence 
of  hyperandrogenemia; and (3) polycystic ovaries in USG. 
Oligomenorrhoea was defined as menstrual periods that 
occur at intervals of   >35  days, with only four to nine 

periods in a year, and amenorrhoea as the complete 
absence of  menstruation. Clinical hyperandrogenemia was 
defined as the presence of  hirsutism or acne. Biochemical 
hyperandrogenemia was defined as serum testosterone 
levels  >0.9  ng/mL, dehydroepiandrosterone‑sulfate 
levels  >2000–4100  ng/mL depending on age, or free 
androgen index  >5. Ovaries in USG were defined 
as polycystic when they included either ten or more 
follicles measuring 2–9 mm in diameter or their volume 
was >10 cm3.

Blood samples were obtained after an overnight fasting 
and sera were centrifuged and stored at  −  40°C for 
the laboratory assessment. All were reviewed for their 
fasting blood glucose, insulin, luteinizing hormone (LH), 
follicle‑stimulating hormone  (FSH), thyroid stimulating 
hormone (TSH), prolactin, and serum leptin level.

All serum samples were assayed for leptin with 
immunoradiometric assay  (IRMA; REF‑DSL‑23100; 
Diagnostic Systems Laboratories INC. 445 Medical Center 
Blvd; Webster, TX, 77598, USA) with assay sensitivity 
of  0.10  ng/ml. Samples were also evaluated for TSH 
(assay sensitivity 0.011 μIU/ml), LH  (assay sensitivity 
0.07 μIU/ml), FSH  (assay sensitivity 0.3 μIU/ml), 
prolactin (assay sensitivity: 0.3  ng/ml) by a two‑site 
chemiluminescence sandwich immunoassay system (Bayer 
Diagnostics Corporation, Tarrytown, NY, USA). Apart 
from this, radioimmunoassay was used to assay serum 
insulin (using commercial Kit from Diagnostic Products 
Corporation, Los Angeles, CA, USA with an assay sensitivity 
of  1.3 μIU/ml) level. Estimation of  blood glucose was 
done by the glucose oxidase method.

Statistical analysis was performed using IBM SPSS software, 
version 20. The independent t‑test was used for comparison 
of  means of  quantitative variables. If  needed, based on 
the Kolmogorov–Smirnov test, the Mann–Whitney U‑test 
was also used. The Pearson correlation coefficient test 
was used to assess relationships of  quantitative variables. 
The Chi‑square or Fisher’s exact test was used to assess 
relationships of  qualitative variables.

Results

From the 76 study participants, 40  patients in PCOS 
group and 36  patients in control group were studied. 
Both groups were comparable regarding to age, TSH, and 
prolactin [Table 1]. As shown in Table 1, the mean fasting 
blood sugar (FBS), LH, FSH, and fasting insulin levels were 
not significantly differ between study groups. Mean BMI 
of  the PCOS and control groups were 26.62 ± 4.03 kg/m2 
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and 23.52 ± 2.52 kg/m2, respectively (P = 0.006). The mean 
leptin levels were 10.69 ± 5.37 and 5.73 ± 2.36 ng/mL in 
patients with PCOS and controls, respectively. This means 
considerable elevation in leptin levels in the PCOS women 
as compared to controls (P = 0.0001).

When the correlation between serum leptin and other 
variable study among PCOS patients were analyzed, 
the Pearson correlation analysis revealed only a positive 
correlation between leptin and BMI and also LH level. 
However, there was no significant correlation between 
leptin and insulin, FBS and FSH [Table 2].

Discussion

PCOS, the common dysovulatory infertility, is characterized 
by chronic anovulation and hyperandrogenemia.[17] These 
features manifest with advancement of  age and gradual 
increase of  adipose tissue,[18] which are often linked to leptin 
and its receptor.[19] Leptin seems to be directly associated 
with obesity by preserving homeostasis of  energy with 
reduced food intake and increased energy spending.[20] In 
the present study, the possibility of  a relationship between 
leptin and BMI in women with PCOS was investigated. 
Our results indicate that serum leptin is significantly higher 
in PCOS women compared with controls. This finding is 
comparable with the study of  Mohiti‑Ardekani and Taarof, 
which showed elevated level of  serum leptin in 27 Iranian 
women with PCOS.[21] This result also supports the findings 
of  other studies which showed elevation of  serum leptin 

in women with PCOS.[22‑25] Olszanecka‑Glinianowicz et al. 
recognized considerably higher serum leptin level in PCOS 
subjects compared to age‑ and BMI‑matched NC group. 
Furthermore, they observed that the serum leptin level 
was significantly higher in obese PCOS patients compared 
to lean PCOS and obese non‑PCOS patients.[26] However, 
some studies have reported no significant difference 
in serum leptin levels of  PCOS women with age‑  and 
BMI‑matched controls.[27,28] Baig et al. in their study revealed 
that, compared to controls, PCOS women had higher 
serum leptin levels but it was not significantly different.[29] 
Telli et  al.,[30]  in the study of  fifty PCOS women, also 
reported nonsignificant higher leptin levels in PCOS 
patients compared to controls.

In our study, serum leptin level is significantly correlated 
with BMI in PCOS women and this result is corroborated 
with other studies.[1,19,31] This finding is clearly expected 
because leptin is predominantly synthesized by adipocytes, 
and higher BMI results in higher fatty tissue and increase 
synthesize of  leptin.

Moreover, in our study, no association found between leptin 
level and insulin level. Previously, Chakrabarti suggested 
that hyperleptinemia in PCOS may be have a masking effect 
on hyperinsulinemia.[19] Insulin could increase leptin mRNA 
in adipocytes and has a possible role in stimulating leptin 
secretion.[32] Therefore, the elevated leptin in PCOS women 
may be a secondary consequence of  insulin‑stimulated 
synthesis of  leptin. On the other hand, leptin reduces 
glucose‑mediated insulin secretion through its receptors 
in the hypothalamus and also reduces its action at the 
cellular level.[33]

In our study, there is a significant positive relationship 
between leptin and LH which confirms the findings of  
Mohiti‑Ardekani and Taarof.[21] Sir‑Petermann et al. found 
no correlation between leptin secretion pulses and LH 
and leptin level does not increase during night time.[34] 
This may be due to the fact that during amenorrhea, 
leptin plays a possible role as a primary signal in receiving 
LH secretion pulses. A  relationship between LH pulses 
and leptin in mid‑luteal and early follicular phases has 
led to speculation that leptin fluctuations regulate LH 
plasma intensity every minute.[34] On the other hand, it has 
been reported that leptin has a direct regulatory action in 
ovarian folliculogenesis.[35] Furthermore, leptin has been 
shown to modulate LH‑stimulated estradiol production 
in the ovary.[36] Although, leptin is extensively present 
in reproductive tissues, its correlation with reproductive 
hormones is still obscure.

Table 1: Patient’s characteristics and laboratory 
assessments

Control group (n=36) PCOS group (n=40) P
Age 29.3±5.5 27.15±4.31 0.171
BMI (kg/m2) 23.52±2.53 26.62±4.03 0.006
TSH 3.58±1.6 3.91±1.8 0.246
LH 4.32±2.15 6.75±2.7 0.064
FSH 4.84±1.9 5.73±2.12 0.179
Prolactin 9.72±2.7 10.2±3.4 0.153
Leptin 5.73±2.36 10.69±5.37 0.0001
FBS 91.4±7.51 87.65±9.87 0.182
Insulin 10.96±5.27 11.71±6.13 0.681

LH: Luteinizing hormone, FSH: Follicle‑stimulating hormone, TSH: Thyroid 
stimulating hormone, PCOS: Polycystic ovary syndrome, FBS: Fasting blood sugar

Table 2: Correlations of leptin and other variables in 
polycystic ovary syndrome group

BMI FBS Insulin FSH LH
Leptin

Correlation coefficient 0.24 −0.288 0.39 −0.032 0.27
P 0.029 0.21 0.09 0.89 0.024

BMI: Body mass index, FBS: Fasting blood sugar, LH: Luteinizing hormone, 
FSH: Follicle‑stimulating hormone
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Conclusion

The results of  this study indicated an increased leptin 
level among women with PCOS that positively associated 
with BMI and LH. However, there was no significant 
correlation between leptin and insulin. The interactions of  
gonadotropins, insulin, and leptin are very complex, and 
correlation of  leptin with reproductive hormones is still 
poorly understood.
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