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A B S T R A C T

Background: Polycystic ovary syndrome (PCOS) is the most common endocrine disorder among women of fertile age. Insulin 
can stimulate ovarian androgen production in normal women and in women with PCOS. Leptin levels were reduced among 
women with PCOS treated with insulin sensitizers. Aim: This study aims to investigate the serum levels of insulin and leptin in 
and their relationship with the endocrine and metabolic peculiarities of PCOS. Subjects and Methods: The study was carried out 
on 125 women during the reproductive age group, had primary infertility and diagnosed as having PCOS according to Rotterdam 
criteria. Patients were recruited from Tanta University Hospital, during the period May 2011 to December 2012. Cases were 
classified into two groups: Patient’s group comprised 75 women having PCOS and control group entailing 50 normal fertile 
healthy women. All women were subjected to: History taking, clinical examination, assessment of body mass index  (BMI), 
ultrasonographic examination and hormonal assay to estimation serum leptin, insulin, follicle stimulating hormone, luteinizing 
hormone, progesterone and free testosterone value. Statistical analysis was performed by Statistical Product and Service 
Solutions (IBM, USA) version 10.0. Student t‑test was used to compare numerical variables while correlation was performed to 
determine the relationship between the variables. The value of P < 0.05 was taken as significant. Results: We found a significant 
positive correlation between leptin, BMI, age and a trivial upbeat correlation between leptin and insulin. The most interesting 
result is the significant positive correlation between insulin and leptin. Conclusion: There is a link between elevated serum leptin 
and insulin levels to obesity in PCOS suggesting that most probably they are responsible for the complicated picture of PCOS in 
obese patients.
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INTRODUCTION

Polycystic ovary syndrome  (PCOS) is the most common 
endocrine disorder among women of fertile age. The 
prevalence of PCOS varies between 2.5% and 7.5%.[1] Its 
clinical manifestations include menstrual dysfunction and 
hyperandrogenic symptoms and it can be associated with 
metabolic dysfunction in which hyperinsulinemia and 
peripheral insulin resistance are central features.[1]

Insulin can stimulate ovarian androgen production in 
normal women and in women with PCOS. However, ovarian 
cells of women with PCOS display a higher responsiveness 
for insulin‑stimulated androgen synthesis in  vitro. 
Non‑obese and normoinsulinemic women with PCOS 
significantly improve their serum testosterone levels after 

serum insulin levels are reduced. It is therefore, probable 
that women develop PCOS because of a hypersensitivity 
of their intra‑ovarian insulin androgen signaling pathway. 
The characterization of this potential defect could have 
significant implications for the development of specific and 
more efficient treatments of PCOS.[2]

Leptin, an appetite suppressant hormone produced in fat 
tissue, delivers at least a partially overlapping message to 
the neurons that critically control energy balance. Leptin 
plays a significant role in the regulation of body‑fat mass in 
animals and in humans.[3]

Leptin deficiency and PCOS appear to have a lot of 
similarities between their clinical, metabolically and 
biochemical features. However, in previous studies that 
have examined the relationship between leptin and PCOS, 
inconsistent findings have been reported. Although those 
with PCOS generally have significant insulin resistance, 
several investigators have demonstrated that leptin levels 

Original Article

Access this article online
Quick Response Code

Website:
www.jbcrs.org

DOI:
***

Address for correspondence  
Prof. Mohamed Nabih El‑Gharib, 

Departments of Obstetrics and Gynecology,  
Faculty of Medicine, Tanta University, Tanta, Egypt. 

E-mail: mohgharib@hotmail.com



EL‑Gharib and Badawy: Insulin and leptin in PCOS

Journal of Basic and Clinical Reproductive Sciences · January - June 2014 · Vol 3 · Issue 150

are higher rather than lower in women with PCOS compared 
with weight‑matched control women, which leads to the 
conclusion of that insulin and leptin levels are positively 
correlated, implying a scenario that includes both insulin 
and leptin resistance.[4]

Leptin levels were shown to be reduced among women 
with PCOS treated with insulin sensitizers, Diazoxide and 
Metformin, suggesting that improved insulin sensitivity with 
associated decreased circulating insulin levels diminishes 
the insulin‑mediated stimulation of leptin production 
among affected women. Conversely, others have reported 
that independently of obesity, leptin levels do not differ 
significantly between women with PCOS and controls.[5]

The aim of this work was to investigate the serum levels of 
insulin and leptin in and their correlation with the endocrine 
and metabolic peculiarities of PCOS.

SUBJECTS AND METHODS

Subjects
This study was carried out on 125  females attending the 
out‑patient clinic of Tanta University Hospital seeking 
conception assistance. They were informed about the aim of 
the work and a written consent was taken from them. All 
women were in the reproductive age group, had primary 
infertility and diagnosed as having PCOS according to 
Rotterdam criteria. The most important exclusion criteria 
were: Women with other infertility factors, age over 30 years, 
receiving medicaments for any other diseases, women who 
had had induction of ovulation in previous cycles within 
6 months, evidence of systemic diseases, women on hormonal 
contraception, women on dietary food regimen and women 
with other causes of hirsutism and oligoamenorrhea. Patients 
included within this study were classified under three groups
Patient’s group: Included 75 women having PCOS.
Control group: This group included 50 normal fertile healthy 
women, received no hormonal medication during the last 
6 months preceding the study (control group).

Methods
All women included within this study were subjected to: 
History taking, clinical examination and assessment of body 
mass index (BMI), ultrasonographic examination.
Informed consent was obtained from all patients according 
to local procedures in accordance the declaration of Helsinki. 
The ethical committees at the department approved the 
protocol.
A total volume of 5 ml of the venous blood was taken from 
each case in the morning of the 3rd  day throughout the 
cycle to measure fasting serum concentrations of follicle 
stimulating hormone  (FSH), luteinizing hormone (LH) 
and free testosterone values. The hormonal assays were 

carried out by enzyme‑linked immunosorbent assay (ELISA) 
technique. ELISA kits for leptin and insulin were supplied 
by DRG laboratories Ltd. ELISA kits for progesterone 
and testosterone were supplied by Dia Metra Laboratory 
Limited. Estimations of serum levels of FSH and LH were 
performed by radio‑immunoassays.
Serum concentrations of leptin, insulin and progesterone 
were measured in the morning, fasting, of all cases during 
the mid‑cycle period.
Statistical analysis was performed by Statistical Product and 
Service Solutions version  10.0.  (IBM, USA) Student t‑test 
was used to compare numerical variables while correlation 
was performed to determine the relationship between the 
variables. The value of P < 0.05 was taken as significant.

RESULTS

The clinical data of the studied cases are depicted in 
Table 1. It is evident that members of both the control and 
PCOS were well‑matched concerning age and BMI.
The hormonal profiles of the studied cases clarify that 
women having PCOS had significantly higher serum 
concentrations of LH, free testosterone, insulin and leptin 
than the corresponding values of the control cases. On the 
contrary, serum progesterone was appreciably lower for 
PCOS cases than in the controls [Table 2].
Serum leptin level rises in both studied groups (control and 
PCOS) with raised BMI as demonstrated in Table 3. However, 
the increase in serum leptin was much higher in PCOS group 
than the controls, particularly among overweight and obese 
cases suggesting a sort of relationship with PCOS.
Serum insulin was insignificantly higher in PCOS than in the 
control cases. The rise in insulin value is in direct proportion 
to the body weight. These facts are shown in Table 4.
Statistical analysis on the results, using Pearson’s 
correlation matrix, as depicted in Table  5, the presence 
of significant positive correlation between leptin and age, 
leptin and BMI. On the other side, we found substantial 
negative correlation between insulin and age and between 
BMI and LH:FSH ratio.

Table 1: The clinical data of the studied patients
The symptoms and 
ovarian U/S picture

Patient’s group 
(mean±SD)

Control group 
(mean±SD)

P value

Age (years) 25.5 (3.9) 24 (3.7) 0.034
BMI (kg/m2) 24.3 (2.6) 25.7 (2.5) 0.025
Infertility duration (in years) 3.6 (1.6)
Cycle pattern

Regular 26 50
Oligomenorrhea 49
Amenorrhea 0

Hirsutism
No 40
Mild 20
Moderate 15
Severe

NS – Non‑significant; BMI – Body mass index; SD – Standard deviation
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DISCUSSION

Women with PCOS are hyperandrogenic and most of them 
are obese. The impact of obesity is usually considered to 
operate through the associated insulin resistance.[6]

It has become apparent that insulin resistance and 
hyperinsulinemia play a critical role in PCOS pathogenesis. 
Despite advances over the past decade, many of the 
questions remain regarding both the nature of insulin 
resistance in PCOS and the mechanism by which insulin 
resistance or insulin produces hyperandrogenemia.[2]

The present study was designed to assess serum levels of 
insulin and leptin in and their correlation with the endocrine 
and metabolic peculiarities of PCOS. In this study, we found 
that the mean patient’s age was 25.2 ± (3.8) years. We found 

that leptin levels alter significantly with age. This does not 
agree with the results of other previous studies that found 
that serum leptin is not affected by changes in age.[7]

The mean BMI of women with PCOS was 24.9 (2.6) kg/m2. 
The mean duration of infertility (in the PCOS groups I and 
II) was 3.8 (1.7) years. Women of the control group were in 
the obese side as their mean BMI was slightly higher than 
25 kg/m2 as PCOS cases that are to remove bias of obesity.

Women included within this study represent a homogenous 
group of the population, as regards age, BMI and infertility 
duration with insignificant differences. When comparing the 
clinical characteristics of the PCOS women in both groups, 
there were more women with hirsutism in the clomiphene 
citrate (CC) non‑respondent group than in the CC respondent 
women, but this was statistically insignificant.

In the present study, we noticed that serum leptin level was 
significantly elevated in women with PCOS when compared 
to women with normal menstrual cycles and matched BMI. 
Serum leptin concentrations in women with PCOS have 
been reported to be higher than[8‑10] or similar to[11,12] those 
in weight matched controls. On the contrary, Caro reported 
that leptin mean value was not different in PCOS patients 
compared with the normal controls.[13]

Okasanen et al. a concluded that PCOS is not a consequence 
of mutations of the leptin or leptin receptor genes, and 
they stated that the hypothesis that variations in the leptin 
receptor gene locus affect insulin regulation and this 
hypothesis was further supported by our study.[14]

By comparing serum fasting insulin concentration in different 
groups of our present study, we found that there was a 
significant hyperinsulinemia in both PCOS groups when 
compared with the control group (P < 0.5). In addition, the 
results showed more significance in the second group (CC 
resistant group) with high significant difference (P < 0.01). 
Our findings agree with those reported by Ehrmann et al.,[15] 
who found significant higher fasting insulin in women with 
PCOS than normal controls. Our results also go with that 
found by Tarkun et al.[16]

On the contrary, our results do not agree with those who 
found a non‑significant difference between PCOS patients 
and control group in regard to serum insulin; although it 
was higher among the PCOS group, this can be explained 
by the fact that most of their studied PCOS women were 
not obese.[17]

Numerous studies have demonstrated that any treatment 
aimed at improving insulin resistance in women with PCOS 
results in lower androgen levels and improves ovulatory 

Table 2: The serum hormonal profile of the studied cases
Hormone Control 

mean (SD)
Patients 

mean (SD)
P value

FSH (mIU/ml) 5.1 (1.2) 5.0 (1.2) 0.40
LH (mIU/ml) 5.5 (1.4) 8.5 (2.5) 0.04
LH:FSH ratio 1.1 (0.2) 1.6 (0.7) 0.03
Free testosterone (pg/ml) 1.2 (0.1) 1.5 (0.9) 0.04
Progesterone (ng/ml) 5.5 (1.8) 2.5 (0.8) 0.02
Insulin (µlU/ml) 12.6 (3.3) 16.3 (3.5) 0.04
Leptin (ng/ml) 20.8 (2.7) 26.5 (7.0) 0.04

FSH – Follicle stimulating hormone; LH – Luteinizing hormone; SD – Standard deviation

Table 3: Serum leptin concentrations in relation to BMI in 
the studied groups

BMI (kg/m2) Control Patients

Lean (<25) 19.8 24.1
Overweight (25‑30) 20.82 28.8*
Obese (>30) 27.2 30.7*

*Statistically significant at P<0.05 using spearman correlations test. Notice that serum leptin 
concentrations were higher in obese than in non‑obese women (P<0.05). BMI – Body mass index

Table 4: Serum insulin concentration in relation to BMI in 
the studied groups

BMI (kg/m2) Control Patients

Lean (<25) 11.2 15.1
Overweight (25‑30) 14.2 17.3
Obese (>30) 11.6 20.1

N.B. There is no significant differences between PCOS and control cases. PCOS – Polycystic 
ovary syndrome; BMI – Body mass index

Table 5: Pearson’s correlation matrix among cases with PCOS
Age BMI LH:FSH Leptin Insulin

Age ‑ 0.17 −0.21 0.04* −0.02*
BMI 0.17 ‑ −0.04* 0.02* 0.20
LH:FSH −0.21 −0.04* ‑ 0.20 0.16
Leptin 0.04* 0.02* 0.2 ‑ 0.09
Insulin −0.02* 0.2 0.16 0.09 ‑

*Statistically significant at P<0.05 using spearman correlations test. N.B. It is clear that in women 
with PCOS, there is a significant positive correlation between serum leptin, BMI and patient’s 
age. PCOS – Polycystic ovary syndrome; BMI – Body mass index; FSH – Follicle stimulating 
hormone; LH – Luteinizing hormone
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function.[4] Yet, this hypothesis was supported by other 
results, either concerned with a normal insulin level in 
PCOS patients[18] or demonstrated a similar degree of insulin 
resistance in ovulatory and anovulatory obese subjects.[19,20]

In the present investigation, we found a positive correlation 
between BMI and serum leptin in different groups of 
this study with a more positive correlation in the CC 
non‑responders group. Furthermore, there was a positive 
correlation between BMI and serum fasting insulin in 
different  groups within the study with a more positive 
correlation in PCOS and CC responders group. These results 
support the previously published data demonstrating 
a positive correlation between serum leptin, levels 
and BMI.[11,21] The relationship between BMI and leptin 
concentrations was present in women with PCOS as well; 
these results came in agreement with other studies.[16,22,23] 
However, Kale‑Gurbuz et  al. reported that among obese 
adolescents with PCOS, adiponectin and leptin levels do not 
seem to be determined by the existence of PCOS.[24]

It can be seen that there was a positive correlation between 
leptin, BMI and age and this was statistically significant. 
Although a positive correlation was found between leptin 
and insulin but couldn’t reach a statistically significant 
result. Yet, a positive correlation was found between age 
and insulin and this was statistically significant. These 
results suggest that it may be not the insulin that plays 
the major role in the pathophysiology of the syndrome and 
that increased insulin is probably an effect rather than a 
cause in obese PCOS patients and this in agreement with 
Conn.[25]

The most outstanding finding of our current work was 
the significant positive correlation that detected between 
serum insulin and leptin levels. This agrees with that stated 
by Bloomgarden[26] who found that insulin acutely increases 
plasma leptin and reduces adiponectin, suggesting a role of 
hyperinsulinemia in insulin resistance, which is associated 
to an increase in adipocyte inflammatory factors.

As PCOS is a well‑characterized state of insulin resistance 
with compensatory hyperinsulinemia,[27] it was not 
surprising that the hyperinsulinemia in obese women with 
PCOS results in a highly significant increase of leptin levels 
within this group compared with age and weight‑matched 
control in the present study.

It seems that elevated serum leptin level seems to be the 
responsible mediator for the pathology of PCOS, most 
probably through dual mechanism. The first mediated at 
the central level through rising LH secretion, which in turn 
increase’s androgen production, and the second mechanics, 
is mediated at the peripheral level by direct inhibitory 

effect of leptin on the ovaries causing an increase in the 
androgenic media.[28,29] Hence, there is a significant role of 
serum leptin in the determination of insulin resistance in 
PCOS patients.[30]

On the other hand, the present study links the elevated 
serum leptin and insulin levels to obesity suggesting that 
most probably they are responsible for the complicated 
picture of the syndrome in obese patients. A  hypothesis 
that can be easily explained by the direct effect of insulin 
on leptin expression causing more inhibitory action of 
leptin on the ovary and also the insulin and LH effect on the 
androgen level.
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