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ABSTRACT: Polycystic ovary syndrome (PCOS) is a common endocrine disorder affecting 5 -10% of 

women and is a major cause of anovulatory infertility. Etiology of PCOS remains unknown but 

hyperandrogenism and chronic anovulation have both been associated with PCOS. Insulin resistance, 

abdominal obesity have also been frequently associated with PCOS. Abdominal adipose tissue is a source of 

leptin; however, the role of leptin in the pathogenesis of PCOS is unclear. The current study aimed to 

investigate the relationships between serum leptin levels with insulin resistance and anthropometric measures in 

patients diagnosed with PCOS attending Aleppo gynecology university hospital. We analyzed differences 

between 46 patients with PCOS and 25 healthy control subjects with the same range of age- and body mass 

index (BMI). Related parameters were measured for both groups: serum glucose, leptin and insulin levels, waist 

to hip ratio, BMI, Waist circumference, and HOMA-IR. We found that, 67% of PCOS patients have Insulin 

resistance, with significant correlation between PCOS and Insulin resistance (P<0.05), Serum leptin levels was 

significantly correlated with basal insulin levels, BMI and HOMA-IR in both groups (P<0.05). The levels of 

fasting leptin, insulin, waist circumference and HOMA-IR were significantly higher in the PCOS group in 

comparison with the control group (p<0.05). Increased leptin levels in PCOS patients is independently 

associated with insulin resistance. 
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I. INTRODUCTION 

     Polycystic ovary syndrome (PCOS) is a common endocrine disorder, characterized by clinical 

and/or biochemical hyperandrogenism and chronic anovulation, polycystic ovaries in ultrasonography findings, 

and frequently morbid obesity, which is associated with infertility, menstrual dysfunction, hirsutism and 

frequent miscarriages [1].  

 

     Insulin resistance (IR), as a major abnormality associated with PCOS, represents a disorder with 

increased risk of type 2 diabetes [2] and is usually associated with an increase in inflammatory markers [3].  IR 

is now known to be intrinsic to PCOS, present in approximately 50- 70 percent of PCOS women independently 

of obesity, and contributing in a major way to its pathogenesis [4]. Insulin resistance and hyperinsulinemia 

promote abnormal ovarian androgen secretion and subsequently abnormal follicular development leading to 

dysfunctional ovarian and menstrual activity [5].  

 

     Skeletal muscle and adipose tissue become insulin resistant, resulting in decreased glucose uptake 

and increased lipolysis, respectively, whereas the ovary, adrenal, liver, and skin remain insulin sensitive [6]. The 

cause of insulin resistance in PCOS appears to be a post-binding defect in insulin receptor mediated signal 

transduction [7]. IR is believed to be associated with chronic inflammatory response, which is characterized, by 

abnormal cytokine production and the activations of pro-inflammatory signaling pathways [8]. 
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     Leptin is a 167 amino acid peptide of tumor necrosis factor family of cytokines [9], secreted from 

adipocytes in pulsatile fashion [10], and regulates energy homeostasis by regulating food intake and energy 

balance [11]. Leptin levels fall during weight loss and increase the brain activity in areas involved in the control 

of food intake while restoration of leptin levels maintained weight loss and reversed the changes in the brain 

activity [12]. 

 

     Caro et al. reported that leptin and insulin receptors deficient mice showed elevated testosterone, 

infertility and insulin resistance, which are reminiscent of PCOS in humans [13]. The role of leptin in PCOS is 

under investigation since the disease involves impairment of reproduction and nutrition [14]. 

 

        Leptin resistance was introduced in an apparent analogy with that of insulin resistance to explain 

why hyperleptinemia associated with obesity fails to correct the defect in energy balance and feeding behavior. 

According to Farooqi et al. (2002), Leptin binds to its receptor in hypothalamus and activates JAK-STAT 3 

pathway leading to suppression of Neuropeptide Y and Agouti-related protein (peptides which increase food 

intake) and secretion of Proopiomelanocortin and Corticotropin releasing hormone (peptides which reduce food 

intake) [15]. In obesity, the transport of Leptin across the blood brain barrier is reduced and levels of SOCS 3, 

an inhibitor of Leptin signaling is increased in hypothalamus, which leads to Leptin resistance [16]. 

 

     Therefore, in an attempt to indirectly learn about Leptin, ovarian function and insulin resistance, 

PCOS has been targeted for many studies, and the relationship between Leptin, Insulin sensitivity and Insulin 

concentration in derangement of ovarian function, remain elusive and controversial. Our study aims to clarify 

the role of Leptin in the pathology of PCOS, by investigating the relationship between serum levels of Leptin, 

insulin resistance, and anthropometric measures in patients with PCOS compared with healthy women. 

 

 

II.  MATERIALS AND METHODS 
 

1.1. Patient’s characteristics 

This study was performed at Aleppo gynecology university hospital, Aleppo, Syria. 46 PCOS patients 

was included in our study. The patient inclusion criteria included females aged 18-35 years, Arab population, 

BMI<25 Kg/m
2
, waist circumference< 80 Cm, waist to hip ratio <0.85. The criteria for diagnosis of PCOS 

according to the 2003 Rotterdam ESHRE/ASRM criteria: 1) oligo- and/or anovulation; 2) clinical and/or 

biochemical signs of hyperandrogenism (patients presented with hirsute, acne or alopecia, and/or increased 

circulating levels of testosterone; 3) polycystic ovaries (ovarian morphology was assessed using transvaginal 

ultrasound), and exclusion of other etiologies [17]. In all participants, BMI, waist circumference, waist to hip 

ratio, and homeostasis model assessment of insulin resistance (HOMA-IR), serum levels of fasting glucose, 

insulin, and leptin were assessed.  

 

     The exclusion criteria was: patients who received gonadotropins, hormonal contraception, 

Metformin or thiazolidinediones in the three months prior to the study, patients with hyperprolactinemia 

(morning plasma prolactin≥ 30 ng/ml) or other endocrine, hepatic, or renal disorders.Twenty-five healthy, fertile 

non-pregnant females with cross-matched age, BMI, waist circumference, waist to hip ratio were recruited as a 

control group. BMI was calculated as weight in kilograms divided by height in meters squared for all eligible 

subjects.  

 

1.2. Laboratory assays  

     Venous blood samples (10 ml) collected between 8-10 a.m. after overnight fasting were allowed to 

clot and centrifuged at 3,000 rpm for five minutes. Serum was stored at −20°C for biochemical assays. Blood 

samples were taken from patients and controls on days 2-5 of their menstrual cycles (early follicular phase), but 

blood samples were taken randomly for those suffering from severe oligo- or amenorrhea. 
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  Waist Circumference was measured in the standing position and by placing a soft tape measure 

midway between the lowest rib and the iliac crest. Hip circumference was measured at the level of the major 

trochanters. Hormonal and biochemical assays were performed at the researches Laboratory of the Faculty of 

pharmacy, Aleppo University. Glucose level was measured by glucose oxidase/peroxidase method and 

spectrophotometric quantitation (Biosystems S.A., SPAIN). 

 

     Insulin was detected by Enzyme–linked immunosorbent assay (Sandwich-ELISA) kits (DiaMetra 

Catalog No: DCM076-7, ITALY), its analytical sensitivity was 0.25 µU /ml. Insulin resistance was assessed 

using the homeostasis model assessment of insulin resistance (HOMA-IR) by the following formula: HOMA-IR 

(mg/dl × µU /ml) = fasting blood glucose (mg/dL) × fasting insulin (µU /ml)/ 405(1). Patients were considered 

as Insulin resistant if HOMA-IR > 3.875 [18] [19]. Leptin was detected by Enzyme–linked immunosorbent 

assay (Sandwich-ELISA) kits (DIAGNOSTIC AUTOMATION, INC Catalog No: 1742-6, USA), its analytical 

sensitivity was 0.3 ng/ml.  

 

1.3. Statistical analyses  

     Data were analyzed using Statistical Package for the Social Science, version 20 (SPSS, Chicago, IL, 

USA) and was expressed as mean ± SD. Comparison between patients and controls was performed with 

independent samples “t test”, one-way ANOVA and the tukey post-hoc test. The degree of correlation between 

IR and PCOS was assessed using Q- square test. The degree of correlation between Leptin and the variables of 

interest was assessed using Pearson’s correlation coefficient. For all tests, a probability (P-value) <0.05 was 

considered statistically significant. 

 

III. RESULTS AND DISCUSSION 

 

1.4. Study the relationship between PCOS and IR 

      The PCOS patients were divided into two subgroups: PCOS patients with Insulin Resistance group 

(PCOS-IR) and PCOS patients without IR or None IR group (PCOS-NIR). Insulin resistance was judged by 

using the homeostatic model index (HOMA-IR) (calculated by equation (1)), and 3.875 was selected as a cutoff 

point [18-19]. As shown in Table 1, Thirty-one cases of PCOS had insulin resistance (HOMA-IR ≥3.875), 

whereas fifteen cases of PCOS without insulin resistance (HOMA-IR < 3.875). 

 

Table 1. : Rates of distribution of insulin resistance among the PCOS and the control groups. 

CONTROL 

N (%) 

PCOS 

N (%) 

IR or NIR 

9 (36 %) 31 (67 %) Insulin Resistance (IR) 

16 (64 %) 15 (33 %) Non-Insulin Resistance (NIR) 

 

     The Insulin resistance percentage among PCOS patients is (67%) and it is within the range got by 

many of other studies, Deugarte et al, (2005) showed that about 64% of PCOS patients have Insulin resistance. 

About 50-70% of PCOS patients have a degree of Insulin resistance [20]. Both of obese and lean PCOS patients 

have a degree of Insulin resistance, but the obese PCOS patients are the highest incidence of Insulin resistance 

compared to lean PCOS or obese women without PCOS [21]. Therefore, we investigate the effect of BMI in 

Insulin resistance. We found that from the total 46 PCOS patients, thirty-one PCOS-IR were overweight (BMI 

28.5±4.2 kg/m
2
) and fifteen PCOS-NIR were also overweight (BMI 27 ±3.0 kg/m

2
), so there is no significant 

differences between them in mean BMI values (P value< 0.05). In Addition, there is no significant correlation 

between BMI and HOMA-IR in PCOS and control groups ( R=0.185,p value=0.219)(R=0.151. p value=0.471) 

respectively , thus we suggest that the IR could be due to other factors other than BMI. 
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     We applied the Chi-Square test to study the correlation between PCOS and insulin resistance.  In 

agreement with previous studies [22,23], our results showed that PCOS is correlated to Insulin resistance (P 

value = 0.011).  This indicates that IR is an independent pathogenic variable linked to PCOS.  

 

     This correlation could be explained that increased insulin levels, which is one of Insulin resistance 

indicators, stimulate directly and indirectly to increase endogenous androgen levels via several mechanisms: 

1. Excess insulin enhances androgen production in ovarian theca cells in response to luteinizing hormone 

(LH) stimulation, resulting in follicular arrest and anovulation [24]. 

2. Extreme hyperinsulinemia may result in activation of ovarian Insulin-like Growth Factor IGF-1 

receptors and thereby stimulate androgen production. In addition, atypical IGF receptor subtypes may 

be present in the ovary that have extremely high affinity for insulin binding [25]. 

3. Hyperinsulinemia inhibits synthesis of sex hormone-binding globulin by the liver, which leads to 

elevated 

Levels of serum-free testosterone [26]. 

4. Hyperinsulinemia causes a decrease in secretion of IGF binding protein-1 in both the liver and the 

ovary, which in turn results in increased intraovarian bioavailability of IGF-1 and IGF-2, two important 

regulators of ovarian follicular maturation and steroidogenesis [27].  

 

1.5. Analysis of results  

     The measured parameters of PCOS and control groups: Age, body weight, BMI, waist 

circumference, and waist/hip ratio, hormonal and biochemical levels are shown in Table 2.  

 

Table 2. : Basic characteristics of the total study population 
P (value) Controls 

(n=25) 

PCOS patients 

 (n=46) 

Variables 

NS 25.6 ± 5.41 24.13 ± 5.48 Age (years) 

NS 73.52 ± 8.29 69.72   ± 10.27 Weight(Kg)  

NS 160.56  ± 8.61 157.92  ± 7.07 Length (cm) 

NS 29.82  ± 3.07 28.05  ± 3.87 BMI (kg/m2) 

<0.05 86.23 ± 6.97 90.88 ± 8.67 Waist circumference (cm) 

NS 0.87 ± 0.2 0.88 ± 0.2 waist-to-hip ratio  

NS 96.95 ± 16.55 103.83 ±17.96 Fasting Glucose (mg/dl) 

<0.05 16.07 ± 6.17 21.92 ± 6.97 Fasting Insulin (μIU/ml) 

<0.05 3.82 ± 1.52 5.64 ± 2.16 HOMA-IR (mg/dl. μIU/ml )  

<0.05 10.7 ± 2.48 19.52 ± 7.45 Fasting Leptin (ng/ml) 

            

     PCOS patients and healthy controls had no significant differences in age, weight, BMI, length, 

waist-to-hip ratio or fasting glucose levels (p value<0.05) .Waist circumference, fasting insulin, fasting Leptin 

as well as HOMA-IR, were significantly higher in PCOS patients than in healthy controls (p value>0.05) Table 

2. 

      In order to study the correlation between Leptin levels with anthropometric and biochemical 

parameters, without dividing the study groups into insulin resistance (IR) or non-insulin resistance (NIR), we 
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applied Pearson correlation test; in which R values ranging from -1 to 1 and a probability (P-value) <0.05 was 

considered statistically significant as shown in Table 3.  

 

 
Table 3. : Baseline Pearson correlations coefficients (R) of Leptin with anthropometric and biochemical 

parameters in PCOS and control. 

        

     As shown in Table 3, no correlation was found between Leptin levels and weight, length, waist, 

waist to Hip ratio, glucose in both groups (P <0.05), whereas Leptin levels were correlated positively with basal 

insulin levels, BMI and HOMA-IR in the PCOS and control groups (P <0.05). 

 

    As we notice in Table 3, the Leptin levels was correlated positively with insulin levels and HOMA-

IR in both groups, so in order to study the correlation between Leptin levels and insulin resistance, we divided 

Patient and control groups by using (HOMA-IR≥3.875) as IR and ) HOMA-IR < 3.875( as NIR. The mean 

differences between the four groups (Patient-IR, Patient-NIR, control-IR, control-NIR) was tested by using one-

way ANOVA test as shown in Table 4. 

 

Table 4. : Mean differences between the four groups (Patient-IR, Patient-NIR, control-IR, control-NIR) 

in insulin and Leptin 

P Value Control-NIR Control- IR PCOS-NIR PCOS-IR   Variables 

0.000 12.6±3.1 22.3±5.2 14.1±3.2 25.7±4.7 Insulin 

(μIU/ml) 

0.000 9.6± 2 12.7±2.2 13.8±3.7  22.3±7.2 Leptin 

(ng/ml)  

 

     Table 4. shows that, there are significant differences between the four groups in Insulin and Leptin 

(P<0.05). These results were then explained by using Tukey-Post hoc Test as shown in Table 5. 

 

Table 5. : Explanation the mean differences between four groups in Insulin and Leptin levels after 

application Tukey-Post hoc Test 

P Value Mean Difference  2nd group 1st group Variables 

0.000* 

0.151 

0.000* 

11.644 

3.4 

13.159 

Patient NIR 

Control IR 

Control NIR 

Patient-IR 

Patient-IR 

Patient-IR 

Insulin 

0.000* 

0.748 

-8.239 

1.5 

Control IR 

Control NIR 

Patient-NIR 

Patient-NIR  

Leptin in control (n=25) Leptin in PCOS (n=46) Variables 

P value R P value R  

0.039* 410.0 0.023
*
 0.335 BMI 

0.016* 410.0 0.005* 41040 Insulin 

0.003
*
 0.568 0.013

*
 0.363 HOMA-IR 
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0.000* 9.754 Control NIR Control-IR 

0.000* 

0.000* 

0.000* 

8.537 

9.665 

12.703 

Patient NIR 

Control IR 

Control NIR 

Patient-IR 

Patient-IR 

Patient-IR 

Leptin 

0.975 

0.017* 

1.12 

4.166 

Control IR 

Control NIR 

Patient-NIR 

Patient-NIR 

0.023* 3.239 Control NIR Control IR 

        

 

     The results in Table 5, show that, the mean serum levels of insulin were significantly higher in 

Patient-IR (25.7±4.7) than in Patient-NIR and Control-NIR respectively (14.1±3.2, 12.6±3.1), whereas mean 

serum levels of insulin were significantly more in Control-IR (22.3±5.2) than in Patient-NIR )14.1±3.2(, and 

mean serum levels of insulin were significantly higher in Control-IR (22.3±5.2) than in Control-NIR ) 12.6±3.1(. 

The mean serum levels of leptin were significantly higher in Patient-IR )22.3±7.2( than in Patient-NIR, Control-

IR and Control-NIR respectively (13.8±3.7 , 12.7 ±2.2 , 9.6±2), and mean serum levels of leptin were 

significantly higher in Patient-NIR ( 13.8±3.7( than in Control-NIR (9.6±2(. As we notice in Table 3, serum 

Leptin levels were correlated positively with BMI in Patient and control groups. This result is in agreement with 

many studies have reported that leptin is correlated to BMI in both groups [28 -30].  
 

     The major source of Leptin is the white adipose tissue, and the level of circulating Leptin is 

proportional to the total amount of fat in the body. In addition to white adipose tissue, Leptin can be also 

produced by brown adipose tissue, placenta (syncytiotrophoblasts), ovaries, skeletal muscle, stomach (the lower 

part of the fundic glands),mammary epithelial cells, bone marrow, pituitary, and liver [31]. Considine et al, 

(1996) found that the mean serum Leptin concentrations were in normal-weight subjects lower than in obese 

subjects. The ob mRNA content of adipocytes was twice as high in the obese subjects as in the normal weight 

subjects [32]. To determine the role of BMI, we divided the samples into overweight and obese each 

individually. We found that serum Leptin levels were statically higher in Patients (overweight: 18.6±7.4, obese: 

23± 6.6) than in control (overweight: 9.9± 1.9, obese: 11.5± 2.9) respectively. This result suggest that the total 

mass of fatty tissue is more important than BMI factor in the regulation of leptin secretion in the PCOS patients. 

This suggestion is supported by our result which shows that waist circumference (which reflects visceral lipid 

mass) was higher in the patients as compared with control who have the same range of the BMI [33]. Tayfun 

Alper et al, )2004( showed that serum Leptin levels correlate positively with BMI in both groups, but when the 

effects of fat percentage on serum Leptin were eliminated, the levels of Leptin remain higher statistically in 

PCOS group. These findings support the idea that other factors other than excess of fat mass or fat-free mass 

might be important in the regulation of serum Leptin levels in PCOS [34]. Similarly, Chakrabarti)2013( showed 

that serum Leptin levels correlate positively with BMI in both groups, and PCOS patients have higher Leptin 

levels, regardless of BMI or Insulin resistance [28].  

 

     There was a significant difference in waist circumference in both groups which was significantly 

higher in PCOS patients than controls (p >0.05) as shown in Table 2. Overweight has been linked to PCOS 

since its very first description by Stein and Leventhal (1935), who noticed the association of obesity, hirsutism, 

anovulation, and infertility in women. In fact, approximately 50% of PCOS women are overweight or obese 

[35], and usually the obesity is characterized by a central distribution. Even in lean women matched for body 

mass index BMI, women with PCOS have a higher percentage of body fat and a larger waist-to-hip ratio than 

their matched controls [36,37]. However, it has been suggested that the distribution of fat, rather than the mere 

presence of obesity or increased body mass index, is mainly significant in PCOS [38]. Regardless of ethnicity, 

http://en.wikipedia.org/wiki/White_adipose_tissue
http://en.wikipedia.org/wiki/Brown_adipose_tissue
http://en.wikipedia.org/wiki/Placenta
http://en.wikipedia.org/wiki/Ovaries
http://en.wikipedia.org/wiki/Skeletal_muscle
http://en.wikipedia.org/wiki/Stomach
http://en.wikipedia.org/wiki/Mammary_gland
http://en.wikipedia.org/wiki/Epithelial_cell
http://en.wikipedia.org/wiki/Bone_marrow
http://en.wikipedia.org/wiki/Pituitary
http://en.wikipedia.org/wiki/Liver
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most overweight women with PCOS have central, or android (visceral) obesity, resulting in a waist-to-hip ratio 

greater than 0.85 [39].  

 

     Serum Leptin levels correlated positively to Insulin and HOMA-IR in patient and control groups 

(Table 3). This result is in agreement with several studies which found that the mean of fasting Insulin, Leptin 

and HOMA-IR were higher in PCOS patients than healthy control, and there was a significant correlation 

between Leptin levels with BMI, insulin and HOMA-IR in both groups, these findings are in line with our 

study[2,28,33] [40-42]. While, our findings conflicted with others studies which did not notice any differences 

in Leptin levels between patient and healthy groups [43-45] . Our results also contradicted with other studies 

which found no correlation between the serum levels of insulin and Leptin in PCOS patients [44-46].  

 

     Taking in consideration the Insulin Resistance, our results in Table 5, showed that serum Leptin 

levels were higher in Patient-IR than Patient-NIR, which is in agreement with many studies [23,43]. Therefore, 

we conclude from the foregoing that Leptin level is related to PCOS and insulin resistance, which in turns 

suggests a relationship between Leptin and insulin receptors in the pathogenesis of PCOS. 

 

      Growing evidence suggests that either impaired or deficient Leptin signaling results in the 

development of insulin resistance and impaired glucose metabolism [47,48]. Several studies confirmed this 

deficient in the function of Leptin receptor. In fact there are large numbers of Leptin receptors on ovarian cells 

[49], and Leptin treatment of these cells in vitro caused significant reduction in steroid output [50]. Hence, the 

role of Leptin when it links to its receptor, is to reduce the steroidogenesis, probably by antagonizing 

stimulatory factors, such as insulin like growth factor-1, transforming growth factor-β, insulin, and luteinizing 

hormone. Since the pathogenesis of PCOS known as high levels of androgens, so this indicates that there is a 

defect in the Leptin work through lack in response of the ovarian cells to its effects, i.e. there is no connection 

with its receptor, and this is expressed in the status of similar way the resistance to insulin and this called Leptin 

resistance [51]. 

 

     To explain the Leptin resistance, many mechanisms that might be proposed: On one hand, the 

resistance could be due to the defect in the transferring of Leptin through the blood brain barrier by linking with 

carrier as CRP. The defect of transferring could limit the entry of Leptin to the central nervous system and it 

creates a kind of resistance [20]. On other hand, Leptin resistance may be a result of disruption in signal 

transduction process through Janus-activating kinase2-signal transducer and activator of transcription 3 (JAK2-

STAT3) pathway on Leptin receptors by suppressor of cytokine signaling-3 (SOCS-3) and Protein tyrosine 

phosphatase 1ß (PTP-1ß) [52]. The Mice which deficient the PTP-1ß and SOCS3 have shown high sensitivity to 

Leptin and were resistant to obesity [53,54]. Deletion of SOCS3 in LepR-expressing cells should release Leptin 

signaling from the inhibitory influence of SOCS3 [55]. Interestingly, SOCS3 binds to the same residue 

(phospho-Tyr985) of LepR [56]. A mutation in the Tyr985 of LepR produces a lean phenotype, indicating that 

the phosphorylation of this residue exerts a predominantly inhibitory effect on Leptin signaling [57]. SOCS3 

contributes to both leptin resistance and insulin resistance because of increased ceramide synthesis [58].  

 

     The liver and skeletal muscle are key tissues that control glycaemia, and hypothalamic Leptin 

signaling modulates insulin sensitivity in these tissues [59]. Indeed, it has been previously shown that ICV 

injection of PI3K inhibitors abolishes the effect of Leptin in the reduction of food intake, inhibits the central 

actions of Leptin in the increase of peripheral insulin sensitivity, and inhibits the central action of Leptin in the 

enhancement of hypothalamic insulin sensitivity [60]. On other hand, it has been reported that leptin action in 

the hypothalamic arcuate nucleus improves hepatic insulin action via a mechanism involving the hepatic vagus 

nerve [61]. Kim et al., (2006) showed that metformin restores Leptin sensitivity in obese rats with Leptin 

resistance and metformin treatment increased CSF Leptin concentrations in both standard Chow and high fat– 

fed obese rats compared with the untreated rats [62]. It is suggested that the increase in CSF leptin level may be 

the cause of reduced resistance because the defect in Leptin transport through the blood-brain barrier is a 

http://en.wikipedia.org/wiki/Leptin
http://en.wikipedia.org/wiki/Insulin_resistance
http://en.wikipedia.org/wiki/Ceramide
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possible mechanism of Leptin resistance [63]. Based on the above it can be said that, when there is resistance to 

Leptin and defect in the signal transmission of Leptin in the hypothalamus, it will accompanied with a defect in 

insulin signal in the liver, leading to increased insulin levels. 

 

 

IV. CONCLUSION 

     In fact, the pathogenesis of PCOS is quietly complicated, which trigged many scientific researches 

in attempt to elucidate this pathogenesis. There were many clinical argumentative studies about the role of 

Leptin in PCOS patients with insulin resistance , so this study comes to clarify the role of Leptin in PCOS 

pathogenesis by assessment the serum level of Leptin in Syrian PCOS patients and healthy groups, in addition to 

the others classical related parameters. Our study showed that there was a correlation between PCOS disease 

and Insulin Resistance (IR), and the percentage of PCOS patients who are IR was 67%, so these findings show 

the importance of IR in PCOS patients as a research goal that should be more investigated.  

 

     Serum Leptin, Insulin and HOMA-IR were higher in PCOS group than matched-healthy control, 

and there were a significant correlation between serum Leptin levels and Insulin resistance, which manifested in 

increasing serum Leptin levels in PCOS-IR group more than PCOS-NIR. This find suggests that serum Leptin 

level could be on one hand, an important predictor for PCOS and on other hand, for Insulin Resistance, 

according to the impaired or deficient in Leptin signaling which results in the development of Insulin resistance 

and impaired glucose metabolism. Perhaps further studies with larger sample sizes and long-term follow-up will 

help to support our results.   

 

V. Acknowledgements 
     This research has been supported by faculty of pharmacy, university of Aleppo, Aleppo, Syria. Authors are 

thankful to the Aleppo gynecologic university hospital, Aleppo, Syria for their help in this study. 

 

 
REFERENCES 

 
[1] Goodarzi MO and Korenman SG, The importance of insulin resistance in polycystic ovary syndrome, Fertil Steril, 80(2), 2003, 

255-8. 

[2] Diamanti-Kandarakis E, Argyrakopoulou G and Economou F, Defects in insulin signaling pathways in ovarian steroidogenesis 
and other tissues in polycystic ovary syndrome (PCOS), J Steroid Biochem Mol Biol,109, 2008, 242-6. 

[3] Muscari A, Antonelli S, Bianchi G, Cavrini G, Dapporto S and Ligabue A, Serum C3 is a stronger inflammatory marker of 

insulin resistance than C reactive protein, leukocyte count, and erythrocyte sedimentation rate: comparison study in an elderly 
population, Diabetes Care, 30(9), 2007, 2362-2368. 

[4] Legro RS, Gnatuk CL and Kunselman AR, Changes in glucose tolerance over time in women with polycystic ovary syndrome: a 
controlled study, J Clin Endocrinol Metab, 90, 2005, 3236-3242. 

[5] Chang JR, Nakamura RM, Howard LJ and Kaplan SA, Insulin resistance in nonobese patients with polycystic ovarian disease, J 

Clin Endocrinol Metab,57, 1983, 356–359. 
[6] Legro RS, Castracane VD and Kauffman RP, Detecting insulin resistance in polycystic ovary syndrome: purposes and pitfalls, 

Obstet Gynecol Surv,59(2), 2004, 141–154. 

[7] Carmina E, Orio F, Palomba S, Longo RA, Cascella T and Colao A, Endothelial dysfunction in PCOS: role of obesity and 
adipose hormones, Am J Med, 119(4), 2006,1–6. 

[8] Ryu SY, Kim KS, Park J, Kang MG and Han MA, The association between circulating inflammatory markers and metabolic 

syndrome in Korean rural adults, J Prev Med Public Health, 41, 2008, 413-418. 
[9] Ahima RS and Flier JS, Leptin, Annu Rev Physiol, 62, 2000, 413-437. 

[10] Caprio M, Fabbrini E, Isidori AM, Aversa A and Fabbri A, Leptin in reproduction, Trends Endocrinol Metab,12, 2001, 65-72. 

[11] Campfield LA, Smith FJ, Guisez Y, Devos R and Burn P, Recombinant mouse ob protein: Evidence for a peripheral signal 
linking adiposity and central neural networks, Science, 269, 1995, 546-548. 

[12] Ahima RS, Revisiting leptin’s role in obesity and weight loss, J Clin Invest, 118, 2008, 2380–2383. 

[13] Caro JF, Sinha MK, Kolaczynski JW, Zhang PL and Considine RV. Leptin: the tale of an obesity gene. Diabetes, 45, 1996, 
1455-1462. 

[14] Kowalska I, Kinalski M, Straczkowski M, Wolczyski S and Kinalska I, Insulin, leptin, IGF-I and insulin-dependent protein 

concentrations after insulin-sensitizing therapy in obese women with polycystic ovary syndrome,  Eur J Endocrinol, 144, 2001, 
509-515. 

[15] Farooqi IS, Matarese G, Lord GM, Keogh JM, Lawrence E, Agwu C, Sanna V, Jebb SA, Perna F, Fontana S, Lechler RI, De- 

Paoli AM and O'Rahilly S, Beneficial effects of leptin on obesity, T cell hyporesponsiveness, and neuroendocrine/metabolic 
dysfunction of human congenital leptin deficiency, J Clin Invest,110, 2002, 1093-103. 



International Journal of Academic Scientific Research   

ISSN: 2272-6446 Volume 4, Issue 1 (February - March 2016), PP 56-65 

 

www.ijasrjournal.org                                                          64 | Page 

[16] Oral EA, Simha V, Ruiz E, Andewelt A, Premkumar A, Snell P, Wagner AJ, De- Paoli AM, Reitman ML, Taylor SI, Gorden P 

and Garg A, Leptin replacement therapy for lipodystrophy, N Engl J Med,346 , 2002, 570-8. 

[17] Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group, Revised 2003 consensus on diagnostic criteria and 
long-term health risks related to polycystic ovary syndrome, Fertil Steril;81(1), 2004, 19–25. 

[18] Alireza Esteghamati, Haleh Ashraf, Omid Khalilzadeh, Ali Zandieh, Manouchehr Nakhjavani, Armin Rashidi, Mehrdad 

Haghazali and Fereshteh Asgari, Optimal cut-off of homeostasis model assessment of insulin resistance (HOMA-IR) for the 
diagnosis of metabolic syndrome: third national surveillance of risk factors of non-communicable diseases in Iran (SuRFNCD-

2007), Nutrition &Metabolism;7(26) ,2010, 1-8. 
[19] Qu HQ1, Li Q, Rentfro AR, Fisher-Hoch SP and McCormick JB, The definition of insulin resistance using HOMA-IR for 

Americans of Mexican descent using machine learning, PLoS One,6(6), 2011, 21-41. 

[20] DeUgarte CM, Bartolucci AA and Azziz R, Prevalence of insulin resistance in the polycystic ovary syndrome using the 
homeostasis model assessment, Fertil Steril, 83(5), 2005, 1454–1460. 

[21] Dunaif A, Segal KR, Futterweit W and Dobrjansky A, Profound peripheral insulin resistance, independent of obesity, in 

polycystic ovary syndrome, Diabetes, 38, 1989, 1165–1174. 
[22] Miro S  imun Alebic , Tomislav Bulum , Natasˇa Stojanovic and Lea Duvnjak,  Definition of insulin resistance using the 

homeostasis model assessment (HOMA-IR) in IVF patients diagnosed with polycystic ovary syndrome (PCOS) according to the 

Rotterdam criteria, Endocrine,47(2), 2014, 182-185. 
[23] Asmathulla S, Rupa Vnai K, Kripa S and Rajarajeswari R, Insulin resistance and its relation to inflammatory status and serum 

lipids among young women with PCOS, Int Repord Contracept Obstet Gynecol, 2(3), 2013,  325-329. 

[24] Moghetti P, Castello R and Negri C, Insulin infusion amplifies 17 alpha-hydroxycorticosteroid intermediates response to 
adrenocorticotropin in hyperandrogenic women: apparent relative impairment of 17,20-lyase activity, J Clin Endocrinol 

Metab,81, 1996, 881–886. 

[25] Poretsky L, Cataldo NA, Rosenwaks Z and Giudice LC, The insulin-related ovarian regulatory system in health and disease, 
Endocr Rev, 20(4), 1999, 535–582. 

[26] Balen A, The pathophysiology of polycystic ovary syndrome: trying to understand PCOS and its endocrinology, Best Pract Res 

Clin Obstet Gynaecol,18(5), 2004, 685–706. 
[27] De Leo, V, la Marca A, Orvieto R and Morgante G, Effect of metformin on insulin-like growth factor (IGF) I and IGF binding 

protein I in polycystic ovary syndrome, J Clin Endocrinol Metab, 85(4), 2000, 1598–1600. 

[28] Chakrabarti J, Serum leptin level in women with polycystic ovary syndrome: Correlation with adiposity, insulin, and circulating 
testosterone, Ann Med Health Sci Res, 3, 2013, 191-6. 

[29] Yilmaz M, Bukan N and Ayvaz G, The effects of rosiglitazone and metformin on oxidative stress and homocysteine levels in 

lean patients with polycystic ovary syndrome, Hum Reprod, 20, 2005, 3333–40. 
[30] Lee AB, Godfrey T and Rowley KG, Traditional risk factor assessment does not capture the extent of cardiovascular risk in 

systemic lupus erythematosus, Intern Med J, 36, 2006, 237–43. 

[31] Margetic S, Gazzola C, Pegg GG and Hill RA, Leptin: a review of its peripheral actions and interactions, Int. J. Obes. Relat. 
Metab. Disord, 26 (11), 2002,  1407–1433. 

[32] Considine RV, Sinha MK and Heiman ML, Serum immunoreactive-leptin concentrations in normalweight and obese humans, N 

Engl J Med,334, 1996,  292–295. 
[33] Sinha MK and Caro JF, Clinical aspects of leptin, Vit Hormones, 54, 1998, 1-30. 

[34] Tayfun Alper, Hakki Kahraman, Mehmet Bilge Cetinkaya, Filiz Yanik, Gulizar Akcay, Abdulkerim Bedir, Erdal Malatyalioglu 

and Arif Kokcu,  Serum leptin and body composition in polycystic ovarian syndrome,  Ann Saudi Med, 24(1), 2004, 9-12.  
[35] Gambineri A, Pelusi C, Vicennati V, Pagotto U and Pasquali R, Obesity and the polycystic ovary syndrome, Int J ObesRelat 

Metab Disord,26, 2002, 883–896. 

[36] Michelmore K, Ong K and Mason S, Clinical features in women with polycystic ovaries: relationships to insulin sensitivity, 
insulin gene VNTR and birthweight, Clin Endocrinol (Oxf),55, 2001, 439–446. 

[37] Manal M. Kamal , Hossam O. Hamed  and Ragaa H. Salama, Adiponectin and Adiponectin Receptor-1 in Patients with 

Polycystic Ovarian Syndrome: Impact of Insulin Sensitization by Metformin, Ibnosina J Med BS, ,5(2), 2013, 52-61. 
[38] Lord J and Wilkin T, Polycystic ovary syndrome and fat distribution: the central issue, Hum Fertil (Cambr), 5(2), 2002, 67–71. 

[39] Strowitzki T, Halser B and Demant T, Body fat distribution, insulin sensitivity, ovarian dysfunction and serum lipoproteins in 

patients with polycystic ovary syndrome, Gynecol Endocrinol,16(1), 2002, 45–51. 
[40] Brzechffa PR, Jakimiuk AJ, Agarwal SK, Weitsman SR, Buyalos RP and Magoffin DA, Serum immunoreactive leptin 

concentrations in women with polycystic ovary syndrome, J Clin Endocrinol Matab, 81, 1996, 4166-9. 

[41] Hasan F.Al-Azzawie, Esraa H.Humadi and Majed Al-Maini, Evaluation of Proathrogenic and proinflammatory markers in obese 
polycystic ovary syndrome Iraqi patients, International Journal of Pharma Sciences, 3(5), 2013, 350-355. 

[42] Ruaa A.jasem ,Jinan .M.Al-saffar and Hasan F.Al-Azzawie, Association of Interleukin -18 and CD40 in obese polycystic ovary 

syndrome, International Journal of Advanced Research, 2(6),2014,  151-157. 

[43] Calvar CE, Intebi AD, Bengolea SV, Hermes R and Spinedi E, Leptin in patients with polycystic ovary syndrome. Direct 

correlation with insulin resistance, Medicina,63(6), 2003, 704-10. 

[44] Rouru J, Anttila L, Koskinen P, Penttila TA, Irjala K, Huupponen R and Koulu M, Serum leptin concentrations in women with 
polycystic ovary syndrome, J Clin Endocrinol Metab, 82, 1997, 1697-700. 

[45] Prerna Upadhyaya, H.S. Rehan and Vikas Seth, SERUM LEPTIN CHANGES WITH METFORMIN TREATMENT IN 
POLYCYSTIC OVARIAN SYNDROME: CORRELATION WITH OVULATION, INSULIN AND TESTOSTERONE 

LEVELS, EXCLI Journal,10, 2011, 9-15.  

[46] Erturk E, Kuru N, Savci V, Tuncel E, Ersoy C and Imamoglu S, Serum leptin levels correlate with obesity parameters, but not 
with hyperinsulinism in women with polycystic ovary syndrome, Fertil Steril,82, 2004, 1364- 8. 

[47] Morton GJ, Gelling RW, Niswender KD, Morrison CD, Rhodes CJ and Schwartz MW, Leptin regulates insulin sensitivity via 

phosphatidylinositol-3-OH kinase signaling in mediobasal hypothalamic neurons, Cell Metab, 2, 2005,  411–420 
[48] Coppari R, Ichinose M, Lee CE, Pullen AE, Kenny CD, McGovern RA, Tang V, Liu SM, Ludwig T, Chua SC Jr, Lowell BB and 

Elmquist JK, The hypothalamic arcuate nucleus: a key site for mediating leptin’s effects on glucose homeostasis and locomotor 

activity, Cell Metab, 1, 2005, 63–72 
[49] Karlsson C, Lindell K, Svensson E, Bergh C, Lind P, Billig H, Carlsson LM and Carlsson B. Expression of functional leptin 

receptors in human ovary, J Clin Endocrinol Metab, 82, 1997, 4144-4148. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Qu%20HQ%5BAuthor%5D&cauthor=true&cauthor_uid=21695082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=21695082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rentfro%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=21695082
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fisher-Hoch%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=21695082
http://www.ncbi.nlm.nih.gov/pubmed/21695082
http://www.researchgate.net/journal/1559-0100_Endocrine
http://www.ncbi.nlm.nih.gov/pubmed?term=Calvar%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=14719312
http://www.ncbi.nlm.nih.gov/pubmed?term=Intebi%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=14719312
http://www.ncbi.nlm.nih.gov/pubmed?term=Bengolea%20SV%5BAuthor%5D&cauthor=true&cauthor_uid=14719312
http://www.ncbi.nlm.nih.gov/pubmed?term=Hermes%20R%5BAuthor%5D&cauthor=true&cauthor_uid=14719312
http://www.ncbi.nlm.nih.gov/pubmed?term=Spinedi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=14719312


International Journal of Academic Scientific Research   

ISSN: 2272-6446 Volume 4, Issue 1 (February - March 2016), PP 56-65 

 

www.ijasrjournal.org                                                          65 | Page 

[50] Spicer JL and Francisco CC, The adipose obese gene product, leptin: Evidence of a direct inhibitory role on ovarian function, 

Endocrinology; 138, 1997, 3374-9. 

[51] Agarwal SK, Vogel K, Weitsman SR and Magoffin DA, Leptin antagonizes the insulin-like growth factor–I augmentation of 
steroidogenesis in granulosa and theca cells of the human ovary, J Clin Endocrinol Metab; 84, 1999, 1072–1076. 

[52] Lubis AR, Widia F, Soegondo S and Setiawati A, The role of SOCS-3 protein in leptin resistance and obesity, Acta Med Indones, 

40(2), 2008,  89-95. 
[53] H. Münzberg, M. Björnholm, S. H. Bates and M. G. Myers Jr, Leptin receptor action and mechanisms of leptin resistance, CMLS 

Cellular and Molecular Life Sciences, 62(6), 2004, 642-652. 
[54] H. Mori, R. Hanada, T. Hanada, D. Aki, R. Mashima and H. Nishinakamura,  Socs3 deficiency in the brain elevates leptin 

sensitivity and confers resistance to diet-induced obesity, Nature Medicine, 10 (7), 2004, 739–743. 

[55] Howard JK and Flier JS, Attenuation of leptin and insulin signaling by SOCS proteins,Trends Endocrinol Metab, 17, 2006, 365–
371. 

[56] C. Li and J.M. Friedman, Leptin receptor activation of SH2 domain containing protein tyrosine phosphatase 2 modulates Ob 

receptor signal transduction, Proc Natl Acad Sci U S A, 96 (17), 1999, 9677–9682. 
[57] M. Bjornholm, H. Munzberg, R.L. Leshan, E.C. Villanueva, S.H. Bates and G.W. Louis, Mice lacking inhibitory leptin receptor 

signals are lean with normal endocrine function, The Journal of Clinical Investigation, 117 (5), 2007, 1354–1360. 

[58] Yang G, Badeanlou L, Bielawski J, Roberts A, Hannun Y and Samad F, Central role of ceramide biosynthesis in body weight 
regulation, energy metabolism, and the metabolic syndrome, American Journal of Physiology, 297 (1), 2009, 211–224. 

[59] E.D. Berglund, C.R. Vianna, J. Donato Jr., M.H. Kim, J.C. Chuang and C.E. Lee, Direct leptin action on POMC neurons 

regulates glucose homeostasis and hepatic insulin sensitivity in mice, The Journal of Clinical Investigation, 122 (3), 2012, 1000–
1009. 

[60] Koch C, Augustine RA, Steger J, Ganjam GK, Benzler J, Pracht C, Lowe C, Schwartz MW, Shepherd PR, Anderson GM, 

Grattan DR and Tups A, Leptin rapidly improves glucose homeostasis in obese mice by increasing hypothalamic insulin 
sensitivity, J Neurosci, 30, 2010, 16180–16187. 

[61] Jonathan P. German, Brent E. Wisse, Joshua P. Thaler, Shinsuke Oh-I,1 David A. Sarruf, Kayoko Ogimoto, Karl J. Kaiyala, 

Jonathan D. Fischer, Miles E. Matsen, Gerald J. Taborsky Jr., Michael W. Schwartz, and Gregory J. Morton, Leptin Deficiency 
Causes Insulin Resistance Induced by Uncontrolled Diabetes, Diabetes, 59, 2010, 1626–1634. 

[62] Kim YW, Kim JY, Park YH, Park SY, Won KC, Choi KH, Huh JY and Moon KH, Metformin restores leptin sensitivity in high 

fat fed obese rats with leptin resistance, Diabetes, 55, 2006, 716-724. 
[63] Nam SY, Kratzsch J, Kim KW, Kim KR, Lim SK and Marcus C. , Cerebrospinal fluid and plasma concentrations of leptin, NPY, 

and alpha-MSH in obese women and their relationship to negative energy balance, J Clin Endocrinol Metab ,86, 2001, 4849-

4853. 
 

 

 
 

 

 
 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Lubis%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=18560028
http://www.ncbi.nlm.nih.gov/pubmed/?term=Widia%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18560028
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soegondo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18560028
http://www.ncbi.nlm.nih.gov/pubmed/?term=Setiawati%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18560028
http://ajpendo.physiology.org/content/297/1/E211.long
http://ajpendo.physiology.org/content/297/1/E211.long
http://en.wikipedia.org/wiki/American_Journal_of_Physiology

