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Summary: The effects of metformin treatment on soluble leptin receptor (sOB-R) levels in women 
with polycystic ovary syndrome (PCOS) were investigated. This prospective and open-label study 
was conducted by the Department of Obstetrics & Gynecology at Union Hospital, Tongji Medical 
College of Huazhong University of Science and Technology, China. Fifty-five women with PCOS 
and insulin resistance (IR) were treated with metformin for 6 months. According to body mass 
index (BMI), the patients were divided into two groups: lean PCOS group (BMI <23 kg/m2, n=34) 
and overweight or obese PCOS group (BMI ≥23 kg/m2, n=21). Before and after treatment, serum 
luteinizing hormone (LH), follicle stimulating hormone (FSH), testosterone (T), androstenedione 
(A), dehydroepiandrosterone sulfate (DHEAS), insulin and sOB-R levels were determined. Thirty-
one BMI-matched ovulatory women served as controls. The results showed: (1) The Homeostatic 
Model Assessment of Insulin Resistance (HOMA-IR), androgen levels and hirsutism scores were 
higher, and sOB-R levels were lower in PCOS groups than in control group. A subgroup analysis 
of lean and overweight or obese PCOS patients revealed there was significant difference in sOB-R 
level between lean PCOS group and overweight or obese PCOS group. There were no significant 
differences in anthropometric parameters between lean PCOS patients and BMI-matched controls. 
However, sOB-R level was significantly lower in lean PCOS women than in controls. (2) There 
was no correlation between sOB-R level and BMI, waist and hip circumference, total testosterone, 
androstendione, DHEAS, LH or hirsutism scores in PCOS patients, but there was a significant 
negative correlation between sOB-R and HOMA-IR. (3) After treatment with metformin for 6 
months, serum insulin levels decreased, and sOB-R levels increased significantly (P<0.01). It was 
suggested that considering low sOB-R levels supposedly compensate diminished leptin action, 
PCOS per se might cause leptin resistance. It is likely that reduction of hyperinsulinemia produced 
by metformin effectively improves the sOB-R levels in PCOS. 
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Polycystic ovary syndrome (PCOS) is a 
common endocrine disorder, affecting more than 5% 
of women of reproductive age. It is characterized 
by hyperandrogenism, chronic anovulation and 
infertility[1, 2]. At least 50% of women affected by PCOS 
are insulin resistance and overweight or obesity[3, 4]. 
Adipose tissue has been established as a major endocrine 
organ. Through the release of peptides, such as leptin[5], 
the adipose tissue is involved in the pathogenesis of 
several metabolic disorders. Leptin, the gene product 

of the ob gene, is primarily synthesized and secreted 
from adipose tissue and acts in the hypothalamus to 
regulate food intake and energy expenditure and also 
plays an influential role in reproduction[6]. Obese 
humans present with hyperleptinemia as an indicator 
of leptin resistance which, in turn, has been suggested 
to play a major role in the pathogenesis of obesity[7]. 
However, most of studies did not find a PCOS-specific 
influence on leptin, as no significant differences were 
found between body mass index (BMI)-matched PCOS 
women and healthy controls[8, 9]. The main determinants 
of leptin concentration in these studies were fat mass 
and the degree of obesity or insulin resistance. 
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Both metabolic and endocrine parameters might 
correlate better with free leptin rather than with total 
leptin levels, as the former represents the biologically 
active fraction that is available for direct interaction 
with its receptor. The levels of free leptin can either be 
measured directly or assessed by determination of the 
soluble leptin receptor (sOB-R), which accounts for the 
majority of serum leptin-binding activity[10]. Several 
studies have shown that all PCOS women, regardless 
of their BMI, presented with lower sOB-R levels and 
higher free leptin indices than healthy controls[11, 12]. 
Lower sOB-R levels increase the free leptin index, a 
mechanism likely to compensate, at least in part, for 
leptin resistance in PCOS women. 

In the past, therapeutic approaches to PCOS have 
focused on suppressing ovarian androgen production 
or ovulation induction. Recently, insulin sensitizers 
such as metformin[13, 14] have been used to reduce the 
level of hyperinsulinemia and negative impact on 
ovarian function and possibly to prevent long-term 
consequences of hyperinsulinemia. In this study, we 
evaluated the effect of metformin treatment on sOB-R 
levels in women with PCOS.

1 MATERIALS AND METHODS

1.1 Subjects
Fifty-five women with PCOS, ranging in age 

from 21 to 30 years, were enrolled in this study. The 
study was approved by the Ethics Committee of 
Tongji Medical College, Huazhong University of 
Science and Technology, and informed consent was 
obtained from each patient. PCOS was diagnosed 
based on Rotterdam diagnosis standard, typical ovarian 
morphology assessed by transvaginal ultrasonography, 
hyperandrogenism (i.e. elevated total or free testosterone 
or androstenedione concentrations), and chronic 
anovulation[15]. Patients with theca cells hyperplasia, 
hyperprolactinemia, adrenal cortical hyperplasia, ovary 
androgenization tumor or acanthosis nigrans were 
excluded from the study. Hirsutism was evaluated by 
the modified Ferriman-Gallwey method, and the mean 
score was 4.2±2.5 (mean±SD). Menstrual bleeding 
occurred every 45–60 days. Insulin resistance was 
diagnosed by oral glucose tolerance test (OGTT). The 
criteria for hyperinsulinemia were as follows: insulin 
basal levels >15 mol/L or insulin level (1-h after 75 g 
oral glucose test) >109.8 mIU/L and insulin level (2-h 
after 75 g oral glucose test) >89.0 mIU/L. According 
to BMI, the patients with PCOS were divided into two 
subgroups: lean PCOS (BMI <23 kg/m2, n=34) and 
obese PCOS (BMI ≥23 kg/m2, n=21). All recruited 
women were required to be otherwise healthy. 

Healthy controls (n=31) were matched according 
to BMI (<23 kg/m2) with a subgroup of lean PCOS 
women (n=34). Controls were recruited from a 

screening program for employees instituted at Union 
Hospital, Tongji Medical College of Huazhong 
University of Science and Technology. In control 
women, all Rotterdam criteria of PCOS were excluded. 
PCOS as well as control subjects had not taken any 
medication known to affect carbohydrate metabolism 
or endocrine parameters for at least 3 months before 
entering the study. Women taking contraceptive pills 
were also excluded from the study.
1.2 Study Protocol

The patients entered the study on days 3–5 of 
induced menstrual bleeding. All received 1500 mg/day 
metformin (Metforal; China) as tablets uninterruptedly 
for 6 months. Hirsutism was evaluated by a modified 
form of the Ferriman–Gallwey method that has 
been used in our clinic for many years[16]. A score 
was assigned to patients before and after 6 months 
of metformin therapy. A score >5 is indicative of 
hirsutism. Patients were followed up for 6 months with 
plasma progesterone determinations on day 22 of the 
menstrual cycle. 
1.3 Data Collection 

In PCOS subjects and control women, clinical 
parameters were assessed by physical examination, 
including the degree of hirsutism by evaluating the 
FG score and anthropometric measurements including 
body weight in kg (BW) and waist (W) and hip (H) 
circumference in cm. BMI was calculated as weight/
(height)2 (kg/m2). Parameters of insulin resistance and 
β-cell function were evaluated using a 3-h OGTT. After 
an overnight fast of 12 h, patients ingested 75 g glucose 
and had their glucose and insulin levels determined 
at baseline and at 30, 60, 120 and 180 min. Insulin 
resistance and β-cell function were defined by the 
Homeostatic Model Assessment of Insulin Resistance 
(HOMA-IR)[17]. Except for women with amenorrhea, 
all laboratory determinations were performed in the 
early follicular phase of the cycle. 
1.4 Biochemical Assays 

Serum leptin and sOB-R were measured using 
ELISA kits [Diagnostic Systems Laboratories (DSL), 
USA]. The DSL ACTIVE Human Leptin ELISA is 
an enzymatically amplified “two-step” sandwich-
type immunoassay. The DSL ACTIVE Leptin Soluble 
Receptor ELISA is a “one-step” sandwich-type 
immunoassay. The theoretical sensitivity or minimum 
detection limit as calculated by interpolation of the 
mean plus two standard deviations of 12 replicants 
of the zero standard was 0.05 ng/mL for leptin and 
0.14 ng/mL for sOB-R respectively. Serum glucose 
concentrations were measured by a commercial 
glucose dehydrogenase technique. Serum insulin 
concentrations were measured by a double antibody 
radioimmunoassay (Phadeseph Insulin RIA; 
Pharmacia, Sweden). Serum concentrations of LH 
and FSH were measured by solid phase, two-site 
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time-resolved immunofluorometric assays (DELFIA; 
Pharmacia Wallac, Finland). The intra- and inter-
assay coefficients of variation were 5.2% and 9.4% 
for LH, and 4.7% and 4.3% for FSH, respectively. 
Total testosterone was determined using a commercial 
radioimmunoassay kit (Farmos Diagnostica, Finland). 
The intra- and inter-assay coefficients of variation 
were 13.0% and 15.6% respectively. Androstenedione 
and dehydroepiandrosterone sulfate (DHEAS) were 
determined using radioimmunoassay kits (Diagnostic 
Products Corporation, USA). The intra- and inter-
assay coefficients of variation were 8.3% and 9.2% 
for androstenedione, and 4.7% and 4.6% for DHEAS, 
respectively.
1.5 Statistical Analysis

Data are presented as median plus range for 
parametric data. For better comparison, means±SD 
is also shown. Correlations between variables were 
examined by Pearson correlation coefficient (rs) 
because analyzed data were not normally distributed. 
Differences between the groups were evaluated with the 
Mann–Whitney U test. P values <0.05 were considered 
significant. The box-plot graph was computed using 
GraphPad Prism 5 (GraphPad Software, Inc., USA). 

2 RESULTS

2.1 Clinical, Hormonal and Metabolic Character-
istics of Women in Controls, Lean and Overweight 
or Obese PCOS Patients

The HOMA-IR, androgen levels and hirsutism 
scores were higher, and sOB-R levels were lower 
in PCOS patients than in controls. In a subgroup 
analysis of lean and obese PCOS patients, significant 
differences were found in sOB-R levels (fig. 1). 
There was no significant difference in anthropometric 

parameters between lean PCOS patients (n=34) and 
BMI-matched controls (n=31). However, sOB-R levels 
were significantly lower in lean PCOS women than in 
controls (table 1).

In PCOS patients, no correlation was found 
between sOB-R and BMI, waist and hip circumference, 
total testosterone, androstendione, DHEA, LH or 
hirsutism scores. However, there was significantly 
negative correlation between sOB-R and HOMA-IR 
(table 2).
2.2 Changes of Serum Glucose and Insulin Levels 
in PCOS Patients after Metformin Treatment for 6 
Months 

After oral administration of metformin for 6 
months, the insulin level in PCOS groups in every 
phase was decreased significantly (P<0.01, fig. 2), and 
there was no significant difference in serum glucose 
level before and after treatment (P>0.05, fig. 3).

Table 1 Clinical, hormonal and metabolic characteristics of controls, lean and overweight or
obese PCOS patients (means±SD)

Parameters Control group Lean PCOS group Overweight PCOS group
n 31 34 21
Age (years) 25.2±5.2 25.5±4.4 26.4±3.2
BMI (kg/m2) 21.4±2.3 21.3±2.4 25.03±3.1*#

Waist circumference (cm) 71.8±8.1  72.1±8.6 80.4±6.9*#

Hip circumference (cm) 89.8±5.2 90.5±6.2 100.8±6.4*#

Waist:hip ratio 0.7±0.1 0.7±0.05 1.0±0.05*#

Hirsutism scores 2.4±2.1 4.9±3.2* 5.2±3.7*

FIN (mIU/L) 6.9±3.1 17.9±6.9* 19.8±7.6*

HOMA-IR 0.6±0.4 1.7±0.8* 1.8±0.6*

FGP (mmol/L) 4.5±0.8 4.5±0.4 4.6±0.6
sOB-R (ng/L) 750.2±112.8 180.4±46.5* 106.9±18.5*#

LH (IU/L) 5.8±2.5 13.6±2.2* 11.2±2.6*

LH:FSH ratio 0.8±0.3 2.8±0.4* 2.3±0.4*

Testosterone (mmol/L) 0.8±0.5 1.5±1.0* 1.6±0.9*

Androstendione (μmol/L) 6.2±2.3 10.6±5.5* 10.7±2.3*

DHEAS (μmol/L) 37.5±23.1 75.3±43.4* 77.5±30.1*

FIN: fasting insulin; FGP: fasting serum glucose. *P<0.01 vs. controls, #P<0.01 vs. lean PCOS patients
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Fig. 1 sOB-R levels in three groups
The sOB-R levels were significantly lower in lean or 
overweight PCOS women than in controls.
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2.3 Changes of Serum Sex Hormone Levels in PCOS 
after Metformin Treatment for 6 Months

As shown in table 3, after metformin treatment for 
6 months, the levels of LH, LH/FSH ratio, testosterone, 
androstendione and dehydroepiandrosterone (DHEA) 
in PCOS patients decreased significantly as compared 
with controls (P<0.01). 

2.4 Changes of sOB-R Levels in PCOS after 
Metformin Treatment for 6 Months

After metformin treatment for 6 months, the 
sOB-R levels in PCOS patients increased significantly 
as compared with those before metformin treatment 
(126.71±29.6 vs. 609.89±156.7, P<0.01).

3 DISCUSSION

Leptin regulates food intake and energy 
expenditure[18] and also plays an influential role in 
reproduction, as indicated by leptin deficiency. Ob/
ob mice from the C57BL/6J strain, which have a 
spontaneous mutation in the ob gene and synthesize a 
truncated, inactive leptin molecule, develop profound 
obesity and become infertile[19]. Fertility can be restored 
by treatment with human recombinant leptin[20]. Women 
undergoing IVF therapy who tend to obesity show a 
reduced ovarian response and increased serum leptin 
concentrations, but unchanged leptin concentrations 
in follicular fluid[21]. For women with PCOS, whether 
or not high leptin levels participate in this disturbed 
gynecological event is still a matter of debate[22, 23]. 

Previous studies in normal subjects indicate that 
insulin may have an effect on free leptin. Free leptin 
levels increased in response to insulin infusion during 
hyperinsulinemic euglycemic clamp studies[24]. In a 
group of subjects with impaired glucose tolerance, 
free leptin concentrations were found to correlate 
with fasting insulin concentrations, an association 
that remained significant after adjustment for BMI[25]. 
Other studies have shown adiposity and fat mass to be 
the main predictors of leptin secretions[26]. However, 
conflicting results were reported on the relation of 
sOB-R to insulin and adiposity in normal or diabetic 
subjects. Ogawa et al[27] observed that sOB-R has a 
negative correlation with fasting insulin and HOMA-
IR in a group of 419 healthy and lean subjects. On the 
other hand, Chan et al[24] found that adiposity, rather 
than insulin, was a major determinant of sOB-R in 
a group of young subjects with normal BMI. In the 
present study, a significantly negative correlation was 
found between sOB-R and HOMA-IR. Lean PCOS 
patients and BMI-matched controls did not differ in 
anthropometric parameters. However, sOB-R levels 
were significantly lower in lean PCOS women than 

Table 2 Correlation of sOB-R levels with anthropometric,
hormonal and metabolic parameters in PCOS women

Variables rs P
BMI –0.19 NS
Waist circumference –0.30 NS
Hip circumference –0.30 NS
Hirsutism scores –0.20 NS
HOMA-IR –0.82 0.029
LH 0.09 NS
Testosterone –0.15 NS
Androstendione –0.10 NS
DHEAS –0.23 NS
NS: not significant

Table 3 Changes of serum sex hormone levels in PCOS
                  after metformin treatment
Parameters Before treatment After treatment
LH (IU/L) 12.4±2.2 4.2±1.7*

LH:FSH ratio 2.8±1.5 0.8±0.3*

Testosterone (mmol/L) 2.4±1.7 0.8±0.6*

Androstendione (μmol/L) 10.6±4.1 5.6±2.2*

DHEA (μmol/L) 76.5±46.4 56.8±22.1*

*P<0.01 vs. before treatment
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Fig. 2 Changes of insulin levels in PCOS after metformin
treatment
After oral administration of metformin for 6 months, 
the insulin level in PCOS groups in every phase was 
decreased significantly.
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Fig. 3 Changes of serum glucose levels in PCOS after metformin 
treatment
After oral administration of metformin for 6 months, the 
serum glucose level in PCOS groups in every phase was 
decreased, but there was no significant difference.
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in these controls. The reduction of sOB-R could not 
be explained by differences in body fat content or 
other metabolic parameters in PCOS. The discrepant 
findings from the present study to previous reports 
could be attributed to differences in patient populations. 
Previous reports used subjects that had low or normal 
weights, and it is possible that sOB-R is regulated 
differently in obese individuals.

The interplay of sOB-R and the reproductive 
system is quite unclear. While some studies have 
found an association of sOB-R with estradiol and free 
testosterone[24], sex hormones did not affect sOB-R 
levels in a Japanese population[28]. In analogy to 
leptin, sOB-R did not correlate with total testosterone, 
androstendione, DHEAS, LH or hirsutism scores in 
Chinese PCOS cohort. 

In the last 10 years, insulin-lowering drugs 
have become widely used in the treatment of PCOS, 
particularly for the induction of ovulation. Many 
studies have demonstrated the efficacy of metformin, 
a biguanide normally used to treat non-insulin-
dependent diabetes, in inducing ovulation in PCOS 
patients with insulin resistance[29, 30]. Metformin is the 
most thoroughly investigated insulin-lowering agent 
used to treat PCOS; it enhances insulin sensitivity in 
the liver, where it inhibits hepatic glucose production, 
and in muscle, where it improves glucose uptake and 
use[31]. To gain further insight into the effects of insulin 
resistance and chronic hyperinsulinemia on the leptin 
system, we ameliorated the degree of insulin resistance 
by treating women with PCOS with the insulin-
sensitizing agent Metformin and studied the changes 
in sOB-R levels. After treatment with metformin for 6 
months, serum insulin levels decreased, while sOB-R 
levels increased significantly in PCOS patients. This 
further substantiates that insulin resistance and chronic 
hyperinsulinemia play roles in the leptin system in 
women with PCOS.

In summary, our results indicate that in PCOS 
patients there was a significantly negative correlation 
between sOB-R and insulin resistance, rather than 
BMI, anthropometric parameters and androgen 
levels. Considering low sOB-R levels supposedly 
compensate diminished leptin action, PCOS per se 
might cause leptin resistance. It is likely that reduction 
of hyperinsulinemia that is induced by metformin 
effectively improves the sOB-R levels in patients with 
PCOS.
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