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Abstract

OBJECTIVE: Polycystic ovary syndrome (PCOS) is characterized by obesity and insulin re-
sistance (IR), which result in elevated plasminogen activator inhibitor-1 (PAI-1) levels. We 
aimed to assess the changes in PAI-1 levels in PCOS during treatment with metformin and 
during weight loss. DESIGN: Twenty-three normal weight women with PCOS were given met-
formin 850 mg bid for 6 months. Fifty overweight/obese women with PCOS were prescribed an 
energy-restricted diet, were instructed to exercise and were randomized to orlistat 120 mg tid 
or sibutramine 10 mg qd for 6 months. RESULTS: In normal weight women, treatment with 
metformin reduced the body mass index (BMI) and circulating androgens, improved markers 
of IR and lowered PAI-1 levels. In overweight/obese women, sibutramine and orlistat yielded 
comparable reductions in BMI and markers of IR. In contrast, the effects on the free andro-
gen index (FAI) differed (p=0.027): sibutramine reduced the FAI (p=0.005), whereas orlistat 
had no effect. The effects of sibutramine and orlistat on PAI-1 levels also differed (p=0.042): 
sibutramine reduced PAI-1 levels (p<0.001), whereas orlistat had no effect. CONCLUSIONS: 
Metformin and sibutramine, but not orlistat, reduce PAI-1 levels in PCOS. The reduction in 
circulating androgens during metformin and sibutramine treatment might be implicated in 
this decline.
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Introduction

The polycystic ovary syndrome (PCOS) is a com-
mon endocrine disorder that shows substantial pheno-
typic variability.1 Insulin resistance (IR) and abdominal 
obesity are two of the major characteristics of PCOS, 
being present in 50-70% and 50-60% of women with 
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the syndrome, respectively.1 Even though IR is ob-
served in the majority of overweight/obese women 
with PCOS, it is also found in normal weight women 
with the syndrome, suggesting that IR represents an 
intrinsic endocrine abnormality in this disorder.2,3

Plasminogen activator inhibitor-1 (PAI-1) is a 
major regulator of fibrinolysis.4 In addition, plasma 
PAI-1 antigen levels and activity are frequently el-
evated in both obese and insulin-resistant subjects.4 
Interestingly, most studies in women with PCOS 
have reported that plasma PAI-1 antigen levels are 
increased in both normal weight and overweight/
obese women with PCOS compared with body mass 
index (BMI)-matched controls.5-7 More importantly, 
elevated plasma PAI-1 levels are associated with in-
creased risk for both type 2 diabetes mellitus (T2DM) 
and cardiovascular disease (CVD),8,9 i.e. disorders 
that appear to be prevalent in women with PCOS.10 

This association between PAI-1 levels and T2DM is 
explained in part by the relationship between PAI-1 
levels and both IR and abdominal obesity, which are 
major risk factors for T2DM.4,8 In addition, PAI-1 is 
partly produced in endothelial cells and represents a 
marker of endothelial dysfunction, which in turn also 
appears to increase the risk for T2DM by decreasing 
blood flow in the skeletal muscle, resulting in IR.4,8

Given the potential role of obesity and IR in 
the pathogenesis of PCOS, weight loss is a first-line 
treatment option for overweight/obese women with 
PCOS.11 Metformin, an insulin-sensitizing agent, is 
frequently administered to both overweight/obese 
and normal weight women with PCOS.11 However, 
there are very limited data on the effects of weight 
loss and metformin on plasma PAI-1 levels in women 
with PCOS.12 Accordingly, the aim of the present 
study was to assess the changes in plasma PAI-1 levels 
during a) treatment with metformin of normal weight 
patients with PCOS and b) during diet, exercise and 
pharmacotherapy (with orlistat or sibutramine) in 
overweight/obese patients with this syndrome.

Patients and methods

Patients

We studied 23 normal weight women with PCOS 
[mean age 19.9±3.1 years, mean body mass index 
(BMI) 22.1±2.2 kg/m2] and 50 overweight/obese 

women with the syndrome (age 25.7±5.9 years, BMI 
33.5±5.2 kg/m2), who were being followed up at the 
Gynecological Endocrinology Infirmary of the Second 
Department of Obstetrics and Gynecology, Aristotle 
University of Thessaloniki. The study was performed 
between January of 2007 and December of 2009.

Diagnosis of PCOS was based on the revised 
criteria of Rotterdam.13 None of the women studied 
had galactorrhea or any endocrine or systemic disease 
that could possibly affect reproductive physiology. A 
Synacthen test was performed with tetracosactide 
(Synacthen 0.25mg/1ml; Novartis Pharma, Rueil-
Malmaison, France) in each woman with a basal 
17α-hydroxyprogesterone (17α-OHP) plasma level 
>1.5 ng/ml to exclude congenital adrenal hyperplasia.

No woman reported use of any medication that 
could interfere with the normal function of the hy-
pothalamic-pituitary-gonadal axis during the last 
semester. Informed consent was obtained from all 
women and the study was approved by the Institutional 
Review Board; the study met the requirements of the 
1975 Helsinki guidelines.

Study protocol

In all women, weight, height and waist circumfer-
ence (W) were measured as described previously.14,15 
Baseline blood samples were collected between days 3 
and 7 of the menstrual cycle in the control group and 
after a spontaneous bleeding episode in the PCOS 
group, after an overnight fast. The circulating levels 
of follicle-stimulating hormone (FSH), luteinizing 
hormone (LH), prolactin (PRL), total testosterone 
(T), Δ4-androstenedione (Δ4-A), dehydroepiandros-
terone-sulfate (DHEA-S), 17α-OHP, sex hormone-
binding globulin (SHBG), glucose and insulin were 
measured. Immediately after the baseline blood 
sampling, an oral glucose tolerance test (OGTT) 
was performed in all patients; 75 g of glucose were 
administered orally and serum glucose levels were 
determined after 30, 60, 90 and 120 min. On the same 
day transvaginal ultrasonography was performed and 
the volume of each ovary was determined as well as 
the number of follicles in each ovary.

The normal weight women with PCOS were treated 
with metformin 850 mg bid for 6 months.14,15 All 
baseline laboratory tests were repeated at the end of 
treatment with metformin (i.e. at 6 months).
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In overweight/obese women with PCOS, the basal 
metabolic rate (in kcal/day) was calculated at baseline 
and adjusted for moderate daily physical activity as 
follows: in women 18-30 years of age: (0.0621 x weight 
in kg + 2.0357) x 240 x 1.3 and in women ≥31 years of 
age: (0.0342 x weight in kg + 3.5377) x 240 x 1.3. All 
overweight/obese women were prescribed a normal-
protein, energy-restricted diet [basic metabolic rate 
- 600 kcal/day, consisting of 50% from carbohydrate, 
30% from fat (10% saturated) and 20% from protein] 
and were instructed to exercise (moderate intensity 
aerobic exercise) for at least 3 hours/week for a period 
of 6 months. Overweight/obese women were also 
randomized to receive orlistat 120 mg tid before each 
meal (Xenical®, Roche [Hellas] S.A., Greece) (n=22) 
or sibutramine 10 mg qd in the morning (Reductil®, 
Abbot Hellas, Greece) (n=28) for 6 months.14,15 All 
baseline laboratory tests were repeated at the end 
of treatment with orlistat or sibutramine combined 
with diet and exercise (i.e. at 6 months).

The OGTT and the transvaginal ultrasonogra-
phy were repeated at 6 months in overweight/obese 
women with PCOS but not in normal weight women 
with PCOS.

Methods

Serum levels of glucose, insulin, FSH, LH, PRL, 
androgens and 17α-OHP were determined as de-
scribed previously.16 Plasma PAI-1 levels were de-
termined with an enzyme-linked immunosorbent 
assay (Bender MedSystems GmbH, Vienna, Austria). 
Free androgen index (FAI) was determined as fol-
lows: FAI=T (nmol/l) x 100 / SHBG (nmol/l).17 The 
homeostasis model assessment of IR (HOMA-IR) 
index was calculated as follows: HOMA-IR=insulin 
(μIU/ml) x glucose (mg/dl) / 405.18 The Quantitative 
insulin sensitivity check index (QUICKI) was calcu-
lated as follows: QUICKI=1 / [logInsulin (μIU/ml) 
+ logGlucose (mg/dl)].19

Transvaginal ultrasonography

Transvaginal ultrasound scans of the ovaries were 
performed by an experienced sonographer in women 
who participated in the study. Ovarian volume was 
calculated by the formula V=(π/6) x Dlength x Dwidth x 
Dthickness, where D is dimension. The presence of poly-
cystic ovaries was diagnosed by the presence of 12 

or more follicles in each ovary measuring 2-9 mm in 
diameter and/or increased ovarian volume (>10 cm3).

Statistical analysis

Data analysis was performed with the statistical 
package SPSS (version 17.0; SPSS Inc., Chicago, IL). 
Data are reported as mean±SD.

At baseline, correlations between plasma PAI-1 
levels and other parameters were assessed by Pearson’s 
correlation coefficient. Parameters that correlated 
significantly with plasma PAI-1 levels according to 
Pearson’s correlation coefficient were included in a 
stepwise linear regression analysis model to assess for 
independent correlations with plasma PAI-1 levels. 
Differences at baseline between overweight/obese 
women treated with sibutramine and women treated 
with orlistat were assessed with the independent 
samples t-test. Changes between baseline and end-
of-treatment in normal weight women were assessed 
with the paired samples t-test. Changes between 
baseline and end-of-treatment in overweight/obese 
women were assessed with 2-way repeated measures 
analysis of variance via the Holm-Sidak method for 
multiple comparison testing. A general linear model 
for repeated measures was used to compare the 
changes in plasma PAI-1 levels between the three 
treatments (metformin, sibutramine and orlistat) 
after adjusting for the change in BMI. In all cases, a 
p value <0.05 was considered significant.

Results

In normal weight women with PCOS, plasma PAI-
1 levels at baseline correlated in univariate analysis 
with the BMI (r=0.602, p=0.002) and serum FSH 
levels (r=-0.499, p=0.015). In multivariate regression 
analysis, plasma PAI-1 levels were independently 
correlated with the BMI (p=0.002), after adjusting 
for serum FSH levels.

Changes in normal weight women with PCOS 
after 6 months of metformin treatment are shown in 
Table 1. A significant decrease in BMI was observed 
(p=0.009). There was also a reduction in circulating 
androgens (serum T levels and FAI) and an improve-
ment in markers of IR (serum glucose levels and 
QUICKI). Treatment with metformin also induced a 
significant decrease in plasma PAI-1 levels (p <0.001).
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In overweight/obese women with PCOS, plasma 
PAI-1 levels at baseline correlated in univariate analy-
sis with the BMI (r=0.300, p=0.034), the W (r=0.319, 
p=0.024), serum LH levels (r=0.348, p=0.013), the 
LH/FSH ratio (r=0.386, p=0.006), the FAI (r=0.347, 
p=0.013), the mean ovarian volume (r=0.533, p 
<0.001) and the mean number of follicles in the ova-
ries (r=0.340, p=0.016). In multivariate regression 
analysis, plasma PAI-1 levels were independently cor-
related with the ΒΜΙ, serum LH levels and the mean 
ovarian volume (p=0.007, p=0.002 and p <0.001, 
respectively), after adjusting for W, LH/FSH ratio, 
FAI and the mean number of follicles in the ovaries.

At baseline, overweight/obese women randomized 
to receive sibutramine had higher serum LH, T and 
17α-OHP levels as well as greater FAI than women 
randomized to receive orlistat (p=0.009, p=0.020, 
p=0.011 and p=0.037, respectively). Other parameters 

did not differ at baseline between these two groups.

Changes in overweight/obese women with PCOS 
after 6 months of sibutramine or orlistat treatment 
are shown in Table 2. Both sibutramine and orlistat 
reduced the BMI, the W and the waist/hip ratio 
(WHR); these reductions did not differ between the 
two agents. In contrast, the effects of sibutramine 
and orlistat on the FAI were significantly different 
(p=0.027); sibutramine reduced the FAI (p=0.005), 
whereas orlistat had no significant effect. The effects 
of the two agents on the other circulating androgens 
were not significant. Both sibutramine and orlistat 
improved markers of IR (serum insulin levels, the 
glucose/insulin ratio and the indices HOMA-IR and 
QUICKI); this improvement did not differ between 
the two agents. However, the effects of sibutramine 
and orlistat on plasma PAI-1 levels were significantly 
different (p=0.042): sibutramine reduced plasma 
PAI-1 levels (p <0.001), whereas orlistat had no 
significant effect.

In the total study population (n=73), the reduc-
tion in plasma PAI-1 levels was greater in women 
with PCOS treated with metformin than in women 
treated with sibutramine or orlistat after adjusting 
for the change in BMI (p=0.007).

Discussion

To our knowledge, this is the first study that as-
sessed the effects of metformin on circulating PAI-1 
levels in normal weight women with PCOS. Three 
previous studies in overweight/obese women with 
PCOS reported a decline in circulating PAI-1 levels 
after treatment with metformin for 6 months,20-22 but 
two others did not show a significant change after 
treatment for 1.5 to 24 months.23,24 In normal weight 
women with PCOS, we observed a significant reduction 
in plasma PAI-1 antigen levels after treatment with 
metformin for 6 months. This decrease might be attrib-
uted to the reduction in IR and in the BMI, which are 
associated with elevated PAI-1 levels.6 Interestingly, 
in the three studies that reported a decline in PAI-1 
levels after treatment with metformin there was no 
change in BMI, whereas markers of IR improved.20-22 
In contrast, IR did not change despite a reduction in 
BMI in a study that did not detect a change in PAI-1 
levels after treatment with metformin.23 Therefore, 
the improvement of IR appears to contribute more 

Table 1. Changes in normal weight women with the polycystic ovary 
syndrome after 6 months of metformin treatment

Baseline Month 6 p

ΒΜΙ (kg/m2) 22.1±2.2 21.4±2.1 0.009

FSH (mIU/ml) 6.1±1.8 6.4±3.3 0.618

LH (mIU/ml) 11.4±6.9 13.0±13.9 0.636

Prolactin (ng/ml) 15.4±6.8 14.6±7.4 0.631

Testosterone (ng/dl) 82.9±17.5 72.9±16.8 0.036

Δ4-Α (ng/ml) 3.1±0.8 2.9±0.8 0.422

DHEA-S (ng/ml) 3320.8±800.4 3553.8±1152.3 0.325

FAI 8.52±4.08 6.53±2.69 0.030

17α-OHP (ng/ml) 1.2±0.5 1.4±0.9 0.196

SHBG (nmol/l) 40.4±18.8 43.4±15.3 0.262

Glucose (mg/dl) 98.8±16.6 86.5±7.0 <0.001

Insulin (μIU/ml) 18.7±31.7 10.5±9.7 0.140

Glucose/insulin 10.02±5.35 12.45±6.80 0.147

HOMA-IR 4.43±6.69 2.24±2.05 0.070

QUICKI 0.33±0.03 0.35±0.03 0.009

PAI-1 (ng/ml) 39.9±12.3 28.9±8.6 <0.001

BMI, body mass index; FSH, follicle stimulating hormone; LH, 
luteinizing hormone; Δ4-A, Δ4-androstenedione; DHEAS, dehy-
droepiandrosterone sulfate; FAI, free androgen index; 17α-OHP, 
17α-hydroxyprogesterone; SHBG, sex hormone-binding globulin; 
HOMA-IR, homeostasis model assessment of insulin resistance; 
QUICKI, quantitative insulin sensitivity check index; PAI-1, 
plasminogen activator inhibitor 1.
Changes between baseline and month 6 were assessed with the 
paired samples t-test.
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sity and IR are associated with hyperandrogenemia 
in women with PCOS.1,11 However, sibutramine and 
orlistat yielded comparable reductions in BMI, W, 
WHR and IR; therefore, these effects cannot explain 
the selective decrease in circulating androgens during 
sibutramine treatment. On the other hand, previous 
studies in obese women with PCOS have reported an 
amelioration of hyperandrogenemia during treatment 
not only with sibutramine29 but also with orlistat.28,30 
In addition, orlistat reduced plasma PAI-1 activity in 
obese women without hyperandrogenemia.34 Clearly, 
additional studies are needed to elucidate the effects 
of different weight-loss strategies on androgen levels 
and whether these effects play a role in the reduction 
in circulating PAI-1 levels.

Since elevated PAI-1 levels and activity appear 
to be associated with increased risk for both T2DM 
and CVD,8,9 i.e. conditions that appear to be frequent 
in women with PCOS, the decrease in PAI-1 levels 
that was observed during metformin and sibutramine 
treatment might reduce the incidence of CVD and 
T2DM in this population. However, the present 
results remain to be confirmed or refuted in larger 
studies. More importantly, it should be mentioned that 
sibutramine was withdrawn in the European Union 
and the United States following the results of the 
Sibutramine Cardiovascular Outcome Trial (SCOUT), 
which showed increased cardiovascular morbidity in 
high-risk patients treated with sibutramine.35 Our study 
was designed and conducted before the publication of 
the results of the SCOUT trial. It is highly question-
able whether the beneficial effects of sibutramine on 
obesity, IR, hyperandrogenemia and PAI-1 levels that 
were observed in women with PCOS justify its use 
in this relatively young and lower-risk population.

In conclusion, treatment with metformin lowers 
plasma PAI-1 antigen levels in normal weight women 
with PCOS. In overweight/obese women with the 
syndrome, sibutramine, but not orlistat, also reduces 
plasma PAI-1 antigen levels. In both normal weight 
and overweight/obese women with PCOS, the reduc-
tion in circulating androgens appears to be implicated 
in the decline in plasma PAI-1 antigen levels. More 
studies are needed to evaluate whether this decrease 
will translate into reduced risk for T2DM and CVD 
in women with PCOS.

than weight loss to the reduction in PAI-1 levels dur-
ing treatment with metformin. We also observed a 
reduction in circulating androgens after metformin 
treatment in agreement with previous studies.21,25 Some 
studies have suggested that hyperandrogenemia might 
be implicated in the increase in PAI-1 levels in women 
with PCOS.26,27 Therefore, the decline in circulating 
androgens during metformin treatment might also 
have played a role in the reduction in PAI-1 levels.

This is also the first study that evaluated the change 
in circulating PAI-1 levels in overweight/obese women 
with PCOS after low-calorie diet and exercise com-
bined with either sibutramine or orlistat. A significant 
decrease in plasma PAI-1 levels was observed in 
patients treated with sibutramine, whereas orlistat 
had no significant effect. In agreement with previous 
studies,28-30 both sibutramine and orlistat induced 
a reduction in BMI, W and WHR and improved 
markers of IR. However, these beneficial effects 
did not differ between the two agents and therefore 
cannot explain the reduction in PAI-1 levels during 
sibutramine treatment. On the other hand, only 
sibutramine lowered the FAI, whereas orlistat did not 
affect the FAI or circulating androgens. Therefore, 
it appears that the reduction in hyperandrogenemia 
in women treated with sibutramine is implicated in 
the reduction in plasma PAI-1 antigen levels. In-
deed, previous studies in overweight/obese women 
with PCOS reported an association between PAI-l 
levels and hyperandrogenemia.5,31 We also observed 
an independent correlation between plasma PAI-1 
antigen levels and plasma LH levels, which stimulates 
ovarian androgen synthesis.32 On the other hand, in 
an early study in 9 obese women with PCOS, very-
low-calorie diet (421 kcal/day) for 4 weeks followed 
by low-calorie diet (1000-1500 kcal/day) for 20 weeks 
reduced serum PAI-1 activity without affecting cir-
culating androgens.12 A reduction in BMI and an 
improvement in markers of IR were also observed.12 
However, the statistical power of this small study 
might have been too limited to detect a reduction in 
hyperandrogenemia. Indeed, larger studies reported 
a decrease in circulating androgens in obese women 
with PCOS following a low-calorie diet but did not 
measure PAI-1 levels.33

It is unclear why only sibutramine and not orlistat 
lowered circulating androgens in our study. Both obe-
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