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A B S T R A C T 
 

Objective: The aim of this study was to investigate the plasma levels of plasminogen activator inhibitor -1 (PAI-1) known as a potent inhibitor of 
fibrinolysis in women with polycystic ovary syndrome (PCOS) and compare with healthy controls. 
Material and methods: Forty women with PCOS diagnosed using 2003 revised Rotterdam criteria and 40 healthy women who attended to Adnan 
Menderes University Department of Obstetrics and Gynecology between July-October 2013 were recruited to this prospective study. We noted all 
SaUWLcLSaQW¶V dePRJUaSKLc IeaWXUeV, caOcXOaWed bRd\ PaVV LQde[ (BMI), ZaLVW KLS UaWLR (WHR), aQd PeaVXUed bORRd SUeVVXUeV. We performed modified 
Ferriman-Gallwey Score (mFGS) and calculated Luteinizing hormone (LH)/Follicle stimulating hormone (FSH) ratio and homeostatic model assessment 
insulin resistance (HOMA-IR) of participants. PAI-1 levels were measured by using the Human PAI-1 Elisa test. We used the student T test and Mann-
Whitney U test as statistical methods. A p-value less than 0.05 was considered statistically significant. 
Results: We found PAI-1 levels, fasting insulin levels, HOMA-IR index, BMI significantly higher in the PCOS group compared with the control group. 
Mean age of the participants was found lower in the PCOS group. Between the groups we found no statistically significant differences in terms of the 
LH/FSH ratio, fasting glucose, dehydroepiandrosterone and testosterone levels. 
Conclusion: PAI-1 levels can be considered as a biochemical marker for risk assessment in cardiovascular disease in polycystic ovary syndrome. 
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Introduction 
 

Polycystic ovary syndrome (PCOS) is a common 
endocrinological disease between women in the reproductive 
age, prevalence of up to 10%. The diagnostic criteria include 
polycystic ovarian morphology, hyperandrogenism and/or 
hyperandrogenemia and oligo-ovulation [1]. PCOS can be 
recognized as well as metabolic disease due to the increased 
prevalence of type 2 DM, cardiovascular disease and 
hypertension in PCOS patients [2]. Some coagulation 
markers have been found to be elevated in PCOS versus to 
controls and the coagulation parameters including 
prothrombin time, thrombin time and fibrin degradation 
products may be predictive of PCOS [3].  
Recent studies in women with PCOS reported that 
plasminogen activator inhibitor-1 (PAI-1) which is one of the 
potent inhibitor of fibrinolysis are increased in level in both 
normal weight and overweight/obese women with PCOS 
compared with controls with matched body mass index 
(BMI) [4, 5, 6]. Serum PAI-1 activity is related to the BMI 
and homeostasis model assessment (HOMA) score which 
indices insulin sensitivity [7, 8]. So that, PAI-1 was found to 
be associated with insulin resistance, abdominal obesity, 
metabolic syndrome and type 2 diabetes mellitus [4]. PAI-1 
levels have been shown to decrease after treatment with 
metformin and sibutramine in normal weight and overweight 
women with PCOS [5, 9]. Oligo-ovulation could not be 
understood sufficiently yet [10]. 
 
 

 
 
Some studies show that urokinase plasminogen activator 
plays an essential role in the early growing follicles during 
cell proliferation and migration, and in the early corpus 
luteum formation related to extracellular matrix 
degradation and angiogenesis [11]. PAI-1 is localized in 
the granulosa and theca cells, it may play a role in follicular 
ovulation [12]. PAI-1 is also thought as a predominant 
independent risk factor for miscarriages in PCOS [13]. High 
plasma PAI-1 levels are found to be associated with an 
increased risk for both type 2 diabetes mellitus and 
cardiovascular diseases [14-16]. In some populations as 
well as European, Turkish, and Asian people PAI-1 4G/5G 
polymorphism is associated with susceptibility to PCOS 
[17, 18]. PAI-1 has two fractions as a soluble and cellular 
component. 40% activity of PAI-1 is depend on cellular 
component. It can be possible to measuring activity or 
antigen level of PAI-1 [19].  In the current study we aimed 
to investigate PAI-1 antigen levels in PCOS and healthy 
control groups. 
 

Material and methods 
The present study was conducted as a prospective cohort 
study. According to revised 2003 Rotterdam criteria [20], 
forty PCOS patients who were admitted to Adnan Menderes 
University Department of obstetrics and gynecology between 
June and October 2013 were included in the PCOS group. 
Those with a known disease other than PCOS and those 
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using drugs (oral contraceptive, anti-androgen, drugs for 
infertility etc.) of the kind that would change hormone assays 
in the last six months were excluded. Forty healthy volunteers 
with regular menstrual cycles, without clinical or biochemically 
hyperandrogenemia were included in the control study group. 
All participants were at reproductive age (18-45 year) span.  

Modified Ferriman-Gallwey score was used to determine the 
hirsutism level of patients. Scores 8 and above were 
considered hirsute. Ultrasonographic polycystic ovary 
appearance was defined as having 12 or more 2-9 mm 
diameter follicles in an ovary and/or ovarian volume over 10 
cm3 [20]. 

All participant's venous blood samples were taken in the early 
follicular phase of the menstrual period in the study. Serum 
PAI-1 antigen levels of the participants were measured using 
the Human PAI-1 Platinum (Ebioscience, San Diego, USA) 
ELISA kit. Ethics committee approval for the current study was 
received and informed consent was taken from all participants. 

Statistical analysis 

SPSS (Statistical Package for the Social Science, version 14.0) 
program was used for statistical analysis. Data were indicated 
mean ± standard deviation (± SD). We used the Student T 
test and Mann-Whitney U test as statistical methods. A p-value 
less than 0.05 was considered statistically significant. 

Results  
Demographic, anthropometric measurements and biochemical 
properties of PCOS and control groups are shown in Tables 1 
and 2. The mean age of the PCOS and control groups were 
22.8 ± 4.42 and 26 ± 5.87, respectively. PCOS group age was 
found to be smaller than the control group. This difference was 
statistically significant (p = 0.006). BMI was found to be 24.35 
± 5.68 in the PCOS group and 21.98 ± 3.27 in the control 
group. This difference was statistically significant (p=0.024). 
WHR was found 0.79 ± 0.64 in the PCOS group and 0.75 ± 
0.62 in the control group and this difference was statistically 
significant (p=0.007).  mFGS was found to be higher in PCOS 
group statistically (p<0.001).  

Table 1. Demographic and anthropometric values of the PCOS 
and the control group 

 
 

Parameters 

 
PCOS group 
(n: 40)    
mean ± std 
 

 
Control group 
(n: 40)   
mean ± std 
 

 
P 
value 

Age 22.8 ± 4.42 26 ± 5.87 0.006 

BMI (kg/m2 ) 24.35 ± 5.68 21.98 ± 3.27 0.024 

WHR 0.79 ± 0.64 0.75 ± 0.62 0.007 

Systolic BP 
(mm Hg) 

115.75±10.595 110.25±9.997 0.019 

Diastolic BP 
(mm Hg) 

74.0 ± 7.528 70.75 ± 8.664 0.017 

mFGS 8.90 ± 2.15 0.55 ± 1.709 0.001 

PCOS: Polycystic ovary syndrome, BMI: Body mass index, WHR: Waist hip 
ratio, mFGS: modified Ferriman-Gallwey Score, BP: Blood pressure. 

The systolic blood pressure was 115.75 ± 10.595 mmHg in the 
PCOS group and 110.25 ± 9.997 mmHg in the control group. 
The difference was statistically significant. Diastolic blood 
pressure was 74.0 ± 7.528 mmHg in the PCOS group and 
70.75 ± 8.664 mmHg in the control group. Diastolic blood 
pressure was significantly higher in the PCOS group than the 
control group. HOMA-IR indexes were 4.64 ± 6.74 and 2.23 ± 
1.99 in the PCOS group and the control group, respectively.  

We found HOMA-IR indexes significantly higher in the PCOS 
group compared to the control group (p=0.033).  

Table 2. Comparison of biochemical values of the PCOS and 
the control group 

 
 

Parameters 

 
PCOS group 

(n: 40) 
Mean ± std 

 

 
Control group 

(n: 40) 
Mean ± std 

 

 
P 

Fasting Glucose 

(mg/dl) 

90.1 ± 11.38 89.5 ± 10.87 0.811 

Fasting Insulin 

(mU/ml) 

19.13 ± 24.88 10.07 ± 8.68 0.033 

LH/FSH ratio 1.6135 ± 0.97 1.3580 ± 0.99 0.248 

DHEAS (ug/dl) 291.4 ± 163.38 306.68 ± 100.9 0.616 

Testosterone 

(ng/ml) 

4.057 ± 9.73 3.46 ± 7.64 0.762 

PAI-1 (pg/ml) 2405.26 ± 

1056.44 

1913.48 ± 

795.373 

0.021 

HOMA-IR index 4.64 ± 6.74 2.23 ± 1.99 0.033 

PCOS: Polycystic ovary syndrome, LH: Luteinizing hormone, FSH: Follicle 
stimulating hormone, DHEAS: Dehydroepiandrosteron sulfate, PAI-1: 
Plasminogen activator inhibitor 1 HOMA-IR: Homeostatic Model 
Assessment Insulin Resistance. 

When the PAI-1 levels were examined, the level of PAI-1 was 
found as 2405.26 ± 1056.44 pg / ml in the group with PCOS 
and 1913.48 ± 795.373 pg / ml in the control group. PAI-1 
levels were significantly higher in PCOS group (p=0.021). 

When the fertility status of the groups were examined, no 
statistically significant difference was found between the 
PCOS group and the control group (p=0.387). 

Discussion  
PCOS is considered as an etiological factor for multiple 
systemic disorders such as type 2 diabetes mellitus, obesity, 
dyslipidemia, cardiovascular dysfunction, infertility and 
endometrial cancer [21]. The prevalence of obesity in 
women with PCOS is 41%. It is typically defined as a rate of 
30±75% central type of obesity associated with PCOS, which 
is also a reason for elevated risk of cardiovascular disorders. 
Insulin resistance is also obvious in these types of patients 
with PCOS [22]. In our study, HOMA-IR levels that indices 
insulin resistance were high in the PCOS group such as PAI-
I. PAI-1 is an important inhibitor of tissue-type and 
urokinase type plasminogen activators. Toulis et al. had 
reported the results of a meta-analysis of eight studies 
evaluating the relation between PAI-1 and PCOS, and 
concluded that PAI-1 is elevated in women with PCOS than 
in controls [23].  

On the other hand, a multivariate analysis showed that 
inflammation, insulin resistance and BMI were associated 
with elevated level of PAI-1, there was no correlation of 
PCOS with any of the coagulation proteins [24]. So that, the 
researchers concluded that the hypercoagulable state in 
PCOS is not related to the syndrome, it can be fully explained 
by presence of BMI, inflammation and insulin resistance. 
Blair et al. investigated CRP, PAI-1, serum amyloid A, 
neopterin and myeloperoxidase from inflammatory markers 
which would produce oxidative stress.  
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PAI-1 levels were higher in obese PCOS group than in obese 
control group [25].  

Abolhasani et al. investigated the PAI-1 levels between 160 
patient whom coronary artery disease and 20 healthy control 
in non PCOS population, they found that PAI-1 level was 
significantly higher in study group than the control [26]. 

González et al published an article in 2013, 12 PCOS (6 obese 
- 6 normal weight subgroups) and 12 controls (6 obese - 6 
normal weight subgroup) were included in their study. They 
found PAI-1 levels higher in obese patients with or without 
PCOS [27]. A study conducted by Elci et al. from Turkey was 
concluded that PAI-1 antigen levels were statistically higher in 
obese and non obese PCOS patients than the control group 
[28]. 

Moran et al. in their study on PAI-1 levels, they compared 14 
patients with overweight PCOS and 14 patients with non-PCOS 
overweight control group. They found PAI-1 levels were 
significantly higher in the PCOS group than the control group 
[29].  

Atiomo et al. found no statistically significant difference 
between the two groups in terms of PAI-1 activity compared 
to 41 patients with PCOS and 25 healthy controls [30]. 
However, in a recent study, Moin et al. found the increased 
levels of PAI-1 in PCOS patients, their study had large number 
of participant (PCOS group; 146 vs Control group: 97) [24]. 

In a study, high BMI and WHR were found related with 
elevated PAI-1 levels [31]. Also our study showed that the 
PCOS group had high WHR and BMI, but when we look at the 
mean of BMI for the both group, the participants were not 
obese in the mean±std (table 1).  

Combined oral contraceptive (COC) pills are used widely by 
PCOS patients. Although in a study, using some COC pills 
significantly decreased levels of PAI-1 in PCOS patients after 
six months, some other COCs did not decrease levels of PAI-1 
significantly after three months of use [32]. As a result, 
reduction of PAI-1 may improve endothelial function in PCOS 
patients is still not clear. The poor negative effect of COCs on 
insulin resistance does not impair the estrogen- induced 
beneficial effects on PAI-1 [33]. Therefore, importance of 
targeted treatment is emerging. 

One of the limitations in our study was that the groups differed 
in terms of weight. Another limitation of the study is that PAI-
1 activity was not measured. 

In conclusion, we found elevated PAI-1 levels in women with 
PCOS in non-obese population. Further research should be 
conducted on this topic. More extensive studies should be 
performed to research whether PAI-1 has a potential to be a 
biochemical screening parameter and inhibition of this antigen 
may offer a therapeutic option in cardiovascular diseases and 
reproductive pathologies in women with PCOS. 
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