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Objective: The aim of this study was to compare serum fetuin-A levels and oxidative stress markers, as indicators of insulin resistance, in wom-
en with polycystic ovary syndrome (PCOS) and in healthy controls. 
Methods: This prospective case-control study included 46 patients with PCOS and 48 age- and body mass index–matched control women. 
Levels of serum hormones, fetuin-A, and oxidative stress markers were measured in blood samples taken during the early follicular period from 
each participant. 
Results: Follicle-stimulating hormone (FSH), luteinising hormone (LH), total testosterone levels, and the LH/FSH ratio were found to be signifi-
cantly higher in women with PCOS than in controls. Serum total antioxidant status, total oxidant status, and oxidative stress index parameters 
all indicated significantly higher levels of oxidative stress in PCOS patients than in controls. Serum fetuin-A levels, which were analyzed as an in-
dicator of insulin resistance, were higher in the PCOS group than in the control group (210.26 ± 65.06 µg/mL and 182.68 ± 51.20 µg/mL, respec-
tively; p = 0.024). 
Conclusion: The data obtained from the present study suggest that higher levels of both serum fetuin-A and oxidative stress markers might be 
related with PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is the most frequently seen en-
docrinopathy in females of reproductive age. Although figures vary 
according to the diagnostic criteria, its incidence is reported to be 6% 
to 20% [1-3]. Acne, hirsutism, seborrhoea, menstrual irregularities, 
anovulation, infertility, obesity, and several metabolic (e.g., glucose 
and lipid abnormalities) and atherosclerotic disorders are among the 
symptoms and signs of this disease [4,5]. With regard to the aetiology 
of PCOS, some causative factors such as hormonal disorders, adipose 

tissue dysfunction, and oxidative stress have been blamed, but a de-
finitive consensus has not been reached [6]. However, in recent years, 
insulin resistance (IR) has been reported to play an important role in 
the progression of PCOS [1,7,8]. 

Fetuin-A is a glycoprotein produced in the liver and released into 
the plasma [9]. It is known to have various biological functions, in-
cluding the prevention of tissue calcification and maintenance of cal-
cium-phosphorus balance [10,11]. Data obtained in recent experi-
mental studies showed that elevated levels of fetuin-A lead to IR by 
disturbing insulin receptor signalling [11]. 

Oxidative stress has been defined as an imbalance between the 
formation of reactive oxygen species, which cause oxidative damage, 
and the antioxidant defence system [12,13]. The molecular damage 
caused by free radicals has been asserted to lead to many diseases, 
such as atherosclerosis, diabetes mellitus, and PCOS [12].

Considering all of this, IR and oxidative stress may play important 
roles in the development of PCOS. A literature review spanning the 
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last few decades revealed scarce documentation of the role of fetuin-
A and oxidative stress parameters in PCOS. Thus, the present study 
sought to evaluate fetuin-A and oxidative stress parameters in pa-
tients with PCOS. 

Methods

The present case-control study was carried out in the Obstetrics 
and Gynaecology Department of the Harran University Medical Fac-
ulty from April 2013 to June 2015. The study was planned in accor-
dance with the second Helsinki Declaration (2008) and approved by 
the university’s Ethics Committee following a review of the study 
protocol. All participants were informed about the study and gave 
their written consent before participating in the study.

It was determined (using the G*Power 3 power-analysis program; 
Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany) that at 
least 72 subjects (at least 36 subjects in each group) were required 
for a two-tailed α-value of 0.05 (sensitivity, 95%) and a β-value of 0.20 
(study power, 80%; effect size, 0.60) [14]. 

Our study included a total of 94 women, including 46 with PCOS 
and 48 healthy controls. After a detailed medical history was ob-
tained from all participants, physical examinations and ultrasono-
graphic evaluations were carried out, blood samples were obtained 
for biochemical testing. Body mass index (BMI) was calculated as 
weight (kg) divided by height squared (m2).

PCOS was diagnosed based on the presence of at least two of the 
following three clinical and laboratory criteria adopted from the 2003 
Rotterdam criteria: (1) oligo- or anovulation, (2) positive clinical or 
biochemical indicators of hyperandrogenism, and (3) a polycystic 
ovarian appearance on an ultrasonographic examination [7]. Be-
cause of the small number of patients, we did not divide them by 
PCOS phenotype.

1. Inclusion criteria 
The PCOS patients included those diagnosed using the Rotterdam 

criteria. The control group included 48 women who received routine 
gynaecological examinations and agreed to participate in the study. 
The control group subjects were matched for age, sex, and BMI with 
the PCOS patients.

2. Exclusion criteria 
Patients with congenital adrenal hyperplasia, hyperprolactinaemia, 

an androgen-secreting tumour, or thyroid dysfunction, as well as 
those who used oral contraceptives, were excluded from the study. 
In addition, because of the possibility of effects on oxidative stress 
parameters, we excluded patients with chronic disease (including 
hypertension, diabetes mellitus, and pulmonary, liver, or renal dis-

eases), who smoked, or who used antioxidant supplements (vitamins 
C, E, etc.). We did not perform an oral glucose tolerance test, but we 
excluded patients with fasting glucose levels higher than 100 mg/dL.

3. Protocol for obtaining serum samples 
Blood samples were obtained through plastic injectors from the 

antecubital vein during the patient’s early follicular phase (spontane-
ously or on the 2nd or 3rd day of menstruation induced by medica-
tion) in the morning after overnight fasting. Each blood sample was 
10 mL in total; the first 5 mL was allocated for the laboratory testing 
and the remaining 5 mL was placed in polypropylene tubes. Within 
30 minutes after being drawn, the blood samples were centrifuged 
at 3,000 rpm for 10 minutes. The supernatant serum samples were 
placed in plastic tubes and stored at −80°C until the evaluation. Be-
cause of the characteristics of the study, no preservative substance 
was added to the samples. Fasting glucose, luteinising hormone (LH), 
follicle-stimulating hormone (FSH), total testosterone, dehydroepi-
androsterone sulphate (DHEA-S), and oestradiol levels were mea-
sured with routine laboratory techniques.

4. Analysis of serum oxidative stress parameters 
Measurements of serum oxidative stress parameters, including to-

tal antioxidant status (TAS), total oxidant status (TOS), and the oxida-
tive stress index (OSI), were carried out as described in our previous 
studies [15,16].

1) Measurement of TAS
TAS was measured with the spectrophotometric method using the 

Rel Assay commercial kit (Rel Assay Diagnostics, Gaziantep, Turkey). 
The results are reported as millimoles of Trolox equivalents per litre 
(mmol Trolox equivalent/L). 

2) Measurement of TOS
TOS were measured with the spectrophotometric method using 

the Rel Assay Diagnostics commercial kit (Rel Assay Diagnostics). The 
results are presented as micromoles of hydrogen peroxide per litre 
(μmol H2O2 equivalent/L). 

3) OSI calculation
OSI was defined as the percentage ratio of TOS to TAS.

4) Measurement of fetuin-A
Serum fetuin-A levels were measured with enzyme-linked immu-

nosorbent assay kits, according to the manufacturer’s instructions 
(BioVendor Laboratory Medicine, Brno, Czech Republic). The antibod-
ies were specific for the human fetuin-A protein, with an assay sensi-
tivity of 3.5 μg/mL.
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5. Statistical analysis
The statistical analysis was performed using SPSS ver. 16.0 (SPSS 

Inc., Chicago, IL, USA). All data are presented as mean ± standard de-
viation. The Kolmogorov-Smirnov test was applied to analyze the 
distribution of data. The independent-samples t-test was used to an-
alyze between-group differences in quantitative parameters with a 
normal distribution of data, and the Mann-Whitney U-test was used 
for data without a normal distribution. The Pearson correlation test 
was applied to analyze correlations between the data. Multiple linear 
regression analysis was used to determine the effects of the inde-
pendent variables on the dependent variables. The p-values of 
< 0.05 were considered to indicate statistical significance. 

Results

The demographic and basic laboratory data of the groups are pre-
sented in Table 1. No significant differences were identified between 
the groups in terms of age, BMI, and levels of glucose and DHEA-S. 
However, FSH, LH, total testosterone levels, and the LH/FSH ratio were 
found to be significantly higher in patients with PCOS than in the 

controls (p = 0.006 for FSH and p < 0.001 for others) (Table 1).
TOS and the OSI were also determined to be significantly higher in 

the PCOS group than in the control group (p = 0.002, p = 0.004, re-
spectively) (Table 2). Moreover, TAS levels were significantly lower in 
patients with PCOS than in the controls (p = 0.009) (Table 2), which is 
consistent with the PCOS group experiencing higher levels of overall 
oxidative stress.

Serum fetuin-A levels were higher in the PCOS group than in the 
control group (210.26 ± 65.06 µg/mL and 182.68 ± 51.20 µg/mL, re-
spectively; p = 0.024). A receiver operating characteristic (ROC) analy-
sis was performed, as shown in Figure 1. The area under the curve 
was 0.68 (95% confidence interval, 0.58–0.79; p = 0.002). According 
to the ROC analysis, the cut-off value of 179.5 µg/mL for fetuin-A had 
a sensitivity of 72% and specificity of 59%. When we used a cutoff 

Table 1. Clinical characteristics of the PCOS and control groups

Characteristics PCOS group 
(n = 46)

Control group 
(n = 48) p-value

Age (yr) 23.45 ± 3.76 23.77 ± 3.82 0.688
BMI (kg/m2) 29.50 ± 3.65 28.61 ± 3.86 0.257
Glucose (mg/dL) 86.97 ± 11.15 83.44 ± 7.39 0.072
FSH (mIU/mL) 5.88 ± 0.58 5.60 ± 0.38 0.006
LH (mIU/mL) 9.04 ± 1.27 7.47 ± 1.40 < 0.001
LH/FSH ratio 1.55 ± 0.26 1.34 ± 0.27 < 0.001
Oestradiol (pg/mL) 59.53 ± 12.38 55.36 ± 11.53 0.095
Total testosterone (ng/mL) 0.64 ± 0.23 0.45 ± 0.06 < 0.001
DHEA-S (ng/mL) 1,765.15 ± 434.72 1,720.20 ± 371.68 0.591

Values are presented as mean ± standard deviation.
PCOS, polycystic ovary syndrome; BMI, body mass index; FSH, follicle-stimu-
lating hormone; LH, luteinising hormone; DHEA-S, dehydroepiandrosterone 
sulphate.	

Table 2. Comparison of oxidative stress and fetuin-A levels in both 
groups

Variable PCOS group 
(n = 46)

Control group 
(n = 48) p-value

TAS (mmol Trolox equivalent/L) 0.87 ± 0.12 0.95 ± 0.17 0.009
TOS (µmol H2O2 equivalent/L) 30.38 ± 7.72 26.56 ± 6.41 0.002
OSI 3.47 ± 1.00 2.88 ± 0.96 0.004
Fetuin-A (µg/mL) 210.26 ± 65.06 182.68 ± 51.20 0.024

Values are presented as mean ± standard deviation.
PCOS, polycystic ovary syndrome; TAS, total antioxidant status; TOS, total oxi-
dant status; OSI, oxidative stress index.

Figure 1. Receiver operating characteristic curve analysis for serum 
fetuin-A levels in polycystic ovary syndrome patients (respective cut-
off, area under the curve [AUC], and sensitivity and specificity values). 
CI, confidence interval.
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Table 3. Correlations of serum fetuin-A levels with LH levels, the LH/
FSH ratio, glucose levels, TAS, TOS, and BMI	

Variable
Serum fetuin-A level

r p-value

LH 0.277 0.007
LH/FSH ratio 0.257 0.012
Glucose level 0.229 0.027
TAS –0.134 0.197
TOS 0.024 0.818
BMI 0.181 0.082

LH, luteinising hormone; FSH, follicle-stimulating hormone; TAS, total antiox-
idant status; TOS, total oxidant status; BMI, body mass index.	
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value of 189 µg/mL for fetuin-A, the values of sensitivity and specific-
ity were 63% and 65%, respectively.

Significant positive correlations were identified between levels of fe-
tuin-A and levels of LH, the LH/FSH ratio, and glucose levels. However, 
there was no correlation between fetuin-A levels and oxidative stress 
parameters (i.e., TAS, TOS, and OSI) (Table 3). Additionally, we per-
formed a correlation analysis between the oxidative stress parameters 
(TAS, TOS, and OSI) and age, BMI, glucose, LH, FSH, and the LH/FSH ra-
tio. There were significant positive correlations between TOS and glu-
cose, LH, and the LH/FSH ratio (r = 0.258, r = 0.257, and r = 0.264, re-
spectively; all p = 0.01). Moreover, a significant positive correlation was 
found between the OSI and LH levels and the LH/FSH ratio (r = 0.229, 
p = 0.003, and r = 0.341, p = 0.001, respectively). TAS showed a nega-
tive correlation with the LH/FSH ratio (r = −0.28, p = 0.01) (Table 4).

In order to exclude several possible confounding factors (i.e., age, BMI, 
glucose, LH, FSH, and the LH/FSH ratio), we applied multiple regression 
analysis. According to the regression analysis, TOS levels were only sig-
nificantly correlated with glucose levels (t = 2.03, p = 0.04). The OSI was 
only significantly associated with the LH/FSH ratio (t = 2.59, p = 0.01).

Discussion

The data obtained from the present study, which evaluated levels 
of fetuin-A and oxidative stress markers in patients with PCOS, 
showed that serum levels of fetuin-A were significantly higher in pa-
tients with PCOS than in controls. We evaluated the correlations be-
tween fetuin-A and BMI, oxidative stress parameters, the LH/FSH ra-
tio, serum levels of LH and FSH, and glucose levels in all participants. 
As a result, we found significant positive correlations between levels 
of serum fetuin-A and levels of LH, the LH/FSH ratio, and glucose lev-
els, but there were no correlations between fetuin-A levels and levels 
of serum FSH or oxidative stress markers (TAS and TOS).

The literature contains limited data about the role of fetuin-A in pa-
tients with PCOS. Recently, some researchers have reported that fe-
tuin-A may be a useful biochemical indicator for detecting IR in PCOS 
patients [11,17-19]. A high level of fetuin-A in the body has been as-

serted to be connected with IR, via inhibition of the autophosphory-
lation and tyrosine kinase activity of insulin receptors in the liver and 
muscle tissues [18,19]. Eventually, ongoing IR leads to hyperinsu-
linaemia. Increased levels of insulin have been shown to cause both 
a surge in LH and increased androgen release from the theca cells 
through the ovarian insulin receptors in women with PCOS. Finally, 
the clinical picture involves the appearance of hyperandrogenaemia, 
one of the symptoms of PCOS [2,19,20]. However, the relationship 
between fetuin-A and IR remains controversial. In contrast to state-
ments in some articles describing a significant relationship between 
fetuin-A and IR [19,21,22], Gulhan et al. [20] reported that there was 
no such relationship. They suggested that rather than IR, genetic fac-
tors and several cytokines released from adipose tissue could have 
an effect on the release of fetuin-A [20]. 

Approximately 50% of women with PCOS are overweight or obese, 
and most of them have severe IR and excess androgen [23]. In our 
study, there was no correlation between BMI and serum fetuin-A lev-
els in either group. Similarly, Kozakowski et al. [18] showed that se-
rum fetuin-A levels in both lean and obese PCOS patients were not 
significantly different. In contrast to our findings, they found an asso-
ciation between fetuin-A levels and DHEA-S, but not the LH/FSH ra-
tio. We found higher fetuin-A levels in PCOS patients. Additionally, 
positive correlations were found between levels of serum fetuin-A 
and levels of LH, the LH/FSH ratio, and serum glucose levels, but no 
correlation with DHEA-S was found in this study. The dissimilarity be-
tween our findings and those of Kozakowski et al. [18] may have 
been due to the use of different study groups, in that they had only 
PCOS patients, while we had both PCOS and healthy control subjects, 
and we included more participants.

One of the basic characteristics of PCOS is increased serum levels of 
oxidative stress markers [12]. We demonstrated in a previous study 
that increased oxidative stress in the body could contribute to the 
pathogenesis of PCOS [24]. Although no consensus has been 
reached the formation of oxidative stress, one theory is related to the 
increased number of mononuclear cells that develop secondarily to 
hyperglycaemia in PCOS patients. Increased amounts of mononucle-

Table 4. Correlations of serum oxidative stress markers with age, BMI, glucose levels, LH, FSH, and the LH/FSH ratio 	

Variable
TAS TOS OSI  

r p-value r p-value r p-value

Age 0.071 0.11 –0.165 0.11  –0.162 0.110
BMI 0.032 0.76 –0.025 0.81  –0.046 0.650
Glucose level –0.066 0.52 0.258 0.01 0.196 0.050
LH –0.138 0.18 0.257 0.01 0.229 0.003
FSH 0.157 0.13 –0.011 0.91 –0.118 0.257
LH/FSH ratio –0.280 0.01 0.264 0.01 0.341 0.001

BMI, body mass index; LH, luteinising hormone; FSH, follicle-stimulating hormone; TAS, total antioxidant status; TOS, total oxidant status; OSI, oxidative stress index.
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ar cells cause enhanced production of inflammatory cytokines and 
free oxygen radicals [25]. Molecular damage due to free oxygen radi-
cals has been suggested to play an important role in the aetiopatho-
genesis of PCOS [26]. In this study, TOS and the OSI in the PCOS group 
were significantly higher than in the control group, which is in agree-
ment with the literature. Moreover, levels of TAS, which are an indica-
tor of levels of antioxidants that participate actively in the elimination 
of free oxygen radicals in the body, were significantly lower in the 
PCOS patients than in the controls.

There is no universally agreed-upon treatment for PCOS because its 
aetiology is not clearly understood. Hence, there is a continued need 
for studies on the aetiopathogenesis of this disease. The present 
study suggests that higher levels of serum fetuin-A and oxidative 
stress markers might be associated with PCOS. 
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