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The Influence of Oxidative Stress in 
Inflammatory Process and Insulin 
Resistance in Obese Women with 

Polycystic Ovary Syndrome

Abstract
Oxidative stress induced by reactive oxygen species (ROSs) may be associated 
with the development of inflammation and insulin resistance (IR) in obese women 
with polycystic ovary syndrome (PCOS). 

Objectives: To evaluate the markers of oxidative stress, of inflammation, and of 
insulin resistance in obese women with PCOS and in healthy ovulatory women. 

Methods: The parameters of oxidative stress, glutathione (GSH), superoxide 
dismutase (SOD), glutathione peroxidase (GSH-Px), catalase (CAT) and 
thiobarbituric acid reactive species (TBARSs), inflammatory markers such as 
tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6) and C-reactive protein 
(CRP) were evaluated in serum samples from 20 women in reproductive age. The 
volunteers were divided into two groups: Group I (obese control, n=10); Group II 
(PCOS obese, n=10). The categorization of groups was performed using body mass 
index (BMI), according to the World Health Organization (WHO) that classifies as 
obesity a BMI > 30 kg/m². Insulin resistance was also determined by the HOMA-IR 
index. 

Results: The obese PCOS group compared to the equivalent BMI control group 
showed increased levels of GSH (387 mol/mol Hb ± 138 mol/mol Hb), CAT (366 
k/gHb/min ± 20 k/gHb/min), TBARSs (7.2 MU/mol Hb ± 1 MU/mol Hb), CRP (2.35 
mg/L ± 0.55 mg/L), basal insulin (16.88 μIU/mL ± 13.00 μIU/mL), with p=0.01, and 
HOMA-IR (2.16 ± 2.54 ) (p=0.04) associated with a decrease in antioxidant enzymes 
SOD (35 ± 12 MU/mol Hb) and GSH-Px (22 MU/molHb ± 11 MU/molHb) (p = 0.01). 
Correlations were also observed between the oxidative stress parameters of 
inflammation and of insulin resistance evaluated in women with PCOS.

Conclusion: The PCOS group had inflammation through elevated CRP and IR levels 
that can be aggravated with the production of ROSs, influencing the development 
of changes in glucose metabolism and of CVD related to the syndrome.

Keywords: Polycystic ovary syndrome; Obesity; Pro-inflammatory state; Insulin 
resistance and oxidative stress 
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Introduction
The polycystic ovary syndrome (PCOS) is a complex endocrine 
disorder of unknown etiology that affects currently about 8% to 
12% of women in reproductive age worldwide [1]. It is not only 

one of the most frequent causes of secondary amenorrhea and 
infertility due to the chronic anovulation and hyperandrogenism, 
because it still has a set of associated metabolic disorders 
characterized by insulin resistance (IR) [2], impaired glucose 
tolerance (IGT) [3], dyslipidemia [4] and low-grade chronic 
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inflammation [5]. Approximately 80% of women with PCOS 
present IR [6], compared with only 10% to 25% of individuals 
in the general population [7], associated with hyperinsulinemia 
and it may occur regardless of body mass index (BMI) and degree 
of adiposity [8]. Some studies support the hypothesis that IR 
influences in the pathogenesis of PCOS, acting as integration 
agent between metabolic and androgenic abnormalities [2,3,5]. 

Studies have shown a clear association in PCOS between the pro-
inflammatory state, obesity, particularly the visceral phenotype, 
and IR [5,9,10]. This is because the adipose tissue is an endocrine 
organ able to secrete various substances which interfere with the 
metabolism of carbohydrates and lipids, and it is also involved 
in innate and adaptive immune response by producing cytokines 
such as tumor necrosis factor alpha (TNF-α), interleukin-6 
(IL-6), as well as acute phase protein, such as the C-reactive 
protein (CRP), which contribute to the establishment of insulin 
resistance, of systemic inflammatory status and of other cardio-
metabolic risk factors in the long term [10-12]. In association 
with inflammation, the oxidative stress, which is a condition 
resulting in excessive formation of oxidizing species in the 
presence of limited antioxidant defenses [8,9,13], culminating 
in the formation and removal of ROSs in the body [14], can 
also contribute to the worsening of metabolic disorders of the 
syndrome [15]. There are several reports in the literature about 
the presence of reactive oxygen species (ROSs) as a catalyst of 
pro-inflammatory state in women with PCOS. Thus, they are 
crucial to the increased cardiovascular risk and endothelial 
dysfunction and can therefore be an important predictor of 
atherosclerosis [16].

Moreover, the production of ROSs and the oxidative stress have 
been linked to IR [17,18]. The oxidative stress impairs glucose 
uptake by muscle and by adipose tissue and reduces insulin 
secretion from pancreatic β cells [19-21]. Antioxidant treatments 
may improve insulin sensitivity in patients with IR or type 2 
diabetes [22]. In obese women with PCOS there is a correlation 
between elevated levels of lipid peroxidation in the vessel 
walls and in plasma, causing severity in CVR with reduction of 
the antioxidant enzymes such as glutathione (GSH), superoxide 
dismutase (SOD) and glutathione peroxidase (GSH-Px). Thus, 
there is a close relationship with the inflammatory process and 
metabolic disorders [18]. 

The few studies that address PCOS, oxidative stress and 
inflammation are inconclusive about a possible association [22]. 
Thus, the objective of this study was to evaluate the levels of 
inflammatory markers and of oxidative stress in obese women 
with PCOS and in healthy ovulatory women. This evaluation is 
essential in order to clarify the influence of oxidative stress on the 
inflammatory profile, as well as on the metabolic and hormonal 
changes of these women.

Methods
The study population consisted of 20 patients, aged from 17 
to 35 years old, with 10 women diagnosed with PCOS and 10 
healthy volunteers recruited from the outpatient gynecology 

and endocrinology clinic of the maternity hospital januário 
cicco (MEJC) UFRN, Natal-RN. We included patients who were 
diagnosed with PCOS according to the criteria defined by the 
Rotterdam consensus in 2003 [23], and excluded those who 
used drugs (corticosteroids, antiandrogens, ovulation-inducing, 
dopaminergics, hypoglycemic, medication against obesity, 
antilipemics, anti-inflammatory drugs and any other hormonal 
agent in the last three months) smokers, those who had family 
history of cardiovascular disease and diabetes mellitus, Cushing's 
syndrome and/or androgen-secreting tumors, thyroid dysfunction 
and hyperprolactinemia and other causes of hyperandrogenism 
and menstrual irregularities that simulate the clinical picture of 
PCOS. 

To carry out a comparative analysis of the patients, study 
participants were divided into two groups according to body 
mass index (BMI˃30 kg/m2) and diagnosis of PCOS: Group I 
(obese women with PCOS, n=10) and Group II (obese women 
without PCOS, n=10). All patients underwent measurement of 
body mass (kg) and height to determine the BMI [24]. The study 
was approved by the Research Ethics Committee of UFRN with 
protocol number 400/09, and all participants signed an informed 
consent form (ICF).

Hormonal and biochemical tests
Through a venous puncture, after fasting for 12 hours, we 
conducted collection of peripheral blood sample without 
anticoagulant (10 mL) in order to determine concentrations 
of plasma glucose, total cholesterol, triglycerides and HDL-
cholesterol using commercial kits (Labtest Diagnostica-SA®, 
Sao Paulo, Brazil) through the colorimetric/enzymatic method 
in Bioplus equipment, model 2000 (Barueri, Brazil), and the 
results were expressed in mg/dL. LDL-cholesterol levels were 
determined using the Friedewald formula: (total cholesterol-
[HDL-cholesterol + triglycerides / 5]) [24]. Aiming to characterize 
the metabolic changes in both groups we also evaluated the 
following hormones: luteinizing hormone (LH), follicle stimulating 
hormone (FSH), estradiol, progesterone, total testosterone, 
prolactin, dehydroepiandrosterone sulfate (DHEAS) and insulin. 
We also determined the levels of pro-inflammatory cytokines: 
tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6) and 
C-reactive protein (CRP). These measurements were performed 
by chemiluminescence, in the Immulite 1000 machine® 
(Diagnostic Products Corporation-Los Angeles CA, EUA), with the 
exception of CRP, which was measured by immunoturbidimetry, 
based on the immunoprecipitation reaction, in the LabMax 240 
machine (Labtest Diagnostica-SA®, Sao Paulo, Brasil).

Determination of oxidative stress markers
For measuring hemoglobin, glutathione reductase (GSH), 
superoxide dismutase (SOD), catalase (CAT), the thiobarbituric-
acid reactive substances (TBARS's) and glutathione peroxidase 
(GPX) we collected 5 mL of blood with ethylenediamine tetra acetic 
acid (EDTA). The TBARSs were measured spectrophotometrically 
at 412 nm using 5,5'-dithio-bis (2-nitrobenzoic acid) (DTNB) 
21 using the Randox UK kit according to the manufacturer's 



3

ARCHIVOS DE MEDICINA
ISSN 1698-9465

2016
Vol. 7 No. 4: 100

Translational Biomedicine
ISSN 2172-0479

© Under License of Creative Commons Attribution 3.0 License

The analysis of inflammatory markers showed that patients 
with PCOS had significantly increased levels of C-reactive 
protein (p=0.01) when compared to healthy patients with a 
corresponding BMI. There were no differences in TNF-α and IL-6 
between groups (Table 2).

Table 3 shows the correlations between the oxidative stress 
parameters in the inflammatory and metabolic profile of 
the obese patients studied. Positive linear correlations were 
observed between the concentrations of CRP and GSH (r=0.63; 
p=0.004), CAT and IL-6 (r=0.72; p=0.00) and also negative linear 
correlations between the GSH and fasting insulin values (r = 
-0.64; p=0.004), CAT and fasting insulin (r=-0.70; p=0.001), CAT 
and TNF-α (r=-0.53; p=0.01), GPX and fasting insulin (r=-0.50; 
p=0.003), GPX and CRP (r=-0.72; p=0.00) (Table 4). 

Discussion
The evaluation of oxidative stress showed a significant reduction 
of antioxidant enzymes such as CAT, SOD and GPX and increase in 
the TBARSs and GSH in obese patients with PCOS, characterizing 
the presence of oxidative stress in these women. It was also 
evidenced in this group increased total testosterone and fasting 
insulin and a decrease in progesterone levels, characterizing 
hyperandrogenism, hyperinsulinemia and chronic anovulation, 
which are frequent changes in PCOS patients [6,7,25].

Studies have shown that a high percentage of patients with 
PCOS, even the non-obese, have an accumulation of excessive 
visceral fat [6,9]. It is suggested that this increased accumulation 
of fat in the abdominal region in women with PCOS may 
promote a dysfunction of adipose tissue [14], increasing IR 
[15] and hyperandrogenism [17], evidenced by the increase in 
total testosterone. In our study, we observed similar results. 
As shown in Table 1, women with PCOS had total testosterone 
concentrations significantly higher compared to the obese 
control group. 

specifications. Serum MDA was measured spectrophotometrically 
at 532 nm using thiobarbituric acid 19. The erythrocyte GSH was 
determined by the method of Beutler et al. [19]. 

Statistical analysis
Data were expressed as mean and standard deviation (SD) and 
tested for normality using the Shapiro-Wilk test. The Mann-
Whitney test for independent samples was also applied to 
test differences in groups. Correlations between evaluated 
parameters were analyzed using the Pearson correlation test. The 
statistical package SPSS ® version 17.0 for Windows (SPSS, Inc, 
Chicago, IL) was used for these purposes. Statistical significance 
was set at 5% (p<0.05).

Results
Table 1 shows a comparison of clinical, hormonal, and metabolic 
parameters evaluated in obese women with and without PCOS. 
The obese PCOS group had significantly higher concentrations of 
testosterone (81.79 ng/dL ± 55.00 ng/dL; p=0.01), fasting insulin 
(16.88 μIU/mL ± 13 μIU/mL; p=0.01), HOMA IR (2.16 ± 2.54; 
p=0.04) and triglycerides (188.20 mg/dL ± 55.91 mg/dL, p=0.02) 
when compared to the control group with a corresponding BMI. 
Estradiol and progesterone levels were higher in obese females 
(88.90 pg/mL ± 74.86 pg/mL and 3.15 ng/ml ± 2.00 ng/ml), 
respectively.

The evaluation of oxidative stress parameters revealed a 
reduction of antioxidant enzymes in obese women with PCOS, 
CAT (150 k/gHb/min ± 21 k/gHb/min), (55 MU/mol Hb ± 15 MU/
mol Hb) and GPX (22 MU/mol Hb ± 11 MU/mol Hb), combined 
with increased TBARSs (7.1 mol/L ± 1 mol/L) and GSH (387 
mol/mol Hb ± 138 mol/mol Hb) compared to the control group 
(p=0.01) (Table 2).

Variable Control obese group (n=10) PCOS obese group (n=10) P
Age (years) 27 ± 5 26 ± 5 NS

Body mass index (kg/m2) 36 ± 3 30 ± 6 NS
Systolic blood pressure (mm Hg) 111 ± 9 114 ± 10 NS
Diastolic blood pressure (mm Hg) 78 ± 10 81 ± 6 NS

FSH (mUI/mL)  2.65 ± 1.5 3.39 ± 1.00 0.05
LH (mUI/mL) 3.74 ± 2.00 3.47 ± 2.00 NS

Prolactin (ng/mL) 7.26 ± 3.00 9.56 ± 2.00 NS
Estradiol (pg/mL) 88.9 ± 42.00 67.61 ± 41.00 0.01*

Serum total testosterone (ng/dL) 39.05 ± 15.00 81.79 ± 55.00 0.01*
DHEAS (µg/dL) 135.09 ± 54.00 115.07 ± 43.00 NS

Progesterone (ng/mL) 3.15 ± 2.00 0.53 ± 0.4 0.01*
Fasting insulin (μIU/mL) 4.22 ± 2.00 16.88 ± 13.00 0.01*
Fasting glucose (mg/dL) 76.00 ± 13.00 82.90 ± 13.00 NS

HOMA-IR 0.82 ± 0.56 2.16 ± 2.54 0.04*
Total cholesterol (mg/dL) 216.20 ± 40.62 170.40 ± 31.67 NS

Triglycerides (mg/dL) 96.80 ± 38.07 188.20 ± 55.91 0.02*
HDL- cholesterol (mg/dL) 38.35 ± 1.00 45.30 ± 7.39 NS
 LDL- cholesterol (mg/dL) 127.00 ± 45.00 104.00 ± 24.00 NS

Values expressed as mean ± standard deviation. * p<0.05 comparing PCOS versus control group by the Mann-Whitney. NS=not significant

Table 1 Clinical, hormonal, and metabolic characteristics of the groups.
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Variable Control obese group (n=08) PCOS obese group (n=10) P
Glutathione (GSH) (UI/gHb/min) 210 ± 33 387 ± 138 0.01*

Catalase (CAT) (k/gHb/min) 150 ± 21 366 ± 20 0.01*
Thiobarbituric acid reactive species (SRT'S) (MU/

mol Hb) 4.5 ± 2 7.2 ± 1 0.01*

Superoxide dismutase (SOD) (MU/mol Hb) 55 ± 15 35 ± 12 0.01*
Glutathione peroxidase (GPX) (MU/mol Hb) 43 ± 8 22 ± 11 0.01*

PCR (mg/L) 0.82 ± 0.48 2.35 ± 0.55 0.01*
IL-6 (pg/mL) 6.81 ± 4.51 6.86 ± 4.22 NS

TNF-α (pg/mL) 8.11 ± 3.00 10.47 ± 6.92 NS
Values expressed as mean ± standard deviation * p<0.05 comparing PCOS versus control group by the Mann-Whitney. NS= not significant

Table 2 Oxidative stress and inflammatory profile of groups control obese and PCOS obese. 

 
 FASTIng gluCOSe gluCOSe 120 FASTIng InSulIn PCR Il-6 TnF-α

GSH
r -0.144 0.02 -0.645** 0.638** -0.087 0.033
p 0.569 0.938 0.004 0.004 0.733 0.895

CAT
r 0 0.071 -0.703** 0.212 0.721** 0.535*
p 1 0.779 0.001 0.356 0 0.013

SRTS
r -0.016 0.187 -0.463 0.128 -0.155 0.129
p 0.951 0.457 0.053 0.613 0.538 0.609

SOD
r -0.131 0.146 0.306 -0.324 -0.035 -0.265
p 0.604 0.562 0.217 0.19 0.889 0.288

GPX
r -0.105 -0.047 0.506* 0.724** -0.171 -0.168
p 0.679 0.854 0.032 0 0.46 0.466

** Correlation is significant at the 0.01 level (2-tailed) * Correlation is significant at the 0.05 level (2-tailed)

Table 3 Correlation of oxidative stress with metabolic and pro-inflammatory profile in obese women with PCOS. 

 PCR Il-6 TnF-α

GSH
0.638** -0.087 0.033

0.004 0.733 0.895

SRTS
0.128 -0.155 0.129

0.613 0.538 0.609

SOD
-0.324 -0.035 -0.265

0.19 0.889 0.288

Table 4 Correlation of markers oxidative stress with metabolic and 
cytokines pro-inflammatory.

Insulin levels were higher when associated with normal values 
of fasting blood glucose and post -OGTT in the obese group with 
PCOS (Table 1). These results are indicative for a future change 
in glucose metabolism, IR and hence an increased risk of type 2 
diabetes, which is characteristic of PCOS patients [26]. The above 
results were similar to those of other studies, which confirmed 
that in PCOS the insulin sensitivity changes only to the glucose 
uptake by the tissues, without compromising other functions of 
this hormone [7].

Oxidative stress is a promoter of inflammation and of IR and it 
has also been implicated in the development of hyperinsulinemia 
and hyperandrogenism in PCOS [16,17]. Our results showed a 
similar profile evidenced by increase in CRP, insulin, testosterone, 
the TBARSs, GSH, and a decrease in antioxidant enzymes, CAT, 
SOD and GPX in obese women with PCOS, associated with the 
presence of correlations between the oxidative stress and 

parameters of inflammation and IR evaluated. Some authors 
have previously reported that in PCOS, hyperglycemia-induced 
oxidative stress is inversely proportional to the sensitivity to 
insulin [7,9,11]. Another study performed in vitro showed that 
oxidative stress impairs pancreatic insulin release in response to 
glucose and leads to lipid peroxidation, and DNA damage [18,19]. 

The evaluation of the inflammatory profile showed a significant 
increase in CRP levels in PCOS patients, confirming the 
characteristic inflammatory condition of this syndrome [13-15] 
(Table 2). Gonzalez, et al. reported that the serum levels of TNF-α 
and IL-6 are elevated in patients with PCOS and that the most 
likely source is excess adipose tissue. However, the results of 
our study were not significant in comparing the levels of these 
cytokines between groups, probably due to small number of 
patients and/or ethnic differences. 

In another similar study, the same authors demonstrated the 
important link between oxidative stress and IR and the consequent 
production of mononuclear cells in response to hyperglycemia in 
women with PCOS. This generation of cells mediated by ROS's 
has been an important factor in the modulation of the release 
of TNF-α, thus having an important role in the development of 
hyperandrogenism and insulin resistance through the activation 
of NF-kB (nuclear factor kappa B) and consequently an increase 
in gene transcription of TNF-α, characterizing PCOS as an 
inflammatory condition [27]. 

These study findings contribute to establish the PCOS as a state 
of chronic inflammation through increased CRP, which can be 
aggravated with the production of reactive oxygen species, 
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influencing the development of changes in glucose metabolism 
and of CVD related to the syndrome. However, further studies 
are needed comparing patients with and without PCOS in order to 

understand the precise mechanism of the influence of oxidative 
stress in the numerous characteristics that underlie this complex 
disease.
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