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Abstract
Background: Polycystic Ovarian Syndrome (PCOS) is a common endocrinological problem that leads to infertility in 
reproductive age. It is strongly associated with oxidative stress, which increases the risk of Metabolic Syndrome (Met-S) 
in women. This study aimed to evaluate the relationship between oxidative stress markers and metabolic syndrome 
parameters in PCOS women. Methods: In this cross-sectional study, we included age-matched 100 control and 150 PCOS 
(according to Rotterdam criteria). Anthropometric measurements were obtained from each subject. Lipid profile, Fasting 
Plasma Glucose (FPG), and insulin were determined. Serum Malondialdehyde (MDA), Nitric Oxide (NO), and Reactive 
Oxygen Species (ROS) levels are pro-oxidant indicators, while for antioxidant activities, Superoxide Dismutase (SOD), 
Catalase (CAT), Glutathione (GSH), Vitamin-C (Vit C), and Total Antioxidant Capacity (TAC) activity were measured by 
spectrophotometry. Results: In the PCOS group the SOD, CAT, GSH, Vit C, and TAC activity were significantly low, whereas 
NO, ROS, and MDA were significantly high (p < 0.05). In the PCOS group, the pro-oxidant MDA showed a negative correlation 
with HDL and a positive correlation with DBP. The antioxidants SOD and CAT showed a negative correlation with fasting 
blood glucose and triglycerides. Conclusion: The metabolic syndrome components of PCOS can induce oxidative stress, 
which is evidenced by a decrease in antioxidant defence mechanisms. It is probably because oxidative stress itself is the 
consequence of PCOS, more so with Met-S which increases the pro-oxidant state and decreases the anti-oxidant capacity 
in women.

1.  Introduction
Polycystic Ovarian Syndrome (PCOS) is the most 
frequent endocrinological abnormality in women of 
reproductive age, with a prevalence range of 6% to 21% 
worldwide1. It is described by clinical and/or biochemical 
Hyperandrogenism (HA), as well as Ovulatory 
Dysfunction (OA) and Polycystic Ovaries (PCO)2. 
Furthermore, PCOS is a heterogeneous condition that has 
a significant reproductive (a leading cause of anovulatory 
infertility), psychologic (anxiety and depression), and 
metabolic impact on women (increased type 2 diabetes 
mellitus and Cardiovascular Disease (CVD))3–5.  

Metabolic Syndrome (Met-S) is a combination of 
metabolic conditions, such as dyslipidemia, abdominal 
obesity, hypertension, and impaired fasting glucose6. 
These metabolic consequences might be seen in PCOS 
patients, increasing the risk of developing Met-S7. 
Numerous studies found an increased incidence of Met-S 
among women with PCOS8,9.

Oxidative Stress (OS), defined as an imbalance 
between pro-oxidant molecules (reactive oxygen and 
nitrogen species) and antioxidant defence, has been 
linked to the pathophysiology of infertility in females10. 
PCOS is associated with abnormal circulating oxidative 
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stress indicators11. Obesity and Insulin Resistance (IR), 
both of which are frequent in PCOS patients, are likely to 
contribute to increased Oxidative Stress12. Meanwhile, OS 
level is strongly associated with obesity, Insulin Resistance, 
hyperandrogenism, and chronic inflammation13. The 
previous studies reported a correlation between circulating 
markers of oxidative stress and PCOS, indicating the 
significance of oxidative stress in the pathogenesis of 
PCOS11,14. However, the specific mechanisms of action are 
yet to be well defined.

Studies on PCOS patients have suggested that IR may 
be crucial to the pathogenesis of developing Met-S and 
that this may lead to leukocytes producing more Reactive 
Oxygen Species (ROS)13,15. However, investigations on 
oxidative stress in PCOS with Met-S, as well as the link 
between these two disorders, are few. As a result, more 
research into the association between oxidative stress 
and metabolic syndrome in PCOS is needed. The present 
study aimed to evaluate the activity of oxidative stress 
markers and their association with Met-S components in 
PCOS with and without Met-S.

2. Materials and Methods
For the present study, 150 PCOS and 100 control subjects 
were recruited from various gynaecological clinics and 
infertility centres in the Southern part of Karnataka, 
India. The study duration was from 2017 to 2018 and 
was approved by the Institutional Ethical Committee 
(University of Mysore- IHEC-UOM No.154/Ph.D/2017-
18). Each one of the women who were part of the study 
provided informed consent.

PCOS was diagnosed based on the Rotterdam PCOS 
(ESHRE/ASRM) criteria16. PCOS was diagnosed when 
two or more of the following criteria are fulfilled:

•	 Oligo/anovulation (O). 
•	 Clinical and/or biochemical Hyperandrogenemia 

(H).
•	 Ultrasound-detected Polycystic Ovaries (P). 
The presence of androgen-secreting neoplasms, 

congenital adrenal hyperplasia, Cushing’s syndrome, 
hyperprolactinemia, and thyroid problems in women 
was ruled out. The control group included women of 
age ranging from 18 to 39 years, with regular menstrual 
cycles (21-35 days), no hirsutism and normal ovaries on 
ultrasound. 

A physical examination was done on each participant. 
The smallest circumference between the iliac crest and 
the rib cage was used as the measurement point for 
Waist Circumference (WC). At the level of the femoral 
trochanters, the Hip Circumference (HC) was measured 
at its largest measurement. Body Mass Index (BMI) was 
computed using the body weight (kg) and height (cm) 
measurements. BMI was classified as ≤ 25 (normal weight) 
and ≥ 25 (obese/overweight) (WHO, 2000). Waist to 
Hip Ratio (WHR), Waist to Height Ratio (WHtR), Body 
Adiposity Index (BAI) [BAI = HC (cm)/Height (m) 1.5-
18] and blood pressure were measured for all the subjects. 

After a 10-12 h overnight fasting, blood samples were 
collected from all individuals in their early follicular 
phase (2nd-4th day) and were used for the assessment of 
endocrine, biochemical and oxidative stress markers. 
The glucose oxidase-peroxidase test was used to assess 
plasma glucose (ARKRAY Kit, Mumbai, Maharashtra, 
India). The enzymatic test was used to estimate the 
lipid profile, which included cholesterol, triglycerides, 
and High-Density Lipoprotein (HDL) (Meril Kit, Vapi, 
Gujarat, India) and the Friedewald equation was used to 
compute Low-Density Lipoprotein (LDL) and Very Low-
Density Lipoprotein (VLDL)17,18. The fasting insulin level 
was measured using ELISA (Prime Biomed, Bengaluru, 
Karnataka, India).

For Met-S diagnosis, we used revised NCEP ATP III, 
20055. According to this definition, a person is considered 
to have Met-S if they meet three out of the following five 
criteria: 

Central obesity (in this study, defined as WC ≥ 80 cm 
for South Asian females). 

•	 High triglycerides (TG ≥ 150 mg/dL). 
•	 Low HDL (female HDL < 50 mg/dL). 
•	 High Blood Pressure (SBP/ DBP ≥ 130/85 mmHg).
•	 Fasting Blood Glucose (FBG ≥ 100 mg/dL).
•	 Malondialdehyde (MDA), a byproduct of the 

lipid peroxidation process, was detected by the 
thiobarbituric acid reaction19. Reactive Oxygen 
Species (ROS) were detected fluorometrically 
using the Dichlorofluorescindiacetyl (DCFDA) 
oxidation technique20. Serum Nitric Oxide (NO) 
was measured using the Griess reaction using a 
modified method by Grisham21. 

The enzymatic antioxidants such as Super Oxide 
Dismutase (SOD)22, Catalase (CAT)23, and non-enzymatic 
antioxidants reduced Glutathione (GSH)24, Vitamin C 
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(Vit-C)25 activity were assessed spectrophotometrically. 
Total Antioxidant Capacity (TAC) was measured 
spectrophotometrically through the formation of a 
phosphomolybdenum complex26.

3. Statistical Analysis
The collected data were aggregated and represented as 
mean ± standard deviation. Student’s t-test and one-
way ANOVA followed by Duncan’s multiple range test 
were used to determine the significance of the difference 
between the groups. The correlation between the oxidative 
stress markers and Met-S parameters was ascertained 

using bivariate Pearson Correlation analysis. A p-value < 
0.05 was considered significant for this study. All statistical 
analyses were performed using SPSS, version 23.0; IBM 
(IBM Corp. Armonk, NY, USA). Graphs were made using 
Graph Pad Prism version 8.0.2 (La Jolla, USA).

4. Results
In the present study, we examined the clinical and 
anthropometric parameters of 150 PCOS and 100 control 
women. The mean BMI of the PCOS and control groups 
was 27.02 ± 6.03 and 24.31 ± 4.93 years, respectively 
(Table 1). It shows that women in the PCOS group were 

Variables PCOS
(n = 150)

Control
(n = 100) p-Value

Age (in year) 24.87 ± 4.73 24.38 ± 5.27 0.08

BMI (kg/m2) 27.02 ± 6.03 24.31 ± 4.93 < 0.0001

WC (in cm) 92.87 ± 11.92 87.64 ± 9.56 < 0.0001

WHR 0.926 ± 0.09 0.91 ± 0.07 < 0.0001

WHtR 58.84 ± 8.20 56.64 ± 6.18 0.3636

BAI 22.39 ± 7.07 19.54 ± 4.55 < 0.0001

SBP (mmHg) 124.11 ± 8.28 124.55 ± 8.38 0.09

DBP (mmHg) 82.66 ± 2.28 82.7 ± 2.42 0.004

TC(mg/dL) 212.83 ± 51.12 184.84 ± 61.76 0.0001

TG(mg/dL) 155.39 ± 76.62 140.19 ± 32.43 0.04

HDL (mg/dL) 39.42 ± 13.56 44.36 ± 9.31 0.002

LDL (mg/dL) 142.58 ± 44.67 115.74 ± 59.22 < 0.0001

VLDL (mg/dL) 31.13 ± 15.26 28.03 ± 6.48 0.047

TG/HDL 4.50 ± 3.83 1.45 ± 0.64 < 0.0001

FBG (mg/dL) 97.12 ± 3.62 89.43 ± 6.43 <0.001

Fasting Insulin (mU/L) 15.31 ± 2.13 9.40 ± 2.15 <0.005

 Data are expressed as mean ± SD and analysed by independent t-test. BMI- Body Mass Index; WC- Waist Circumference; WHR- 
Waist Hip Ratio; WHtR- Weight Height Ratio; BAI- Basal Adipose index; SBP- Systolic Blood Pressure; DBP- Diastolic Blood 
Pressure; TC- Total Cholesterol; TG- Triglyceride; HDL- High Density Lipoprotein; LDL- Low Density Lipoprotein; VLDL- Very 
Low Density Lipoprotein; FBG-Fasting Blood Glucose. The comparison between the groups was considered significant if p < 0.05.

Table 1. Clinical, endocrine and metabolic features of PCOS and control group
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PCOS
(n=150)

Control
(n=100)

p-Value

SOD [units/mg protein] 0.04 ± 0.01 0.09 ± 0.01 < 0.0001

CAT [nmol H2O2 oxidised/min/mL] 0.03 ± 0.01 0.08 ± 0.01 < 0.0001

GSH [nmol/mL] 36.65 ± 10.73 52.16 ± 13.96 < 0.0001

VIT C [μmol/L] 34.32 ± 9.46 39.89 ±  12.05 < 0.0001

TAC [μmol a-tocopherol/L] 126.39 ± 13.72 144.49 ± 18.47 < 0.0001

MDA [nmol/ml] 4.8 ± 1.18 2.26 ± 1.14 < 0.0001

ROS [mmol DCF formed/min/mg protein] 0.538 ± 0.14 0.324 ± 0.07 < 0.0001

Serum NO [μmoles/L] 60.26 ± 14.22 37.39 ± 12.05 < 0.0001
Data are expressed on Mean ± SD and analyzed by independent t-test. SOD- Superoxide Dismutase; CAT- Catalase; TAC- Total 
Antioxidant Capacity; GSH- Glutathione; Vit C- Vitamin C; MDA- Malondialdehyde; ROS- Reactive Oxygen Species; NO- serum 
Nitric Oxide; The comparison between the groups was considered significant if p< 0.05.

Table 2. Oxidative stress and antioxidant parameters in PCOS and control

Variables PCOS with Met-S
 (n = 85)

PCOS without Met-S
(n = 65)

Control
     (n = 100) p-Value

Age (in year) 24.76  ± 4.9 24.21 ± 4.53 24.38 ± 5.27 0.775

BMI (kg/m2) 27.12 ± 5.8a 26.18 ± 6.7b 24.31 ± 4.93c <0.0001

WC (in cm) 97.71 ± 12.1a 87.82 ± 13.40b 87.64 ± 9.56b <0.0001

WHR 0.925 ± 0.1 0.915 ± 0.095 0.91 ± 0.07 0.920

WHtR 61.56 ± 8.3a 55.63 ± 9.19b 56.64 ± 6.18b <0.0001

BAI 23.10 ± 7.3a 21.10 ± 9.19b 19.54 ± 4.55b <0.0001

SBP (mmHg) 125.48 ± 8.0 122.94 ± 7.12 124.55 ± 8.38 0.183

DBP (mmHg) 82.98 ± 2.4 82.39 ± 2.05 82.7± 2.42 0.597

TC(mg/dL) 218.69 ± 55.4a 206.23 ± 44.03a 184.84 ± 61.76b 0.0002

TG (mg/dL) 169.18 ± 85.7a 141.72 ± 53.32b 140.19 ± 32.43b <0.0001

HDL (mg/dL) 36.50 ± 12.2b 42.50 ± 14.22a 44.36 ± 9.31a <0.0001

LDL (mg/dL) 147.25 ± 46.7a 138.05 ± 38.46a 115.74 ± 59.22b <0.0001

VLDL (mg/dL) 33.89 ± 17.1a 28.25 ± 10.66b 28.03 ± 6.48b <0.0001

TG/HDL 5.40 ± 4.5a 3.68 ± 1.88b 1.45 ± 0.64c <0.0001

FBG (mg/dL) 98.60 ± 5.4a 96.17 ± 2.72b 89.43 ± 6.43c <0.001

Fasting Insulin (mU/L) 16.07 ± 6.8a 14.65 ± 6.59a 9.40 ± 2.15b <0.005
Data are expressed as mean ± SD and analysed one way ANOVA followed by Duncan’s multiple range test. The same superscript letters in 
the given column are not significantly different whereas those with different superscript letters are significantly (p < 0.05). BMI- Body Mass 
Index; WC- Waist Circumference; WHR- Waist Hip Ratio; WHtR- Weight Height Ratio; BAI- Basal Adipose Index; SBP- Systolic Blood 
Pressure; DBP-Diastolic Blood Pressure; TC- Total Cholesterol; TG- Triglyceride; HDL- High Density Lipoprotein; LDL - Low Density 
Lipoprotein; VLDL- Very Low Density Lipoprotein; FBG- Fasting Blood Glucose. 

Table 3. Anthropometric, endocrine and metabolic features of control and PCOS sub-groups of metabolic 
syndrome



K. Lakshmi and Suttur S. Malini

Vol 27 (1) | March 2023 | http://www.informaticsjournals.com/index.php/jer/index    J Endocrinol Reprod. 33

Figure 1. Oxidative and antioxidant markers between group analysis. MDA- Malondialdehyde; SOD- Superoxide Dismutase; 
CAT- Catalase; TAC- Total Antioxidant Capacity; GSH- Glutathione; Vit C- Vitamin C; ROS- Reactive Oxygen Species; NO- 
Serum Nitric Oxide.

A. B. C.

D. E. F.

G. H.
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obese when compared to the control. No statistically 
significant difference was found between PCOS and 
control women in terms of age, SBP and WHtR. The 
metabolic parameters- WC, WHR TC, TG, LDL, VLDL, 
TG/HDL ratio, FBG and insulin level were significantly 
higher and HDL was significantly lower in PCOS women 
compared to those in the control group. 

The activities of various pro-oxidant and antioxidant 
markers of control and PCOS women are shown in 
Table 2. In PCOS women, enzymatic and non-enzymatic 
antioxidants such as SOD (p < 0.0001), CAT (p < 0.0001), 
GSH (p < 0.0001), total antioxidant capacity (p < 0.0001), 
and vitamin C (p < 0.0001) were significantly lower than 
in the control. Pro-oxidant stress indicators NO (p < 
0.0001), ROS (p < 0.0001), and MDA (p < 0.0001) were 
insignificantly higher in PCOS subjects.

According to NCEP ATP III criteria (2005) in our 
study PCOS women were sub-grouped into PCOS with 
Met-S and PCOS without Met-S. Table 3 displays the 
results of our analysis of the anthropometric, endocrine, 
and metabolic characteristics of the PCOS with Met-S (n 
= 85), PCOS without Met-S (n = 65), and control (n = 
100) groups. Except for Age, WHR, SBP and DBP there 
was a statistically significant difference between the three 
groups in other parameters (Table 3).

Figure 1 depicts a comparison of PCOS with Met-S 
and PCOS without Met-S groups with the control group. 
The majority of the oxidative stress indicators were 
statistically significant (p < 0.05) between the three groups. 
MDA, ROS and NO levels increased in the PCOS women 
with Met-S and PCOS women without Met-S compared 
to the control, while SOD, CAT, GSH, Vit-C and TAC 
levels decreased (p < 0.05). Within PCOS subgroups 
not that many differences were found, except SOD and 
CAT activities which greatly decreased in PCOS with 
the Met-S group compared to the PCOS without Met-S 
group. 

Table 4 shows the bivariate analysis of the correlation 
between MDA, TAC, SOD, CAT and various features of 
Met-S (WC, SBP, DBP, HDL, LDL, TG, and FBG) in the 
three different groups. In PCOS with the Met-S group, 
HDL showed a negative correlation with MDA (r = -0.323) 
and a positive correlation with TAC (r = 0.253) with 
statistical significance (p = 0.001). There was a significant 
negative correlation between fasting blood glucose and 
CAT (r = -0.428). Both SOD and CAT were significantly 
negatively correlated with TG in the PCOS with Met-S 
group (p < 0.05), especially SOD (r = -0.520). In PCOS 
without Met-S group MDA showed a positive correlation 
with DBP (r = 0.428) and a negative correlation with HDL 

Varia-
bles

MDA TAC SOD CAT

Cont-
rol

PCOS 
without 
Met-S

PCOS 
with 
Met-S

Cont-
rol

PCOS 
without 
Met-S

PCOS 
with 
Met-S

Cont-
rol

PCOS 
without 
Met-S

PCOS 
with 
Met-S

Cont-
rol

PCOS 
without 
Met-S

PCOS 
with 
Met-S

WC 0.098 -0.145 0.119 0.066 -0.178 -0.221 -0.067 0.024 0.09 0.261 0.056 -0.124

SBP 0.147 -0.025 0.002 -0.072 -0.045 0.060 -0.048 -0.048 -0.02 -0.146 -0.123 0.078

DBP 0.028 0.428* -0.08 0.256 0.014 -0.171 -0.148 -0.148 0.015 -0.041 -0.024 -0.210

HDL 0.017 -0.541* -0.323* -0.186 0.001 0.253* -0.248 -0.248 0.036 -0.007 -0.145 0.036

TG 0.219 -0.074 0.135 0.075 -0.041 -0.243 -0.073 -0.073 -0.520* -0.072 -0.078 -0.328*

FBG 0.041 -0.046 0.014 0.023 0.186 -0.453 -0.143 -0.143 -0.225 0.211 0.169 -0.428*

 MDA- Malondialdehyde; SOD- Superoxide Dismutase; CAT- Catalase; TAC-Total Antioxidant Capacity; WC- Waist Circumference; SBP- Systolic Blood 
Pressure; DBP- Diastolic Blood Pressure; TG- Triglyceride; HDL- High-Density Lipoprotein; FBG- Fasting Blood Glucose.  

* p<0.05

Table 4. Correlation between oxidant-antioxidant parameters and features of Met-S
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(r = -0.541) (p<0.05). In the control group, markers of OS 
did not correlate with Met-S parameters.

5. Discussion
In this study, PCOS women were sub-grouped into PCOS 
with Met-S and PCOS without Met-S, according to 
NCEP ATP III criteria (2005). The prevalence of Met-S, 
according to this criterion in PCOS women, was 56.66% 
(n = 85).

The relationship between metabolic syndrome and 
oxidative stress is undeniable and unquestionable. We 
investigated pro-oxidant markers MDA, ROS, and NO 
in control and PCOS women. It is generally known that 
lipid abnormalities are frequently detected in PCOS 
women27,28. Furthermore, dysfunctional lipid metabolism 
and elevated levels of oxidative stress indicators are seen 
frequently in PCOS women29.  

MDA is a typical measure of lipid peroxidation, which 
is regarded to be one of the most representative pro-
oxidant markers of oxidative stress in PCOS30.  We found 
high MDA levels in PCOS subgroups (with and without 
Met-S) compared to the control group but higher in 
PCOS with the Met-S group. Like our study, the study by 
Wang, et al., observed increased MDA levels in the Met-S 
PCOS group31. This is consistent with the conclusion of 
Zhang, et al., who reported that women with PCOS had 
considerably higher MDA concentrations than controls32. 
Similar findings were made by Kuscu, et al., who linked 
PCOS-related hyperglycemia and insulin resistance to an 
increase in MDA33. In our study, MDA levels in PCOS 
with Met-S and PCOS without Met-S groups did not 
show any significant difference. 

Elevated ROS production as a result of excessive 
oxidative damage caused by the participants may thus be 
the cause of increased MDA concentration. Thus, these 
oxygen species can oxidise a variety of other important 
biomolecules, such as membrane lipids34.  In our study 
both the PCOS subgroups (PCOS with and without 
Met-S) had ROS levels that were considerably greater 
than controls.  Similarly, Gonzalez, et al., also observed a 
considerable increase in ROS in the PCOS group13. 

Nitric Oxide (NO) promotes vessel homeostasis by 
limiting vascular smooth muscle contraction and growth, 
platelet aggregation, and leukocyte adherence to the 
endothelium. Diabetes, atherosclerosis, and hypertension 
are all associated with altered NO pathways35. Insulin 

has been shown to stimulate NO release from cultured 
endothelial cells through a phosphatidylinositol-3 (PI-
3) kinase pathway36.  We found a significant difference 
in NO levels between women in the control and PCOS 
groups. PCOS women showed increased insulin levels. 
Many studies showed that there is no difference in insulin 
levels between PCOS and control groups37–39.

We found that women with PCOS had significantly 
lower levels of both enzymatic and non-enzymatic 
antioxidant parameters such as SOD, CAT, GSH, vitamin 
C and TAC. Because of higher turnover for preventing 
oxidative damage, the levels of these antioxidant 
parameters might have decreased.

The activity of CAT in PCOS women was significantly 
low. Other studies also showed a substantial drop in 
catalse activity in PCOS women40,41.  The decline in 
catalase activity may be caused by the build-up of ROS, 
whereupon the oxidative stress in PCOS women would 
have reduced catalase function. 

A study conducted by Seleem, et al., reveals that PCOS 
women had significantly lower SOD activity than in the 
control42. Compared to our control group, SOD was lower 
in PCOS women with or without Met-S. These findings 
are consistent with the study by Wang, et al., and Zhang 
et al31,32.  There is one study which shows results similar 
to our data and explains that a decrease in SOD activity 
may be connected with increased utilization of SOD to 
scavenge ROS produced due both to hyperglycemia and 
excess free fatty acids34.

GSH is an essential antioxidant that is found in all 
cells. It protects cells against free radicals, peroxides, 
and other hazardous substances43. GSH levels were 
decreased in PCOS women with or without Met-S. This 
finding is similar to that of many other studies and it was 
hypothesized that the lower GSH levels may be indirectly 
associated with insulin resistance39,44,45.

Vitamin C in the present study was significantly lower 
in PCOS women with or without Met-S. This is consistent 
with the finding of Fathima, et al39. Furthermore, Polak 
and his colleagues found a substantial drop in vitamin C 
levels in both peritoneal fluid and endometrial tissue in 
women with PCOS47.

TAC has been described as an antioxidant marker 
representing the potency to destroy free radicals. 
There have been a few studies that describe the overall 
antioxidant level in PCOS. According to the findings 
of our investigation, PCOS women have a lower TAC 
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level than controls. Another research reveals that TAC 
levels were lower in PCOS women48. These findings are 
consistent with those of Wang, et al., which showed 
significantly lower TAC levels in PCOS women with or 
without Met-S31.

Our study also shows a significant positive correlation 
between HDL with TAC and a negative correlation 
between HDL with MDA. In PCOS women in the Met-S 
group showed that CAT significantly negatively correlated 
with TG and FBG indicating that there is a decrease in 
anti-oxidative capacity as TG and FBG increase. Also, 
another antioxidant, SOD showed a negative correlation 
with TG. In addition, a recent study in PCOS women 
found that oxidative stress can contribute to PCOS 
pathogenesis due to lipid metabolism dysfunction and 
relative antioxidant deficiency27. In PCOS without Met-S 
group there is an inverse relationship between MDA and 
HDL and a positive relationship between MDA and DBP. 
High blood pressure, independent of Met-S, is correlated 
with MDA highlighting its role in oxidative stress-induced 
pathogenesis in PCOS.

Obesity is one of the risk factors for cardiovascular 
disorders. Met-S components can be more prevalent in 
overweight/obese individuals and often are associated 
with indicators of oxidative stress49.  Similarly, we found 
that Met-S components are essential features of oxidative 
stress indicators in PCOS patients. PCOS women were 
overweighed compared to the control group which may 
be one of the reasons we did not find a single case of Met-S 
in the control group. Our study found an increase in 
oxidative capacity and a decrease in antioxidant capacity 
especially in PCOS with Met-S, further indicating that 
Met-S can accelerate oxidative stress in PCOS patients. 
As a result, PCOS in Met-S women may have an elevated 
risk of developing cardiovascular diseases. There may be 
additional factors influencing the antioxidant abilities 
of an individual based on the different results of studies 
assessing OS parameters in PCOS subjects. Larger 
population-based case-control studies are needed to 
establish the relationship between the components of 
Met-S and oxidative stress in PCOS.

In conclusion, the present study evidences the 
coexistence of increased oxidative stress and metabolic 
syndrome components in both PCOS with Met-S and 
PCOS without Met-S subjects. The metabolic syndrome 
components of PCOS can induce oxidative stress, 
which is evidenced by a decrease in antioxidant defence 

mechanisms. It is probably because oxidative stress itself 
is the consequence of PCOS, additionally with Met-S 
which increases the pro-oxidant state and decreases 
anti-oxidant capacity in women. Furthermore, oxidative 
stress may participate in the future development of 
cardiovascular diseases in women, in addition to 
dyslipidemia, central obesity, and hyperglycemia. Also, 
in the future, more oxidative stress studies should be 
conducted on PCOS patients with and without Met-S. 
We suggest the implementation of antioxidants in PCOS 
therapy, in addition to maintenance of a healthy lifestyle, 
physical activity and proper diet pattern which should 
all have beneficial therapeutic effects and also avoid 
oxidative stress-induced complications in the future in 
PCOS women.
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