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Abstract: Polycystic ovary syndrome (PCOS) is one of the most common endocrinopathies in females
of reproductive age. In women with PCOS, metabolic disorders such as insulin resistance (IR),
hyperinsulinemia, obesity, diabetes mellitus, and other elements of metabolic syndrome are likely
to occur. Studies have shown an increase in the concentration and activity of oxidative stress (OS)
markers in patients with PCOS, compared to that in unaffected women. The aim of this study was to
evaluate the parameters of OS in PCOS and their activity in relation to women without menstrual
disorders with a normal body weight. Then, we compared malonodialdehyde (MDA), superoxide
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx), including overweight and
obesity, hyperandrogenemia, and IR in the PCOS group. The study included 35 women aged 18–46,
hospitalized for menstrual disorders in the form of infrequent menstruation. In 26 women, PCOS
was diagnosed on the basis of the Rotterdam Criteria; these patients qualified for the study group.
The control group (n = 21) consisted of patients without menstrual disorders and without PCOS in
an ultrasound examination. Patients were diagnosed between the 2nd and 5th day of the cycle. The
parameters of OS were analyzed and compared with the anthropometric parameters and the lipid
profile of the patients. Enzymatic activity of GPx, CAT, SOD, and MDA levels was determined in
both groups. MDA levels and CAT activity differed significantly between the groups. There was
a decrease in MDA levels in the IR group and the involvement of GPx in the excess weight and
obesity and IR group accompanied by an increase in hip circumference. It therefore seems that IR
may be the main risk factor to exposure to OS in patients with PCOS, independent from obesity. In
addition, GPx is involved in every step in the development of the pathological condition in PCOS.

Keywords: PCOS; oxidative stress; insulin resistance; glutathione peroxidase (GPx); catalase (CAT);
superoxide dismutase (SOD); malonodialdehyde (MDA)

1. Introduction

Polycystic ovary syndrome (PCOS) is one of the most common endocrinopathies at
reproductive age and may affect 5–14% of women [1,2]. The etiology of PCOS is mul-
tifactorial; therefore, the various aspects of this disease are still the subjects of research.
Women with PCOS are likely to develop metabolic disorders such as insulin resistance (IR),
hyperinsulinemia, obesity (especially abdominally), diabetes mellitus, and other elements
of metabolic syndrome [3].
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One of the most common abnormalities observed in PCOS is hyperandrogenism.
Clinically, it manifests itself mainly in hirsutism, but also sometimes a severe, difficult-
to-treat form of acne [4]. Excessive production of androgens can onset at prenatal age,
resulting in android-type abdominal obesity [5]. Hyperandrogenemia is also exacerbated by
hyperinsulinemia; decreased concentrations of the sex hormone binding globulin (SHBG)
cause a large pool of androgens to circulate in a free biologically active form. Irregular
menstruation, infertility, and loss of pregnancies, as well as far-reaching consequences of
metabolic disorders, such as arterial hypertension, cardiovascular disorders, and estrogen-
dependent cancers, cause multiple health and emotional difficulties for PCOS patients at
every stage of their lives [6–9]. IR is regarded as the main mechanism of PCOS pathogenesis
and occurs in approximately 50–70% of PCOS women. IR markers such as homeostatic
model assessment—insulin resistance (HOMA-IR), are significantly increased in PCOS
patients compared with women without PCOS [10,11]. It is estimated that about 90% of
obese women with PCOS and 75% of lean women with PCOS have a tendency toward
the occurrence of dysfunction of the blood system associated with atherosclerosis, aging,
obesity, type 2 diabetes, cardiovascular disease, and cancer [12].

Excess weight and obesity disrupt ovulation and cause and/or aggravate IR and hy-
perandrogenism. Progressive obesity-related disorders manifest in increased adipogenesis
and decreased lipolysis. Interactions between adipose tissue and ovarian function result in
folliculogenesis disorders. Another consequence of obesity is the secretion of proinflamma-
tory adipokines, which by affecting the thecal cells, have an impact on the production of
androgens in the ovaries [13,14]. Excessive production of androgens in the ovarian thecal
cells is thought to be caused by constant acyclic stimulation by the luteinizing hormone
(LH), whereas a relative deficiency of follicle-stimulating hormone (FSH) is responsible
for a chronic lack of ovulation [9]. Ovarian hyperandrogenism results in defects in follicle
selection, maturation, and ovulation. The lack of ovulation triggers menstrual disorders
and infertility, as the result of a deficiency in gestagens and relative hyperestrogenism. This
increases the risk of estrogen-dependent cancers [7].

A number of studies point toward the significant role chronic inflammation plays in
PCOS. It can cause adipocyte hypertrophy and, consequently, tissue hypoxia. Inflammation
goes hand in hand with obesity and hyperinsulinemia with excess androgen levels [15].
Metabolic disorders in PCOS cause an increase in the number of free radicals arising from
genetic and environmental conditions, which causes increased OS and the development of
inflammation [16]. Inflammation has been reported to be associated with IR in PCOS [11].

OS, as well as hyperinsulinism and obesity, worsen glucose metabolism, namely its
uptake by skeletal muscles and adipose tissue. Increased insulin levels secondary to IR
may accelerate protein oxidation independent from hyperglycemia [12]. According to
some authors, implementation of antioxidant therapy can improve tissue sensitivity to
insulin [17]. IR correlates with OS parameters. Hyperglycemia and higher levels of free
fatty acid lead to the production of reactive oxygen species (ROS) [10,11]. OS is defined as
an imbalance of presently produced oxidants and antioxidants [18]. At low concentrations,
reactive forms of oxygen and nitrogen can constitute an effective defense against infectious
agents; in excess, however, they cause damage to deoxyribonucleic acid (DNA), cellular
lipids, and proteins [19]. Thus, there are a number of mechanisms that neutralize oxidizing
substances in the body. These are macromolecular antioxidants, which include MDA and
enzymes such as: SOD, CAT, and GPx, and low-molecular-weight ones: ferritin, albumin,
glutathione, vitamin E, and ascorbic acid. Ascorbic acid is the first line of antioxidant
defense of the organism, and thus, it also protects other antioxidants such as vitamin E.

Peroxidases catalyze hydrogen peroxide reduction reactions, and catalases decompose
hydrogen peroxide. Peroxide accumulation can lead to the formation of free radicals. Free
radicals have the ability to damage cell membranes and can contribute to atherosclerosis
and cancer. Peroxidase, together with vitamin E, constitutes a part of the anti-lipid oxidation
protective system [20].
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CAT is an enzyme involved in the elimination of free radicals. Reduced CAT activity
indicates the presence of long-term OS [21,22].

MDA is another marker of chronic OS. Lipid peroxidation of polyunsaturated fatty
acids generates MDA [23]. Its concentration increases under conditions of the height-
ened production of ROS. MDA is used as an indicator in assessing the effectiveness of
antioxidant therapy.

A decrease in concentrations of OS parameters can be achieved by weight reduction
attained through a diet rich in antioxidants and/or a diet with reduced calorie count
and lowered glycemic index (GI) [6,8,24]. Although studies confirmed an increase in the
concentration and activity of OS markers in patients with PCOS compared to women
without the disease, it is not entirely clear why this occurs.

It is assumed that oxidative stress-inducing factors in PCOS include hyperandrogene-
mia, genetically and/or environmentally conditioned IR, and obesity, especially abdominal.
OS can also be caused by infections. This thesis is not very popular, but it is possible.
Whether these factors induce OS to a similar degree remains unknown [8,16,24]. The evalu-
ation of OS and antioxidant biomarkers have been suggested as useful tools in estimating
the risk of oxidative damage and associated diseases, which can be helpful in the prevention
and management of oxidative diseases [25].

The results of studies published until then on the parameters of OS are not unequivocal.
In published studies SOD, MDA, CAT and GPx were not studied simultaneously. We did
not find any studies in which the parameters of OS we were testing would be compared
depending on overweight and obesity as well as IR.

The aim of the study was to evaluate the parameters of OS in PCOS and their activity in
relation to women without menstrual disorders with a normal body weight (control group).
Then, MDA, SOD, CAT, and GPx were compared, differentiating between overweight and
obesity, hyperandrogenemia, and IR in the PCOS group. Identification of the mechanism
most involved in the protection of anti-free radicals and the sequence of involvement in the
course of the development of the pathological condition were investigated.

2. Material and Methods
2.1. The Chemical and Reagents

The reagents used were from Sigma-Aldrich Poznań, Poland, and COPD Gliwice, Poland.

2.2. Study Group

The study included 47 women aged 18–46. Patients were hospitalized in 2017–2019 in
the Department of Endocrinology, Gynecology, and Gynecological Oncology Pomeranian
Medical University in Szczecin, Poland. The approval number of the study: KB-0012/87/13.
Those women who were hospitalized for menstrual disorders in the form of infrequent
menstruation, with PCOS diagnosed on the basis of Rotterdam Criteria [10], qualified
for the study group (n = 26). The control group (n = 21) consisted of patients without
menstrual disorders and without PCO in an ultrasound examination. The control group
consisted of potentially healthy women recruited during screening. In all patients, ultra-
sound examination of the uterus and adnexa was performed (General Electric, Voluson
E8 Expert, vaginal head 7.5 Mhz). Diabetes mellitus, ischemic heart disease, hypertension,
patients on current and past hormonal therapy, lipid-lowering or insulin-sensitizing drugs,
and antioxidant supplementation constituted the exclusion criteria in both groups (study
group with PCOS and control group). Patients with PCOS were diagnosed between the
2nd and 5th day of the cycle. A history was taken in all patients and a physical examination
and a hirsutism assessment were performed according to the Ferriman–Gallwey scale [26].
If the severity of symptoms was assessed at >8 points, hirsutism was diagnosed.

2.3. Anthropometric Measurements

In every patient, waist-hip ratio (WHR) and body mass index (BMI) were measured.
The normal range of WHR is <0.8. Based on the 2016 guidelines of the American Association



Life 2022, 12, 225 4 of 13

of Clinical Endocrinologists (AACE) and the American College of Endocrinology (ACE),
BMI values in the range of 18.5–24.99 kg/m2 were assumed to be standard and those
≥25 kg/m2 were taken as indicative of excess weight and obesity [27–29]. Blood pressure
in patients was also determined.

2.4. Biochemical Analyses

Fasting blood samples were collected by ulnar vein puncture. Concentration levels of
FSH, LH, oestradiol, testosterone (T), androstendion (A), sex hormone binding globulin
(SHBG), glucose, and insulin (fasting blood and 120 min later after an oral load of 75 g
of glucose), triglycerides (TG), high-density lipoprotein (HDL), low-density lipoprotein
(LDL), and total cholesterol (TChol) were established from peripheral blood serum. Two
ethylenediaminetetraacetic acid (EDTA) tubes containing 7 mL of blood in total were
centrifuged (1000× g, 4 ◦C, 15 min.), and plasma was separated and frozen at −80 ◦C.

In order to assess IR in patients, the following index was calculated: HOMA (HOMA-
IR = fasting glucose concentration [mmol/L] × fasting insulin concentration [µIU/mL]/22.5;
n: <8 [30–32]. IR was diagnosed on the basis of the HOMA index when its value was equal
to or greater than 3.8.

The free androgen index (FAI) was calculated; T (nmol/L)/SHBG (nmol/L) × 100.

2.5. Analysis of Antioxidant Activity

Prior to spectrophotometric assessment of the enzymatic activity of CAT, SOD,
and GPx, it was necessary to establish the contents of hemoglobin in the tested samples of
hemolysates. For this purpose, the Drabkin method was applied [33].

The enzymatic activity of GPx in the erythrocyte samples was determined by the
spectrophotometric method according to the Wendel method [34].

The enzymatic CAT activity in the erythrocytes was determined using a spectropho-
tometer according to the Aebi method [35]; SOD activity in the erythrocytes was determined
using the spectrophotometric method, according to the Misra and Fridovich procedure [36].

MDA determination on a high-performance liquid chromatography (HPLC) [37] was
performed using an Agilent Technologies 1200 Series using HyperSIL BDS-C18 column
3.0 × 125 mm, 3µm, and HyperSIL ODS pre-column 4 × 4 mm, 5µm.

2.6. Statistical Analysis

Statistical analysis was conducted using SPSS Statistics, version 13.0 (StatSoft, Cracow,
Poland). Basic statistics, including mean, standard deviation, and ranges, were applied to
the group characteristics. Normality of distribution was checked with the Shapiro–Wilk
test. The analysis of group differences was calculated using the Mann–Whitney U test.
Correlations between the analyzed quantitative variables were calculated using the rho
Spearman correlation. The assumed level of significance was p ≤ 0.05.

3. Results

The mean age of the study group (n = 26) was 28.09 ± 6.68, and that of the control
group (n = 21) was 32.84 ± SD 9.92. Hirsutism of >8 points was found in 7.69% (n = 2) and
acne in 57.69% (n = 15) of PCOS patients. Hirsutism and acne were not found in the control
group. Six patients (23.08%) from the study group were treated for infertility. The results of
anthropometric tests in the group with PCOS and the control group are given in Table 1.
The differences between the groups were not significant.

The values of the hormone concentration tested are shown in Table 2. A values were
considerably (p < 0.0001) higher in patients with PCOS (3.61 ± 1.2) vs. the control group
(2.3 ± 1.17). T values and FAI were also considerably (p < 0.002) higher in the PCOS group.
SHBG values were lower in the study group, but the difference between the groups was
not significant. The average Chol, LDL, HDL, and TG values in the studied groups were
similar with no significant differences (Table 2).
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Table 1. Results of anthropometric tests in the PCOS and control group.

Control Group n = 21 Study Group n = 26
p

Mean SD Mean SD

Height (cm) 167.65 5.77 167.61 5.67 0.731

Body weight (kg) 68.95 12.92 73.67 16.19 0.314

HC (cm) 101.19 9.52 106.09 11.55 0.203

WC (cm) 82.73 12.12 85.67 16.7 0.855

WHR 0.815 0.063 0.801 0.098 0.356

BMI (kg/m2) 24.53 4.37 26.57 6.68 0.362
HC—Hip circumference; WC—Waist circumference; WHR—waist-hip ratio; BMI—body mass index; p—p value.

Table 2. Concentration values of tested hormones and FAI in the PCOS and control groups.

Parameter
Control Group n = 21 Study Group n = 26

p
Mean SD Mean SD

T [ng/mL] 0.318 0.169 0.50 0.24 0.002

SHBG [nmol/L] 82.16 74.02 49.64 22.7 0.113

A [ng/mL] 2.3 1.17 3.61 1.20 0.0001

FAI 0.61 0.45 1.15 0.63 0.002

LDL [mg/dL] 108.09 35.27 112.41 39.9 0.814

HDL [mg/dL] 65.66 15.54 58.14 16.4 0.118

TG [mg/dL] 98.46 75.38 107.36 96.91 0.846

TChol [mg/dL] 180.79 39.3 170.43 42.03 0.313
T—testosterone; SHBG—sex hormone binding globulin; A—androstendion; FAI—free androgen index;
LDL—low-density lipoprotein; HDL—high-density lipoprotein; TG—triglycerides; TChol—total cholesterol;
p—p value. bold—significant differences.

We evaluated the OS parameters in the study and control group. Values of MDA
concentration in PCOS patients were considerably higher (0.10 ± 0.02 vs. 0.08 ± 0.03). Values
of CAT activity were also considerably higher in patients with PCOS (374.69 ± 72.34) vs. the
control group (182.14 ± 34.85). The values of the other parameters of OS did not differ
significantly between the PCOS group and the control group. The values of OS parameters
are presented in Table 3.

Table 3. The values of oxidative stress parameters.

Parameter
Control Group (n = 21) Study Group (n = 26)

Mean SD Mean SD p

MDA [uM] 0.08 0.03 0.10 0.02 0.003

CAT [k/gHb] 182.1 34.85 374.7 72.34 2 × 10−6

SOD [A/gHb] 1695.9 125.2 1701.1 270.5 0.500

GPx [U/gHb] 5.06 0.75 4.95 0.71 0.612
MDA—malonylodialdehyde; CAT—catalase; SOD—superoxide dismutase; GPx—glutathione peroxidase;
p—p value. bold—significant differences.

In the group of women with PCOS, elevated androstendion values of >3.5 and/or
hirsutism of >8 pts were found in 13 patients (50%); 12 patients (46.15%) were in the exces-
sive weight and obese category. There were seven subjects (26.9%) with IR. Four patients
(15.38%) were in the excessive weight and obese category with coexisting IR. There were
two patients (9.5%) in the control group with hyperandrogenism. Nine patients (42.85%)
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were overweight or obese. Two subjects (9.5%) were diagnosed with IR. Two patients
(9.5%) were overweight or obese with coexisting IR. The OS parameters were evaluated
depending on IR, obesity, and hyperandrogenism (Tables 4 and 5).

In seven PCOS patients, IR was confirmed. In these women, MDA values (mean 0.11;
SD: 0.02) were significantly higher (p= 0.024) than in patients without IR. GPx activity
showed a trend in PCOS patients (p = 0.067).

In 12 obese patients with PCOS without coexisting IR, GPx activity showed a trend
again (p = 0.075).

In four patients with PCOS and IR, coexisting obesity was found. In these women,
the GPx (mean: 5.86; SD: 0.38) values were significantly higher than in patients without IR
and obesity. Moreover, the trend towards SOD was noticeable.

Hyperandrogenism in the PCOS group was found in 13 women.

Table 4. Comparison of MDA, SOD, CAT catalase, and GPx glutathione peroxidase among women
with PCOS (SG) depending on insulin resistance (A), obesity (B), excess weight and obese with insulin
resistance (C), and hyperandrogenism (D).

A. Without Insulin
Resistance (n = 19) Insulin Resistance (n = 7)

Parameter Mean SD Mean SD p

MDA [uM] 0.09 0.01 0.11 0.02 0.024

CAT [k/gHb] 365.26 70.46 400.29 76.56 0.355

SOD [A/gHb] 1694.33 271.76 1719.67 287.76 0.773

GPx [U/gHb] 4.79 0.66 5.36 0.72 0.067

B. Without Obesity (n = 14) Obese (n = 12)

Parameter Mean SD Mean SD p

MDA [uM] 0.10 0.02 0.10 0.02 0.738

CAT [k/gHb] 386.14 57.61 361.33 87.23 0.396

SOD [A/gHb] 1641.34 256.84 1770.93 280.17 0.123

GPx [U/gHb] 4.72 0.68 5.21 0.67 0.075

C. Without Obesity and Insulin
Resistance (n = 22)

Obese with Insulin
Resistance (n = 4)

Parameter Mean SD Mean SD p

MDA [uM] 0.10 0.01 0.12 0.02 0.127

CAT [k/gHb] 368.00 66.99 411.50 100.27 0.303

SOD [A/gHb] 1669.93 272.65 1872.84 207.47 0.082

GPx [U/gHb] 4.78 0.62 5.86 0.38 0.003

D. Without Hyperandrogenism
(n = 13)

With Hyperandrogenism
(n = 13)

Parameter Mean SD Mean SD p

MDA [uM] 0.10 0.02 0.10 0.02 0.442

CAT [k/gHb] 388.77 70.93 360.62 73.76 0.412

SOD [A/gHb] 1717.68 260.47 1684.62 289.87 0.837

GPx [U/gHb] 4.98 0.76 4.91 0.68 0.795
MDA—malonylodialdehyde; CAT—catalase; SOD—superoxide dismutase; GPx—glutathione peroxidase;
p—p value; bold—significant differences.
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Table 5. Comparison of MDA, SOD, CAT catalase, and GPx glutathione peroxidase among women
without PCOS depending on obesity, insulin resistance, and hyperandrogenism.

A Without Insulin
Resistance (n = 19) Insulin Resistance (n = 2)

Parameter Mean SD Mean SD p

MDA [uM] 0.08 0.03 0.08 0.00 0.952

CAT [k/gHb] 182.32 35.39 180.50 41.72 0.857

SOD [A/gHb] 1698.32 128.16 1673.00 130.11 0.905

GPx [U/gHb] 4.94 0.70 6.13 0.16 0.031

B Without Obesity(n = 12) Obese (n = 9)

Parameter Mean SD Mean SD p

MDA [uM] 0.09 0.04 0.08 0.02 0.972

CAT [k/gHb] 180.75 41.07 184.00 26.66 0.696

SOD [A/gHb] 1688.92 138.00 1705.22 113.40 0.546

GPx [U/gHb] 4.91 0.61 5.25 0.92 0.330

C Without Insulin Resistance
and Obesity (n = 19)

Insulin Resistance and
Obesity (n = 2)

Parameter Mean SD Mean SD p

MDA [uM] 0.08 0.03 0.08 0.00 0.952

CAT [k/gHb] 182.32 35.39 180.50 41.72 0.857

SOD [A/gHb] 1698.32 128.16 1673.00 130.11 0.905

GPx [U/gHb] 4.94 0.70 6.13 0.16 0.031

D Without Hyperandrogenism
(n = 19) Hyperandrogenism (n = 2)

Parameter Mean SD Mean SD p

MDA [uM] 0.09 0.03 0.05 0.01 0.036

CAT [k/gHb] 182.42 35.73 179.50 36.06 0.952

SOD [A/gHb] 1689.74 127.56 1754.50 115.26 0.549

GPx [U/gHb] 5.00 0.78 5.56 0.05 0.338
MDA—malonylodialdehyde; CAT—catalase; SOD—superoxide dismutase; GPX—glutathione peroxidase;
p—p value; bold—significant differences.

MDA, CAT, SOD, and GPx activity were insignificantly lower in comparison to that in
the PCOS patients without hyperandrogenism (Table 4).

Correlations between BMI values and OS parameters and between the occurrence of abdom-
inal obesity and OS parameters in both groups of patients were examined (Tables 6 and 7).

A significant correlation was found between hip circumference values and SOD and
GPx activities in the healthy controls, respectively, R = 0.526; p = 0.014 and R = 0.433;
p = 0.050 (Table 6).

Correlations between TChol, HDL, LDL, TG, and GPx activities in patients with and
without PCOS were analyzed (Table 7).

In the group of patients with PCOS, there were significant reverse correlations between
TChol concentrations and CAT activity (R = −0.390; p = 0.049), total and LDL concentrations
and MDA, respectively (R = −0.437; p = 0.025 and R = −0.483; p = 0.012). In the control
group, significant correlations were found between TChol LDL, and TG concentrations and
GPx, respectively (R = 0.679; p = 0.001, R = 0.562; p = 0.008, and R = 0.615; p = 0.003). The
other correlations were insignificant.
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Table 6. Correlations between BMI, WHR values, and OS parameters and between the occurrence of
abdominal obesity and OS parameters in the PCOS and control groups.

Variable Pair
PCOS n = 26 Control n = 21

R Spearman p-Value R Spearman p-Value

WHR & MDA 0.221652 0.276 0.096135 0.678

WHR & CAT −0.107748 0.600 −0.251380 0.271

WHR & SOD 0.139754 0.495 −0.144899 0.530

WHR & GPx −0.015906 0.938 0.321962 0.154

HIP & MDA −0.297272 0.140 0.366060 0.102

HIP & CAT 0.096686 0.638 −0.020156 0.930

HIP & SOD 0.343699 0.085 0.526504 0.014

HIP & GPx −0.006526 0.974 0.433171 0.049

BMI & MDA −0.144323 0.481 0.359319 0.143

BMI & CAT 0.090629 0.659 −0.170367 0.499

BMI & SOD 0.371473 0.061 0.283058 0.255

BMI & GPx −0.022914 0.911 0.340909 0.166
Aggregated results. R Spearman—Spearman rank order correlation; BMI—body mass index; WHR waist–hip
ratio; MDA—malonylodialdehyde; CAT—catalase; SOD—superoxide dismutase; GPX3—glutathione peroxidase;
HIP—hip circumference p—p value; bold—significant differences.

Table 7. Correlations between HDL, LDL, TG, TChol values, and oxidative stress parameters and
between the occurrence of abdominal obesity and oxidative stress parameters in the PCOS group
(SG) and control groups (CG).

Variable Pair
PCOS n = 26 Control n = 21

R Spearman p-Value R Spearman p-Value

TChol & MDA −0.437415 0.025 0.149351 0.518

TChol & CAT −0.390561 0.049 −0.010390 0.964

TChol & SOD −0.266461 0.188 0.102631 0.658

TChol & GPx 0.049932 0.809 0.679441 0.001

HDL & MDA −0.053010 0.797 0.032468 0.889

HDL & CAT −0.299248 0.138 −0.129870 0.575

HDL & SOD −0.386181 0.051 0.215005 0.349

HDL & GPx −0.102941 0.617 −0.363754 0.105

LDL & MDA −0.483926 0.012 0.028571 0.902

LDL & CAT −0.167579 0.413 0.122078 0.598

LDL & SOD −0.123140 0.549 −0.186424 0.418

LDL & GPx 0.127565 0.536 0.562520 0.008

TG & MDA −0.114931 0.576 0.284416 0.211

TG & CAT 0.058834 0.775 0.393506 0.078

TG & SOD 0.127609 0.534 −0.399480 0.073

TG & GPx 0.053703 0.794 0.615135 0.003
Aggregated results. Spearman rank order correlation; MDA—malonylodialdehyde; CAT—catalase; SOD—superoxide
dismutase; GPx—glutathione peroxidase; LDL—low-density lipoprotein; HDL—high-density lipoprotein;
TG—tryglycerides; TChol—total cholesterol; p—p value; bold—significant differences.
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4. Discussion

Women with an elevated level of testosterone have a higher risk of vascular disor-
ders [6]. In patients with PCOS, elevated OS parameters were also found to be present;
hence, free oxygen radicals and OS constitute contributing factors in the development of
atherosclerosis [38–40]. The literature assessing the presence and role of OS parameters in
PCOS patients appears to be, so far, fairly inconclusive; some studies reported a reduced
activity of CAT and GPx [41–43]; in others, elevated MDA, SOD, CAT, and GPx values
were found [44–47].

MDA is one of the OS parameters and a good biomarker of OS. MDA results from
lipid peroxidation of polyunsaturated fatty acids [25,48]. In our study, MDA values were
significantly higher in patients with PCOS compared with healthy controls. We observed
that MDA values were significantly higher in PCOS patients with IR compared with PCOS
without IR, and this was independent of obesity. Some authors have suggested that IR is
regarded as one of the core mechanisms by which obesity contributes to OS [11]. Others
observed that the correlation of OS and IR is independent of obesity [49,50]. Kuscu et al.
also demonstrated the MDA level was significantly higher in the PCOS group and it was
independent of obesity, similar to our study [48]. In another study, Zhang et al. also
showed that serum MDA levels in PCOS patients were significantly higher than in the
control group [46]. Olusi et al. established that MDA concentration presented significantly
higher in patients with BMI > 40 kg/m2, compared to women with standard BMI [51]. Both
authors believe that in obese women, the cytoreductive activity of enzymes is reduced,
and this contributes to OS. Contrary to that belief, significant changes in OS parameters
in overweight and obese patients with PCOS were not observed in our study; however,
there were no morbidly obese patients in our group. This may result from the fact that the
main factor intensifying OS is IR, not obesity. It should be remembered that in the case of
PCOS, IR is often diagnosed also in women who are not overweight or obese; therefore,
it is essential that all PCOS patients, both slim and obese, be diagnosed for IR and consid-
ered for antioxidant use. IR increases the release of insulin, which in turn increases the
release of ROS, which reduces the activity of antioxidants [6].

CAT, SOD, and GPx are macromolecular antioxidants (enzymes) [52]. GPx is an en-
zyme that protects the organism by reducing lipid hydroperoxides to their corresponding
alcohols and reducing H2O2 to water. In our study, the GPx activity was similar in both
PCOS and healthy controls. The GPx activity evaluation for antioxidant defense assessment
in PCOS was reported in several studies. Sabuncu et al. determined oxidant and antiox-
idant status in women with PCOS. They demonstrated that GPx did not differ between
a PCOS group and a healthy control group [44].

Baskol et al. showed similar results, demonstrating that GPx did not differ between
a PCOS group and a healthy control group [53]. In contrast, Szczuko et al. observed
a lower concentration of GPx in women with PCOS starting treatment, compared with the
GPx activity in healthy controls [6]. We suggest that GPx is involved at every stage of the
development of the pathological condition in PCOS. As a selenium-dependent enzyme,
its activity may be controlled by the availability of selenium, and the supply of this compo-
nent in the diet may not be sufficient [6].

In the case of patients with PCOS and IR, significant values of MDA concentrations
were found compared to the PCOS group without IR. This probably suggests a different
mechanism of disorders relative to OS in patients with IR and PCOS. Moreover, MDA has
been associated with an increase in TChol and especially LDL; therefore, it appears that IR
and an increase in LDL are the major causes of MDA mobilization.

Catalase provides protection for cells from the toxic effects of hydrogen peroxide and
other derivatives. It converts H2O2 into molecular oxygen and water, without producing
free radicals. In this reaction, oxygen is formed, which is used in other metabolic transfor-
mations [54]. It has been observed that in the case of diseases preceded by inflammation,
the activity of CAT in the blood plasma increases. This is most likely due to its leakage
from damaged cells, especially from erythrocytes [55,56]. Low activity of CAT in the blood
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was observed in patients with atherosclerosis and diabetes, which indicates long-lasting
OS in the cells of the body of these people. H2O2 has been shown to damage pancreatic
b-cells, which with CAT deficiency leads to the development of diabetes [43,57].

In our study CAT activities were significantly higher in PCOS patients, compared to
the control group, and its activities were related to TChol in the PCOS group but not to
a specific parameter of the lipid profile. It seems that CAT is the least sensitive parameter
among the respondents in PCOS.

SOD is an enzyme and an important antioxidant defense that eliminates superoxide
anions (O2), as a major oxygen radical. SOD catalyzes them to H2O2 and finally by GPx
converted to water [58]. SOD did not differ between the studied groups, but due to the
increase in IR and obesity, the trend was noticeable. We suggest that the increase in body
fat leading to obesity and the increase in IR activate SOD; however, this is not an immediate
reaction of the body. Murri et al. and Kuscu et al. demonstrated that SOD levels were
significantly higher in a PCOS group than in the control group [8,47]. Similar results were
observed by Sabuncu et al. [44]. In contrast, Seleem et al., in their study, showed that in
PCOS women, the SOD level was significantly lower than in the control group [59]. These
differences may be due to the treatment method and the severity of the disease.

The relationship between metabolic syndrome and cardiovascular disorders is un-
deniable and unquestionable. Wang et al. investigated OS parameters in patients with
PCOS with and without metabolic syndrome. Metabolic syndrome, due to increased TG
concentration and LDL cholesterol levels, was found to not only enhance OS but also
reduce antioxidative activity [60]. In our study, we observed a similar trend in patients with
PCOS; there was an inverse relationship between MDA and CAT with concentrations of
TChol as well as MDA and LDL. In the control group, we observed significant correlations
between TG concentration, TChol, LDL, and peroxidase activity. This confirms the thesis
that PCOS with accompanying OS exponents can be an important factor predisposing
patients to cardiovascular complications. Obesity is regarded as one of the risk factors
for cardiovascular diseases. In our study, we found positive correlations of SOD and GPx
with hip circumference only in the control group. In the PCOS group, markers of OS did
not correlate with obesity-related parameters. This is supported by the fact that the major
disorder in PCOS is IR, not obesity, and changes in the antioxygen system are independent
of obesity. Therapeutic management strategy in patients with PCOS should, therefore,
not only point towards the treatment of infertility and menstrual disorders but, through
the improvement of antioxidative mechanisms, be also directed at managing metabolic dis-
orders, including hyperinsulinemia, IR, and reduction in OS. This can be partially achieved
through diet, physical exercise, and pharmacological treatment with antioxidants [8]. Di-
vergent results of studies assessing OS parameters may indicate the existence of additional
factors conditioning the antioxidant abilities of the organism. Our observations require
further research because our study evaluated one of the markers of oxidative stress-MDA.
The remaining parameters are an enzymatic activity of GPx, CAT, SOD.

5. Strengths and Limitations

A wide panel of measured parameters and clinical implementations of the study for
the treatment of patients with PCOS are strong points of the research. A relatively small
study sample, selected on the basis of inclusion/ exclusion criteria may be a research
limitation. To confirm the validity of the findings, additional research on larger samples of
subjects is thus recommended. Due to the small number of participants in the study and
control groups, conclusions must be drawn with caution. Larger studies on this subject are
needed to draw final conclusions.

6. Conclusions

It seems that an increase in hip circumference stimulates the activation of GPx and
SOD and is not associated with pathological processes. The development of obesity is the
beginning of a pathological process involving OS in which we observed an increase in
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GPx activity. If obesity is added to IR, it triggers SOD. In addition, the coexistence with
IR of obesity and/or lipid profile disorders activates mechanisms associated with MDA
activation and catalase. At the same time, the increase in LDL lowers MDA, and GPx is
involved at every stage of the development of the pathological condition.

Therefore, IR may be the main risk factor to exposure to OS in patients with PCOS,
independent of obesity. The implementation of antioxidants in PCOS therapy, in addition
to drugs that improve the insulin sensitivity of tissues and physical activity, should have
beneficial therapeutic effects on this group of patients.
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