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Abstract
Aim: Polycystic ovary syndrome (PCOS) is a complex endocrine and metabolic condition marked by hyperandrogenism, elevated insulin levels, and insulin 
resistance. The incidence of PCOS is rising globally. While the exact cause of PCOS remains unclear, it is believed to be strongly associated with inflammation 
and oxidative stress. The objective of our study was to compare individuals with PCOS to healthy controls and evaluate the alterations in oxidative stress and 
inflammatory markers in these patients.
Materials and Methods: This prospective comparative study took place at the University Hospital Gynecology and Obstetrics Clinic between November 2023 
and December 2024. The study focused on evaluating oxidative stress parameters in both PCOS patients with infertility and those with normal fertility.
The study included 20 women with PCOS and infertility, as well as 20 fertile women as a control group. The control group consisted of healthy women with 
normo-ovulation, no hirsutism, regular menstrual cycles ranging from 27 to 35 days, and normal ovaries on ultrasound, all matched for BMI and age. Blood 
samples were collected on the 2nd or 3rd day of the menstrual cycle to assess the levels of FSH, LH, TSH, prolactin, DHEA-S, and TT, as well as the levels 
of thiol-disulfide and IMA. Serum thiol-disulfide levels were determined by measuring thiol and reducible dynamic disulfide amounts using an automatic 
measurement method.
Results: The laboratory and oxidative stress parameters (total thiol, native thiol levels, disulfide, and IMA levels) were compared between the PCOS and control 
groups. The disulfide levels were significantly higher in the PCOS group (P = 0.022). Native thiol levels were lower in the PCOS group compared to the control 
group (P = 0.513). However, there were no statistically significant differences between the two groups for total thiol, native thiol levels, indices, or IMA. There 
were positive correlations between total testosterone, LDL, and disulfide (r = 0.733, p = 0.016; r = 0.656, p = 0.028, respectively).
Discussion: Oxidative stress was assessed in infertile PCOS patients and found to be higher compared to the healthy control group. Evaluating oxidative stress 
along with clinical parameters during follow-up may be helpful in managing the disease.
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Introduction
Polycystic Ovary Syndrome (PCOS) is a heterogeneous, 
multifactorial disorder that affects 10% of the female 
population of reproductive age. The symptoms and signs of 
PCOS are known as ovulatory dysfunction, hyperandrogenism, 
and ultrasonographic (USG) images of polycystic ovaries [1]. 
PCOS is the leading cause of anovulatory infertility today, with 
70 to 80% of women affected by the condition experiencing 
infertility [2]. Maintaining a balance between oxidants and 
antioxidants is crucial for ensuring optimal physiological 
conditions in organisms. Thiol redox reactions are recognized 
as key mechanisms that protect the body from oxidative stress. 
Disulfide bonds in proteins, which are essential components of 
organisms, form between two cysteine amino acids and help 
regulate protein oxidation [3]. Although the formation of protein 
disulfide bonds is seen as an indicator of oxidative stress, 
elevated thiol levels or higher thiol-disulfide ratios have also 
been linked to antioxidant defense, apoptosis, cellular signaling 
pathways, and the regulation of specific enzymes [4]. Total 
thiol levels can be used to evaluate the antioxidant response 
because of their ability to neutralize free radicals through both 
enzymatic and non-enzymatic processes, whether under normal 
or pathological conditions [5].
Oxidative stress (OS) occurs when there is an imbalance 
between the production of reactive oxygen species (ROS) and 
the antioxidant defense system, leading to damage to cellular 
molecules. Earlier studies have proposed that heightened 
oxidative stress and reduced antioxidant defenses could 
play a role in the development of PCOS and may be linked 
to conditions like infertility and insulin resistance [6]. Thiols 
are antioxidants that contain sulfhydryl groups ([R-SH]). They 
play an important role in suppressing ROS generated during 
OS. Natural thiols release hydrogen and form disulfide bonds 
([RSSR]). The released hydrogen binds to excess oxygen in 
the environment and protects tissues from oxidative damage. 
Conversely, disulfides can also be reduced to natural thiols; this 
is called dynamic thiol/disulfide homeostasis [7]. The dynamic 
thiol-disulfide balance in proteins is believed to play a crucial 
role in regulating essential processes such as cell proliferation, 
differentiation, detoxification, and degeneration [8].
Growing evidence indicates that reactive oxygen species (ROS) 
produced during tissue ischemia can lead to the formation of 
the highly reactive hydroxyl radical. This radical may cause 
N-terminal structural alterations in albumin, resulting in the 
formation of ischemia-modified albumin (IMA). Although IMA 
was first studied in individuals with myocardial ischemia, 
it has since been found useful in assessing patients with a 
variety of conditions, such as ischemic events, type 2 diabetes, 
pulmonary embolism, liver cirrhosis, coronary bypass surgery, 
and metabolic syndrome. Currently, IMA is considered a marker 
of oxidative stress and is associated with ischemia-reperfusion 
in any organ [9].
Additionally, Inhibitor of Metalloproteinase (IMA), a marker of 
oxidative stress, has been found to be elevated in PCOS patients, 
suggesting its potential use in diagnosing and assessing 
oxidative stress in these women. These findings highlight 
the significant role of oxidative stress and inflammation in 
managing PCOS [10].

The aim of this study is to evaluate the relationship between 
thiol/disulfide homeostasis, which is used as an oxidative 
stress marker, in PCOS patients with and without infertility by 
measuring this change using a new technique.

Materials and Methods
This prospective comparative study was conducted at the 
University Hospital Gynecology and Obstetrics Clinic from 
November 2023 to December 2024. PCOS patients with 
infertility and patients with normal fertility were examined with 
regard to oxidative stress parameters.PCOS was diagnosed 
using the Rotterdam criteria, and it was confirmed if at 
least two of the following three conditions were met [11]. (1) 
polycystic ovaries with 12 or more follicles measuring 2–9 
mm in diameter observed on ultrasound, (2) oligomenorrhea 
(<6 menstrual cycles per year) and/or anovulation, and (3) 
biochemical hyperandrogenism, indicated by elevated total 
testosterone (TT) levels. Hirsutism was assessed using the 
modified Ferriman–Gallwey (mFG) score [12], and clinical 
hyperandrogenism (hirsutism and acne) was defined as having 
an mFG score ≥ 8. 
Study Population: The study included 20 women with infertile 
PCOS and 20 women with fertile PCOS as controls.
The control group consisted of healthy, BMI- and age-matched 
women who were normo-ovulatory, non-hirsute, had regular 
27–35 day menstrual cycles, and normal ovaries on ultrasound. 
Healthy, normo-ovulatory women with a history of hypertension, 
diabetes mellitus, or signs of hyperandrogenism were excluded 
from the control group. 
The exclusion criteria for all participants included: (1) any 
condition related to hyperandrogenism or anovulation, such 
as virilizing tumors, prolactinoma, thyroid disorders, Cushing 
syndrome, or congenital adrenal hyperplasia; (2) chronic 
diseases like diabetes, hypertension, cardiovascular, respiratory, 
metabolic, or liver conditions; (3) psychiatric disorders; (4) any 
previous ovarian surgeries; (5) history of smoking or alcohol 
consumption; (6) use of hormonal contraception within at least 
3 months before the study. Women who were pregnant or 
treated with antihypertensive, hypoglycemic, or lipid-lowering 
drugs were also excluded. 
Metrics: Glucose, HbA1C(hemoglobin A1C), Total Cholesterol, 
Triglyceride, HDL (high-density lipoproteins), LDL (low-density 
lipoprotein),  values were tested in both groups. Biochemical 
analyses were performed automatically using the Cobas c 702 
Roche device, Switzerland. Measurements of FSH (follicle-
stimulating hormone), LH (Luteinizing hormone), DHEA-
S(dehydroepiandrosterone sulfate), and TT(total testosterone) 
concentrations were performed using electrochemiluminescence 
immunoassay with a fully automated analyzer (Roche cobas 
801, Diagnostic, Switzerland). 
Venous blood samples were collected in the morning (between 
8:00 and 10:00 a.m.) after a 12-hour overnight fasting in the 
follicular phase (third-fourth day of the menstrual cycle). Serum 
samples were separated by centrifugation at 1,500 g for 10 
min and immediately stored at –80 ° C until the testing time. 
Serum thiol-disulphide levels were determined by measuring 
thiol and reducible dynamic disulphide amounts by following an 
automatic measurement method of Erel and Neselioglu [13].
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Statistical Analysis
The statistical analyses were performed using the IBM SPSS 
Statistics (Version 27) computer program (IBM, Armonk, NY, 
USA, 2011). The Kolmogorov-Smirnov/Shapiro-Wilk test was 
used for determining the distribution of variables [14]. Normally 
distributed data variables were compared with a paired 
Student’s T test or a Student’s T test. Non-normally distributed 
data distributed variables were compared using the Mann-
Whitney U test. The chi-square test was used for categorical 
variables for two-group comparisons. A p-value of <0.05 was 
considered statistically significant. Correlation analyses were 
performed using  Pearson or Spearman correlation tests [15].
Ethical Approval
The study was approved by the Ethics Committee of Necmettin 
Erbakan University Hospital (Date: 2023-10-09, No: 4637). 

Results
A total of 40 participants, consisting of 20 PCOS patients and 
20 healthy volunteers, were included in the study. There was 
no statistically significant difference between the two groups 
(PCOS and control) in terms of age and gender. The groups 
were homogeneous, and when the PCOS and control groups 

were examined, total testosterone, DHEA, and LH levels were 
found to be higher in the PCOS group. Lipid profile tests were 
significantly increased in the PCOS group(P ≤ .001) (Table 1).
The laboratory and oxidative stress parameters (total thiol, 
native thiol levels, disulfide, and IMA levels) of the PCOS and 
control groups are shown in Table 2. The disulfide levels were 
statistically increased in the PCOS group (P = .022). The native 
thiol levels were decreased in the PCOS group than in the 
control group (P = .513). However, there was no statistically 
significant difference between the two groups for total thiol, 
native thiol levels, indices, and IMA (Figure 1).
There were positive correlations between total testosterone, 
LDL, and disulfide (r = 0.733, p = 0.016, r  = 0.656, p = 0.028, 
respectively).

Discussion
While the factors influencing the etiology and pathogenesis 
of PCOS are not fully understood, a growing body of literature 
suggests that oxidative stress and antioxidants play a 
significant role in its development. In a healthy state, thiol levels 
are elevated while disulfide levels are low. Conversely, oxidative 
stress leads to an increase in disulfide levels, disrupting the 
delicate balance between thiols and disulfides. This imbalance 
is also observed in PCOS patients [16].
Oxidative stress is a primary driver of apoptotic cell death, 
affecting both reproductive and non-reproductive tissues. 
Antioxidants have been shown to prevent the degeneration of 
antral follicles. Moreover, thiols, present both inside and outside 
cells, are crucial for cellular processes such as proliferation, 
division, and apoptosis. The mechanism underlying PCOS 
involves ovarian dysfunction leading to decreased apoptosis 
in the early stages of follicular development, resulting in the 
development of multiple follicles within the ovaries. High thiol 
levels in PCOS patients can suppress apoptosis in theca cells 
and follicles, hindering follicular development and preventing 
ovulation. This process culminates in multiple persistent 
follicles in the ovaries, a characteristic ultrasound appearance 
in PCOS [17]. Antioxidants have been demonstrated within 

Table 2. Comparison of demographic, laboratory, and thiol/
disulfide (SH/SS) homeostasis parameters of PCOS and control 
groups

Table 1. Comparison of demographic and laboratory 
parameters of PCOS and control groups

Parameters
Control group 

(n = 20)
PCOS group 

(n= 20)
p 

Value

Age, mean ± SD 32.3 (26-38) 26 (25-32) 0.113

BMI 24 (23-33) 25 (22-28) 0.775

LH (U/L) 6.5 (4.9-9.4) 12.1 (10.2-16.5) <0.001

FSH (U/L) 4.4 (3.0-6.1) 6.5 (5.0-10.0) 0.003

LH/FSH(U/L) 1.8 (1.2-2.5) 1.8 (1.2-2.6) 0.627

Total Testosterone ( nmol/L ) 33 (23-42) 56 (35-65) <0.001

DHEASO4 (g/dL) 202 (141-315) 362 (345-420) <0.001

Glucose, (mg/dL 91.5 ± 9.9 94.4 ± 13.7 0.749

HbA1C (%) 5.4 ± 0.3 5.6 ± 0.3 0.074

Total Cholesterol (mg/dL) 174.9 ± 35.5 209.6 ± 43.6 <0.001

Triglyceride (mg/dL) 105.1 ± 38.2 181.2 ± 80.2 0.001

HDL (mg/dL) 69.9 ± 18.8 41.6 ± 12.4 <0.001

LDL (mg/dL) 84.0 ± 35.4 131.7 ± 51.9 <0.001 

BMI (Body Mass Index), LH (Luteinizing hormone), FSH (follicle stimulating hormone), 
DHEASO4 (Dehydroepiandrosterone sulfate), HbA1C (hemoglobin A1C), HDL (high-density 
lipoproteins), LDL (low-density lipoprotein), PCOS ( Polycystic Ovary Syndrome) Data 
are expressed as mean ±SD or median (IQR). P-values less than 0.05 were considered 
significant and highlighted in bold

Parameters
Control group 

(n = 20)
PCOS group 

(n = 20)
P

value

Native Thiol (SH), µmol/L 420.9 (398.2-445.2) 416.2 (411.4-472.3) 0.513

Total Thiol (SH+SS), µmol/L 463.9 (436.8-483.8) 465.8 (453.3-528.6) 0.380

Disulphide (SS), µmol/L 20.7 (18.9-21.8) 21.8 (20.5-24.6) 0.021

Index-1 (SS)/(SH) x100 4.9 (4.4-5.0) 5.0 (4.6-6.0) 0.204

Index-2 (SS)/(SH+SS) x100 4.5 (4.0-4.6) 4.5 (4.3-5.3) 0.214

Index-3 (SH)/(SS+SH) x100 91.1 (90.9-91.9) 91.0 (89.3-91.5) 0.235

PCOS (Polycystic Ovary Syndrome)
Data are expressed as mean ± SD or median (IQR). P-values less than 0.05 were considered 
significant and highlighted in bold

Figure 1. Disulphide levels between infertile PCOS patients and 
non-PCOS control subject
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granulosa and theca interna cells of steroid-producing follicles, 
including preantral, nondominant, dominant, and atretic 
follicles, and they play a crucial role in follicular development 
[18]. Each month, multiple follicles initiate development within 
the ovaries; however, typically only one follicle is selected 
to become dominant and proceed to ovulation. The pre-
ovulatory follicle produces reactive oxygen species, which 
increase oxidative stress, a key inducer of ovulation. Since 
ovulation is absent in PCOS patients, it is hypothesized that 
elevated antioxidant levels may either be a consequence of 
the anovulatory mechanisms or may themselves contribute to 
anovulation through yet unidentified pathways [19].
The results of this study revealed significant differences in 
disulfide levels between infertile PCOS women and fertile 
women without PCOS. The native thiol levels were decreased 
in the PCOS group than in the control group. Disulfide values 
were found to be statistically significantly higher in the infertile 
group with PCOS. Disulfide bonds are formed by the union 
of two thiol groups. Elevated disulfide levels may indicate 
increased oxidative stress and subsequent cellular damage. 
Increased total thiols in PCOS patients are linked to elevated 
disulfides. No significant difference was observed between 
groups for total thiol levels (Table 2).
Turan et al. found that malondialdehyde (MDA) levels were 
significantly higher, and thiol levels significantly lower in 
infertile PCOS patients compared to fertile PCOS patients. 
Based on this, it was concluded that low thiol levels indicate 
an imbalance in the oxidant-antioxidant mechanism [20]. In 
another study, 30 women with PCOS and 20 age- and sex-
matched healthy controls were included, and no significant 
difference was found in thiol levels between the control group 
and women with PCOS [21].
Yıldırım et al. demonstrated elevated thiol levels in both non-
obese and obese PCOS groups. These findings suggest a 
shift in the thiol/disulfide balance towards a more antioxidant 
state in individuals with PCOS compared to those without the 
condition [22]. In a study conducted by Karadeniz et al. disulfide 
levels were compared in a group of 58 women with PCOS 
and a control group of 25 age-matched healthy women. The 
results indicated no significant difference in disulfide levels 
between the two groups [23]. Our findings revealed elevated 
disulfide levels in the PCOS cohort. Furthermore, we observed 
a concomitant increase in total thiol levels within this group.
Ischemia-modified albumin (IMA), a biomarker reflecting 
oxidative stress generated under ischemic conditions, is 
implicated in the pathogenesis of polycystic ovary syndrome 
(PCOS). This suggests that IMA may serve as an indicator of 
disease activity in PCOS. In a study of 31 infertile PCOS patients 
and 30 fertile controls, serum IMA levels were significantly 
higher in the infertile PCOS group compared to both unexplained 
infertility patients and controls. Additionally, a correlation was 
found between serum IMA levels and free testosterone levels 
in infertile PCOS patients (r = 0.43, p = 0.028), suggesting a 
potential impact on the follicular microenvironment [9]. Ege 
et al. demonstrated that infertile PCOS patients resistant to 
clomiphene citrate (CC) exhibit significantly higher serum 
IMA levels compared to controls. These findings highlight the 

potential role of oxidative stress, as reflected by elevated IMA, 
in the impaired oocyte developmental competence observed in 
this patient population [24]. Our study did not find a significant 
difference in IMA levels between the infertile PCOS group and 
the fertile group. We did not find any correlation between IMA 
and androgen levels (Table 2).
Limitations
This study is subject to certain limitations.  The small sample 
size is a primary limitation.  Additionally, the study design did 
not incorporate HOMA-IR values, which represent a further 
limitation. Such data may help to explain the association 
between oxidative stress and insulin resistance.
Conclusion
Oxidative stress was assessed in infertile PCOS patients, and 
it was found to be higher in these patients compared to the 
healthy control group. In addition to the clinical parameters 
used for disease monitoring, evaluating oxidative stress could 
be valuable for understanding the condition. In conclusion, 
thiol/disulfide homeostasis is disrupted, with elevated disulfide 
levels observed in infertile PCOS patients.. Further prospective 
studies with larger cohorts are needed to confirm the findings 
of this study.
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