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Background. One of the most important antioxidant defence mechanism in sper-
matozoa is the gluthatione system which includes glutathione peroxidase (GPx), glu-
tathione reductase (GR), glutathione S-transferase (GST) and reduced glutathione 
(GSH). It is promising to use ROC analysis, which allows to assessing the diagnostic 
sensitivity and specificity of indicators.

Materials and methods. Infertile men were divided into 3 groups: patients with 
oligozoospermia (n = 30), asthenozoospermia (n = 34), and oligoasthenozoospermia 
(n = 22). To assess the diagnostic sensitivity and specificity of indicators, the values of 
the biomarkers were tested using the receiver operating characteristic (ROC) curve, 
and the area under it (AUC), the standard error (SE) and the 95% confidence interval 
(CI 95%) were calculated. 

Results. The ROC analysis showed that GP activity was characterized by excellent 
diagnostic significance for diagnosing both oligozoospermia and asthenozoospermia 
(the sensitivity was 100%, and specificity – 100%). The GR activity has moderate diag-
nostic significance, since the AUC is 0.654 (95% CI from 0.503 to 0.785, P = 0.0645) 
for oligozoospermic, the AUC is 0.612 (95% CI from 0.454 to 0.7555, P = 0.1979) for 
asthenozoospermic men. The analysis of the ROC curve revealed a good diagnostic 
value of GsT activity in sperm samples for the diagnosis of pathospermia (sensitivity of 
75% and specificity of 80%). Simultaneously, it was shown that GSH content could not 
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serve as valuable biomarkers for distinguishing patients with pathospermia from healthy 
controls, with an AUC of 0.615, corresponding to moderate diagnostic significance for 
oligozoospermia.

Conclusion. The results of this study show that the cut-off points for the biomar
kers glutathione peroxidase and glutathione-S-transferase can be used to distinguish 
between patients with pathospermia and normozoospermia, and the parameters them-
selves can serve as valuable diagnostic biomarkers to distinguish patients with patho-
spermia from healthy controls, regardless of the causes of pathospermia. The value of 
these indicators below the cut-off point indicates the probable presence of pathology. 
Indicators of GR activity and GSH content have a low diagnostic value, which makes 
them unsuitable for use as laboratory tests for the diagnosis of male infertility.

Keywords: male infertility, antioxidant enzymes, glutathione system, ROC analysis

INTRODUCTION
It is known that free radical processes and an excess of reactive oxygen species 

are associated with the development of male infertility. The ratio between free radi-
cal processes and activity of antioxidant defense systems can change depending on 
the functional state of the organism and under the influence of various environmental 
factors. Under physiological conditions, a balanced ratio of the pro- and antioxidant 
system is maintained. There is a shift towards the increase of pro-oxidant processes 
under the development of oxidative stress (Pizzino et al., 2017). The antioxidant system 
is multicomponent and includes both enzymatic and non-enzymatic links. The body’s 
reaction to stress can be accompanied by a short-term increase in the concentration 
of reactive oxygen species, which play the role of secondary messengers and are 
involved in signal transduction and in the expression of a number of genes (Hong et al., 
2024). The mobilization of antioxidant protection is noted simultaneously, which ensures  
a decrease in the level of reactive compounds, thus preventing manifestations of their 
toxic effects. Under pathophysiological conditions, the toxic effect of active forms is 
manifested, which is accompanied by a sharp intensification of free radical processes 
and a decrease in the activity of antioxidant protection (Agarwal & Bui, 2017; Mannucci 
et al., 2022).

Our previous studies have demonstrated that free radical processes are significantly 
activated, which is confirmed by the increase in the content of TBA-active products in 
spermatozoa and seminal plasma of infertile men with various forms of pathospermia. 
The inhibition of the activities of the enzymes of the glutathione antioxidant system 
(glutathione peroxidase (GPx, EC 1.11.1.9), glutathione reductase (GR, EC 1.6.4.2), 
glutathione-S-transferase (GST, EC 2.5.1.18)), as well as a decrease in the content and 
redox index of glutathione in the spermatozoa of infertile men were revealed (Fafula 
et al., 2017; Vorobets et al., 2018; Fafula et al., 2023). The obtained results indicate only 
the direction of changes in the indicators of men’s spermatozoa with various forms of 
pathospermia, however, the question of their diagnostic value often arises.

The conventional methods of diagnosing infertility do not always indicate the 
cause of cell morphology and function disorders, reveal the mechanism of metabolic 
changes, or accurately and fully reflect them. It is promising to use the method called 
ROC analysis that allows to assessing the diagnostic sensitivity and specificity of indi-
cators. Sensitivity is the probability of a positive result in the patient; it characterizes 
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the ability of the sample to detect disease (pathology). Specificity is the probability of a 
negative result in a healthy person; it characterizes the ability of the sample to detect the 
absence of the disease (Trevethan, 2017). This analysis is based on the construction 
of the so-called ROC curve, which is built in the coordinates “sensitivity – 1-specificity” 
and shows the dependence of the number of correctly classified positive examples on 
the number of incorrectly classified negative examples. The ROC analysis allows an 
objective determination of the diagnostic significance of a separate test based on AUC 
(Area Under Curve) values. AUC is an integral indicator of the prognostic efficiency of  
a marker, which determines the probability that the value of a trait-marker, or biomarker, 
in a randomly selected patient is greater than in a randomly selected healthy person 
(Goncalves et al., 2014; Xu et al., 2014).

The aim of present work is to analyze the diagnostic sensitivity and specificity of 
indicators of the glutathione antioxidant systems of spermatozoa of men with different 
forms of pathospermia.

MATERIALS AND METHODS
The material for analysis was data of previous studies performed on spermatozoa 

of infertile men with various forms of pathospermia. The data of 86 men who underwent 
primary examination due to infertility in the consultative polyclinic of the Lviv Regional 
Clinical Hospital were analyzed. Inclusion criteria: age 21-39 years, infertility in mar-
riage 1–10 years, male infertility factor, under the conditions of oligozoospermia and/
or asthenozoospermia. Exclusion criteria: infertility in marriage for more than 10 years, 
azoospermia, excessive alcohol consumption and exposure to any harmful physical and 
chemical factors during diagnostic and therapeutic procedures. All patients were divided 
into 3 groups: patients with oligozoospermia (n = 30), asthenozoospermia (n = 34), 
oligoasthenozoospermia (n = 22). The control group included 40 somatically healthy 
men of similar age with preserved fertility, normozoospermia and confirmed paternity. 
Indicators of spermograms (concentration of spermatozoa, their motility, morphology 
and percentage of live forms) were assessed using light microscopy, according to the 
guidelines for their implementation (WHO, 2010). Approval for the study was taken from 
the ethics committee of Danylo Halytsky Lviv National Medical University (protocol No 4 
from 26 April 2021; protocol No 7 from 26 June 2023).

To assess the diagnostic sensitivity and specificity of indicators, the values ​of the 
biomarkers were tested using the receiver operating characteristic (ROC) curve. The 
area under it (AUC), the standard error (SE) and the 95% confidence interval (CI 95%) 
were calculated. The diagnostic significance of the area under the ROC curve is 
assessed as follows: 0.9–1.0 – excellent diagnostic significance of the studied indica-
tor, >0.8–0.9 – good diagnostic significance, >0.7–0.8 – satisfactory diagnostic signifi-
cance, >0.6–0.7 – moderate diagnostic significance, 0.5–0.6 – insufficient diagnostic 
significance. ROC curves are often used to determine the “optimal” cutoff point at which 
subjects will be classified as positive or negative (Kumar et al., 2011). Software used 
for analysis was MedCalc® Statistical Software version 22.018 (MedCalc Software Ltd, 
Ostend, Belgium; https://www.medcalc.org; 2024).

RESULTS AND DISCUSSION
The receiver operating curve (ROC) analysis for glutathione peroxidase (GP), gluta-

thione reductase (GR), glutathione-S-transferase (GsT) and reduced glutathione (GSH) 

https://www.medcalc.org
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was performed to evaluate the utility of these biomarkers in distinguishing infertile 
patients from healthy controls. The results of the evaluation of the ROC curve for GP 
activity as a biomarker for diagnosing pathospermia are shown in Fig. 1 and Table 1.

Fig. 1.	 Receiver operating characteristic (ROC) curves of glutathione peroxidase activity as a marker in the 
diagnosis of oligozoospermia (A), asthenozoospermia (B) and oligoasthenozoospermia (C)

Table 1.	The diagnostic value of GP activity in the diagnosis of different forms of 
pathospermia

Indicators

Pathospermia

AUC
Standard 

error
(for AUC)

95%CI
(for AUC)

Se
ns

iti
vi

ty
 (%

)

Sp
ec

ifi
ci

ty
 (%

) Associated
criterion

(cut-off point),
μmol of GSH per 
minute per 1 mg 

of protein

Oligozoospermia 1.000
P <0.0001 0.000 0.920  

to 1.000 100.00 100.00 ≤4.2

Asthenozoospermia 1.000
P <0.0001 0.000 0.920  

to 1.000 100.00 100.00 ≤4.2

Oligoasthenospermia 0.979
P <0.0001 0.0163 0.889  

to 0.999 91.67 100.00 ≤4.25

When the parameter of GP activity was used as a biomarker, the optimal cut-off 
point was 4.2 μmol of GSH per minute per 1 mg of protein, which indicates that patients 
with GP activity lower than 4.2 μmol of GSH per minute per 1 mg of protein probably 
have pathospermia. At the indicated cut-off point in the study of the diagnostic signifi-
cance GP activity, the ROC curve analysis showed the area under the curve equal to1 
(95% CI from 0.920 to 1.000, P <0.0001), which is characterized by excellent diagnostic 
significance for predicting both oligozoospermia and asthenozoospermia (the sensitivity 
was 100%, and specificity – 100%). When examining the ROC curves for the GP activity 
as a biomarker for diagnosing oligoasthenospermia, the AUC area was 0.979 (95% CI 
0.889 to 0.999, P <0.0001), which corresponds to excellent diagnostic significance. The 
cut-off point for glutathione peroxidase was 4.25 μmol of GSH per minute per 1 mg of 
protein, the sensitivity of the test was 91.67%, the specificity was 100%, which indicates 
that, according to the ROC analysis, the model is excellent. 
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Graphs of the ROC curve for establishing the diagnostic significance of GR activ-
ity in men with different forms of pathospermia are shown in Fig. 2. The quantitative 
assessment of ROC curve using the calculation of the AUC area is given in Table 2.

Fig. 2.	 ROC curves of GR activity as a marker in the diagnosis of oligozoospermia (A), asthenospermia (B) 
and oligoasthenozoospermia (C)

Table 2.	The diagnostic value of GR activity in the diagnosis of different forms of pathospermia

Indicators

Pathospermia

AUC
Standard 

error
(for AUC)

95%CI
(for AUC)

Se
ns

iti
vi

ty
 (%

)

Sp
ec

ifi
ci

ty
 (%

) Associated
criterion

(cut-off point), 
nmol NADPH 
per minute per 
1 mg of protein

Oligozoospermia 0.654
P = 0.0645 0.0831 0.503 to 

0.785 70.83 62.5 ≤0.44

Asthenozoospermia 0.612
P = 0.1979 0.0874 0.454 to 

0.755 45 79.17 ≤0.32

Oligoasthenospermia 0.659
P = 0.0469 0.0801 0.508 to 

0.790 36 95.65 ≤0.26

The GR activity has moderate diagnostic significance, since the AUC is 0.654 
(95% CI from 0.503 to 0.785, P = 0.0645) for oligozoospermic men the AUC is 0.612 
(95% CI from 0.454 to 0.7555, P = 0.1979) for asthenospermic men. At a cut-off point of 
0.44 nmol of NADPH per minute per 1 mg of protein, the sensitivity is sufficient and is 
70.83%, while the specificity is 62.5% for patients with oligozoospermia. While the cut-
off point for asthenospermic men is 0.32 nmol of NADPH per minute per 1 mg of protein, 
the sensitivity is 45% and the predictive value of a positive result – the specificity is suf-
ficient and is 79.17%. GR activity is characterized by a significant diagnostic value, with 
an AUC of 0.659 (95% CI 0.508 to 0.790, P = 0.0469), high specificity (95.65%) and low 
sensitivity (36%) at a cutoff point ≤0.26 nmol of NADPH per minute per 1 mg of protein 
for patients with oligoasthenospermia.

The results of testing the GsT activity in men for pathosermia are presented in 
Fig. 3 and Table 3.
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Fig. 3.	 ROC curves of GsT activity as a marker in the diagnosis of oligozoospermia (A), asthenospermia (B) 
and oligoasthenozoospermia (C)

Table 3.	The diagnostic value of GsT activity in the diagnosis of different forms of 
pathospermia

Indicators

Pathospermia

AUC
Standard 

error
(for AUC)

95%CI
(for AUC)

Se
ns

iti
vi

ty
 (%

)

Sp
ec

ifi
ci

ty
 (%

) Associated
criterion

(cut-off point), 
μmol of GSH 

per minute per 
1 mg of protein

Oligozoospermia 0.843
P <0.0001 0.0575 0.709  

to 0.932 95.83 62.5 ≤0.48

Asthenozoospermia 0.838
P <0.0001 0.0740 0.695  

to 0.931 70 100 ≤0.31

Oligoasthenospermia 0.850
P <0.0001 0.0546 0.717  

to 0.937 75 80 ≤0.46

The analysis of the ROC curve revealed a good diagnostic value of GsT activity 
in sperm samples for the diagnosis of pathospermia. For patients with oligozoosper-
mia, the AUC was 0.843 (95% CI from 0.709 to 0.932, P <0.0001). The optimal cut-off 
point for oligozoospermia was 0.48 μmol of GSH per minute per 1 mg of protein. GsT 
as a biomarker is characterized by high sensitivity (95.83%) and moderate specificity 
(62.5%). The ROC curve analysis for patients with asthenospermia showed that the 
AUC was 0.838 (95% CI 0.695 to 0.931, P <0.0001). The cut-off value was 0.31 μmol 
of GSH per minute per 1 mg showing the sensitivity of 70% and the specificity of 100%. 
For patients with oligoasthenospermia, AUC was equal to 0.85 (95% CI from 0.717 to 
0.937, P <0.0001). The optimal cut-off point was 0.46 μmol of GSH per minute per 1 mg 
of protein and was characterized by good sensitivity of 75% and specificity of 80%.

The results of the evaluation of the ROC curve for GSH as a biomarker for diagnosing 
pathospermia are shown in Fig. 4 and Table 4.

The determination of GSH content as a biomarker to distinguish between samples 
with normal sperm characteristics according to the WHO criteria and pathozoospermic 
samples was found to be unsuitable. The ROC curves analysis showed that GSH could 
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not serve as valuable biomarkers for differentiating patients with pathospermia from 
healthy controls, with an AUC of 0.615, corresponding to moderate diagnostic signifi-
cance for oligozoospermia. For asthenospermia and oligoasthenospermia, the AUC for 
the ROC curves were 0.598 and 0.529, respectively, which corresponds to an insuf-
ficient prognostic value.

Fig. 4.	 ROC curves of GSH as a marker in the diagnosis of oligozoospermia (A), asthenospermia (B) and 
oligoasthenozoospermia (C)

Table 4.	The diagnostic value of GSH content in the diagnosis of different forms of 
pathospermia

Indicators

Pathospermia

AUC
Standard 

error
(for AUC)

95%CI
(for AUC)

Se
ns

iti
vi

ty
 (%

)

Sp
ec

ifi
ci

ty
 (%

)
Associated

criterion
(cut-off point), 
pmol of GSH 
per 106 cells

Oligozoospermia 0.615
P <0.1812 0.0857 0.463  

to 0.751 70.83 62.5 ≤32

Asthenozoospermia 0.598
P <0.2647 0.0878 0.439  

to 0.743 100.00 29.17 ≤38

Oligoasthenospermia 0.529
P <0.7424 0.0872 0.379 

to 0.674 95.83 29.17 ≤38

It is beyond doubt that oxidative stress is a major contributor to male and female 
infertility (Barati et al., 2020; Aitken et al., 2022). The changes in the activity of glutathione 
antioxidant enzymes and GSH content might either result from a reduction in glutathione 
synthesis or the utilisation of glutathione in the detoxification process against induced oxi-
dative stress. A decrease in the activity of antioxidant enzymes can be related both to the 
oxidative destruction of the corresponding DNA regions and the direct damage to enzyme 
molecules resulting from the effects of reactive oxygen species (Hamilton et al., 2016). 
In addition, studies indicate that oxidative stress is also involved in impaired sperm DNA 
packaging (Hammadeh et al., 2010; Rashki Ghaleno et al., 2021).

It is important note that each form of pathospermia can be characterized by a cer-
tain level of oxidative stress markers (TBARS) and activity of enzymatic antioxidant 
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systems (GPx, GR, GsT). These changes indicate a depletion of compensatory mecha-
nisms in sperm cells. Zhang et al. (2014) reported a significantly lower GPx activity, 
with the extent of reduction revealing a disorder-associated trend (asthenospermia < 
oligospermia ≈ oligoasthenozoospermia). 

The analysis of ROC curves is often used to highlight the diagnostic significance 
of individual indicators, which makes it possible to predict pathological changes in the 
spermogram (Akobeng et al., 2007; Wei et al., 2019). According to ROC analysis, it was 
established that the activities of glutathione peroxidase and glutathione-S-transferase 
have the highest diagnostic significance for oligozoospermia, asthenozoospermia and 
oligoasthenozoospermia. The AUC areas are maximal or close to the maximal values for 
the studied biomarkers and were statistically significant. The test results are characteri
zed by high values of specificity and sensitivity. It is possible that other indicators related 
to the glutathione antioxidant protection may have an important prognostic value.

Other findings about the diagnostic significance of glutathione peroxidase are con-
troversial. Our results are consistent with the study of Otasevic et al. who show that 
glutathione peroxidase activity was decreased in all groups with sperm pathologies and 
was a very good indicator of aberrations in functional sperm parameters, explaining up 
to 94.6% of infertility cases where functional sperm parameters were affected (Otasevic 
et al., 2019). However, conflicting data were obtained in another study. N’Guessan et 
al. showed that glutathione peroxidase enzymatic activity is not related to sperm quality 
(N’Guessan et al., 2023). Regarding glutathione-S-transferase activity, a decrease in 
enzyme activity in asthenozoospermic/asthenoteratozoospermic samples was noted in 
other studies (Lopes et al., 2021; Zhang et al., 2021).

There are still some limitations in our study. Firstly, the determination of indicators 
of the glutathione antioxidant system in routine use is a complex and costly process. 
Secondly, the sample size included may have affected the results to a certain extent. 
Thirdly, the time span is different which may be a factor of heterogeneity.

The ROC analysis established the parameters that have the greatest diagnostic 
significance for enzyme indicators, which can be used as additional criteria for estab-
lishing pathospermia. This study is important for further research on the activities of 
enzymes of the glutathione antioxidant system and for the development of tests for 
screening male fertility.

CONCLUSIONS
The results of this study show that the cut-off points for the biomarkers glutathione 

peroxidase and glutathione-S-transferase can be used to distinguish between patients 
with pathospermia and normozoospermia, and the parameters themselves can serve as 
valuable diagnostic biomarkers to differentiate patients with pathospermia from healthy 
controls, regardless of the causes of pathospermia. The value of these indicators below 
the cut-off point indicates the probable presence of pathology. Indicators of GR activity 
and GSH content have a low diagnostic value, which renders them unsuitable for use 
as laboratory tests for the diagnosis of male infertility. 
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ГЛУТАТІОНОВОЇ АНТИОКСИДАНТНОЇ СИСТЕМИ СПЕРМАТОЗОЇДІВ 
НЕПЛІДНИХ ЧОЛОВІКІВ ІЗ РІЗНИМИ ФОРМАМИ ПАТОСПЕРМІЇ

Зоряна Федорович, Микола Воробець, Олена Онуфрович, 
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Вступ. Однією із найважливіших систем антиоксидантного захисту спермато-
зоїдів є глутатіонова антиоксидантна система, яка включає глутатіонпероксидазу 
(GPx), глутатіонредуктазу (GR), глутатіон S-трансферазу (GsT) і відновлений глу-
татіон (GSH). Перспективним є використання ROC аналізу, який дає змогу встано-
вити діагностичну чутливість і специфічність показників.

Матеріали та методи. Усі пацієнти були розподілені на 3 групи: неплідні чоло-
віки з олігозооспермією (n = 30), астенозооспермією (n = 34) та олігоастенозоо
спермією (n = 22). Для аналізу діагностичної чутливості та специфічності значення 
біомаркерів перевіряли за допомогою кривої робочої характеристики приймача, 
тобто кривої ROC, та розраховували площу під нею (AUC) з урахуванням стан-
дартної похибки (SE) 95 % і довірчого інтервалу (CI) 95 %.

Результати. За допомогою ROC-аналізу з’ясовано, що активність GP харак-
теризується високою діагностичною значущістю для діагностування як олігозоо
спермії, так і астенозооспермії (чутливість 100 %, специфічність 100 %). Активність 
GR має помірне діагностичне значення, оскільки AUC становить 0,654 (95 % СІ 
від 0,503 до 0,785, P = 0,0645) для олігозооспермії та 0,612 (95 % СІ від 0,454 до 
0,7555, P = 0,1979) для астенозооспермії. Аналіз кривих ROC виявив хорошу діа-
гностичну цінність активності GsT для діагностики патоспермії (чутливість 75  %  
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і специфічність 80 %). Водночас підтверджено, що вміст GSH не може слугувати 
біомаркером для відрізнення пацієнтів з патоспермією від фертильних чоловіків, 
з AUC 0,615, що відповідає помірній діагностичній значущості для олігозооспермії.

Висновки. Результати цього дослідження доводять, що граничні точки для біо-
маркерів GP та GsT можна використовувати для розрізнення пацієнтів з патоспер-
мією та нормозооспермією, а самі параметри можуть слугувати цінними діагнос-
тичними біомаркерами для розрізнення пацієнтів із патоспермією від фертильних 
осіб групи контролю, незалежно від причин патоспермії. Значення цих показників 
нижче граничної точки вказує на ймовірну наявність патології. Показники актив-
ності GR і вмісту GSH мають низьку діагностичну цінність, що не дає змоги вва-
жати їх лабораторними тестами для діагностики чоловічого непліддя.

Ключові слова:	 чоловіче непліддя, антиоксидантні ензими, система глутатіону, 
ROC аналіз
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