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BACKGROUND/AIMS
The aim of this study was to examine the relationship between the serum thiol-disulfide balance and climacteric symptoms.

MATERIAL and METHODS
A total of 106 women aged 42 to 78 years (53.18±7.39) participated in the study. The patients were divided into three groups as the 
perimenopausal period, early postmenopausal period, and late postmenopausal period. The climacteric symptoms of patients were 
assessed with the Greene scale. The serum thiol/disulfide hemostasis was assessed with a new automatic method. The Mann-Whitney 
U test, one-way analysis of variance, and post-hoc Tukey tests were used.

RESULTS
Native thiol and total thiol levels start decreasing after menopause. Women in the late postmenopausal period have been observed to 
have significantly lower levels compared to women in the perimenopausal and early postmenopausal periods. In the late postmenopause, 
perimenopause, and early post menopause, native thiol was measured as 430.81±45.35, 474.64±47.06, 461.22±47.66 (p<0.05), while total 
thiol was 460.22±49.96, 506.74±51.74, 492.25±57.81 (p<0.05), respectively. There was a negative correlation observed between vasomotor 
symptoms and all thiol components only in the early menopause group.

CONCLUSION
When the duration of the menopause exceeds 5 years, thiol levels reduce. This variation may be considered to be related to increasing 
age. Especially in the early menopausal period, administering antioxidant agents as support may contribute to reducing the vasomotor 
symptoms of patients.
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INTRODUCTION
Menopause is a natural stage in a woman’s life. In addition to physical problems of women in the postmenopausal peri-
od, they encounter a variety of physiologic, psychologic, and sociologic problems that disrupt the quality of life (1). One of 
these problems are vasomotor symptoms. The etiology of vasomotor symptoms is not clearly understood. Many studies 
have shown that vasomotor symptoms do not only disrupt the quality of life linked to estrogen deficiency but are also 
early indicators of cardiovascular diseases (2-4). As a result, the presence and severity of vasomotor symptoms are im-
portant.

Oxidative stress is a situation formed by the antioxidant systems becoming ineffective against free oxygen radicals due 
to being insufficient (5). Estrogen acts like a typical antioxidant enzyme and has been shown to neutralize free oxygen 
radicals (6). Reduced estrogen levels in the menopause, and increased age, negatively affect antioxidant capacity (7). 
Although there are studies showing that disruption of the balance between oxidative stress-antioxidant capacity may 
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be effective in determining the development and severity of cli-
macteric symptoms, the results are not clear (8).

The thiol/disulfide (T/D) balance plays a role in many metabolic 
pathways. The T/D balance has been shown to be disrupted in 
situations related to the endothelial damage, such as diabetes 
and preeclampsia (9-11). Among patients with postmenopausal 
osteoporosis, T/D homeostasis was shown to be disrupted (12).

In this study, we planned to research the correlation between 
the severity of climacteric symptoms, led by vasomotor symp-
toms, in the menopausal transition period and postmenopausal 
period and the correlation of severity of symptoms with the T/D 
balance. Previous studies researching the correlation of serum 
T/D balance with climacteric symptoms only studied the thiol 
component. In our research, we studied all components of the 
T/D balance with a new automatic method described by Erel 
et al. (13).

MATERIAL and METHODS
Planned as a cross-sectional study, the research received the 
necessary permission from the ethics committee of Atatürk 
Training and Research Hospital. All women signed the consent 
form for this research. All patients were questioned in detail 
about demographics, medical and reproductive history, habits, 
and medication use. The study included 106 women aged 42 to 
78 years. The grouping of patients according to menopausal sit-
uation used the STRAW staging criteria (14). The perimenopaus-
al group included patients with 2-11 months of amenorrhea, and 
the early postmenopausal period group included patients with 
1-5 years since last period. The late menopausal group included 
patients with 6 years or more since last period. Patients who did 
not volunteer, who did not abide by period descriptions, who 
used exogenous hormones, who entered the menopause surgi-
cally, and with chronic diseases that affect oxidative stress, such 

as diabetes and hypertension, were not included in the study. 
Anthropomorphic measurements like height and weight were 
made. 

Biochemical Assessment
Patients had serum samples taken after 8 hours of fasting. Sam-
ples were stored at −80°C until study. T/D hemostasis was stud-
ied with a newly developed automatic method (Roche, cobas 
501, Mannheim, Germany) (13).

Climacteric Symptoms
The Greene climacteric scale was used to assess climacter-
ic symptoms (15). This scale comprises 21 questions separately 
evaluating vasomotor symptoms, anxiety state, depression, psy-
chological state, somatic symptoms, and sexual symptoms. All 
questions have a 4-degree answer choice ranging from 0 to 3. 
If the situation does not apply to the patient, 0 points are given, 
with 1 given for mild severity, 2 for moderate severity, and 3 for 
severe symptoms. The Greene scale was used to assess climac-
teric symptoms with total and subgroup scale points. 

Statistical Analysis
The Kolmogorov-Smirnov test was used to assess whether the 
sample abided by normal distribution. To assess differences be-
tween the three groups for variables with normal distribution, 
the one-way analysis of variance and post-hoc Tukey test were 
used. The Kruskall-Wallis analysis was performed to assess dif-
ferences between groups for variables without normal distribu-
tion. The Mann-Whitney U test was used to show which groups 
were different for variables with differences. For correlation 
between thiol and disulfide values with climacteric symptoms, 
the Pearson analysis was used for parameters with normal dis-
tribution, while the Spearman correlation analysis was used for 
those without normal distribution. Statistical significance was 
accepted as p<0.05.

TABLE 1. Comparison of parameters between groups 

 Perimenopause (n=40) Early Postmenopause (n=30) Late Postmenopause (n=36)

Age 47.30±3.63 51.97±2.98 60.72 ±6.51*

BMI 27.94±5.15 28.67 ±5.20 29.00±5.31

T.Thiol (SH+SS)(μmol/L) 506.74±51.74 492.25±57.81 460.22±49.96*

N.Thiol (SH)(μmol/L) 474.64±47.06 461.22±47.66 430.81±45.35a

Disulfide (SS)(μmol/L) 16.00±8.49 17.09±10.74 14.65±8.82

SS/SH (%) 3.39±1.84 3.67±2.16 3.42±2.16

SS/SS+SH (%) 3.10±1.61 3.36±1.84 3.13±1.86

SH/SS+SH (%) 93.78±3.26 93.98±5.67 93.71±3.74

Greene vasomotor subscale 4.03±1.34a 2.27±1.55 2.14±1.60

Greene anxiety subscale 6.64±3.73 8.47±4.24a 5.97±3.85

Greene psychology subscale 10.72±6.13 14.50±7.15a 10.36±6.27

Greene depression subscale  4.10±3.09 6.03±3.55a 4.39±3.06

Greene somatic subscale 5.28±3.96 9.27±3.99a 6.58±4.03

Greene sexual subscale 0.92±.83a 1.53±1.10 1.56±0.93

Greene total score 20.79±8.52 27.23±10.65* 20.19±9.24

*Between all groups p<0.05 (Analysis of variance-Tukey) 
aa group found to be statistically significant from other two groups (p<0.05)   (Kruskall-Wallis/Mann-Whitney U)  
SS: disulfide; SH: native thiol; BMI: body mass index
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RESULTS
The mean age of the 106 women participating in our study was 
53.18±7.39 years. The mean age of patients was highest in the 
late postmenopause group (60.72±6.51), and this was signifi-
cant compared to the other groups. The mean body mass index 
(BMI) for all groups was 28.51±5.19 with no differences between 
the groups.

Total thiol and native thiol levels reduced as the menopause 
progressed. The late postmenopausal group had significantly 
lower levels compared to the other two groups. Disulfide level 
was highest in the early postmenopausal group, but there was 
no significant difference observed between the groups.

On the Greene climacteric scale, only vasomotor symptoms 
were observed to be significantly high in the perimeno-
pause group compared to the other groups (p<0.05). Anx-
iety, psychologic, depression, and somatic and total Greene 
scores were significantly higher in the early postmenopause 
group compared to the other groups (p<0.05). Comparison 
of the perimenopausal period with the other two groups 
observed the highest vasomotor score and lowest sexual 
score (p<0.05). In the late postmenopause group, the sex-
ual subscale score was observed to be significantly higher 
compared to the other groups (p<0.05). Findings are sum-
marized in Table 1.

An analysis of the correlation between age and BMI with 
T/D components observed significant negative correlations 
between increasing age and BMI with native thiol and total 
thiol levels (p<0.01). In our study, a correlation analysis was 
performed on T/D components, and their indices with the 
Greene scale subgroups. There was no significant correlation 
observed between parameters for perimenopausal and late 
postmenopausal women. In the early postmenopausal period, 
there were significant negative correlations between all com-
ponents of the T/D balance with vasomotor subscale scores 
(p<0.05). In this group, the index showing D/T thiol ratios was 
observed to have a negative correlation with vasomotor sub-
scale (p<0.05). Correlation analysis data are summarized in 
Tables 2 and 3.

DISCUSSION
The menopause is a significant physiological condition charac-
terized by the cessation of the menstrual cycle and loss of ovar-
ian functions. In addition to vasomotor symptoms disrupting the 
quality of life in the menopausal period, it is known to increase 
the tendency for osteoporosis, diabetes, hypertension, and 
cardiovascular diseases in the long term. Oxidative conditions 
constitute major risk factors for the development of a number 
of pathologies, such as tumor development, diabetes, and car-
diovascular complications (16). An abnormal T/D homeostasis 
state is involved in the pathogenesis of a variety of diseases (13). 
The plasma thiol levels assessed in our study are a pool formed 
of albumin and low molecular weight thiols (like glutathione, 
cysteine). When oxidative stress dominates the environment, 
the balance shifts to disulfide due to oxidation of the thiol group 
proteins (17). The reduction of estrogen in the menopausal peri-
od is known to be the main factor in vasomotor symptoms. There 
are publications proposing an association between reduced es-
trogen and increased oxidative stress markers (18, 19). The estro-
gen replacement therapy (ERT) in menopausal women nearly 
completely resolves vasomotor symptoms (20). However, due to 
conflicting results about ERT increasing thromboembolic events 
and malignancies like breast cancer, not all patients use it (21). 
As a result, developing alternative treatments to reduce vaso-
motor symptoms becomes important. If oxidative stress can be 
shown to be an effective mechanism on vasomotor symptoms, 
the use of antioxidant treatment may be considered.

In all groups, there were negative correlations between the age 
and BMI with native thiol and total thiol levels. The negative ef-
fect of increasing age and obesity on antioxidant systems is in 
accordance with other studies in the literature (22-24).

A study of 245 patients that was researching the correlation be-
tween hot flush symptoms, and serum and urine levels of oxida-
tive stress markers such as 8-iso-prostaglandin F2-alpha (PFG2 
alpha), 8-hidroxy-deoxyguanosine (8OHDG), thiol, and para-
oxanase-1, showed that none of the markers correlated with 
the severity of vasomotor symptoms. There was no difference 
identified for the serum and urine levels of any marker between 
women with and without symptoms (2). In this study, all patients 
in the perimenopause and early postmenopause were included 
in a single group, and assessments were only made for the hot 
flush complaint. In the T/D balance, only the thiol component 
was studied. In our study, patients were separated into peri-
menopause, early postmenopause, and late postmenopause 
groups, and differences were assessed. Our results found that 
native thiol and total thiol rates were lowest in the late post-
menopause, and this difference was significant. Patients in this 
period were also the oldest patients and were expected to have 
lowest estrogen levels. As a result, the low native thiol and total 

TABLE 2. Correlation of age and the BMI with parameters in all groups 

N=106 Age  BMI

 r* p r* p

Native thiol (μmol/L) −0.427 <0.01 −0.262 <0.01

Disulfide (μmol/L) −0.143 0.14 −0.031 0.74

Total thiol (μmol/L) −0.442 <0.01 −0.249 0.01

*Spearman correlation coefficient. BMI: body mass index

TABLE 3. Correlation analysis results for thiol/disulfide balance with 
vasomotor subscale in the early postmenopausal group 

n=30 r* p

Native thiol −0.376 0.04

Disulfide  −0.392 0.03

Total thiol −0.394 0.03

*Spearman correlation coefficient
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thiol levels in these patients is an expected outcome. Disulfide 
levels were highest in the early postmenopause; however, the 
difference was not significant. A correlation analysis observed 
a negative correlation between the vasomotor subscale and 
all thiol components only in the early postmenopause group. In 
the study mentioned above, there was no correlation between 
vasomotor symptoms and thiol levels. Our patient numbers, de-
sign, and methods are different, which may have led to differ-
ences in the study results.

Another study assessed the serum total thiol level and found 
it was lower in postmenopausal women compared to women 
in the premenopausal and perimenopausal periods (22). In our 
study, all components of the T/D balance were studied with a 
new method, with the native thiol, and total thiol components of 
the T/D balance significantly lower in the late postmenopause. 
Highest disulfide levels were measured in the early postmeno-
pausal group; however, no significant correlation was observed 
between the groups. In the late postmenopausal period, native 
thiol and linked total thiol levels reduce with age and are as-
sociated reduced estrogen levels. This complies with our study 
results.

A study evaluating the antioxidant enzyme capacities of pa-
tients found that superoxide dismutase, catalase, and gluthathi-
one peroxidase levels were significantly lower among women 
in the postmenopausal period compared to the premenopausal 
group (1). This decrease was emphasized to be associated with 
reduced estrogen levels. Similarly, in our study results, it was 
shown that antioxidant capacity reduced as the menopause 
duration increased.

A study assessing 50 women physiologically in the menopause 
evaluated the free oxygen radical test and free oxygen radical 
defense (FORD) of patients. In this study, only the vasomotor 
subscale was negatively correlated with FORD levels (25). In our 
study, a negative correlation between all thiol components and 
vasomotor subscale was only observed in the early premeno-
pause. Differences may be due to differences in the marker 
characteristics and patient groups studied.

The highest score on the Greene climacteric scale used in the 
study was in the early postmenopausal period, and this is con-
sidered to accompany physiologic changes in the first 5 years of 
the process. The highest sexual scale was recorded in the late 
postmenopausal period. It is known that urogenital symptoms 
increase with the duration of menopause. These findings are 
expected changes within the menopausal process.

In this assessment, patients had the highest number of vaso-
motor symptoms in the perimenopausal period, with disulfide 
levels highest among late postmenopausal women but low in 
the early postmenopausal period. There may be limited ben-
efits to administering antioxidant treatment to patients in this 
period. Native thiol serum levels showing antioxidant activity 
were lowest in the late postmenopause, and this difference was 
significant between the groups. As a result, administering an-
tioxidant support in addition to hormone replacement therapy 
and other medical treatments to patients from the beginning of 
the menopausal process may be considered. Antioxidants may 
contribute to an increasing antioxidant capacity, even if they do 

not support vasomotor symptoms. Among the limitations of our 
study are the relatively low number of patients, the assessment 
of oxidative stress only with the T/D balance, and the subjective 
nature of responses to questions on the Greene scale. Accord-
ing to our research, this is the first study researching the correla-
tion between all components of the T/D balance and climacter-
ic symptoms. 
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