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ABSTRACT

Objective: The aim of this study was to evaluate the dynamic thiol-disulphide homeostasis as a novel oxidative stress parameter 
in newly diagnosed and medication-naive general anxiety disorder (GAD) and panic disorder (PD) patients.

Method: Medication-naive patients with GAD (n=21) or PD (n=23) and healthy individuals (n=23) were enrolled. Patients were 
administered a sociodemographic form, Beck Depression Inventory, and Beck Anxiety Inventory. Routine biochemical 
parameters, native thiol, total thiol, and disulphide parameters were measured in all patients and healthy individuals.

Results: The native thiol levels of the GAD and PD groups were found significantly lower than those of the control group 
(p<0.001 and p=0.03, respectively), whereas the disulphide levels and disulphide/native thiol ratios of both patient groups 
were significantly higher than that of the control group (p<0.001 and p=0.011, respectively). There was no statistically 
significant difference between the GAD and PD groups with regard to thiol and disulphide levels.

Conclusion: Oxidative stress is considered to be one of the molecular changes underlying the pathogenesis of GAD and PD. 
This study showed that dynamic thiol-disulphide homeostasis was disturbed due to an increase in oxidants and a decrease in 
antioxidants in GAD and PD patients, suggesting that antioxidant replacement interventions might be an option in the 
treatment of these disorders.

Keywords: Generalized anxiety disorder, panic disorder, thiol-disulphide homeostasis

RESEARCH ARTICLE

INTRODUCTION

Anxiety disorders are among the most common 
psychiatric disorders with a prevalence reaching up to 
25% (1). Generalized anxiety disorder (GAD) is defined 
as persistent, excessive, and uncontrollable worry about 
daily life events accompanied by irritability, restlessness, 
muscle tension, and sleep disturbances, affecting 
approximately 3-6% of the general population in any 

given year (2). Panic disorder (PD) is an anxiety 
disorder characterized by unexpected, sudden, and 
repeated attacks of fear accompanied by the physical 
symptoms of hyperarousal lasting for several minutes. 
The prevalence of PD is between 1% and 4% (3). 
Although certain biological, genetic, and psychosocial 
theories have been proposed to explain the underlying 
causes of anxiety disorders, the etiopathogenesis of 
GAD and PD is incompletely understood.
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Oxidative stress is defined as an imbalance between 
antioxidant and oxidant molecules either caused by 
overproduction of free radicals, deficiencies in 
antioxidant molecules, or both. The brain is highly 
sensitive to oxidative stress due to its large amount of 
oxygen consumption and its relatively modest 
antioxidant defenses (4). An increasing number of 
studies are investigating the relationship between 
oxidative stress and psychiatric disorders, and oxidative 
stress mechanisms have been implicated in the 
pathogenesis of different anxiety disorders (5).

There are different methods used to determine the 
status of oxidant and antioxidant molecules that can 
constitute oxidative stress in an organism. Thiols, which 
contain a sulfhydryl (-SH) group, are one of the most 
important antioxidant molecules that play a major role in 
the defense against free radicals. Total plasma thiols 
consist of protein-bound thiols and low-molecular-
weight thiols. Albumin contains the greatest amount of 
protein-bound thiols, but the thiols’ major defensive 
function is mostly thought to be performed by low-
molecular-weight thiols such as glutathione, 
homocysteine, cysteine, and cysteinglycine (6). Thiols 
can undergo an oxidation reaction with reactive oxygen 
species (ROS), reducing them and thereby protecting the 
organism from oxidative damage. Disulphide bonds (-S-
S-) are formed as a result of these reactions. However, 
these newly-formed disulphide bridges are reversible and 
can be reduced to thiol groups again. Thus, a dynamic 
thiol-disulphide homeostasis is sustained with this 
turnover. Disruption of the thiol-disulphide homeostasis 
is thought to be one of the indicators of oxidative stress; 
it can be evaluated by a novel automated method 
developed by Erel and Neselioglu (7). 

There is some evidence that thiol-disulphide 
homeostasis is disrupted in both GAD and PD patients. 
In a recent study with GAD patients, it was shown that 
increased disulphide levels may cause an imbalance in 
thiol-disulphide homeostasis (8). On the other hand, it 
was reported that decreased native and total thiol levels 
in PD patients can result in an impaired thiol-disulphide 
balance (9). The aim of this study was to determine the 
dynamic thiol-disulphide homeostasis using a novel 
method in medication-naive patients with generalized 
anxiety disorder (GAD) and panic disorder (PD) and 
evaluate whether there is a difference between these 
disorders with regard to thiol and disulphide levels.

METHOD

The study comprised 120 patients who were admitted 
to the psychiatry outpatient clinic and diagnosed with 

either GAD or PD in accordance with the diagnostic 
criteria of DSM-5. Forty-six patients who previously 
had a diagnosis of any anxiety disorders or medication 
use and 30 patients who had a comorbid psychiatric 
diagnosis (major depression, obsessive-compulsive 
disorder, social phobia, or minimal cognitive 
impairment) were excluded. Accordingly, the study 
was conducted with 44 consecutive outpatients with 
newly diagnosed GAD (n=21) and PD (n=23), 
respectively. Age, sex, and body mass index (BMI)-
matched healthy individuals (n=23) were enrolled as 
a control group. All participants were between 18 and 
65 years of age and medication-naive. Exclusion 
criteria were the presence of any comorbid chronic 
disease or psychiatric disorder, a previous diagnosis 
of anxiety disorder and antidepressant use, or a 
history of acute infection in the last two months, use 
of any medication, vitamins, or herbal supplements in 
the last two months, consumption of tobacco or 
alcohol, and BMI>30. In the clinical assessment, a 
sociodemographic form, Beck Depression Inventory 
(BDI), and Beck Anxiety Inventory (BAI) were 
administered to all the participants. The BDI is a 
17-item self-report scale designed to evaluate 
emotional, somatic, cognitive and motivational 
symptoms of depression (10), for which a Turkish 
validity and reliability study was carried out by Hisli 
et al. (11). The BAI is a psychometric tool that 
includes 21 items to assess anxiety symptoms of an 
individual (12,13). 

Approval for the study was granted by the local 
Ethics Committee, and written informed consent was 
obtained from all participants prior to study 
participation.

Measurement of Thiol-Disulphide Homeostasis
After 8 hours of total fasting, 5 cc venous blood was 
collected from each participant and transferred into 
tubes with EDTA (ethylene diamine tetra-acetic acid). 
Then the blood samples were centrifuged at 1.800 g 
for 10 minutes. The serum samples obtained were 
preserved at -80°C until the biochemical analysis was 
carried out. For the samples collected from all 
participants, hemogram and liver, kidney and thyroid 
function tests were performed and vitamin B12, folate, 
and ferritin levels were measured. The dynamic thiol-
disulphide homeostasis was measured using a novel 
automated measurement method developed by Erel 
and Neselioglu (7). The native thiol and total thiol 
contents of the samples were evaluated with a modified 
Ellman reagent. The disulphide content was obtained 
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by dividing the difference between serum total thiol 
and native thiol levels by two. In addition, disulphide/
native thiol, disulphide/total thiol and native thiol/
total thiol ratios were calculated automatically as 
percentage (%).

Statistical Analysis
Statistical Package for the Social Sciences (SPSS 
version 22, IBM Inc., Armonk, NY, USA) was used to 
analyze the study data. Shapiro-Wilks test was run to 
assess distribution characteristics of the variables. 
Continuous variables were analyzed with t test or 
Mann-Whitney U test for comparison of two groups 
and analysis of variance (ANOVA) or Kruskal-Wallis 
test for comparing three groups. Levene’s test for 
homogeneity of variances was performed to examine 
the variances. Post-hoc comparisons were performed 
with Bonferroni test for homogeneous variances and 
Tamhane test for non-homogeneous variances. 
Univariate ANCOVA analyses were performed to 
investigate the effects of potential confounders (age, 

gender, BMI, and albumin levels). Means and standard 
deviations (SD) or median and 25th-75th percentiles 
(minimum-maximum) were reported. The chi-square 
test was used to analyze categorical variables. Pearson’s 
correlation test was used to evaluate correlation 
between the variables. Statistical significance level was 
determined as p<0.05.

RESULTS

A total of 21 GAD patients, 23 PD patients, and 23 
healthy controls were included in this study. The 
demographic features of the patients and the control 
group are reported in Table 1. There was no significant 
difference in age, sex, educational status, and body mass 
index (BMI) between the three groups (p>0.05). The BDI 
and BAI scores were significantly higher in the patient 
groups compared to the control group (Table 1). There 
was no statistically significant difference between the 
GAD and PD groups with regard to BDI and BAI scores 
(p=0.864, p=1.0, respectively). There was no statistically 

Table 1: Sociodemographic features of the patient and control groups

Characteristic GAD (n=21) PD (n=23) Control (n=23) Eta-Square F, χ2 p

Age (years) * 30.67±6.70 30.09±8.09 31.48±5.89 0.01 0.232 0.794

Gender (Female n, %)** 14 (66.7%) 15 (65.2%) 17 (73.9%) 0.460 0.794

Educational status (years)* 12.62±3.54 12±2.97 12.52±3.91 0.01 0.204 0.816

BMI (kg/m2)* 23.86±3.47 23.66±3.96 24.05±2.72 <0.01 0.078 0.925

BDI score* 12.57±4.4 11.48±5.84 2.09±2.02 0.55 38.998 <0.001

BAI score* 24.05±6.73 24.13±6.15 2.48±2.29 0.79 <0.001
*ANOVA, **Chi-Square Test. The number of degrees of freedom for the ANOVA was 2.66 and for the Chi-Square test 2. Values are presented as mean±standard 
deviation or n (percentage) for gender. GAD: Generalized Anxiety Disorder, PD: Panic Disorder, BMI: Body mass index, BDI: Beck Depression Inventory,  
BAI: Beck Anxiety Inventory. Post-hoc Tamhane Test for BDI: Control<GAD, p<0.001; Control<PD, p<0.001; BAI: Control<GAD, p<0.001; Control<PD, p<0.001.

Table 2: Comparison between the groups with regard to Thiol-Disulphide measures

Parameter GAD (n=21) PD (n=23) Control (n=23) Eta-Square F, χ2 p

Native Thiol (μmol/L)* 435.55±75.72 447.6±72.49 515.9±57.08 0.22 8.947 <0.001

Total Thiol (μmol/L)* 533.33±85.33 513.25±102.43 522.79±58.49 0.01 0.313 0.732

Disulphide (μmol/L)* 23.29±10.55 19.95±8.73 11.20±7.58 0.23 9.297 <0.001

Pairwise ratios (%)

Disulphide/Total thiol 0.28 (0.20-0.74) 0.05 (0.02-0.47) 0.08 (0.00-0.43) 5.082 0.079

([–S–S–]/[–SH+–S–SH])** (0.04-0.52) (0.04-0.26) (0.02-0.20)

Disulphide/Native thiol 0.34 (0.20-1.11) 0.06 (0.02-0.65) 0.05 (0.00-0.41) 8.194 0.017

([–S–S–]/[–SH])** (0.04-0.59) (0.05-0.34) (0.20-0.17)

Native thiol/Total thiol 0.89 (0.48-0.95) 0.91 (0.54-1.11) 0.96 (0.10-0.93) 20.906 <0.001

([–SH]/[–SH– + –S–S–])** (0.74-0.92) (0.88-0.96) (0.94-1.00)
*ANOVA and **Kruskal-Wallis Tests. ANOVA results are reported with F values, Kruskal-Wallis test results are reported with Chi-Square values. The number of degrees 
of freedom for the ANOVA was 2.66, and for the Kruskal-Wallis test 1. Thiol and disulphide values are presented as mean±standard deviation. Pairwise ratios are 
presented as median (min-max) and (25th-75th percentiles). GAD: Generalized Anxiety Disorder, PD: Panic Disorder Post-hoc Bonferroni test for Native Thiol: 
GAD<Control, p=0.001, PD<Control, p=0.004; Disulphide: GAD>Control, p<0.001, PD>Control, p=0.011; Post-hoc Mann-Whitney U test for Disulphide/Native Thiol: 
GAD>Control, p=0.007; Native thiol/Total thiol, GAD<Control, p<0.001; PD<Control, p=0.002.
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significant difference between the groups with regard to 
liver, kidney and thyroid function tests, hemogram, 
ferritin, folate, and vitamin B12 levels (p>0.05).

The native thiol, total thiol, and disulphide levels 
and their pairwise ratios (disulphide/total thiol, 
disulphide/native thiol, native thiol/total thiol) are 
presented in Table 2. The native thiol levels and native 
thiol/total thiol ratios were significantly lower in the 
GAD and PD groups compared to the control group 
(p=0.001 and p=0.03, respectively); however, the 
disulphide levels and disulphide/native thiol ratios of 
the GAD and PD groups were significantly higher than 
those of the control group (p<0.001 and p=0.011, 
respectively). There was no statistically significant 
difference between the PD and GAD groups in native 
thiol, disulphide levels and disulphide/total thiol ratio 
(p=0.933, p=0.665, and p=0.079, respectively). There 
was no statistically significant difference in total thiol 
levels between the three groups (p>0.05) (Figure 1). 
Age, gender, albumin levels, and BMI were investigated 
as covariates in further analysis. Albumin levels, age, 
BMI, and gender were all covariates of thiol-disulphide 
levels (p>0.05 for all, Table 3). Native thiol levels were 
significantly higher in females than in males in the 
control group. On the other hand, native thiol levels 
were found to be significantly higher in males than in 
females in the PD group (p=0.007). Age, education, 
clinical evaluation scale scores, and all available 
biochemical variables were controlled for correlations 
with total thiol, native thiol, and disulphide levels. Total 
thiol levels and BDI scores had a significant correlation 

in the PD group (rho=-0.58, p=0.007). No other 
significant correlation was detected between thiol-
disulphide levels and clinical or other biochemical 
variables (p>0.05). 

DISCUSSION

One of the main findings of this study was that in 
untreated GAD and PD groups, the native thiol levels 
and native thiol/total thiol ratios were significantly 
lower compared to the control group; additionally, 
disulphide levels and disulphide/native thiol ratios were 
significantly higher. On the other hand, there was no 
statistically significant difference between GAD and PD 
groups with regard to the native thiol and disulphide 
levels. To our knowledge, this is the first study to 
compare the oxidative stress status of GAD and PD 
patients. 

Although GAD and PD belong to the same group 
of disorders and share some common distress 
symptoms, they differ both with regard to their clinical 
appearance and their etiopathology. While PD is 
associated with paroxysmal anxiety episodes, GAD is 
often characterized by a constant state of anxiety. In 
addition to environmental differences in etiology, 
genetic inheritance and familial clustering have been 
shown to be stronger in PD than in other anxiety 
disorders (14). Studies in brain imaging and 
neurotransmitter systems also reveal some differences 
for both disorders (15). Different studies examined the 
effects of oxidative stress on GAD and PD separately, 
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Figure 1. Distributions of native thiol, total thiol, and disulphide levels of the patient and control groups.
HCs: Healthy controls, GAD: Generalized anxiety disorder, PD: Panic disorder.

Table 3: Covariate analysis for thiol or disulphide levels

Age Gender Albumin level BMI

Native Thiol F=0.17, p=0.681 F=0.32, p=0.573 F=0.98, p=0.325 F=0.32, p=0.574

Total Thiol F=0.23, p=0.634 F=0.08, p=0.773 F=1.76, p=0.190 F=0.02, p=0.902

Disulphide F=3.50, p=0.066 F=1.91, p=0.172 F=1.31, p=0.257 F=2.28, p=0.136
Univariate ANCOVA. BMI: Body mass index.
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and the results show certain similarities as well as 
differences for these disorders.

This study found that the level of native thiol was 
decreased and the disulphide level was increased in 
patients with GAD, indicating that thiol-disulphide 
homeostasis disruption might be due to both decreased 
levels of antioxidants and increased levels of oxidants. 
Similar to our results, studies conducted with GAD 
patients generally observe an increase in oxidant 
molecules and a decrease in antioxidants in these 
patients. Different studies on the oxidative status of 
GAD patients reported reduced total antioxidant levels 
and elevated total oxidant levels, lipid peroxidation, and 
oxidative stress index (16-19). A recent study found 
impaired thiol-disulphide homeostasis in GAD patients. 
However, that study revealed an increased disulphide 
level with no difference in the thiol level (8).

Along similar lines, our study also showed 
decreased native thiol and increased disulphide levels 
and a disrupted thiol-disulphide balance in PD 
patients. Previous studies evaluating the oxidative 
status in PD patients had different results. A recent 
study also found the thiol-disulphide homeostasis to 
be impaired in PD patients. However, while it was 
emphasized that thiol levels were decreased, there 
were no reported changes in disulphide levels (9). 
Some studies investigating different oxidative stress 
markers found that the oxidant enzymes levels 
(malondialdehyde [MDA], superoxide dismutase 
[SOD], GSH-Px) increased, and total antioxidant 
capacity decreased in patients with PD (20,21). On the 
other hand, some studies found no significant changes 
in antioxidant enzymes in PD patients or increased 
total antioxidant capacity that might show a reactive 
increase of antioxidants to protect the organism 
against free radicals in PD (22,23). 

We did not find any statistically significant 
difference with regard to thiol and disulphide levels 
between GAD and PD groups. Even though there are 
some etiological differences between the two disorders, 
these findings might be a result of common factors 
playing a role in the etiopathogenesis of both disorders. 
Catecholamines are the major neurotransmitters 
involved in the pathophysiology of anxiety disorders 
(24). Reportedly, overactivity of the catecholaminergic 
system can stimulate the production of reactive oxygen 
and nitrogen species (ROS, RNS), thus causing an 
oxidative load. To compensate this load, antioxidant 
molecules are consumed. If an oxidative balance is not 
achieved, oxidative stress becomes manifest, potentially 
causing cellular damage by changing protein expression, 

membrane fluidity, cellular receptor configuration, and 
signal transduction (25).

When we examined the effect of BDI and BAI scores 
on thiol and disulphide levels, we found no correlation 
between the test scores and oxidative stress parameters 
other than a positive correlation of BDI scores and total 
thiol levels in PD. Similar to our findings, other studies 
in the literature did not determine any correlations 
between anxiety scores and oxidative stress parameters 
in GAD (8,18). Additionally, we found no correlation 
between oxidative stress status and disease severity in 
PD (22). This result can be interpreted to mean that an 
impaired oxidative balance may be related to the 
disorder itself rather than disease severity.

Another finding of this study was the presence of 
higher native thiol levels in females than in males in the 
control group. It is reported that gender has an effect on 
oxidative status, and females generally have a lower 
oxidative load than males (26). In addition, estrogen is 
known as the sex hormone with some antioxidant 
effects, modulating inflammation (27). The average age 
of the sample group suggests that the majority of the 
participants involved in the study were in the 
premenopausal  per iod.  Furthermore,  high 
premenopausal estrogen levels may have caused higher 
native thiol levels in the healthy control group. On the 
other hand, this advantage for the female gender 
disappeared in the patient groups. However, native 
thiol levels are higher in males with PD than in females, 
but the very small number of males in the sample group 
may be a confounding factor when interpreting this 
finding.

Our study has some limitations: It was conducted in 
a single center with a relatively small sample size. 
Another limitation was its cross-sectional design. On 
the other hand, given the fact that these disorders have 
high psychiatric comorbidity rates, the involvement of 
only newly diagnosed and medication-naive GAD and 
PD patients without any comorbid psychiatric 
conditions may constitute a strength of this study.

To conclude, these findings can be interpreted to 
indicate that the thiol-disulphide homeostasis is 
impaired due to a damaged antioxidant system together 
with increased oxidant load in both GAD and PD. The 
causal relationship between anxiety disorders and 
oxidative imbalance is not clear. It is still not known 
whether oxidative stress causes anxiety disorders or vice 
versa. Regardless of the underlying mechanism, any 
type of therapeutic intervention to reduce oxidative 
stress or provide antioxidant support should be 
considered in the treatment of these disorders.
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