
INTRODUCTION 

Panic disorder (PD) is an anxiety disorder with a chronic 
course characterized by recurrent, unexpected panic attacks 
and a series of long-term signs and behaviors between the at-
tacks. The panic attacks in this professionally and socially dis-
abling disorder appear at a most unexpected time and loca-
tion during the day and increase in severity to reach their peak 
within 10 minutes.1,2 The patients feel that they are confront-
ed with a disaster during a panic attack. The fear of experienc-
ing an attack (expectation anxiety) leads to avoidance of situ-
ations in which getting help or running away can be difficult 
such as crowds, being alone outside the home, or traveling, 
and patients endure these situations with intensive anxiety 
known as agoraphobia (A).1,3,4 
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The evidence on the important role played by free oxygen 
radicals on the pathophysiology of neuropsychiatric disorders 
has accumulated in recent years.5-10

Free radicals are molecules that appear as the natural result 
of normal metabolic pathways. The total amount of oxidants 
and antioxidants of a healthy organism are in balance.11,12 If 
the endogenous and exogenous oxidants that appear go above 
a certain level or the antioxidants become inadequate, the bal-
ance shifts toward the oxidants and oxidative stress appears.13,14 
Free oxygen radicals at a higher than normal level damage 
proteins. Lipid, carbohydrates, nucleic acids and beneficial 
enzymes that are the building blocks of the organism and can 
cause permanent damage. A hyperactive oxidative metabo-
lism can be the result of physiological stress, pathogens or in-
flammatory responses. Genetic variability and physiological 
factors can affect the oxidative defense capacities of the indi-
vidual. These features may play a role in the disorder’s patho-
genesis, continuation of the symptoms and their recurrence. 
The defensive mechanisms of the cell prevent free radical 
formation, convert oxidant substances to less toxic products, 
distance free radicals from vital structures and repair molec-
ular damage.15,16

A study on the oxidative and anti-oxidative parameters in 
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PD has measured the oxidant and antioxidant levels in PD 
patients and found higher levels than the control group. The 
same study found a positive relationship between disease se-
verity and the oxidant and antioxidant levels.17 Another study 
has again evaluated oxidative and anti-oxidative parameters 
in PD. Oxidants were higher in the patient group than the 
control group in this study but there was no significant differ-
ence regarding antioxidant parameters. It has been stated in 
light of these findings that free oxygen radicals may play a role 
in PD pathogenesis and that they can be used as a biological 
marker of the disease.18

Many important findings have been revealed by studies on 
oxidative and anti-oxidative parameters related to PD etiolo-
gy.17-20 However, it is interesting that any effect of A, which ac-
companies 30-50% of PD cases, on oxidative and anti-oxida-
tive parameters has not been studied.3 We supposed that 
oxidative stress and anti-oxidative parameters would increase 
with the addition of A to PD. To investigate this hyphothesis, 
we compared three groups consisting of a PD subgroup with 
A, PD subgroup without A and a control group, in terms of 
oxidative and anti-oxidative parameters. As far as we know, 
this is the first study to investigate oxidative and anti-oxidative 
parameters in the PD subtypes with and without A. This eval-
uation is important as it can act as a guide for future studies 
and shed light on research investigating the pathogenesis of 
the PD subtypes with and without A. 

METHODS

Subjects
This study was conducted on a total of 53 PD patients (21 

males, 32 females) and 53 age- and sex-matched control sub-
jects (21 males, 32 females) presenting at the Inonu Universi-
ty Faculty of Medicine Psychiatry Outpatients Department and 
diagnosed according to the Diagnostic and Statistical Manual 
of Mental Disorders, fourth edition text-revision (DSM-IV-
TR) diagnostic scales. 

The participants were informed on the procedure to be per-
formed and their consent was obtained. The study project was 
approved by the Inonu University Faculty of Medicine Ethic 
Committee. 

The diagnoses of the patients participating in the study were 
determined using a structured interview form arranged ac-
cording to the criteria of DSM-IV-TR (The Structured Clinical 
Interview for Diagnostic and Statistical Manual of Mental Dis-
orders, SCID-I). The exclusion criteria for the patient group 
were the presence of an education or language problem to the 
degree it would interfere with the diagnostic interview, a co-
morbid psychiatric disorder diagnosis, severe medical prob-
lem such as hypertension or diabetes, neurological disorders; 

severe physical disease, alcohol, smoking or substance abuse 
and dependence, pregnancy, and a history of drug treatment 
within the last three months while the exclusion criteria for 
the control group were a personal or family history of psychi-
atric disorder, severe medical problem such as hypertension 
or diabetes, alcohol, smoking or substance abuse or depen-
dence, pregnancy and a history of drug treatment within the 
last three months.

The data collection tools were the Sociodemographic Data 
Form, the Panic and Agoraphobia Scale (PAS), Hamilton De-
pression Rating Scale (HDRS) and the Hamilton Anxiety Rat-
ing Scale (HARS).

Biochemical analysis

Serum PON, ARE activity and TAC level analysis 
Serum PON activity, ARE activity and TAC21 levels were 

measured on the autoanalyzer (Microgenics; MGC-240) us-
ing Rel-Assay-Diagnostics brand commercial kits. Serum TAC 
levels were expressed as µmolTroloxEqv/L while PON and 
ARE activity levels were expressed as U/L.

Serum MDA level analysis 
MDA, the most important indicator of lipid peroxidation, 

was analyzed by the method described by Ohkawa et al.22 
The main principle of the analysis is the formation of a pink-
colored chromogen when the MDA present in the environ-
ment reacts following heating with thiobarbituric acid in an 
acidic environment. The intensity of the pink color directly 
correlates with the MDA concentration in the sample. Serum 
MDA levels have been expressed as µmol/L.

Statistical analysis
Statistical Package for the Social Sciences (SPSS) for Win-

dows 16.0 software was used to analyze study data. Quantita-
tive variables were expressed as mean±standard deviation 
(SD) while qualitative variables were expressed as numbers 
and percentages. A normal distribution was found for quan-
titative variables by using the Shapiro Wilk normalcy test 
(p>0.05). Comparison of the patient and control groups was 
the unpaired t-test, Pearson chi-square analysis and Fisher’s 
Exact chi-Square test. The three-way comparison of the PD 
with A, PD without A and control groups for oxidative and 
anti-oxidative parameters was with the one-way variance anal-
ysis (ANOVA) test and the two-way comparison with the 
Bonferroni method. The intragroup variables were tested with 
the Pearson Correlation Analysis. The association between A 
and clinical variables (age, number of attacks, PAS, HDRS, 
HARS), oxidative stress parameter (MDA) and antioxidants 
(TAC, PON, ARE) was evaluated with the Multiple Linear Re-
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gression Analysis. A p value <0.05 was accepted as statistical-
ly significant.

RESULTS

A total of 53 patients consisting of 21 (39.6%) males and 
32 (60.4%) females were included in the study. The mean age 
of the patients was 36.8±10.8 years. The number of patients 
with A was 31 and the mean age was 36.9±11.2 years while the 
relevant numbers for the group without A were 22 and 36.7± 
10.5 years. The control group consisted of 53 healthy individ-
uals, composed of 21 (39.6%) males and 32 (60.4%) females. 
The mean age of the controls was 36.9±10.8 years. There was 
no difference between the patient and control groups for age 
and gender (p>0.05). There was also no difference between the 
PD groups with and without A for age and gender (p>0.05).

Comparison of the patient and control groups for oxida-
tive and anti-oxidative stress parameters revealed significantly 
lower levels of TAC, PON and ARE levels in the two groups 
(p=0.025, p=0.001, p=0.033, respectively). MDA levels were 
significantly higher in the patient group than the control group 
(p=0.003). Table 1 presents the comparison of the patient and 
control groups for the oxidative stress parameter (MDA) and 
antioxidants (TAC, PON, ARE).

Comparison of the PD with and without A groups and the 
control group for TAC, PON, ARE and MDA showed that 
the TAC, PON, ARE antioxidants and MDA oxidant were 
statistically significantly different (p=0.004, p=0.002, p=0.019, 
p=0.0001, respectively). Two-way comparison for TAC, PON, 
ARE and MDA of the PD with A, PD without A and the con-
trol groups to determine the group that was creating the dif-
ference revealed a statistically significant difference between 

Table 1. Comparison of the patient and control groups regarding the oxidative stress parameter (MDA) and antioxidants (TAC, PON, ARE)

Patient (N=53) Control (N=53)
t p

(Mean±SD) (Mean±SD)
TAC (µmolTroloxEqv./L) 1.71±0.20 1.80±0.20 -2.276 0.02*
PON (U/L) 67.85±47.17 108.89±70.02 -3.538 0.001*
ARE (U/L) 93.64±8.19 97.09±8.24 -2.162 0.03*
MDA (µmol/L) 2.62±0.90 2.16±0.65 3.042 0.003*

The results have been expressed as mean±standard deviation. *p<0.05. TAC: total antioxidant capacity, PON: paraoxonase, ARE: arylesterase, 
MDA: malondialdehyde

Table 2. Comparison of the PD with and without A and control groups regarding the oxidative stress parameter (MDA) and antioxidants (TAC, 
PON, ARE)

PD with A (N=31) PD without A (N=22) Control (N=53)
f p

(Mean±SD) (Mean±SD) (Mean±SD)
TAC (µmolTroloxEqv/L) 1.65±0.21 1.80±0.17 1.80±0.20 5.876 0.004*

0.041†

0.004‡

1.000§

PON (U/L) 60.71±45.56 77.91±48.60 108.89±70.02 6.799 0.002*
0.911†

0.002‡

0.130§

ARE (U/L) 91.90±8.19 96.09±7.71 97.09±8.24 4.099 0.019*
0.202†

0.017‡

1.000§

MDA (µmol/L)               3.00±0.98 2.08±0.34 2.16±0.65 15.941 0.0001*
0.0001†

0.0001‡

1.000§

The results have been provided as mean±standard deviation. *between the groups of PD with A, PD without A and the control subjects, †PD with 
A vs. PD without A, ‡PD with A vs. the control group, §PD without A vs. the control group. TAC: total antioxidant capacity, PON: paraoxonase, 
ARE: arylesterase, MDA: malondialdehyde, PD: panic disorder
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the PD groups with and without A and between the PD with 
A and the control group for TAC (p=0.041, p=0.004, respec-
tively). There was no difference between the PD without A 
and control groups (p=1.00). There was also no significant 
difference for PON between the PD groups with and without 
A and between PD group without A and control group (p= 
0.91, p=0.13, respectively) while there was a significant differ-
ence between the PD with A group and the control group (p= 
0.002). There was no significant difference for ARE between 
the PD groups with and without A and between the PD 
group without A and the control group (p=0.202, p=1.00, re-
spectively) while there was a significant difference between 
the PD with A and control groups (p=0.017). There was a sig-
nificant difference for MDA between the PD groups with and 
without A and between the PD with A group and the control 
group (p=0.0001, p=0.0001, respectively) but no difference be-
tween the PD group without A and the control group (p=1.00). 
Table 2 presents the two-way and three-way comparisons of 
the PD group with and without A and the control group for 
oxidative and antioxidative stress parameters.

Comparison of the patient and control groups for HDRS 
and HARS scores showed statistically higher HDRS and 
HARS scores in the patient group (p=0.0001, p=0.0001, respec-
tively).

Comparison of the with A and without A groups by the scale 
scores and weekly number of attacks revealed that the group 

with A had a statistically significantly higher number of at-
tacks and PAS total and HARS scores (p=0.06, p=0.0001, 
p=0.04, respectively). There was no significant difference be-
tween the HDRS scores (p=0.54).

When we evaluated the relationship between the clinical 
variables (age, number of attacks, PAS, HDRS, HARS), oxi-
dative stress parameter (MDA) and antioxidants (TAC, PON, 
ARE) with the Multiple Linear Regression Analysis, we saw 
that the clinical changes did not have a significant effect on ox-
idative stress parameter (MDA) and antioxidants (TAC, PON, 
ARE) in the PB with A and PB without A groups (p≥0.05) 
(Table 3-10). When we evaluated the relationship between A, 
oxidative stress parameters (MDA) and antioxidants (TAC, 
PON, ARE) with the Multiple Linear Regression Analysis, we 
saw that the A had a significant effect on antioxidants (TAC, 
ARE) and oxidative stress parameter (MDA) (p=0.02, p=0.04, 
p=0.001, respectively) (Table 11).

Evaluating the relationship between the oxidative stress 
parameter (MDA) and antioxidants (TAC, PON, ARE) with 
each other and the other variables (number of attacks, PAS 
total, HDRS, HARS) showed a negative relation between the 
TAC level and the MDA, PAS total, HARS and number of at-
tacks (p<0.05). There was a positive relationship between PON 
and ARE, and a negative relationship between PON and MDA, 
PAS total, HDRS, HARS and the number of attacks (p<0.05). 
There was a negative correlation between ARE and MDA, the 

Table 3. Evaluation of the effect of clinical variables on the TAC antioxidant parameter with multiple linear regression analysis in the PD with 
A group

Model Variable B  SEβ β t p
1 Constant 1.550 0.837 - 1.851 0.08

Age 0.002 0.004 0.092 0.428 0.67
Number of attacks -0.007 0.018 -0.085 -0.381 0.71
PAS -0.001 0.027 -0.010 -0.041 0.97
HDRS 0.019 0.028 0.147 0.674 0.51
HARS 0.0001 0.017 -0.003 -0.011 0.99

PAS Total: Panic and Agoraphobia Scale, HDRS: Hamilton Depression Rating Scale, HARS: Hamilton Anxiety Rating Scale, TAC: total anti-
oxidat capacity, PD: panic disorder

Table 4. Evaluation of the effect of clinical variables on the PON antioxidant parameter with multiple linear regression analysis in the PD 
with A group

Model Variable B  SEβ β t p
1 Constant 167.622 174.740 - 0.959 0.35

Age 0.606 0.859 0.149 0.706 0.49
Number of attacks 1.142 3.658 0.068 0.312 0.76
PAS -3.110 5.580 -0.132 -0.557 0.58
HDRS -2.802 5.912 -0.102 -0.474 0.64
HARS -2.188 3.527 -0.154 -0.620 0.54

PAS Total: Panic and Agoraphobia Scale, HDRS: Hamilton Depression Rating Scale, HARS: Hamilton Anxiety Rating Scale, PD: panic disor-
der, PON: paraoxonase



IG Gul et al. 

   www.psychiatryinvestigation.org  321

number of attacks and PAS total (p<0.05). There was a nega-
tive relationship between MDA and TAC, PON, and ARE, 
and a negative relationship between MDA and the number 

of attacks and PAS total (p<0.05). There was a significant pos-
itive relationship between the PAS total and HDRS, HARS 
and number of attacks (p<0.05). Table 12 present the rela-

Table 5. Evaluation of the effect of clinical variables on the ARE antioxidant parameter with multiple linear regression analysis in the PD 
with A group

Model Variable B  SEβ β t p
1 Constant 79.266 29.873 - 2.653 0.01*

Age 0.020 0.147 0.027 0.134 0.89
Number of attacks 1.215 0.625 0.403 1.943 0.06
PAS -0.036 0.954 -0.008 -0.038 0.97
HDRS 0.120 1.011 0.024 0.119 0.91
HARS 0.044 0.603 0.017 0.073 0.94

*p<0.05. PAS Total: Panic and Agoraphobia Scale, HDRS: Hamilton Depression Rating Scale, HARS: Hamilton Anxiety Rating Scale, PD: 
panic disorder, ARE: arylesterase

Table 6. Evaluation of the effect of clinical variables on the MDA oxidant parameter with multiple linear regression analysis in the PD with A 
group

Model Variable B  SEβ β t p
1 Constant -1.183 3.503 - -0.338 0.74

Age -0.015 0.017 -0.174 -0.885 0.38
Number of attacks 0.015 0.073 0.041 0.203 0.84
PAS 0.187 0.112 0.368 1.669 0.11
HDRS -0.108 0.119 -0.180 -0.908 0.37
HARS -0.015 0.071 -0.049 -0.210 0.83

PAS Total: Panic and Agoraphobia Scale, HDRS: Hamilton Depression Rating Scale, HARS: Hamilton Anxiety Rating Scale, PD: panic disor-
der, MDA: malondialdehyde 

Table 7. Evaluation of the effect of clinical variables on the TAC antioxidant parameter with multiple linear regression analysis in the PD 
without A group

Model Variable B  SEβ β t p
1 Constant 1.728 0.600 - 2.879 0.01*

Age 0.005 0.004 0.284 1.106 0.28
Number of attacks 0.001 0.025 0.014 0.059 0.95
PAS 0.007 0.015 0.108 0.424 0.68
HDRS 0.021 0.040 0.143 0.532 0.60
HARS -0.044 0.028 -0.408 -1.553 0.14

*p<0.05. PAS Total: Panic and Agoraphobia Scale, HDRS: Hamilton Depression Rating Scale, HARS: Hamilton Anxiety Rating Scale, PD: 
panic disorder, TAC: total antioxidat capacity 

Table 8. Evaluation of the effect of clinical variables on the PON antioxidant parameter with multiple linear regression analysis in the PD 
without A group

Model Variable B  SEβ β t p
1 Constant 244.039 175.956 - 1.387 0.18

Age 0.505 1.255 0.110 0.402 0.69
Number of attacks -4.846 7.181 -0.173 -0.675 0.51
PAS -4.160 4.526 -0.249 -0.919 0.37
HDRS -12.068 11.661 -0.296 -1.035 0.32
HARS 3.278 8.221 0.111 0.399 0.69

PAS Total: Panic and Agoraphobia Scale, HDRS: Hamilton Depression Rating Scale, HARS: Hamilton Anxiety Rating Scale, PD: panic disor-
der, PON: paraoxonase
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tionship between the oxidative stress parameter (MDA) and 
antioxidants (TAC, PON, ARE) both with each other and 
with the weekly number of panic attacks, PAS total, HDRS, 
and HARS scores.

DISCUSSION

We found statistically significantly lower TAC, PON and 
ARE levels and higher MDA levels in the PD patients com-
pared to the control group. Comparison of the three groups of 
PD with A, PD without A and the control group showed a sig-
nificant difference for TAC, PON, ARE antioxidants and the 
MDA oxidant while it was the ‘with A’ subgroup that created 
this difference between the patient group and the control 

group. These findings indicate that oxidative/anti-oxidative 
mechanisms may play an important role in the pathogenesis 
of PD with A.

The few studies on patients with a diagnosis of PD have re-
ported a wide range of results. Kuloglu et al.17 have compared 
glutathione peroxidase (GPx), catalase (CAT), superoxide dis-
mutase (SOD) antioxidants and the MDA oxidant in 20 PD 
patients and 20 healthy control subjects and found the GPx, 
SOD and MDA levels to be significantly higher in the PD 
group. Ersoy et al.19 investigated the TAC and ceruloplasmin 
levels in 19 PD patients and 40 healthy control group subjects 
and found both parameters to be higher in the PD group. 
Herken et al. compared the oxidant xanthine oxidase (XO) 
and nitric oxide (NO) levels between 32 PD patients and 20 

Table 9. Evaluation of the effect of clinical variables on the ARE antioxidant parameter with multiple linear regression analysis in the PD 
without A group

Model Variable B  SEβ β t p
1 Constant 99.080 28.026 - 3.178 0.006*

Age -0.069 0.200 -0.095 -0.346 0.73
Number of attacks 0.443 1.144 0.100 0.387 0.70
PAS -0.310 0.721 -0.117 -0.430 0.67
HDRS 0.797 1.857 0.123 0.429 0.67
HARS 0.875 1.309 0.187 0.668 0.51

*p<0.05. PAS Total: Panic and Agoraphobia Scale, HDRS: Hamilton Depression Rating Scale, HARS: Hamilton Anxiety Rating Scale, PD: 
panic disorder, ARE: arylesterase

Table 10. Evaluation of the effect of clinical variables on the MDA oxidant parameter with multiple linear regression analysis in the PD with-
out A group

Model Variable B  SEβ β t p
1 Constant 1.912 1.155 - 1.655 0.12

Age -0.003 0.008 -0.081 -0.319 0.75
Number of attacks -0.051 0.047 -0.259 -1.088 0.29
PAS 0.021 0.030 0.179 0,714 0.49
HDRS -0.097 0.077 -0.335 -1.261 0.22
HARS 0.081 0.054 0.389 1.504 0.15

PAS Total: Panic and Agoraphobia Scale, HDRS: Hamilton Depression Rating Scale, HARS: Hamilton Anxiety Rating Scale, PD: panic disor-
der, MDA: malondialdehyde

Table 11. Evaluation of the effect of A on the TAC, PON, ARE antioxidant parameters and MDA oxidant parameter with multiple linear re-
gression analysis

Variable B SEβ β t p
TAC Constant 1.790 0.042 - 42.571 0.0001

Agorophobia -0.127 0.056 -0.303 -2.272 0.02*
PON Constant 78.261 9.741 - 8.034 0.0001

Agorophobia -18.394 12.947 -0.195 -1.421 0.16
ARE Constant 96.174 1.660 - 57.942 0.0001

Agorophobia -4.474 2.206 -0.273 -2.028 0.04*
MDA Constant 2.163 0.170 - 12.755 0.0001

Agorophobia 0.820 0.225 0.454 3.640 0.001*
*p<0.05. TAC: total antioxidant capacity, PON: paraoxonase, ARE: arylesterase, MDA: malondialdehyde
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healthy subjects in the control group and found XO oxidant 
levels to be higher in the patient group than the control group. 
The same study found no significant difference between the 
SOD and NO scores.18 We found the MDA oxidant level to be 
high in the PD group in our study, similar to these studies, 
but the TAC, PON and ARE anti-oxidative parameter levels 
were low in contrast. These results can be interpreted as the 
presence of a damaged anti-oxidative system together with 
increased oxidative stress. Furthermore, it could be said that 
A is more effective on oxidative stress and the damage in an-
ti-oxidative mechanisms as the PON, ARE and TAC antioxi-
dant parameters were lower but the MDA oxidant higher in 
the PD with A subgroup compared to the control group while 
the same parameters were no different than the control group 
in the PD group without A. 

A has been reported to increase the severity of the disorder 
in many studies.23-25 A study on the pituitary volume in PD 
has shown the pituitary volume to be much smaller in PD 
patients with A compared to those without. The same study 
found a negative relationship between PD severity and pitu-
itary volume.26 Another study that used Single-Positron Emis-
sion Tomography (SPECT) to evaluate regional cerebral blood 
flow in PD showed that there was a statistically significant 
decrease in blood flow in the right occipital region and an in-
creased blood flow in the right superior temporal region in the 
PD with A patients compared to those without A.27 All these 
findings make it possible to comment that besides the diag-
nostic separation regarding whether PD is accompanied by A 
or not, there may be differences in the biological structures 
and physiopathology of the two groups. Our study has shown 
that oxidative stress increase and damage appears in the anti-
oxidative defense mechanisms in the presence of A. It may 
therefore be necessary to evaluate A as a separate disorder oth-
er than a problem increasing the severity of PD. The defini-
tion of A has been changed into a disorder with its own code 

whether PD is present or not in DSM-V that is currently be-
ing prepared. It is said that this hypothesis is supported by 
familial genetic data, previous psychiatric history, concurrent 
diagnosis patterns, disease course, response to treatment and 
safety evaluations.28 Evaluation of A in addition to PD for oxi-
dative stress and antioxidant systems in our study supports 
this change in the DSM-V.

These studies increase the evidence showing that there may 
be antioxidant enzyme metabolism changes in PD patients. 
It has even been suggested that the oxidative stress and antiox-
idant systems can be used as diagnostic and prognostic devices 
in PD and could be useful to monitor drug efficacy.17,18 We 
showed in this study that the antioxidant parameters de-
creased compared to the control group in PD and that this 
was derived from the A subgroup, in contrast to some other 
studies. This finding may indicate a role for damaged anti-oxi-
dative defense mechanisms in the etiopathogenesis of PD with 
A. However, we believe that it would be best to discuss at this 
point whether the increased oxidative stress and damaged 
antioxidant systems are a part of the pathophysiology and eti-
ology of the disease or a reflection of the abnormal cerebral 
function. 

Comparison of the scale (HDRS, HARS) scores between the 
PD and control groups revealed that the patients had statisti-
cally significantly higher HDRS and HARS scores that the 
control group. The presence of a concurrent diagnosis was an 
exclusion criterion in our study but the higher scale scores in 
the PD group compared to the healthy controls may indicate 
a relationship with expectation anxiety, a natural manifestation 
of the disorder, and concurrent sub-threshold anxiety disor-
ders. Comparison of the PD subgroups of with and without 
A for number of attacks and the scales (PAS total, HDRS, 
HARS) showed that the number of attacks, PAS total and 
HARS scores were statistically significantly higher in the 
group with A than the group without. There was no significant 

Table 12. The relationship between the oxidative stress parameter (MDA) and antioxidants (TAC, PON, ARE) both with each other and with 
the weekly number of panic attacks, PAS total, HDRS, and HARS scores

TAC PON ARE MDA
(r, p) (r, p) (r, p) (r, p)

TAC (0.17, 0.07) (0.08, 0.39) (-0.23, 0.01*)
PON (0.17, 0.07) (0.47, 0.0001*) (-0.22, 0.02*)
ARE (0.08, 0.39) (0.47, 0.0001*) (-0.34, 0.0001*)
MDA (-0.23, 0.01*) (-0.22, 0.02*) (-0.34, 0.0001*)
Number of attacks (-0.27, 0.005*) (-0.34, 0.0001*) (-0.19, 0.04*) (0.40, 0.0001*)
PAS total (-0.24, 0.01*) (-0.34, 0.0001*) (-0.23, 0.01*) (0.36, 0.0001*)
HDRS (-0.14, 0.13) (-0.29, 0.002*) (-0.12, 0.20) (0.11, 0.22)
HARS (-0.23, 0.01*) (-0.27, 0.005*) (-0.12, 0.20) (0.16, 0.09)

*p<0.05. TAC: total antioxidant capacity, PON: paraoxonase, ARE: arylesterase, MDA: malondialdehyde, PAS Total: Panic and Agoraphobia 
Scale, HDRS: Hamilton Depression Rating Scale, HARS: Hamilton Anxiety Rating Scale
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difference between HDRS scores. A study evaluating the qual-
ity of life in PD reported that the group with A had more pro-
nounced disturbance of their social, professional and family 
life, higher scores for scales such as PAS total and HARS, a 
higher number of attacks and a more pronounced disruption 
of the quality of life in general.24 These results are consistent 
with the results of our study.

Oxidative stress is known to increase in mayn systemic dis-
orders such as diabetes mellitus, hypertension and osteoar-
thritis and in neuropsychiatric disorders. Oxidative and anti-
oxidative parameters have also been shown to be unstable 
markers and to be influenced by many factors such as smok-
ing, alcohol, excessive exercise, advanced age, medication us-
age and air pollution.29-31 We chose our exclusion criteria tak-
ing these factors into account when creating our patient and 
control groups. The regression analysis we performed to de-
termine the effect of A and clinical variables such as age, 
weekly number of panic attacks, PAS total, HDRS, and HARS 
on the TAC, PON, ARE antioxidants and the MDA oxidant 
showed that these clinical variables did not have a significant 
effect on oxidative and antioxidative parameters. As for A, 
we saw that the it has a significant effect on antioxidants (TAC, 
ARE) and oxidative stress parameter (MDA). These results 
support our findings that the addition of PD to A increases 
oxidative stress and antioxidative mechanism damage. Other 
studies in PB on this subject have not focused on factors in-
fluencing oxidative and antioxidative markers, increasing the 
importance of our study.17-20 

Evaluation of the relationship between the oxidative anti-
oxidative parameters between themselves and with each oth-
er shows a negative relationship between MDA levels and the 
TAC, PON, ARE levels with the oxidative parameters increas-
ing while the anti-oxidative parameters decrease in PD. The 
presence of a negative relationship between the number of at-
tacks, PAS total and HARS scores and the TAC, PON, ARE 
levels, but a positive relationship between the MDA levels in-
dicate that antioxidants decrease and oxidants increase as 
disease severity increases. Evaluating our study results in light 
of this information could lead to an interpretation that the oxi-
dative stress increases but the anti-oxidative mechanisms are 
adequate in coping with this stress at the beginning of the dis-
ease but the anti-oxidative defense mechanisms become dis-
rupted with increasing damage and therefore cannot respond 
to the stress. Similarly, we saw that the high oxidative stress in 
the PD without A group in our study became more pro-
nounced with the addition of A and the anti-oxidative mech-
anisms become inadequate in fighting off this stress. Variables 
that indicate an increased PD severity such as increased num-
ber of attacks and high PAS and HARS scores further increase 
the already high level of oxidative stress and damage in anti-

oxidative mechanisms seen in PD. Taking these results into 
account, new studies on the roles of oxidative/anti-oxidative 
mechanisms in agoraphobic patients without PD are needed. 
One limitation of our study is having one oxidant investigat-
ed against three oxidant parameters. Another limitation is 
the small sample size and we could also have made another 
group from A patients without PB. In conclusion, new stud-
ies with larger and control groups are needed to fully eluci-
date oxidative and antioxidative mechanisms of PD.

Taking into account all literature studies on oxidative/anti-
oxidative mechanisms, the causality relationship between 
psychiatric disorders and increased levels of oxidants is not 
clear. It is not known for sure whether the increased oxidants 
cause psychiatric disorders or the reverse is true. It is therefore 
necessary to understand oxidative stress mechanisms in psy-
chiatric disorders to possibly have a better understanding of 
the disease activity and response to treatment using oxida-
tive/anti-oxidative markers, to pinpoint the etiology and to 
increase treatment options. 
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