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ABSTRACT
Objective: In the present study, we aimed to examine the relationship between the oxidative
metabolism with disease severity, sociodemographic, and clinical characteristics in the patients
with schizophrenia.
Methods: Seventy-one patients with schizophrenia and 76 healthy volunteers were included in
the study. Plasma total antioxidant level (TAL) and total oxidant level (TOL) were analyzed, and
oxidative stress index (OSI) was calculated.
Results: There was a statistically significant increase in TOL and OSI and decrease in TAL in the
patients with schizophrenia compared to the controls (p < .05). There were positive, mild,
statistically significant correlations between TOL, OSI, and Positive and Negative Syndrome
Scale-Total scores (p = .01, p = .01, respectively), Positive and Negative Syndrome Scale-
Negative scores (p = .002, p = .001, respectively), Positive and Negative Syndrome Scale
Global Psychopathology scores (p = .03, p = .03, respectively), and Clinical Global Impression-
Severity Scale scores (p = .008, p = .009 respectively). OSI levels were significantly lower in the
patients who were on treatment with atypical antipsychotics (AAP) compared to the patients
who were on typical antipsychotics (TAP) and combined antipsychotic (CAP) agents (p = .032).
Conclusions: Oxidative stress was higher in schizophrenia patients. The increased severity of
negative symptoms was in line with the disruption in oxidative balance. Oxidative stress is
quite lower in AAP users compared to the TAP and CAP users. One of the mechanisms
underlying the fact that AAPs are more effective on negative symptoms than typical agents
may be the positive effect on the oxidative stress.
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Introduction

Schizophrenia is a chronic and severe psychiatric ill-
ness affecting about 1% of the world’s population and
it causes disability [1]. There are researches on many
factors exploring etiopathogenesis of schizophrenia,
including genetic and biochemical studies [2]. One of
the important factors considered to be involved in
the pathophysiology of schizophrenia is excessive pro-
duction of free radical agents [3–5] and failure of anti-
oxidant defense processes [6–8]. Although many
studies were conducted on this field, further studies
are needed to establish the role of oxidative imbalance
in schizophrenia [5]. Cellular oxidative damage is gen-
erally caused by free radicals and reactive oxygen
species (ROS). Many biochemical processes are
involved in low ROS levels [9].

Oxidative stress is the disruption of the balance in
the oxidative mechanism as a result of increase in oxi-
dant level and/or decrease in antioxidant level [10].
Several methods have been developed to measure oxi-
dant and antioxidant capacity. Total oxidant level
(TOL) and total antioxidant level (TAL) may reflect

plasma oxidant and antioxidant status, respectively
[11]. Specific metabolites have remained incapable in
detecting oxidant and antioxidant capacity. Therefore,
we believed that calculation of total oxidant–antioxi-
dant capacity in order to evaluate the relationship
between oxidative metabolism and certain disorders
may provide us a more global understanding.

Many researchers have carried out studies about the
role of oxidative stress on the pathogenesis, pro-
gression, and treatment of psychiatric disorders.
These studies have found a disruption of the oxidative
balance in psychiatric disorders. It was reported that
this imbalance is sustained in some psychiatric dis-
orders even during remission while some studies
reported recovery in oxidative imbalance after treat-
ment [2,12–16].

There is a growing number of studies on this topic,
since toxic radicals are suggested to play a role in the
etiology of schizophrenia [17]. The increase in oxi-
dative stress index (OSI) in patients with schizophrenia
may play a significant role in pathophysiological dis-
ease mechanisms. On the other hand, increased oxi-
dative stress may be a result of pathological processes
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[3,18–20]. The studies examining the relationship
between schizophrenia and total oxidant–antioxidant
levels are scarce [21,22]. To our knowledge, there is
only one study that analyzed TOL and OSI as well as
TAL in schizophrenia [23]. In line with the study con-
ducted by Virit et al., we assessed the relation of total
oxidant–antioxidant level and OSI with Positive and
Negative Syndrome Scale (PANSS) and Clinical Global
Impression-Severity Scale (CGI-S) scores in patients
with schizophrenia. The results of the present study
were different than those reported by Virit et al. [24]
Furthermore, the present study evaluated the relation-
ship between antipsychotic (AP) medications and
Oxidative Stress Parameters (OSP) levels. The present
study found different results when compared to those
of other studies that evaluated the relationship between
OSPs and AP [24,25].

The aim of the present study was to examine the
association of OSPs with sociodemographic and clinical
data as well as medications in schizophrenia patients.

Methods

Methods and measurements

The present study is a case-control study and it aims to
determine total oxidant and total antioxidant and OSI
and compared to the healthy controls.

The study group is composed of patients who were
referred to Harran University Hospital’s Psychosis
Unit and who were diagnosed with schizophrenia
according to DSM-IV diagnosis criteria during routine
control. The inclusion criteria were as follows: diagno-
sis of schizophrenia according to DSM-IV diagnosis
criteria, age between 18 and 65 years, being able to
read the informed consent form and being able to
respond questions after reading the form with the care-
giver, being competent to provide informed consent,
and absence of other psychiatric conditions.

The exclusion criteria were as follows: being less
than 18 years old, presence of an accompanying psy-
chiatric disorder except for schizophrenia, pregnancy,
antioxidant agent use (vitamin E and vitamin C),
xanthine oxidase inhibitor use (allopurinol and folic
acid), presence of a severe neurologic disease (epilepsy,
cerebrovascular event, Parkinson’s disease, etc.), pres-
ence of severe mental retardation, presence of a
remarkable history for severe head trauma, obesity,
hypertension, diabetes or other endocrine disorders,
current substance-use disorder, or history of sub-
stance-use disorder.

The study was approved by the Harran University’s
Ethics Committee. The control group is composed of
healthy individuals who werematched with the patients
in terms of age, gender, and who did not have a history
of psychiatric disorder. After providing thorough infor-
mation to the subjects about the study procedures, all

subjects provided written consents for participation in
the study in accordance with the Helsinki Declaration
[26]. Sociodemographic data and clinical data were
recorded for the patients and the control group. Sev-
enty-one patients (55 males and 16 females), who
were followed regularly and who met inclusion criteria
of the study, and 76 healthy controls (60 males and 16
females) were enrolled. The severity of the symptoms
in patients with schizophrenia was assessed by PANSS
[27] and CGI-S scales. Simpson–Angus (S-A) scale
was used to determine extrapyramidal symptom sever-
ity in the patients. Blood samples were drawn between
08:00 and 09:00 a.m. after at least 12 hours of fasting
and abstinence from smoking. Blood samples of the
patient and control groups were collected from antecu-
bital vein. Blood samples were collected into hepari-
nized blood tubes and kept on ice, and the samples
were centrifuged at 3000 rpm for five minutes within
six hours to separate the serum and plasma. Serum
samples were stored at −80°C for TAL and TOL analy-
sis. TAL and TOL were measured in serum samples at
Biochemistry Laboratory of Harran University, Faculty
ofMedicine andOSI was calculated. Themeasurements
were performed using a fully automated colorimetric
method developed by Erel [28].

OSI calculation

OSI was calculated by TOL (mmol H2O2 equiv./l)/TAL
(mmol Trolox equiv./l) × 100. Unit: AU (arbitrary unit).

Results

Distribution of the patient and the control groups and
their sociodemographic data are shown in Table 1.

Gender distribution did not differ between the
groups (p > .062).

The average age at disease onset was 22.3 ± 7.6 years;
the average disease period was 12.7 ± 10.6 years. Of
these patients, 61.8% had a prior history of hospitaliz-
ation. The family history for psychiatric disorder was
remarkable in 40.2% of the cases. There were no stat-
istically significant differences between the patient
and the control groups in terms of family history and
oxidative parameters (p > .064).

There were no statistically significant differences
in smoking status of the patient and the control

Table 1. Distribution of the patients and controls according to
the gender and sociodemographic data.

Patient
n (%)

Control
n (%) p

Male 55 (77.5) 60 (78.9) >.062
Female 16 (22.5) 16 (21.1) >.071
Smoker 45 (63.4) 53 (69.7) >.086

Mean ± SD Mean ± SD
Number of cigarettes 32.1 ± 16.8 29.3 ± 10.3 >.068
Age 33.5 ± 10.8 33.7 ± 10.3 >.061

Note: SD, standard deviation.
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group (p > .073). The cigarette smokers accounted for
63.4% (n = 45) of the patients with schizophrenia and
69.7% (n = 53) of the subjects in the control group.
The average number of daily cigarettes smoked was
32 ± 11 in patients with schizophrenia and 29.3 ± 10.3
in the control group (p > .068) (Table 1).

There were statistically significant differences
in terms of TAL (p < .001), TOL (p < .002), and OSI
(p < .001) levels of the patient and control groups
(Table 2). This comparison was presented in Figure 1.

OSI average was found to be significantly higher in
the smoker and non-smoker subgroups of patients with
schizophrenia compared to the control group (p < .05);
TAL and TOL averages did not significantly differ
according to the smoking status (p > .05). There were
no statistically significant correlations between OSPs
and number of cigarettes smoked, age at disease
onset, disease period, and body mass index (BMI) (p
> .058, p > .061, p > .078, and p > .086, respectively).

The distribution of schizophrenia subtypes in our
study was as follows: paranoid type, 56.3% (n = 40);
disorganized type 9.9% (n = 7); undifferentiated type,
8.5% (n = 6); catatonic type 1.4% (n = 1); and residual
type (23.9% (n = 17). There were no statistically signifi-
cant differences in oxidative parameters between the
subtypes of schizophrenia (p > .083).

Furthermore, a statistically significant correlation
was not found between OSP and PANSS-Positive
(PANSS-P) value (p > .067). Positive, mild, statistically
significant correlations were found between TOL and
PANSS-Total (PANSS-T), PANSS-Negative (PANSS-
N), PANSS-General Psychopathology (PANSS-G),

and CGI-S scores. Furthermore, positive, statistically
significant correlations were also found between OSI
and PANSS-T, PANSS-N, PANSS-G, and CGI-S scores.

Typical AP (TAP) drugs were used by 21.1% (n =
15) of the patients, while 54.9% (n = 39) of the patients
were treated with atypical AP (AAP) and 23.9% (n =
17) of the patients used combined APs (CAPs) (typical
and atypical).

A statistically significant correlation was not found
between OSP and S-A scale score (p > .088).

Discussion

One of the most important findings of the present
study is higher TOL and OSI in contrast to lower
TAL values in patients with schizophrenia compared
to the healthy controls. Elevated level of oxidants was
shown in many studies that were conducted previously
in patients with schizophrenia and other psychiatric
disorders. However, specific oxidant and/or antioxi-
dant levels were explored in most of these studies.
Since oxygen free radicals (OFRs) are very reactive
and have a short life and low density, it is difficult to
detect their values. By considering the fact that this dif-
ficulty may cause deficient measurements, measure-
ment of total oxidant and antioxidant levels (TAL
and TOL) instead of specific values might provide bet-
ter results [1,23].

Different opinions were suggested in many studies
conducted on oxidative stress in patients with
schizophrenia. In general, these studies found elev-
ated levels in the plasma, erythrocytes, platelets,
and cerebrospinal fluid [2,15,16,29–37]. There are
many study findings which showed elevated oxidant
levels in many psychiatric disorders such as bipolar
disorder, major depression, and panic disorder
besides schizophrenia [14,38–40]. A cause-and-effect
relationship between psychiatric disorders and oxi-
dant increase could not be explained completely in
all these studies. In other words, whether increased
oxidants cause psychiatric disorders or psychiatric
disorders cause oxidant increase is not known

Table 2. Comparison of TAL, TOL, and OSI levels between the
patients and controls.

Patient Control

Mean SD Mean SD t p

TAL† 0.71 0.14 0.90 0.17 −9.263 .001
TOL‡ 11.0 8.1 7.5 4.9 3.083 .002
OSI§ 1.60 1.20 0.80 0.60 5.073 .001

Note: SD, standard deviation.
†Total oxidant level.
‡Total antioxidant level.
§Oxidative stress index.

Figure 1. Comparison of TAL, TOL, and OSI levels according to the patients and controls.
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clearly. However, current data suggest that oxidants
may cause psychiatric disorders. The studies show
that increase in the oxidant levels may cause damage
in cellular constituents and functional molecules
[41]. Nowadays, the role of OFRs in the etiopatho-
genesis of schizophrenia has become one of the
most important considerations [4,36,37,42–44]. The
present study also supports that hypothesis.
Although there are different results derived from
previous studies, it is generally expressed that anti-
oxidants are reduced in schizophrenia
[8,24,35,40,42,43,45–47]. In the present study, sig-
nificantly lower plasma TAL levels were found in
patients with schizophrenia compared to the con-
trols. Plasma antioxidants have a significant contri-
bution to TAL. Albumin, uric acid, ascorbic acid,
bilirubin, and alpha tocopherol in human plasma
and blood consist more than 85% of total antioxi-
dant capacity [48]. Determination of total antioxi-
dant capacity serves as an indicator for all
antioxidants [24,49]. In line with our study, lower
plasma TAL values were reported in patients with
schizophrenia in the studies conducted using the
same method [24,50,51]. In other words, it may be
expressed that antioxidant defense mechanisms
against oxidative stress may differ according to the
individuals and environmental conditions. TOL was
found to be increased in the present study. However,
a decrease was found in antioxidant levels, although
a reactive increase has been expected. This suggests
that patients are under oxidative stress and there is
a defect in their defense system against oxidative
products or another factor exists in the medium
that causes a decrease in antioxidant capacity.

Another important finding of our study is that an
increased OSI in patients with schizophrenia. OSI is
an index obtained by dividing TOL to TAL and it
is used as a general assessment standard related to
oxidative stress [52]. Both aspects of the oxidative
metabolism as oxidant–antioxidant may be evaluated
using OSI. We may observe how antioxidants change
according to the oxidant level in the blood by OSI.
Decreased antioxidants and/or increased oxidants
can cause an increase in OSI. OSI defines an imbal-
ance in support of oxidants between oxidative pro-
cesses and antioxidant defense systems [53,54]. OSI

increase may cause vital disruptions in many physio-
logical mechanisms [45,55,56].

In this present study, TAL was found to be lower in
patients with schizophrenia compared to the control
group. In response to oxidative stress, compensatory
increase is expected in TAL. We think that decreased
TAL in schizophrenia patients is a result of diminished
compensatory response. Increased oxidative stress is
common in schizophrenia and in vivo mechanisms
are insufficient to neutralize this condition. OSI levels
are reported to be increased in schizophrenia
[25,31,46,47,57,58]. May it be oxidative stress and
increased OSI or insufficient antioxidant response,
and the resulting disruption in the equilibrium between
these mechanisms ultimately could cause breakdown of
cellular elements and functional compounds [59].
Recovery can be observed in the symptoms to a certain
extent by addition of an antioxidant such as N-acetyl
cysteine [60,61]. However, further studies are required
to evaluate antioxidant therapies in schizophrenia.

Smoking is common among patients with schizo-
phrenia and it is known that smoking affects OSPs
[61]. There were no significant differences between
the schizophrenia group and the control group in
terms of the number of smokers and number of ciga-
rettes smoked. Mean OSI was found to be significantly
higher in patients with schizophrenia when compared
to the control group (Table 3). This finding suggests
that OSI is impaired in patients with schizophrenia
independently of smoking. In other words, changes
in oxidative parameters and OSI elevation are indepen-
dent from smoking, in line with our study [24,32].
Blood samples were drawn after 12 hours of fasting
and abstinence from smoking. According to the pre-
vious literature, increased oxidant levels caused by
smoking is reversed in 4 hours after smoking [61].
We consider that due to this reversal effect, the present
study did not find significant difference between smo-
kers and non-smokers in terms of OSPs.

Another finding of the present study is compari-
son of OSPs, PANSS-T, PANSS subscale scores,
and CGI scores. In the present study, significant
and positive correlations were found between TOL
and PANSS-T, PANSS-N, PANSS-G, and CGI
scores. Furthermore, statistically significant and posi-
tive correlations were also found between OSI and

Table 3. Comparison of oxidative parameters of the patients and controls according to smoking status.
Patient Control

Non-smoker Smoker Non-smoker Smoker

Mean SD Mean SD Mean SD Mean SD

TAL† 0.68 0.15 0.72 0.12 0.90 0.17 0.96 0.17
TOL‡ 13.4 10.4 9.5 6.5 8.0 5.2 7.2 4.8
OSI§ 2.0 1.5 1.3 0.85 0.98 0.81 0.76 0.46

Note: SD, standard deviation.
†Total oxidant level.
‡Total antioxidant level.
§Oxidative stress index.
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PANSS-T, PANSS-N, PANSS-G, and CGI scores. No
significant correlations were found between TAL and
PANSS-T, PANSS subscales and CGI scores (p > .05).
Furthermore, there were no statistically significant
correlations between PANSS-P and OSPs (TAL,
TOL, and OSI) (Table 4). TOL and OSI levels
increased with increasing PANSS-T, PANSS-N,
PANSS-G, and CGI scores that show disease severity.
Furthermore, no statistically significant correlations
were found between PANSS-P and OSP. It can be
speculated that positive symptoms of schizophrenia
do not linearly associate with oxidative stress. TAL
did not present statistically significant linear associ-
ation with any of the scale scores. There are contra-
dictory results on this topic in the literature
[24,51,62–65]. There are several factors which are
responsible for controversial results. These factors
include individual experience of disorder, course of
illness, medical interventions, co-morbid conditions
and medical interventions, and lifestyle. Due to
these factors, it is difficult to generalize the results
obtained from different studies [65].

In line with several other studies, a significant
relation was not found between schizophrenia types
and oxidative parameters in the present study
[24,33,44]. Furthermore, different data were also
obtained in some studies [51,66]. The results of these
studies did not reveal a clear relationship between
schizophrenia subtypes and specific oxidant and anti-
oxidant enzyme levels. There are supporting and con-
flicting data. These studies might originate a
biological basis for exclusion of subtypes of schizo-
phrenia in DSM-5.

There were no statistically significant linear
associations between OSPs and number of cigarettes,
BMI, age at disease onset, and disease period. Con-
sistent with the literature, we did not find significant
correlation between TAL and age, sex, duration of ill-
ness, smoking status, education, and BMI [20,62,66].
These results indicate that oxidative stress is associ-
ated directly with the disease.

OSI level was significantly lower in AAP users when
compared to TAP and CAP users. Although TOL level

was lower in AAP users, there was no significant differ-
ence. We did not find any statistically significant differ-
ences in TAL level between AP medication groups.
Lower TOL and OSI levels in AAP users indicate that
AAPs are more reliable in terms of oxidative stress.
There were no statistically significant differences
between TAP and CAP users (Table 5). Although
there are diverse opinions, our findings support avoid-
ing TAP and combined pharmacological interventions
in order to protect patients against increased oxidative
stress. There are conflicting results on this topic. Taneli
et al. reported that 6-week AP treatment did not show a
significant effect on serum Nitric oxide (NO) levels of
patients with schizophrenia [67].

In the study conducted by Gama et al. [25], superox-
ide dismutase (SOD) activity and tiobarbituric acid
reactive substance (TBARS) levels were measured in
patients, who used haloperidol and clozapine due to
schizophrenia at least for two years. Serum TBARS
level was significantly higher in clozapine users when
compared to haloperidol users. There was no difference
in SOD levels between clozapine and haloperidol users
[25]. In a study where AP effects on NO levels were
explored in patients with schizophrenia, plasma nitrate
levels were higher in patients treated with haloperidol
compared to risperidone or olanzapine users. This stat-
istically significant difference found in plasma nitrate
levels was between haloperidol and risperidone groups
when compared to olanzapine group [65]. No differ-
ence was found in OSP levels between TAP, AAP,
and CAP users in the study conducted by Virit
et al.[24] This study was the first to evaluate the associ-
ation between AAPs and TAL, TOL, and OSI. There
are some differences compared to the present study.
These are as follows:

(1) Family history of psychiatric disorder was more
remarkable in the present study.

(2) Number of cigarettes smoked was not reported in
the study by Virit et al.

(3) In their study, Virit et al. included patients on
combined pharmacotherapy with antidepressants,
mood stabilizers, and anxiolytics.

Table 4. Correlations between biochemical parameters and PANSS, PANSS-P, PANSS-N, PANSS-G, and CGI-S scores.
PANSS-T|| PANSS-P¶ PANSS-N** PANSS-G†† CGI-S‡‡

r p r p r p r p r p

TAL† −0.057 .64 −0.03 .90 −0.09 .47 −0.06 .63 −0.03 .83
TOL‡ 0.30 .01 0.19 .11 0.36 .002 0.26 .03 0.31 .008
OSI§ 0.29 .01 0.18 .14 0.38 .001 0.24 .03 0.31 .009

Note: Bold values are p < .05.
†Total oxidant level.
‡Total antioxidant level.
§Oxidative stress index.
||Positive and Negative Syndrome Scale-Total scores.
¶Positive and Negative Syndrome Scale-Positive Scale.
**Positive and Negative Syndrome Scale-Negative Scale.
††Positive and Negative Syndrome Scale-General Psychopathology Scale.
‡‡Clinical Global Impression-Severity Scale.
Bold values are p < 0.05
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Since all differences above might affect OSPs, some of the
results may contradict with the data of the present study.

Consequently, oxidative stress is unbalanced in
schizophrenia and this condition is usually present
with increased oxidation and decreased antioxidants
or both. Increase in the severity of negative symptoms
was consistent with the disruption in oxidative balance.
Oxidative stress is quite lower in AAP users when com-
pared to TAP and CAP users. Better outcomes with
AAP in negative symptoms may point out possible
positive effects of these drugs on oxidative stress.

Limitations of the study include small sample size.
The results suggest there is a clinical benefit from early
detection of schizophrenia using serum TOL and TAL.
However, further studies are needed to verify this.

In conclusion, in this present study, oxidative stress
was found higher in schizophrenia patients. The
increased severity of negative symptoms was consistent
with the disruption in oxidative balance. Oxidative
stress was lower in AAP users compared to TAP and
CAP users. This finding might support the idea that
one of the mechanisms underlying the fact that AAPs
are more effective on negative symptoms than typical
agents might have been their positive effect on the oxi-
dative stress. Further studies with larger sample size are
needed to replicate our findings.
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