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Abstract: Background: There are various differences in response to different antipsychotics and
antioxidant defense systems (ADS) by sex. Previous studies have shown that several ADS enzymes
are closely related to the treatment response of patients with antipsychotics-naive first-episode
(ANFE) schizophrenia.

Objective: Therefore, the main goal of this study was to assess the sex difference in the relationship
between changes in ADS enzyme activities and risperidone response.
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Methods: The plasma activities of glutathione peroxidase (GPx), catalase (CAT), superoxide dis-
mutase (SOD), and total antioxidant status (TAS) were measured in 218 patients and 125 healthy
controls. Patients were treated with risperidone for 3 months, and we measured PANSS for psycho-
pathological symptoms and ADS biomarkers at baseline and at the end of 3 months of treatment.
We compared sex-specific group differences between 50 non-responders and 168 responders at
baseline and at the end of the three months of treatment.
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Results: We found that female patients responded better to risperidone treatment than male patients.
At baseline and 3-month follow-up, there were no significant sex differences in TAS levels and
three ADS enzyme activities. Interestingly, only in female patients, after 12 weeks of risperidone
treatment, the GPx activity of responders was higher than that of non-responders.

Conclusion: These results indicate that after treatment with risperidone, changes in GPx activity
were associated with treatment response, suggesting that changes in GPx may be a predictor of re-
sponse to risperidone treatment in female patients with ANFE schizophrenia.
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1. INTRODUCTION Accumulating studies have shown that abnormal en-
zymes/proteins in the redox regulatory system are closely re-
lated to the pathophysiology of schizophrenia [5, 6]. Free
radicals produced by excessive transmission of dopamine and
oxidative metabolism can cause nerve cell damage, brain de-
generation, and gray matter loss [7, 8]. Superoxide dismutase
(SOD) combines with catalase (CAT) and glutathione peroxi-
dase (GPx) to form an antioxidant defense system (ADS),
which can effectively scavenge these free radicals and block
the initiation of chain reactions of reactive species [9]. The

Schizophrenia is a severe mental disorder that affects ap-
proximately 20 million people worldwide [1]. However, its
pathophysiological mechanism remains unknown. Existing
antipsychotic drugs only benefit about 30 % of schizophrenia
patients, and the therapeutic effect and effectiveness are still
a huge challenge [2-4]. In particular, the heterogeneity of the
treatment effect exists in different patient populations. To
date, the lack of effective biomarkers for response to anti-
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three ADS enzymes can work together to react with reactive
species and neutralize free radicals in different ways and at
different stages [10]. Oxidative stress occurs when there is an
imbalance between the production of free radicals and the
efficacy of ADS. Increased oxidative stress markers and im-
paired ADS system have been found in patients with antipsy-
chotics-naive first episode (ANFE) schizophrenia [11-15]. In
particular, a recent meta-analysis found that in the early stages
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of schizophrenia, glutathione deficiency and glutathione redox
cycle abnormalities occur and are independent of antipsychot-
ic treatment [16]. Another meta-analysis revealed that TAS,
SOD, and CAT might be related to an individual’s response to
antipsychotic treatment [17]. Moreover, antioxidants as an
adjunct to standard antipsychotic treatments can change the
level of oxidative stress markers and reduce the symptoms of
schizophrenia [18-21]. In view of this evidence, the molecules
in ADS are related to pathological mechanisms and may be
used as biomarkers of schizophrenia to predict the response to
antipsychotic drugs [5, 22].

It has been reported that antipsychotics can regulate ADS
enzymes [23, 24]; however, there is significant heterogeneity
in these findings [25-28]. Whether RSP can regulate the ac-
tivity of ADS enzymes remains inconsistent [29-31]. Previ-
ous studies have reported that RSP treatment regulates ADS
molecules [23, 32-35]. In contrast, other studies have found
that RSP treatment has no effect on the activity of the ADS
enzyme [36, 37].

Schizophrenia is a heterogeneous disorder in terms of
symptoms and treatment outcome [38]. It is well known that
treatment response, the dosage of antipsychotics, and oxida-
tive stress markers are gender-related [39]. Research on gen-
der variables may help explain heterogeneity. Female pa-
tients generally respond better to antipsychotics than male
patients [40-42]. Research on patients with ANFE schizo-
phrenia has also revealed that female patients’ symptoms
improved more than male patients [43, 44]. It is speculated
that the complex interaction between sex and metabolism
may cause these differences.

The hypothalamic-pituitary-adrenal (HPA) axis is in-
volved in the pathophysiology of schizophrenia by affecting
brain development and function. Researchers have found that
when schizophrenia patients have low estradiol levels, psy-
chotic symptoms may worsen during the menstrual cycle.
Estrogen has been shown to modulate HPA axis activity and
act through the estrogen receptors (ERs) to exert neuropro-
tective effects in adulthood [45]. Lower levels of estrogen
can impede the protective effects on dendritogenesis, synap-
tic plasticity, and neural excitability, and clinical symptoms
may worsen in women [46, 47]. Further, the cytochrome
P450 enzymes responsible for the metabolism of antipsy-
chotic drugs are regulated by sex hormones [48]. However,
there is no research report on whether ADS enzymes may
predict the efficacy of antipsychotic drugs in the treatment of
ANFE schizophrenia patients.

Given the previous literature on ADS markers in schizo-
phrenia, we hypothesized that there would be a sex difference in
the association between changes in ADS markers and treatment
response to risperidone (RSP). The purposes of this study were
to investigate (1) whether there were sex differences in ADS
enzyme activities in ANFE schizophrenia patients; (2) whether
there were sex differences in ADS enzyme activities and treat-
ment response after RSP treatment; and (3) whether there were
sex differences in the relationship between treatment response
and changes in ADS enzyme activities.

2. MATERIALS AND METHODS

2.1. Participants

A total of 218 patients with ANFE schizophrenia were
enrolled from 2 psychiatric centers nationwide. The diagno-
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sis of schizophrenia was made by four experienced psychia-
trists using the Chinese version of the Structured Clinical
Interview for DSM-IV (SCID). The inclusion and exclusion
criteria have been described in detail in our previous paper
[5]. In brief, the inclusion criteria and exclusion criteria in-
clude: age 16~45 years; course of disease <60 months; drug-
naive or cumulative exposure to psychotropic drugs <14
days; no major medical comorbidities; no other diseases with
oxidative stress etiology; receiving no over-the-counter anti-
oxidants and immunomodulators as well as no dietary sup-
plements. Since admission, all patients received dietetically
balanced hospital meals. 125 healthy controls were enrolled
during the same period. Control subjects were screened by
SCID to exclude those with current or past psychiatric symp-
toms or those who have received antipsychotic medication.
Healthy individuals were excluded if they had first-degree
relatives with a diagnosis of psychosis. The other general
criteria were the same for ANFE patients.

Patients and controls were screened to exclude medical
comorbidities through physical examinations (i.e., cancer,
diabetes, and hypertension). This study was approved by the
Institutional Review Board of Beijing Huilongguan Hospital.
Each subject provided written informed consent.

2.2. Study Design

Schizophrenia patients received a flexible dose of RSP
(4-6 mg/day) for 3 months. During the 3-month treatment,
they were not allowed to take antidepressants and mood sta-
bilizers. The efficacy and safety of RSP treatment were eval-
uated every two weeks.

2.3. Assessments

Before the start of the study, experienced psychiatrists
received training on how to use the PANSS scale [49]. After
training, through repeated evaluations, the inter-observer
correlation coefficient (ICC) of the PANSS total score was
maintained at >0.8. In this study, patients were assessed for
PANSS at baseline and follow-up. As in our previous study,
the percentage decrease in the PANSS total score was calcu-
lated as d = (PANSSbaseline'PANSSfollow up)/(PANSSbaseline'30)
[5]. According to the response criteria in previous studies,
patients whose PANSS total score at week 12 was 30 % or
lower than baseline were defined as responders [50, 51].
Non-responders were defined as a decrease in the PANSS
total score of less than 30 %.

2.4. Determination of Antioxidant Defense Markers

ADS markers, such as TAS, GPx, CAT, and SOD en-
zyme activities (Fig. 1), were determined as previously de-
scribed by using commercially available kits in all samples
[5]. Enzyme activities were expressed in units per milliliter
plasma (U/ml).

2.5. Statistical Analysis

A chi-square test was performed on categorical variables,
and an analysis of variance (ANOVA) was performed on
continuous variables. For the sex differences in the compari-
son between demographic data and the antioxidant defense
system markers, a 2 x 2 analysis of covariance (diagnosis X
sex) was carried out with sex and diagnosis as the dependent
variables. Covariates included age and body mass index
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Fig. (1). Participation of SOD, CAT, and GPx in the neutralization of free radicals. (4 higher resolution/colour version of this figure is avail-

able in the electronic copy of the article).

Table 1. Demographic data and clinical characteristics between patients and controls at baseline.
- Schizophrenia Patients Healthy Controls
- Male Female Male Female
- (n=122) (n=96) p (n=177) (n=48) p

Age (ys) 27.0+ 8.4 28.8+10.4 0.14 27.5+8.1 27.7+7.7 0.92
Education (ys) 9.4+3.7 9.2+4.0 0.59 10.5+3.2 10.1+3.0 0.55
BMI (kg/m?) 21.7+33 212+3.6 0.30 244+43 220 + 3.1 0.001
SOD (U/ml) 75.6 £8.2 745+11.2 0.40 67.1+11.9 58.9+14.1 0.01
GPx (U/ml) 55.7+18.6 55.7+16.5 0.98 62.7+18.0 64.9+9.8 0.57
CAT (U/ml) 0.29+0.3 0.24+0.3 0.24 0.29+0.4 0.29+0.4 0.98
TAS (U/ml) 221.0+72.3 218.1+77.9 0.78 207.8 £55.5 204.7 +43.9 0.80

Note: BMI Body mass index.

(BMI). Then, in male and female patients, a Pearson correla-
tion analysis was performed to evaluate the association be-
tween disease severity and ADS markers at baseline.

The second analysis was conducted in patients with both
baseline data and 3-month follow-up data. The last observa-
tion carried forward (LOCF) analysis was performed on pa-
tients who dropped out after the second month. We investi-
gated whether there were sex differences in ADS markers
and the association between antioxidant defense markers and
3-month RSP treatment response. We speculated that after 3
months of treatment, the ADS marker activity of responders
might be lower than that of non-responders. The ADS mark-
ers were used as the dependent variables, and response and
time were used as independent variables to perform 2 x 2
(response by time) repeated measures ANCOVA analysis.
The response x time interaction effect still received more
attention in this analysis because it may find potential ADS
markers related to treatment response. Controlling for con-
founding factors in this model included age and BMI. Pear-
son correlation analyses in male and female patients were
conducted between the symptom reduction and the changes
of ADS markers in responders and non-responders separate-
ly. In addition, regression analyses were also conducted to
determine the factors that were associated with the reduction
of symptoms in male and female patients. Bonferroni correc-
tions were used for multiple tests. In addition, the G*Power
3.1.9.2 program was used to calculate the sample size in this
study. The estimated sample size was 64 ~ 346 for four bi-
omarkers.

3. RESULTS

3.1. Sex Differences in Demographic Data and ADS
Markers at Baseline

There was a sex difference in BMI, which was controlled
in the following analyses. After controlling for age and BMI,
there was no sex difference in the four ADS enzymes of the
patients and the controls at baseline (all p > 0.05) (Table 1).
Correlation analysis revealed that at baseline, there was a
significant correlation between TAS and PANSS positive
symptom subscore, general psychopathology subscore, and
total score in both male and female patients (all p < 0.05).

3.2. Sex Difference in the Clinical Outcomes

After 3 months of RSP treatment, PANSS total score and
sub-scores were significantly decreased in both males and
females (all pgonferroni <0.01). Regarding positive symptoms,
females showed more improvement than males over time (F
=54, p=0.021) (Fig. 2). However, there was no significant
sex difference in the PANSS total score, negative subscore,
or general psychopathology subscore (all p > 0.05). When
patients were divided into non-responders and responders,
there was a sex difference in response rate (male vs. female:
86/122 vs. 82/96, 70.5 % vs. 85.4 %, X*=6.8, p = 0.01).

3.3. Sex Differences in the Associations between ADS
Markers and Response to RSP

There was no sex difference in the ADS four biomarkers
at follow-up (all p > 0.05) (Table 2). In order to test whether
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Fig. (2). PANSS total score and subscores were significantly decreased after risperidone monotherapy for 12 weeks in both males and fe-
males (p < 0.01). Compared to males, females showed more improvement in positive symptoms (F = 5.4, p = 0.021). Note: *p<0.05.

Table 2. PANSS scores after 12-week risperidone treatment by sex.
Baseline 12-Week Sex Sex x Time
Male Female Male Female )4 )4
Clinical symptoms (PANSS score), mean + standard deviation

P score 21.3+6.3 23.1+6.6 12.1+4.7 11.8+4.7 0.27 0.021

N score 189+7.1 18.5+£6.7 148+5.8 13.5£5.4 0.26 0.31

G score 352+9.7 36.5+10.1 25.6+6.8 247+55 0.84 0.11

Total score 75.4£17.5 77.7+18.0 52.5+13.5 50.0£13.0 0.96 0.06

there were sex differences in ADS marker changes between
responders and non-responders after RSP treatment, repeated
measures MANOVA analyses were conducted. We focused
on the response x time interaction in our analyses, which
may identify key ADS markers related to treatment respons-
es.

For male patients, there was no significant response X
time interaction for all 4 ADS markers (all p > 0.05). There
was significant main time effect for GPx (p = 0.02) and TAS
(» = 0.04), and a main response effect for TAS (p = 0.03).
Further post-hoc analysis showed that GPx activity de-
creased significantly over time, while TAS levels increased
significantly after RSP treatment in pooled patients, regard-
less of responders and non-responders (all p < 0.05). Moreo-
ver, we found that the responders had lower TAS levels than
the non-responders at baseline and follow-up (all p < 0.05).

For female patients, we found that there was a significant
group x time interaction for GPx (p = 0.002) (Table 3) (Fig.
3). Post-hoc analysis in female patients showed that com-
pared with non-responders, responders had lower GPx activi-
ty at baseline but higher GPx activity at follow-up (all p <
0.05). At the end of treatment, the decrease in GPx activity
from baseline to post-treatment in female non-responders
was significantly different from that in female responders
(11.5+£ 158 vs.3.5+18.9; Z2=2.9, p=0.03).

3.4. Sex Differences in the Correlation between ADS
Markers and Clinical Outcomes

The reduction in TAS levels was correlated with the de-
crease in positive symptom subscore ( = 0.19, p = 0.033) in
male patients. In female patients, there were significant asso-

ciations between the decrease in GPx activity and the de-
crease in PANSS positive symptom subscore, general psy-
chopathology subscore, and the total score (all p < 0.05)
(Table 4).

3.5. ADS Markers with Symptom Improvement and Re-
sponse to Treatment

Multiple linear regression analysis was conducted with
the reduction of the PANSS total score as the dependent var-
iable and with the reduction of the ADS markers as the inde-
pendent variables, adjusting for BMI, education and age. We
found that in female patients, a reduction in GPx activity was
a predictor for the improvement of the PANSS total score
(B =-0.232, t=-2.35, p = 0.021). Logistic regression analy-
sis was performed with the response as the dependent varia-
ble and changes in ADS markers as the independent variable,
adjusting for BMI and age. We found that in female patients,
change in GPx activity was a predictive factor for RSP re-
sponse (B = -0.082, Wald X = 11.675, p = 0.001, OR =
0.924).

4. DISCUSSION

This study indicated that: 1) female patients with schizo-
phrenia responded better to RSP treatment than male pa-
tients, especially in terms of positive symptoms in the early
stage of treatment; 2) there was no significant sex difference
in TAS levels and ADS enzyme activity at baseline and fol-
low-up; 3) after 3 months of RSP treatment, only in female
patients, responders had a reduction in GPx activity than
non-responders, indicating that GPx activity was closely
related to RSP treatment response in women.
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Table 3. Antioxidant defense markers and response to risperidone in males and females.

- Baseline 12-Week Follow-up Effect”
- reszzzzier Responder Non-responder Responder Time Responder Resl;?rr;(ier *
Males
SOD(U/ml) 76.1+7.5 75.4+8.5 76.7+9.2 75.7+8.2 0.11 0.45 0.86
TAS(U/ml) 231.1+69.3 206.4 +58.8 317.1+72.8 255.6+112.5 0.04 0.03 0.13
CAT(U/ml) 0.21+0.3 0.34+0.3 027+0.2 0.36+0.3 0.42 0.06 0.65
GPx(U/ml) 56.9+21.0 55.1+18.1 473+159 48.7+15.8 0.02 0.86 0.44
Females

SOD(U/ml) 72.1+8.1 75.0+11.4 745+7.8 77.0+8.8 0.17 0.13 0.55
TAS(U/ml) 237.7+63.9 2152+734 287.2+63.6 255.0 +108.1 0.16 0.29 0.63
CAT(U/ml) 0.24+0.3 024+0.3 0.33+0.3 0.30+0.3 0.67 0.77 0.84
GPx(U/ml) 65.6 £22.5 54.0+14.8 42.0+14.0 51.8+12.6 0.57 0.67 0.002

Note: “Adjusted F value controlling for age and BMI.

A: Female patients** B: Male patients
801 60- -o- Responder
- Non-responder
4 o :¥\ R 8 554
: s
8 401 ‘g 50-
& &
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Fig. (3). Activities of glutathione peroxidase (GPx) enzyme was changed after risperidone monotherapy for 12 weeks in patients. Further
analysis showed responders had a higher GPx activity than non-responders in GPx activity in females. Note: **p<0.01. (4 higher resolu-
tion/colour version of this figure is available in the electronic copy of the article).

Table 4. Correlation analysis between changes of ADS markers and reduction of clinical symptoms.

- P score” N score” G score” Total score”
Males (r, p)
GPx (U/ml)* -0.8 (.41) -.03(.79) .16 (.08) 11 (.25)
CAT (U/ml)* .05 (.58) -.09 (.38) .08 (.39) .04 (.72)
SOD (U/ml)* A3 (17) -.07 (.45) 17 (.07) .10 (.25)
TAS (U/ml)* .19 (.03) .01 (.95) .10 (.25) 13 (.15)
Females (r, p)
GPx (U/ml)* -32 (.001)” .04 (.69) -23 (.02)° -22 (.03)
CAT (U/ml)* .04 (.74) -.06 (.59) .04 (.71) .02 (.85)
SOD (U/ml)* .01 (.92) -.06 (.59) -07 (.51) -.05(.62)
TAS (U/ml)* .03 (.75) -.10 (.35) -.04 (.69) -.02(.82)

Note: “means the changes in the levels of ADS markers after treatment with risperidone for 12 weeks; " means the reductions in the clinical symptoms after treatment with risperidone
for 12 weeks; * p <0.05, **p <0.01.
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Some studies report that men’s shorter remission periods,
fewer relapses, and more hospitalizations than women may
be due to homelessness, being single or divorced, and lack of
family support (Ran et al., 2015). We found that female
ANFE patients responded better after receiving RSP, which
is in line with several previous long-term longitudinal studies
[52]. Although there are discrepancies in the clinical findings
between males and females in the treatment outcome of
schizophrenia [53], most studies support that clinical results
exhibit significant sex differences. Some studies reported
that men’s shorter remission periods, fewer relapses, and
more hospitalizations than women might be due to home-
lessness, being single or divorced, and lack of family support
[54]. In addition, compared with male patients, female pa-
tients had a later age of onset; therefore, their brain damage
was moderate. Evidence indicates that gonadal steroid hor-
mones, especially 17 B-estradiol (E2), may improve the ef-
fects of antipsychotics, thereby enabling women to have a
better therapeutic response to treatment than men [55, 56]. In
fact, studies have shown that when endogenous estrogen
levels drop, postmenopausal women usually require larger
doses of antipsychotic drugs [57]. Most antipsychotic drugs
are lipophilic and accumulate in adipose tissue, and women
have a higher percentage of body fat, thereby prolonging
their half-life [58]. Also, due to the relatively high activity of
hepatic enzyme cytochrome P (CYP) and renal clearance,
male patients cannot effectively control their symptoms with
commonly used doses of drugs and required high doses of
drugs [59-61].

Similar widespread changes in ADS markers were ob-
served in male and female patients, indicating that there are
no sex differences in ADS enzyme remodeling at baseline
and after RSP monotherapy. During the onset and after
treatment, patients have overstressed ADS enzyme activities
in response to oxidative stress, which is a compensatory
mechanism in the early and progressive stages of the disease.
Although there is clear evidence to support widespread ADS
enzyme abnormalities in patients with schizophrenia; how-
ever, as far as we know, this study is the first to address sex
differences in ADS enzymes in ANFE patients at baseline
and during 12-week follow-up. Our previous study has
shown that total SOD, Mn-SOD, and Cu-ZnSOD were not
significantly different between male and female patients with
schizophrenia [62]. Also, our results were consistent with
several other studies on chronic and first-episode patients
with schizophrenia, which showed that there was no sex dif-
ference in several ADS markers, including SOD, GPx, and
TAS [34, 63, 64]. However, our results contradicted some
previous preclinical and clinical studies on schizophrenia
[65-67], which found that there were significant sex-specific
differences in several ADS enzymes. We provide several
possible explanations for the inconsistent results between
studies. First, some confounding variables (such as obesity,
dietary habits, and age), activation of endocrine stress axis,
ADS enzyme-related gene polymorphisms, and assay meth-
ods for ADS markers may cause heterogeneity [17, 68-70].
In particular, differences in sample media (whole blood, se-
rum, or plasma) may influence the discrepancies between
these findings [17, 70, 71].

Our third finding was that after 3 months of treatment
with RSP, female responders showed no change in GPx ac-
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tivity, while female non-responders showed a significant
reduction in GPx activity. Changes in GPx activity were re-
lated to the treatment response of RSP only in female pa-
tients. It is known that GPx plays a crucial role in the ADS
system, which can remove the H,O, generated by the SOD
enzyme in combination with CAT and then reduce brain
damage [72, 73]. Specifically, GPx is the key enzyme for
ADS in the brain tissue to scavenge excess H,O, because the
CAT activity in the brain is low and is limited to peroxi-
somes. It has been confirmed that there is a close relationship
between decreased GPx activity and the severity of schizo-
phrenia, which may be related to DA metabolism [74, 75].
Buckman et al. found that brain atrophy was negatively cor-
related with GPx activity in patients with chronic schizo-
phrenia [76]. Further, an animal study on schizophrenia
showed that long-term RSP treatment restored specific
changes in GPx activity in the brain region [77]. Evidence
supports that markers in the glutathione (GSH) redox system
can be potential treatment targets for schizophrenia patients
[78, 79]. In particular, a previous small sample study showed
that the adaptive response of ADS markers, including GPx,
was involved in the outcomes of patients with first-episode
schizophrenia after 1, 6, and 12 months of treatment [80].
Overall, studies support that GPx activity is involved in the
severity of clinical symptoms and treatment response to anti-
psychotic drugs.

Specifically, we found that the association between
changes in GPx activity and outcomes was limited in female
patients. Previous studies have found that sex affects the
ADS enzyme activities, especially GSH pathway-related
enzymes [81, 82]. For example, animal model studies have
shown that only female rats exhibit reduced GSH levels and
increased nitrite in the striatum and are more likely to have
severe "positive" schizophrenia-like symptoms after two hits
[66]. Other studies of traumatic brain injury have also shown
that the greater neuroprotection in women is due to the anti-
oxidant mechanisms mediated by sex hormones, of which
GPx is one of the most important components [81].

At present, we do not fully know why sex and GPx inter-
act to affect the response to RSP, but we support the hypoth-
esis of hormone involvement. We speculate that in women
who respond to RSP, estrogen blocks the decrease in GPx
activity, while in female non-responders, GPx activity con-
tinues to decrease during follow-up. The biochemical mech-
anism of estrogen’s neuroprotective effect has not been fully
established, but clinical and preclinical evidence suggests
that it may be related to the dopaminergic system [83-86].
For example, previous studies have reported that estrogen
can increase striatal tyrosine hydroxylase activity and dopa-
mine metabolism, increase DA release, and result in changes
in striatal DA receptor characteristics in the nigrostriatal do-
paminergic (NSDA) system [86]. The increased DA metabo-
lism leads to the production of oxidative stress, and the GPx
enzyme is regulated. The responders can maintain the activi-
ty of GPx, but continue to decrease in the non-responders.
Another key mechanism by which estrogen may provide
neuroprotective effects is by enhancing antioxidant defenses
and limiting free radical-induced lipid peroxidation [87].
Notably, another sex hormone, progesterone, also has poten-
tial antioxidant effects, which may directly decrease mem-
brane lipid peroxidation [81]. Finally, estrogen affects the
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protein synthesis related to the normal growth of neurons,
including the upregulation of bcl-2 and BDNF, and attenuat-
ing injury-induced neuronal apoptosis [88]. In this study, we
do not know why sex hormones interact with GPx only in
responders but not in non-responders. We speculate that
women whose GPx activities do not decrease after RSP
treatment may be less affected by the disease in the early
stages. Therefore, in female responders, the increase in oxi-
dative stress caused a greater compensatory response to pre-
vent free radical damage. Contrary to our expectation, how-
ever, our further analysis of the comparison of clinical symp-
toms between female responders and female non-responders
showed no significant differences other than the general psy-
chopathological subscale. Moreover, we found that the gen-
eral psychopathology subscores of female responders were
higher than female non-responders. Therefore, further re-
search is warranted to understand the exact mechanisms.

Several limitations should be noted. First, ADS is com-
plex and consists of non-enzyme and enzyme antioxidant
molecules. This study only measured 3 representative mark-
ers of ADS in plasma; therefore, it provides limited insights
into ADS-mediated treatment response in schizophrenia. In
order to further understand how ADS is related to treatment
response, it is necessary to systematically analyze all syner-
gistic antioxidant enzymes, antioxidant non-enzyme mole-
cules, and lipid peroxidation products in future studies. Se-
cond, we did not assess the female patients at different stages
of the menstrual cycle, nor did we analyze the differences
considering the hormonal variations in female patients dur-
ing treatment, which is considered to be one of the methodo-
logical limitations of this study. Therefore, the exact mecha-
nism of how the ADS enzymes interact with sex hormones to
affect the treatment response in female patients is still un-
known. Third, this is a single-arm study. There is no random-
ized treatment control group. Also, we did not assess groups
exposed to other antipsychotic drugs, which is considered to
be another methodological limitation. Fourth, only evalua-
tion of the antioxidant enzymes is not sufficient to conclude
the effects on redox homeostasis. A further evaluation of
protein, lipid, and DNA oxidation products is warranted in
future studies. Fifth, in this study, we did not measure the
parameters related to glutathione metabolism, whose disor-
ders play a critical role in neuropsychiatric diseases. Sixth, in
this study, we used plasma samples instead of erythrocyte
samples to measure the activities of antioxidant enzymes,
although antioxidant enzymes mainly exist in erythrocytes in
peripheral blood, which should be remedied in future studies.

CONCLUSION

In summary, our study showed that there was no sex dif-
ference in ADS enzyme activity in schizophrenia patients at
baseline and 12-week follow-up. Interestingly, we found that
changes in GPx activity were associated with response to
RSP treatment in female patients. From baseline to follow-
up, compared with female responders, female non-
responders displayed higher GPx activity at baseline but
lower GPx activity at follow-up. These findings suggest that
the GPx enzyme activity may be implicated in effective
treatment with antipsychotic drugs for female patients with
schizophrenia. Considering the hormonal variations in wom-
en, it is necessary to further investigate the effect of the hor-
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monal variations on the ADS enzyme activity and treatment
response to RSP.
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