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Abstract

Background: Impaired antioxidant defense is implicated in the pathophysiology of schizophrenia, and superoxide dismutase (SOD),
catalase (CAT), and glutathione (GSH) are 3 first-line endogenous antioxidants. Various cognitive functions decline differently during
the schizophrenia course. The characteristic roles of the 3 antioxidants in clinical and cognitive profiles in acute and chronic phases
of schizophrenia require study.

Methods: We recruited 311 patients with schizophrenia, including 92 acutely exacerbated patients who had been off antipsychotics
for atleast 2 weeks and 219 chronic patients who had been stable on medication for at least 2 months. Blood SOD, CAT, and GSH levels;
clinical symptoms; and 9 cognitive test scores were measured.

Results: Blood CAT levels were higher in the acute patients than in the chronic patients, whereas SOD and GSH levels were similar
to one another. Higher CAT levels were correlated with less positive symptoms, better working memory and problem solving in the
acute phase, and less negative symptoms, less general psychopathology, better global assessment of function, and better cognitive
function (in speed of processing, attention, problem solving) in the chronic period. Higher SOD levels were correlated with better
global assessment of function in the acute phase and better speed of processing, working memory, and verbal learning and memory
in the chronic period. GSH influenced neither clinical nor cognitive manifestations.

Conclusions: This study showed that blood CAT affected different clinical and cognitive domains between acute and chronic stages
of schizophrenia, SOD influenced cognitive functions in chronic state, but GSH affected none. Further studies are needed to explore
the underlying mechanisms.
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Significance Statement

Impaired antioxidant defense is implicated in schizophrenia. Superoxide dismutase (SOD), catalase (CAT), and glutathione (GSH)
are 3 first-line endogenous antioxidants. Various cognitive functions decline differently during schizophrenia course. This study
in 311 patients with schizophrenia (92 acutely exacerbated patients and 219 chronic patients) showed that blood CAT affected
different clinical and cognitive domains between acute and chronic stages of schizophrenia, SOD influenced cognitive functions
in chronic state, but GSH affected none.

INTRODUCTION avolition), and deficits in cognitive domains (including speed of pro-
cessing, attention, working memory, visual learning and memory,
verbal learning and memory, and problem solving) (Green et al,,
2000; Nam et al.,, 2009; Lin et al., 2013; Jeganathan and Breakspear,

Schizophrenia, one of the most disabling brain disorders, is char-
acterized by positive symptoms (e.g.,, hallucinations and delu-
sions), negative symptoms (e.g., affective blunting, asociality, and
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2021). Importantly, cognitive dysfunction has been regarded as a
core feature of schizophrenia and the main determinant for func-
tional outcome of patients with schizophrenia (Cervellione et al.,
2007; Nam et al., 2009; Zanelli et al., 2019; Lin et al., 2022). Further,
cognitive functions decline during the illness course of the patients
with schizophrenia (Zanelli et al., 2019).

While schizophrenia is multifactorial, oxidative stress plays a
key role in its pathophysiology (Bitanihirwe and Woo, 2011; Fraguas
et al., 2019; Lin and Lane, 2019; Ermakov et al., 2021; Chen et al,,
2023), declining course, and poor outcome (Khan et al., 2002;
Murray et al,, 2021). To curb excessive oxidative stress, there is a
complex set of endogenous antioxidant defense (Pizzino et al., 2017;
Murray et al.,, 2021). Superoxide dismutase (SOD), catalase (CAT),
and glutathione (GSH) are 3 first-line endogenous antioxidants
(Pigeolet et al., 1990; Liu and Ng, 2000; Islam, 2017; Ighodaro and
Akinloye, 2018). Schizophrenia is associated with an alteration of
these antioxidants; however, how they affect specific symptoms of
the patients remains unclear, with inconsistent and even contradic-
tory findings from previous studies (Fraguas et al., 2019; Ermakov
et al.,, 2021; Murray et al,, 2021) in SOD (Zhang et al., 2009; Wu et
al., 2012; Gonzalez-Liencres et al., 2014; Bai et al., 2018; Chien et
al.,, 2020; Huo et al., 2021), CAT (Juchnowicz et al., 2021; Yang et al.,
2023), and GSH (Yao et al,, 1999; Matsuzawa et al., 2008; Chien et
al., 2020). The previous research about their influences on cognitive
functions in schizophrenia has mainly focused on SOD and GSH;
however, the results have been inconclusive too (Gonzalez-Liencres
et al,, 2014; Huo et al,, 2021).

Several reasons have been suggested for the aforementioned
inconsistent findings, including antipsychotic medication con-
found, variable disease phases (Sarandol et al., 2015; DPordevi¢
et al,, 2017; Chien et al., 2020; Murray et al., 2021), and different
cognitive assessments (Gonzalez-Liencres et al., 2014; Huo et al.,
2021; Wu et al., 2022). This study aimed to explore the role of the
3 first-line endogenous antioxidants (SOD, CAT, and GSH) in clini-
cal symptoms and comprehensive cognitive tests in patients with
acute and chronic schizophrenia, separately.

METHODS

The study was approved by the institutional review board of
China Medical University Hospital in Taiwan and conducted in
accordance with the Declaration of Helsinki.

Participants

Han Taiwanese patients with schizophrenia aged from 18 to 65
years who had adequate education to communicate effectively
were screened. Experienced research psychiatrists confirmed the
diagnosis of schizophrenia using the Structured Clinical Interview
for DSM-IV (American Psychiatric Association, 1994). We enrolled (1)
acutely exacerbated patients who had been drug free for at least 2
weeks; and (2) chronic medicated patients who had been stabilized
with antipsychotics for at least 2 months but remained sympto-
matic. All the enrolled patients had normal physical examinations,
neurological examinations, and laboratory screening tests.

Patients with other comorbid psychiatric disorders, serious
medical or neurological illness, and those who were unable to
cooperate with the assessments for the study were excluded. All
the individuals were recruited after they agreed to participate in
the study and written informed consent was obtained from each.

Clinical Assessments

Patients’ clinical symptoms were measured by the Positive and
Negative Syndrome Scale (PANSS) (Kay et al., 1987) and Scale for
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Assessment of Negative Symptoms-20 items (SANS) (Andreasen,
1983).

The functional outcome was measured with the Global
Assessment of Functioning (GAF) Scale of the DSM-IV. Previous
study indicated that the GAF is a valid tool for assessing global
psychological, social, and occupational functioning for clini-
cally stable patients with schizophrenia (Startup et al., 2002). All
the clinical ratings were conducted by trained and experienced
research psychiatrists.

Measurements of Cognitive Function

Cognitive functions were thoroughly assessed in the 6 neurocogni-
tive domains (measured by 9 cognitive tests): (1) speed of processing,
which included 3 tests: category fluency, Trail Making A (Reitan et
al., 1958), and Wechsler Adult Intelligence Scale-Third Edition, digit
symbol-coding (Wechsler, 1997a); (2) sustained attention (meas-
ured by continuous performance test [CPT], clear version) (Chen
et al,, 1998; Lin et al., 2013); (3) working memory, including verbal
(backward digit span) (Silver et al., 2003) and nonverbal (Wechsler
Memory Scale-Third Edition [WMS-III], Spatial Span) (Wechsler,
1997b); (4) verbal learning and memory (WMS-III, word listing)
(Wechsler, 1997b); (5) visual learning and memory (WMS-III, visual
reproduction) (Wechsler, 1997b); and (6) problem solving (Wechsler
Intelligence Scale for Children-Third Edition), Maze) (Wechsler, 1991).

Laboratory Measurements

Three endogenous antioxidants in peripheral blood were meas-
ured using commercially available kits, as previously described
(Lane et al., 2023).

SOD levels in plasma were analyzed using the kit according to
the manufacturer’'s recommended protocol (Merck, Kenilworth,
NJ, USA; catalog no. 574601). The detailed method has been
described elsewhere (Lin et al., 2018, 2020).

CAT levels in plasma were measured using the kit according
to the manufacturer’s recommended protocol (Cayman, Ann
Arbor, MI, USA; catalog no. 707002). The detailed method has been
described elsewhere (Lin et al., 2018, 2020).

GSH levels in plasma were measured using the kit according to
the manufacturer’s recommended protocol (Cayman, Ann Arbor,
MI, USA, Catalog number: 703002). The detailed method has been
described elsewhere (Lin and Lane, 2021).

Statistical Analysis

We used the Statistical Package for the Social Sciences (SPSS) ver-
sion 22.0 (IBM Inc.) to analyze the data in this study. Fisher exact
test was used to compare the between-group differences of the cat-
egorical variable (gender) and t test (or Mann-Whitney U test if the
distribution was not normal) for continuous variables (Table 1).

Correlations between laboratory and clinical measures (or
cognitive tests) in acutely ill and chronically stable patients with
schizophrenia were analyzed by zero-order correlations (Tables 2
and 3). The significance level for statistical tests was P<.05.

RESULTS

Demographic, Clinical, Cognitive, and Laboratory
Data

We recruited 311 patients with schizophrenia, including 92
acutely ill patients who had been drug free for at least 2 weeks
and 219 chronic patients who had been stabilized with antipsy-
chotics for at least 2 months.



578 | International Journal of Neuropsychopharmacology, 2023, Vol. 26, No. 8

Table 1. Demographic, Clinical, Cognitive, and Laboratory
Characteristics of Acutely Il and Chronic Schizophrenia Patients

Parameter Acute (n=92) Chronic (n=219) P
Gender .900°
Male 52 (56.5%) 126 (57.5%)
Female 40 (43.5%) 93 (42.5%)

Age (y) 315495 37.749.8 <.001?
Education (y) 13.3+2.7 12.0+2.8 <.001"
Age at illness onset (y) 248+71 236+68 .183°
lliness duration (m) 74.4+74.8 159.9+106.6 <001’
PANSS-total score 8954172 833+14.6 .008°
PANSS-positive score 211+57 192449 .007°
PANSS-negative score 225+71 231+6.4 193¢
PANSS-general score 458468 41.0+6.9 <.001°
SANS score 46.4+20.5 48.1+20.1 3270
GAF score 51.2+7.2 481499 027°
Category fluency 26.8+8.7 247491 074
Trail making A 29412 21+1.2 <.001°
Digit symbol coding 65+37 50+35 .001°
CPT-clear version 33+13 31+14 .302°
Backward digit span 82+38 73435 .140°
Spatial span 7.6+3.7 72435 493"
Word listing 7.3+3.4 6.7+3.1 0817
Visual reproduction 6.0+3.0 6.0+35 .591°
Maze 20.3+5.3 17.2+6.4 <.001%
CAT level (nmol_min_ml) 174523 404+31.4 .004"
SOD level (U_ml) 0.06+0.06 0.06+0.07 600"
GSH level (uM) 44543 44+39 667"

Abbreviations: CAT, catalase; CPT, cognitive performance test; GAF, Global
Assessment of Functioning; GSH, glutathione; PANSS, Positive and Negative
Syndrome Scale; SANS, Scale for the Assessment of Negative Symptoms-20
items; SOD, superoxide dismutase.

Fisher’s Exact test.

"Mann-Whitney U test.

‘t test.

As shown in Table 1, the 2 groups were similar in gender distri-
bution (male: 56.5% vs 57.5%) and age at illness onset (24.8+7.1
vs 23.6£6.8 years). The acutely ill patients were younger than the
chronic patients (31.5+9.5 vs 37.7£9.8 years) and had more edu-
cation (13.3+2.7 vs 12.0+2.8 years) and a shorter illness duration
(74.4+74.8 vs 159.9+106.6 months).

Compared with the chronic patients, the acutely ill patients
displayed more severe clinical symptoms (except negative symp-
toms, with higher scores on PANSS-total, PANSS-positive, and
PANSS-general psychopathology) but better general function
(with higher GAF scores) and cognitive performances (including
Trail Making A, digit symbol-coding, and Maze, but not other tests
[without statistical significance]) (Table 1).

In the laboratory, the acutely ill patients had higher CAT levels
than the chronic patients. The 2 groups were similar in terms of
SOD and GSH levels (Table 1).

Correlations Between Laboratory and Clinical/
Cognitive Measures

Among all 311 patients, illness duration was negatively cor-
related with blood CAT levels (r=-0.127, P=.025) and SOD

levels (r=-0.158, P=.005) but positively correlated with GSH levels
(r=0.115, P=.042).

Higher blood CAT levels were correlated with less severe posi-
tive symptoms, better spatial span (for measuring nonverbal work-
ing memory), and better Maze performance (for problem solving)
in the acute phase; and less severe symptoms (including overall
symptoms, negative symptoms, and general psychopathology),
better global function, and better cognitive performance (in cat-
egory fluency [for speed of processing], CPT [for sustained atten-
tion], and Maze) in the chronic period (Tables 2 and 3).

Higher SOD levels were correlated with higher GAF scores in
the acute phase and better digit symbol coding (for speed of pro-
cessing), spatial span, and word listing (verbal learning and mem-
ory) in the chronic period (Tables 2 and 3).

GSH levels were not associated with clinical or cognitive mani-
festations in both acute and chronic phases (Tables 2 and 3).

Correlations Between Laboratory Measures,
Between Clinical Profiles, and Between Cognitive
Tests

CAT levels were correlated with neither SOD nor GSH levels in
acutely ill patients; on the other hand, CAT levels were positively
correlated with GSH levels, but not with SOD levels, in chronic
patients. SOD levels were negatively correlated with GSH levels
in both acutely ill patients and chronic patients (Tables 2 and 3).

Each clinical symptom item (including PANSS-total, PANSS-
positive, PANSS-negative, PANSS-general psychopathology, and
SANS) was positively correlated with every other symptom item
and negatively correlated with GAF in both acutely ill patients
and chronic patients (Tables 2 and 3).

Each cognitive test (including category fluency, Trail Making A,
digit symbol-coding, CPT, backward digit span, spatial span, word
listing, visual reproduction, and Maze) score was positively corre-
lated with every other cognitive test score in both acutely ill patients
and chronic patients, except category fluency vs Maze (without sta-
tistical significance) in acutely ill patients (Tables 2 and 3).

DISCUSSION

To our knowledge, this is the first study to investigate the rela-
tionships between 3 first-line endogenous antioxidants (CAT, SOD,
and GSH) and clinical/cognitive profiles in patients with both
acute and chronic schizophrenia.

Main Findings

Blood CAT levels in acute patients exceeded the levels in chronic
patients, whereas SOD and GSH levels were similar between the
2 groups of patients.

Higher CAT levels were correlated with less positive symptoms,
better nonverbal working memory, and better problem solving in
the acute phase and with less negative symptoms, less general
psychopathology, better global function, faster speed of process-
ing (by category fluency), better sustained attention, and better
problem solving in the chronic period.

Higher SOD levels were correlated with better global function
in the acute phase and with better speed of processing (by digit
symbol-coding), nonverbal working memory, and verbal learning
and memory in the chronic period.

GSH did not influence any clinical or cognitive parameters.

Implication of CAT Findings

Previous study indicated that CAT concentrations were numer-
ically (not statistically significantly) higher in first-episode
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Table 2. Zero-Order Correlations of Laboratory and Clinical Measures in Acutely Il and Chronic Schizophrenia Patients

1 2 3 4 5 6 7 8 9
Acute group (n=92)
1 CAT level _
2 SOD level -.182 —
3 GSH level 118 —.428° —
4 PANSS-total ~135 ~103 068 —
5 PANSS-positive ~.249a 015 078 8420 —
6 PANSS-negative —.049 -.133 -.027 896" 631b —
7 PANSS-general -.086 -134 145 8940 641° 699 —
8 SANS -177 -.113 078 8130 619° 8540 6600 —
9 GAF -.003 2297 -.107 -.807" ~.602 —751b -.761b - 646 —
Chronic group (n=219)
1 CAT level _
2 SOD level —.093 —
3 GSH level .235b —-.402° —
4 PANSS-total —.156° -.047 -.047 —
5 PANSS-positive ~102 _.039 071 6930 _
6 PANSS-negative —.133¢ -.047 —.055 793¢ 274% —
7 PANSS-general —.133¢ -.029 -.099 886" 5020 555b —
8 SANS —.150¢ -.097 -012 753 337 829 583 —
9 GAF 233b 013 076 ~.657" —344p — 6420 548" ~.705¢ —

Abbreviations: CAT, catalase; GAF, Global Assessment of Functioning; GSH, glutathione; PANSS, Positive and Negative Syndrome Scale; SANS, Scale for the

Assessment of Negative Symptoms-20 items; SOD, superoxide dismutase.
*P<.05.
"P<.001.

patients (n=47) than in chronic patients (n=49) (Juchnowicz et
al., 2021). The current study, with a larger sample size, demon-
strated that CAT levels were significantly higher in acutely
exacerbated patients (n=92) than in chronic stable patients
(n=219), implying that CAT concentration may be able to serve
as a state marker if more studies confirm the findings in the
future.

In a recent study, no significant association was revealed
between CAT concentration and every PANSS subscale score (all
P>.05) in patients with chronic schizophrenia (n=49) (Yang et
al., 2023). In another study, CAT concentrations were negatively
related with negative symptoms in patients with schizophrenia
(n=96) (Juchnowicz et al., 2019). The current study found for the
first time—to our knowledge—that CAT levels were negatively
correlated with positive symptoms (measured by PANSS-positive)
in acutely ill patients and also negatively correlated with negative
symptoms by both PANSS-negative and SANS), general psychopa-
thology (PANSS-general), and overall symptoms (PANSS-total) in
the chronic patients. In addition, CAT levels were positively corre-
lated with GAF in the patients with chronic schizophrenia. Due to
the different sample sizes, heterogeneity of patients, medication
effects, etc. among previous studies, more research is warranted
to further explore the role of CAT in clinical symptoms of patients
with schizophrenia at various stages.

Importantly, this study also for the first time, to our knowledge,
showed that CAT levels were correlated with cognitive function
of patients with schizophrenia and, moreover, with different cog-
nitive domains between patients with acute schizophrenia and
those with chronic schizophrenia. Future replication studies are
needed.

Overall, the differential associations of CAT levels with better
clinical/cognitive features between the acute and chronic phases
may reflect an adaptive or compensatory mechanism to reduce
clinical symptoms and preserve general and cognitive functions
across the illness course.

Implication of SOD Findings

The present study found that patients with acute schizophrenia
and those with chronic schizophrenia had similar SOD levels,
partially supporting the previous notion that SOD may be a trait
marker of schizophrenia (Flatow et al., 2013).

The findings of previous studies regarding the relationships
between SOD levels and clinical symptoms of patients with
schizophrenia appeared contradictory: a positive relationship
with positive, negative, or overall symptoms (Zhang et al., 2009
[n=78]; Bai et al.,, 2018 [n=40 first-episode, drug-free and 40
chronically medicated patients]; Huo et al., 2021 [n=32 geriat-
ric male patients]; Wang et al.,, 2021 [n=67 female patients]), a
negative relationship with positive symptoms (Wu et al., 2012
[n=78 never-medicated first-episode and 100 medicated chronic
patients]), or no relationship with overall symptom severity
(Gonzalez-Liencres et al., 2014 [n=41]). In the current study, with
a larger-sized sample, no relationship between SOD levels and
any clinical symptom domain was observed for both acutely
exacerbated patients (n=92) and chronically medicated patients
(n=219). Instead, SOD levels were positively with global function
in the acutely ill patients.

SOD levels were not associated with cognitive function in a
previous study (Gonzalez-Liencres et al., 2014, n=41) but were
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Table 3. Zero-Order Correlations of Laboratory and Cognitive Measures in Acutely Ill and Chronic Schizophrenia Patients

1 2 3 4 5 6 7 8 9 10 11 12
Acute group (n=92)

1 CAT level _

2 SOD level -182 _

3 GSH level 118 _ 408 _

4 Category fluency -.018 026 -.059 —

5 Trail making A 132 057 -163  541¢ —

6 Digit symbol-coding 138 091 -172  598¢  557¢ —

7 CPT 100 105 -009  541¢  582¢  553¢ —

8 Backward digit span 149 114 -094 374 262¢  389¢  227a —

9 Spatial span 231a -.030 083 583¢  475¢  578c  494c  417¢ —

10 Word listing 087 175 081  596¢  529¢  632¢  442¢  463°¢  520°¢ —

11 Visual reproduction 186 093 -017  530¢  522¢  579¢  426¢  327°  503¢  705¢ —

12 Maze 3200 133 -.042 171 318 .398¢  399¢ 285 435¢ 341"  493¢  —
Chronic group (n=219)

1 CAT level _

2 SOD level ~.093 _

3 GSH level 235¢ _ 402¢ _

4 Category fluency 153¢ .097 054

5 Trail making A 125 067 -053  462¢ —

6 Digit symbol-coding 083 138 045 506¢ 657 —

7 CPT 1570 037 .096 471¢  412¢  500° —

8 Backward digit span .002 104 027  392¢  416¢  459¢  377¢ —

9 Spatial span 103 164 -063  453¢  490¢  563°  467°  534¢ —

10 Word listing .050 1400 -019  395¢  316°¢  .500°¢  .288¢  .415°¢  449°¢ —

11 Visual reproduction 121 108 -062  440¢  344c  455¢  301¢  434°¢  499¢  535¢ —

12 Maze 1700 .057 027 435¢  450°¢  462°¢  487°¢  401¢  517¢  255¢  495¢  —

Abbreviations: CAT, catalase; CPT, cognitive performance test; GSH, glutathione; SOD, superoxide dismutase.

P<.05.
"P<.01.
‘P<.001.

inversely associated with immediate memory, language, and
Repeatable Battery for the Assessment of Neuropsychological
Status total scores in another one (Huo et al., 2021; n=32 geri-
atric male patients). The current study for the first time, to our
knowledge, found that higher SOD levels were correlated with
better speed of processing, nonverbal working memory, and ver-
bal learning and memory in patients with chronic schizophrenia
(n=219).

The reasons for these discrepancies may include different
sample sizes, methods of measurement, medication status, age,
gender, and other factors. More research is needed to elucidate
the role of SOD in clinical manifestations of schizophrenia and its
potential as a biomarker.

Implication of GSH Findings

The present study indicated that patients with acute and chronic
schizophrenia had similar GSH levels, partially supporting the
previous notion that GSH may be a trait marker of schizophrenia
(uchnowicz et al., 2021).

A negative correlation was reported between GSH levels in the
brain and negative symptoms in patients with schizophrenia,
perhaps suggesting that lower GSH levels may result in oxidative

stress and consequently negative symptoms (n=20) (Matsuzawa
etal.,, 2008). On the other hand, another study found that patients
with residual symptoms (principally negative symptoms) had
lower GSH levels in the brain than the patients with nonresidual
schizophrenia (n=28) (Kumar et al., 2020). However, GSH levels
in blood were not correlated with clinical symptoms or cognitive
function in schizophrenia patients (n=41) (Gonzalez-Liencres et
al., 2014), similar to the findings of the current study.

Certainly, blood levels of GSH may be unable to reflect the lev-
els in the brain. More studies with larger-size samples for meas-
uring both blood and brain levels are helpful in clarifying the
role of GSH in phenotypes of schizophrenia and the relationship
between blood and brain levels.

Implication of Relationships of CAT, SOD,
and GSH

Among the acutely ill patients, GSH levels were negatively cor-
related with SOD levels. Among the chronic patients, GSH levels
were negatively correlated with SOD and positively correlated
with CAT. Consistently, according to earlier studies, SOD, GSH, and
CAT cooperate to prevent oxidative stress from damaging cells
(Weydert and Cullen, 2010; Gusti et al., 2021). SOD transforms



superoxide into hydrogen peroxide and oxygen; thereafter,
GSH and CAT change hydrogen peroxide into water and oxygen
(Weydert and Cullen, 2010; Gusti et al., 2021). The homeostasis
among these enzymes depends on their cellular distribution
(Morris et al., 2014; Ighodaro, 2018). SOD is found in various com-
partments such as the cytosol, mitochondria, and extracellular
space (Weydert and Cullen, 2010). GSH is primarily located in the
cytosol and mitochondria, and CAT is mainly in the peroxisomes
(Weydert and Cullen, 2010; Ighodaro, 2018). Since both SOD and
GSH exist in the cytosol and mitochondria, it is expected that GSH
levels show a negative correlation with SOD to keep a balanced
redox status. It is also logical for GSH levels to have a positive cor-
relation with CAT levels because both antioxidants work together
through similar mechanisms across different organelles. The lack
of correlation between SOD and CAT levels is also understandable
because of their different locations.

The insignificant relationship between GSH levels and CAT lev-
els in the acutely ill patients may have arisen from the rather
small sample size or just the acute (not yet stabilized) state.
Future larger study is required for the answer.

Clinical Relevance of Correlations Between
Clinical Profiles and Between Cognitive Tests

Previous studies suggest that various symptom domains and GAF
can be transformed with close approximation (Suzuki et al., 2015;
Grot et al., 2021). In accordance, the current study demonstrated
that each clinical symptom item was positively correlated with
every other symptom item and negatively correlated with GAF in
both acutely ill and chronic patients.

Also consistent with previous studies that indicated that cog-
nitive deficits were present across multiple domains (Targum and
Keefe, 2008; Lin et al., 2022), the current study demonstrated that
each cognitive test score was correlated with every other cogni-
tive test score in the chronic patients; and most cognitive test
scores, except category fluency vs maze (without statistical sig-
nificance), were correlated with each other in the acute patients.

Strength and Limitation

The main strength of the current study is that we applied 9 com-
prehensive cognitive tests in measuring 6 cognitive domains.
In addition, the sample size was rather large; it is, to date, the
largest (92 acutely ill patients and 219 chronically medicated
patients). However, the sample can be larger, especially for the
acute patients.

There are also other limitations of the present study. First,
schizophrenia is a complex disease. Further studies are war-
ranted to establish the joint role of the current 3 antioxidants
plus other biomarkers in clinical symptoms and cognitive func-
tions of schizophrenia. Second, it has been reported that antip-
sychotic drugs can enhance the antioxidant system by acting on
the dopaminergic system (Goh et al., 2022). In the current study,
the possible medication effect in the patients with chronic schiz-
ophrenia may have confounded the finding. Third, the question
of whether the blood levels of the 3 antioxidants can reflect
their levels in brain deserves study. Fourth, no healthy individ-
uals were enrolled. Whether the findings can be extrapolated to
healthy individuals remains unclear. Fifth, though we enrolled
patients with both acute and chronic schizophrenia, longitudinal
studies should be designed in the future. Sixth, further studies
are required to explore the underlying mechanisms of the influ-
ences of the 3 endogenous antioxidants on clinical symptoms
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and cognitive domains through various phases of schizophrenia.
Finally, we enrolled only Han Taiwanese patients in this study.
More studies are needed to examine whether ethnic difference
may change the result.

CONCLUSIONS

This study revealed that blood CAT influenced clinical and some
cognitive domains in both acute and chronic phases of schizo-
phrenia, SOD altered cognitive functions in the chronic phase, but
GSH did not alter any. More studies are necessary to discover the
underlying mechanisms.
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