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Accumulating evidence suggests that oxidative stress (OS) contributes to the onset and progression of schizophrenia (SCZ).
However, the pattern of OS alterations in first-episode, drug-naive patients and their associations with clinical and cognitive
features remain unclear. In this study, 98 first-episode SCZ patients and 96 matched healthy controls were recruited. Plasma levels
of total antioxidant capacity (TAC), malondialdehyde (MDA), lipid peroxidation (LPO), NADPH oxidase (NOX), glutathione
S-transferase (GST), and glutathione reductase (GR) were measured. Clinical symptoms were assessed using the Positive and
Negative Syndrome Scale (PANSS), and cognitive performance was evaluated using the Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS). Compared with controls, patients exhibited significantly higher TAC, MDA, and LPO levels but
lower NOX levels, while GST and GR showed no significant differences. RBANS total and subscale scores were markedly reduced in
patients, indicating generalized cognitive impairment. Correlation analyses revealed that GST was positively correlated with total
PANSS scores, GR with negative symptoms, and LPO with overall cognition, attention, and delayed recall. These findings indicate
that first-episode SCZ patients display an imbalance between oxidative and antioxidant systems, and specific OS markers are linked
to symptom severity and cognitive dysfunction. OS alterations may serve as potential early biomarkers and therapeutic targets for

schizophrenia.
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INTRODUCTION

Schizophrenia (SCZ) is a severe mental disorder. Based on large-
scale epidemiological studies and systematic reviews, its lifetime
prevalence ranges from approximately 0.7% to 1.0%'; some
studies report rates exceeding 1%?2. The disorder typically begins
during adolescence or early adulthood®. SCZ is clinically char-
acterized by positive symptoms, negative symptoms, and wide-
spread cognitive impairment®. Cognitive impairment is considered
one of the core deficits of SCZ, often emerging early in the disease
course and exerting a lasting impact on social functioning, quality
of life, and treatment adherence®®. Research indicates’ that
cognitive impairment is closely associated with symptom severity
and disease outcome and serves as a key factor contributing to
high recurrence and low recovery rates among patients. Although,
current clinical treatments demonstrate clear efficacy in improving
positive symptoms, their effectiveness in alleviating cognitive
deficits and negative symptoms remains limited, suggesting that
the underlying neurobiological mechanisms warrant further
investigation®. At the same time, SCZ imposes a heavy disease
burden on public health systems, making it imperative to identify
novel pathological mechanisms and potential biomarkers.
Oxidative stress (OS) refers to a pathological state in which the
production of reactive oxygen species (ROS) exceeds the body's
antioxidant defense capacity, thereby disrupting redox home-
ostasis®. ROS includes superoxide radicals, hydroxyl radicals, and
hydrogen peroxide, among others. These are continuously
generated during cellular metabolism and, under normal physio-
logical conditions, participate in various functions such as signal
transduction, immune regulation, and gene expression'®'",

The body eliminates excess ROS through its antioxidant system,
in which glutathione reductase (GR) and glutathione S-transferase
(GST) play pivotal roles in the glutathione cycle'. Meanwhile, total
antioxidant capacity (TAC) is often used as a comprehensive
indicator for evaluating overall antioxidant levels'®. When the
antioxidant system is insufficient to counteract the accumulation
of ROS, the body undergoes lipid peroxidation (LPO), generating
metabolites such as malondialdehyde (MDA). This process
damages in known to dame the cell membrane and compromises
neuronal integrity'. Additionally, NADPH oxidase (NOX) serves as
a major source of ROS production, within findings indicating that
its abnormal activity further exacerbates redox imbalance'. In
addition to directly damaging cells, OS is also closely associated
with neuroinflammatory responses and impaired neuroplasticity.
These mechanisms are thought to potentially contribute to the
pathological processes underlying SCZ'S.

Building upon the aforementioned oxidative stress mechan-
isms, previous studies have also investigated alterations in these
markers among schizophrenia patients, including chronic cases
and first-episode individuals. Overall, multiple studies have found
that TAC levels generally decrease in schizophrenia patients'’,
while MDA and LPO levels predominantly increase'®2°, suggest-
ing weakened antioxidant capacity and enhanced lipid peroxida-
tion. However, conclusions vary across studies. Some
investigations failed to observe significant TAC reduction, and
the magnitude of MDA elevation also differed?'. Similarly, while
one study reported upregulation of NOX activity, potentially
reflecting excessive ROS production pathway activation??, another
found no notable changes?®. Regarding antioxidant enzyme
systems, GST and GR results show even greater variability, with
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reports ranging from decreased activity to no change?*-2%. These
inconsistencies may relate to factors such as sample character-
istics, disease stage, detection methods, environmental exposures,
and medication use. Consequently, current evidence on oxidative
stress marker changes across different stages of schizophrenia
remains inconclusive, necessitating further systematic research for
clarification.

Increasing evidence suggests that alterations in the oxidation/
antioxidation system are not only present in chronic SCZ patients
but can also be detected in the early stages of the disorder and
are associated with the severity of clinical symptoms and cognitive
impairment'”-?’. First-episode SCZ patients, due to their shorter
disease duration and often having received no or only short-term
antipsychotic medication, exhibit OS levels that better reflect the
intrinsic pathological characteristics of the disorder rather than
secondary effects from medication or prolonged illness. Previous
studies have shown that decreased plasma antioxidant levels in
first-episode SCZ patients correlate with negative symptom
severity, while elevated LPO products significantly correlate with
cognitive impairment?®2°, Furthermore, recent studies indicate
that inflammation and related oxidative stress pathways exert a
more pronounced impact on cognitive function compared to
other symptom dimensions, with this association being particu-
larly prominent in patients during the early stages of the disease3°.
However, inconsistencies persist across different studies, with
significant variations observed in the performance of certain
indicators such as NOX, GR, and GST3'32. Such inconsistencies
suggest that the mechanism by which OS influences SCZ may be
more complex than initially perceived. Currently, there is a lack of
systematic studies in first-episode SCZ patients to comprehen-
sively explore the relationship between different OS markers and
clinical symptoms as well as cognitive impairments.

The current study systematically evaluated characteristic altera-
tions in plasma OS and antioxidant defense systems among
patients with first-episode SCZ, focusing on indicators such as
TAC, MDA, LPO, NOX, GR, and GST levels and comparing these
with a healthy controls. To accurately assess the independent
associations and interactions among target variables, covariates
such as age and educational attainment—which may influence
cognitive function or metabolic status—will be incorporated into
statistical modeling. This approach aims to eliminate confounding
effects, clarify the independence and specificity of associations
between oxidative stress markers and clinical/cognitive pheno-
types, thereby enhancing model accuracy and the reliability of
conclusions®3. We hypothesized that first-episode SCZ patients
would exhibit a significant imbalance in the oxidative/antioxidant
system. This imbalance would not only closely be associated with
their clinical symptom spectrum but also linked to cognitive
impairment, potentially providing a biological biomarker for
developing early intervention strategies and assessing prognosis.
Therefore, the objectives of the current study were to (1)
systematically analyze the characteristics of alterations in OS and
antioxidant defense system markers in the plasma of first-episode
SCZ patients and (2) to further investigate the associations
between these OS markers and the severity of clinical symptoms
as well as cognitive impairment.

MATERIAL AND METHODS

Participants

98 first-episode, untreated SCZ patients (patient group) who were
hospitalized for the first time in the Department of Psychiatry at
Nantong Fourth People’s Hospital between March 2022 and
November 2024 were recruited for the current study. Inclusion
criteria: (1) meeting the diagnostic criteria for SCZ according to
the Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5)** as confirmed by the Structured Clinical
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Interview for DSM Disorders, Patient Edition(SCID-I/P) Chinese
version structured interview; (2) possess an elementary school
education or higher and be able to cooperate with cognitive
assessment; (3) medication naive; (4) diagnosed jointly by two
psychiatrists; (5) aged 18-65 years; and (6) Voluntarily signed an
informed consent form.

Exclusion Criteria: (1) presence of organic brain disorders (e.g.,
epilepsy, traumatic brain injury, brain tumors); (2) history of
psychoactive substance abuse; (3) concurrent major physical
illnesses (including endocrine/metabolic disorders, hematological
diseases, etc.); (4) pregnant or lactating; (5) receiving modified
electroconvulsive therapy; or (6) insufficient study compliance or
withdrawal during the trial.

In addition, 96 healthy controls (control group) matched for age,
gender, and years of education were recruited concurrently.
Inclusion criteria: (1) aged 18-65 years with primary school
education or higher; (2) assessed as free of psychiatric disorders
using the Chinese version of the Mini-International Neuropsychia-
tric Interview (MINI); (3) no family history of major mental
disorders in two lineages spanning three generations; (4) no
history of neurological disorders (including head trauma, epilepsy,
cerebrovascular disease, etc); (5) no major physical illnesses
(including metabolic disorders, malignancies, cardiovascular dis-
eases, etc.); (6) no history of psychoactive substance use or drug
dependence; (7) non-pregnant or non-lactating females; and (8)
voluntary signing of an informed consent form.

All participants or their guardians were fully informed of the
study’s purpose and procedures and participated voluntarily. To
ensure participant privacy, all data underwent anonymization.
This study protocol was approved by the Ethics Committee of
Nantong Fourth People’s Hospital (Ethics Approval No.: 2022-
K015), and all participants or their guardians signed written
informed consent forms.

Clinical and cognitive assessment

Data collection included using a self-designed general demo-
graphic form to collect basic clinical information for both the
patient group and control group, including age, gender, height,
weight, body mass index (BMI), educational level, family history,
and smoking status. For the patient group, additional data on age
at onset and disease duration were collected. The Positive and
Negative Symptom Scale (PANSS) was used to assess psychiatric
symptoms®®, The scale comprises 33 items covering three
dimensions: positive symptoms (7 items), negative symptoms
(7 items), and general psychopathology symptoms (16 items). It
also includes supplementary items (3 items) to assess aggression
risk (not counted in the total score). Symptom severity is rated on
a 7-point scale (1 = absent, 2 = very mild, 3 = mild, 4 = moderate,
5 =moderately severe, 6 =severe, 7 =extremely severe). Total
scores range from 30 to 210, with higher scores indicating greater
symptom severity.

The Repeatable Battery for the Assessment of Neuropsycholo-
gical Status (RBANS) was employed as the cognitive function
assessment tool. This battery was administered immediately upon
the patient’s admission and diagnosis by a psychiatrist who had
undergone systematic training. It is characterized by its ease of
administration, short duration, and ability to be completed by a
single examiner. RBANS comprises five dimensions: immediate
memory, visual span, verbal function, attention, and delayed
memory. It encompasses 12 test items including word learning,
story retelling, figure copying, line drawing, picture naming,
semantic fluency test, digit span, coding test, word recall, word
recognition, story recall, and picture recall. Scores across each
dimension show significant positive correlations with individual
cognitive function. Higher total scale scores indicate superior
cognitive performance. The scale’s reliability and validity within
SCZ patient populations have been empirically validated®®.
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Raw data were subsequently converted into scale scores through
a standardized scoring system for statistical analysis.

Fasting blood sampling and biochemical analysis

The patient group underwent fasting blood collection on the day
following enrollment, whereas the control group completed a
single blood draw under fasting conditions during the baseline
phase. All blood collection procedures strictly adhered to
standardized operating procedures: Blood was drawn during the
early morning fasting state (07:00-09:00), with 5 ml of whole blood
collected via the antecubital vein. Blood specimens were collected
in EDTA anticoagulant tubes, then centrifuged at 3000 r/min for
15 min at 4 °C to separate the plasma layer. Each plasma sample
was sequentially numbered and aliquoted into four 0.5mL
cryovials. All samples were ultimately transferred to a —80°C
ultra-low temperature freezer for long-term storage pending
subsequent batch analysis.

All OS indicators were measured strictly according to the
respective kit instructions (with assistance from Nanjing Jiancheng
Biological Engineering Institute). Specifically, MDA levels were
detected using the thiobarbituric acid method by measuring the
chemical product of MDA and thiobarbituric acid (Catalog No.:
A003-1). LPO and NOX levels were detected using spectro-
photometry (Catalog Nos.. A106-1, A116-1-1). GST levels were
measured using a colorimetric method (Catalog No.: AO04-1-1). GR
levels were measured using a UV colorimetric method (Catalog
No.: A062-2-1). Finally, TAC levels were measured using the ABTS
rapid method (Catalog No.: A015-2-1).

Statistical analysis

All statistical analyses were performed using SPSS 26.0 statistical
software (SPSS, Chicago, IL, USA). Sample size was estimated
using G*Power 3.1.9.7 software (http://www.ats.ucla.edu/stat/
gpower/). The test type “Mean: Independent Means Comparison”
was selected, with a power level of 90%, significance level of
0.10, and effect size of 0.8. Variable normality was assessed using
the Kolmogorov-Smirnov test. Continuous variables meeting
normality requirements were expressed as mean + standard
deviation, with intergroup comparisons performed using Stu-
dent’s t-tests. Nonnormally distributed continuous variables were
presented as median (25th and 75th percentiles). Categorical
variables were analyzed using chi-square tests. To satisfy the
normality assumption for parametric tests, non-normally dis-
tributed plasma MDA, LPO, NOX, GST, and GR levels underwent
natural logarithmic transformation. Power analysis was com-
pleted during the study design phase to ensure sufficient sample
size for detecting large effect differences (Cohen’s d=>0.8).
Cohen’s d was used to report effect sizes, with the following
criteria: 0.2 indicates a small effect, 0.5 indicates a moderate
effect, and 0.8 indicates a large effect. A p <0.05 was considered
statistically significant.

First, multivariate analysis of covariance (MANCOVA) was
employed to examine intergroup differences. OS parameters
(MDA, LPO, NOX, GST, GR, TAC) served as dependent variables,
with diagnostic group (patients vs. healthy controls) as a fixed
factor. Age, gender, education level, BMI, and smoking status
were adjusted as covariates. Subsequently, univariate analysis of
covariance (ANCOVA) was performed to individually examine
differences in each dependent variable between groups, with
diagnostic grouping as the independent variable. Adjustments
were made for age, gender, education level, BMI, and smoking
status. Multiple comparisons were corrected using the Bonferroni
method. For variable correlation analysis, Pearson correlation
analysis was applied to normally distributed data, while Spear-
man correlation analysis was used for non-normally distributed
data. To control for multiple comparisons, the correlations
between each oxidative stress marker and clinical or cognitive
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scores were adjusted using Bonferroni correction. The adjusted
significance thresholds were set as follows: p<0.0125 for
comparisons with the four PANSS scores (0.05/4) and p < 0.0083
for comparisons with the six RBANS scores (0.05/6). Finally,
exploratory multiple regression analysis was employed to
examine the relationship between levels of OS parameters
(MDA, LPO, NOX, GST, GR, TAC) and total scores on the PANSS
and RBANS scales, as well as their respective subscale scores,
while controlling for demographic covariates.

RESULTS

Comparison between two sets of general clinical data

Table 1 presents demographic information and clinical data
between the patient and healthy control groups. Results indicate
no statistically significant differences between the groups in age,
gender, educational attainment, BMI, or smoking status (all
p>0.05). The mean disease duration for the patient group was
6.57+9.17 months. Positive symptom scores averaged
21.57+437 points, negative symptom scores averaged
19.51 + 4.88 points, general psychopathology scores averaged
44,40 £ 3.57 points, and the PANSS total score averaged
85.48 £ 5.79 points.

OS parameter levels between first episode SCZ patients and
healthy controls

MANCOVA analysis revealed an overall significant diagnostic
effect (F=118.622, p<0.001). ANCOVA results indicated differ-
ences in plasma OS parameter levels between the patient and
control groups after controlling for age, gender, education level,
BMI, and smoking status (see Table 2). The patient group exhibited
significantly higher levels of TAC (F=40.047, p<0.001), MDA
(F=10.087, p =0.002), and LPO (F=96.906, p <0.001) than the
control group, while that of NOX (F=591.101, p<0.001) was
significantly lower. No statistically significant differences were
observed between the two groups with regard to GST (p = 0.173)
and GR (p = 0.984) levels. After Bonferroni correction, differences
in MDA, LPO, NOX, and TAC levels remained statistically significant
(all p <0.05).

Table 1. Demographics of the patient and healthy control groups
(mean + standard deviation).

Patients Controls Ve p

(n =198) (n =96)
Age (years) 32 (25,41) 33 (23,41) —0.651° 0515
Gender (male/ 36/62 31/65 0423 0.515
female)
Education (years) 16(12,16) 15(13,16) —0.775* 0.438
BMI (kg/mz) 21.81+£3.45 21.69+3.10 0.254®  0.800
Smoking (yes/no)  7/91 8/88 0.096° 0.756
Duration of illness 6.57+9.17 - - -
(months)
P subscore 21.57£4.37 - - -
N subscore 19.51 +£4.88 - - -
G subscore 4440+ 3.57 - - -
PANSS total score  85.48 +5.79 - - -
BMI body mass index, PANSS positive and negative symptom scale, P PANSS
positive symptom subscale, N PANSS negative symptom subscale, G PANSS
general psychopathology subscale.
?Independent samples t-test.
PMann-Whitney U-test.
%2 test.
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Comparison of cognitive functions between first episode SCZ
patients and healthy controls

RBANS total and subscale scores between the patient and control
groups are shown in Table 3. Results indicated that the patient
group had significantly lower RBANS total and subscale scores
than the control group (both p<0.01, Bonferroni-corrected,
p <0.01). After controlling for age, education level, BMI, and
smoking status, the RBANS total score (F=307.355, p<0.001),
immediate memory (F=46.760, p<0.001), visual field span
(F=287.567, p<0.001), verbal function (F=11.062, p<0.01),
attention (F=519.093, p<0.001), and delayed memory
(F=215.981, p < 0.001) remained significant (all p <0.01).

Table 2. OS parameter levels in first episode SCZ patients and healthy
controls.
Patients (n =98) Controls (n=96) F p

MDAA(nmol/mI) 0.42+£0.21 0.33+0.18 10.087 0.002
LPOA(meI/L) 0.92+0.25 0.57£0.25 96.906  0.000
NOXA(U/ml) 0.83 £0.09 1.09 £ 0.06 591.101 0.000
GSTAU/mI) 1.38+0.12 1.35+0.20 1.873 0.173
GRA(U/L) 0.50+0.16 0.50+0.12 0.000 0.984
TAC(mmol/L) 1.47 £0.24 1.28 +£0.22 40.047 0.000

MDA malondialdehyde, LPO lipid peroxidation, NOX nicotinamide adenine
dinucleotide oxidase, GST glutathione S-transferase, GR glutathione
reductase, TAC total antioxidant capacity.

A the result of natural logarithm transformations.

2after controlling for age, sex, education, BMI, and smoking status the
differences in MDA, LPO, NOX, and TAC levels remained significant.

Table 3. RBANS total and subscale scores of first episode SCZ patients
and healthy controls.

Index patients (n =98) controls (n =96) F? p
Immediate 80.12 + 13.46 92.66 + 14.64 46.760  0.000%**
memory

Visuospatial/  73.44+12.22 102.58 +£13.17 297.567 0.000***
constructional

Language 95.98 £ 8.90 100.42 = 10.96 11.062 0.001**
Attention 74.43 £12.60 11417 £13.59 519.093 0.000***
Delayed 69.38+17.01 98.6+11.95 215.981 0.000***
memory

Total 72.85+13.72 101.49+12.09 307.355 0.000***

RBANS repeatable battery for the assessment of neuropsychological status.
**p <0.01, ***p <0.001.
°The F value was controlled for age, smoking, BMI, and education.

Correlation between plasma OS marker levels and psychiatric
symptoms in first episode SCZ patients

Correlation analyses. Correlation analysis was conducted
between plasma OS marker levels and PANSS total and subscale
scores in the patient group, after which Bonferroni correction
was applied. GST levels showed a significant positive correlation
with PANSS total scores (r=0.226, p=0.026, p corrected =
0.104). GR levels showed a significant positive correlation with

PANSS negative symptom scores (r=0.214, p=0.034,
p corrected = 0.136). Finally, TAC levels exhibited a significant
negative correlation with PANSS positive symptoms

(r=-0.213, p=0.036, p corrected = 0.144)(Fig. 1), Preliminary
correlation analyses indicated that GST, GR, and TAC showed no
significant correlations with other PANSS total scores or
subscales (see Figs. S1-S3).

Regression analyses controlling for confounding factors. Stepwise
multiple regression analysis, controlling for age, gender, education
level, BMI, smoking status, and disease duration as independent
variables and potential confounders revealed a significant
correlation between GST levels and the PANSS total score
(beta = 0.225, t =2.258, p =0.026) (Fig. 2). GR levels were found
to be significantly correlated with PANSS negative symptom
scores (beta=0.252, t =2.716, p = 0.008; Fig. 3).

Correlation between plasma OS marker levels and cognitive
function in first episode SCZ patients

Correlation  analyses. Correlation analysis was conducted
between plasma OS marker levels and the RBANS total and
subscale scores in the patient group, after which Bonferroni
correction was applied. Results showed that TAC levels negatively
correlated with attention (r=—0.212, p =0.036, p corrected =
0.216) and delayed memory (r = —0.209, p = 0.039, p corrected =
0.234) scores(Fig. 4). LPO levels positively correlated with the
RBANS total (r=0.286, p = 0.004, p corrected = 0.024), immediate
memory (r=0.255, p=0.011, p corrected = 0.066), and visual field
score (r=0.325, p=0.001, p corrected = 0.006) scores. Further-
more, LPO levels positively correlated with attention (r=0.307,
p=0.002, p corrected = 0.012), and delayed recall (r=0.322,
p=0.001, p corrected 0.006) scores (Fig.5), Preliminary
correlation analyses indicated that TAC, and LPO showed no
significant correlations with other RBANS total scores or subscales
(see Figs. S4-5).

Regression analyses controlling for confounding factors. Stepwise
multiple regression analysis, controlling for age, gender, education
level, BMI, smoking status, and disease duration as independent
variables and potential confounders revealed a significant
correlation between LPO levels and the RBANS total score
(beta=0.235, t = 2.657, p =0.009) (Fig. 6). In addition, LPO levels
were significantly correlated with attention (beta=0.299,
t=3.332, p=0.001; Fig. 7) and delayed recall (beta=0.205,
t=2.195, p =0.031; Fig. 8) scores.
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PANSS negative subscores

PANSS positive subscores

Correlations between log GST levels and the PANSS total score, the PANSS negative subscale scores,the PANSS positive subscale scores.
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DISCUSSION

We found that plasma TAC, MDA, and LPO levels were significantly
higher in first-episode SCZ patients than in health controls, while
NOX levels were significantly lower. Overall, no significant
differences were observed in GST and GR levels between groups.
In addition, the RBANS total and subscale scores were significantly
lower in first-episode SCZ patients than in healthy controls.
Correlation analysis further revealed that there was a significant
positive correlation between GST levels and the PANSS total score,

1.8
€ beta = 0.225, t = 2.258, P = 0.026
% 1.6— : :
8 . ,
2 1.2
A

70 80 90 100
PANSS total score

Fig. 2 Correlations between log GST levels and the PANSS total
score.
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Fig. 3 Correlations between log GR levels and the PANSS negative
subscale scores.
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while GR levels were significantly correlated with PANSS negative
symptom scores. Finally, we showed that LPO levels showed
significant positive correlations with the RBANS total, attention
function, and delayed recall scores.

Furthermore, we confirmed that plasma OS marker levels in
first-episode SCZ patients exhibited significant abnormalities,
suggesting an imbalance in the oxidation/antioxidation system
during the early stages of the disorder. This finding supports the
critical role of OS in the onset and progression of SCZ. We also
found significantly elevated levels of MDA and LPO in first episode
SCZ patients compared with healthy controls, consistent with
previous research®’. The increase in these markers indicates
enhanced LPO reactions, suggesting that cell membrane struc-
tures have sustained significant damage8.LPO products not only
weaken membrane stability but may also interfere with neuronal
signaling, thereby exacerbating neurotoxic effects'®. Second,
elevated TAC levels reflects the body’s defensive response to
0OS. Unlike the TAC level reduction reported in some chronic or
medication-treated patients, the increase we observed may
represent a compensatory mechanism in the early stages of
SCZ. When free radical production increases, the body maintains
homeostasis by enhancing overall antioxidant capacity®?. How-
ever, as SCZ progresses, antioxidant reserves may gradually
become depleted, ultimately manifesting as a decline in TAC
levels. These previous findings may explain the discrepancies
observed across different studies and suggests that TAC exhibits
stage-dependent dynamic characteristics*®. The previous study
also found decreased NOX levels, yet it remained a significant
source of ROS*'. However, the reduction in NOX levels appears to
be at odds with the overall increase in oxidative stress. Research
indicates*?™**, Indeed, under prolonged stress conditions, the
body downregulates NOX levels to reduce ROS production,
thereby exerting a protective effect. However, mitochondrial
dysfunction, glutamate excitotoxicity, and inflammation-related
pathways may still sustain elevated ROS levels, indicating that OS
associated with SCZ is likely not driven by a single pathway but
rather results from the combined effects of multiple mechanisms.
Furthermore, oxidative stress and neuroinflammation may influ-
ence schizophrenia symptoms and cognitive performance
through broader neurobiological mechanisms. Recent studies
emphasize that activated microglia play a pivotal role in
neurodevelopmental abnormalities of schizophrenia. Dysregula-
tion of microglia can lead to abnormal synaptic pruning, thereby
disrupting the integration efficiency of neural networks*. Con-
currently, microglia-mediated inflammatory responses correlate
with reduced white matter integrity, and white matter damage
further impairs inter-brain region information transmission®’.
Collectively, these processes constitute key pathological links
affecting cognitive impairment and other symptom dimensions.
However, no significant differences in GST and GR observed were
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Fig. 4 Correlations between TAC levels and the attention subscale scores,delayed memory subscale scores.
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observed in the current study. The glutathione system plays a
central role in antioxidant defense, and alterations in its activity
may be associated with disorder stage and patient characteristics,
as well as external factors such as diet and smoking®®. We
hypothesize that the index patients have not yet experienced
significant depletion of the glutathione system; however, this
conclusion requires further validation in larger sample sizes and
longitudinal studies. Compared with previous studies, the findings
of the current study show both consistencies and differences.
Most studies agree that patients with SCZ exhibit elevated levels
of 0S'7, which is consistent with the elevated MDA and LPO levels
we observed. However, regarding TAC, some studies have
reported decreased levels or no change, with variations potentially
related to disorder stage and drug exposure, as well as
methodological differences?”. Our findings support the hypothesis
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that TAC levels exhibit a dynamic pattern of “early elevation and
late decline” during SCZ progression. Regarding NOX, previous
studies have predominantly reported enhanced levels*®; however,
we observed the opposite, suggesting that underlying mechan-
isms associated with OS are complex, and not solely dependent
on NOX but also involving mitochondrial and inflammatory
pathways. These findings have significant clinical implications.
First, elevated MDA and LPO levels indicate membrane structural
damage in the early stages of SCZ. These markers therefore show
promise as potential peripheral biomarkers for early risk assess-
ment and auxiliary diagnosis. Second, increased TAC levels
suggest a possible intervention window during stages of the
disorder. During the early stages of SCZ, enhancing defenses
through exogenous antioxidants or lifestyle interventions may
potentially slow symptom progression. Likewise, the decrease in
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NOX levels suggest that future therapeutic strategies require
careful design. Simply inhibiting NOX may be insufficient to
alleviate overall OS; greater attention should be paid to
mitochondrial function and other ROS sources. In summary, first-
episode SCZ patients exhibit a characteristic OS profile indicative
of enhanced LPO levels, compensatory elevation of antioxidant
defenses, and reduced NOX levels. These findings not only deepen
our understanding of the early molecular pathophysiology of SCZ
but also provide new insights for early identification and
personalized intervention.

We also analyzed the relationship between plasma OS marker
levels and PANSS total and subscale scores in first-episode SCZ
patients. Results demonstrated that GST and GR levels exhibited
specific correlations across different symptom dimensions. GST,
as a key component of the glutathione-related enzyme system,
participates in peroxide clearance and maintenance of intracel-
lular redox balance®. We found that GST levels showed a
significant positive correlation with PANSS total scores, suggest-
ing that antioxidant enzymes may, to some extent, reflect overall
SCZ symptom severity. Research indicates that enhanced OS may
occur in the early stages of SCZ, leading to GST upregulation to
counteract free radicals. However, this compensatory mechanism
may not fully mitigate neurotoxicity, implying that elevated GST
levels may correlate positively with symptom burden?®. Indeed, it
has been shown that there is a consistent trend between
elevated plasma GST levels in SCZ patients and the severity of
clinical symptoms>°. This finding supports the role of OS markers
in disease phenotypes and suggests that GST holds potential as
an auxiliary indicator for assessing the overall symptom burden
in first-episode SCZ patients. Similarly, GR, which also part of the
glutathione system, maintains stable intracellular levels of
reduced glutathione, protecting cells from oxidative damage’'.
We found that GR levels were positively correlated with PANSS
negative symptom scores, suggesting that the glutathione
system may be closely involved in the development or
maintenance of negative symptoms. Previous research has also
indicated that GSH metabolic abnormalities in SCZ patients are
associated with functional deficits in the prefrontal cortex and
hippocampus, brain regions that precisely implicated in the
emergence of negative symptoms>2. Negative symptoms such as
emotional blunting and social withdrawal often emerge in the
early stages of the disorder and are associated with neuronal
dysfunction and reduced synaptic plasticity>3. The upregulation
of GR may reflect a compensatory response to OS, but its positive
correlation with negative symptoms also suggests that this
compensation is insufficient to fully protect neural function,
potentially indicating underlying neuropathological processes in
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SCZ. Overall, these findings further underscore the differential
role of OS systems in SCZ symptom classification. Specifically,
GST levels primarily correlate with overall symptom severity,
whereas GR is more strongly associated with negative symptoms.
This discovery aligns with previous research suggesting that OS-
related markers may not only serve as potential biomarkers of
symptom progression but also hold specific clinical guidance
value across different symptom dimensions*6>%>>,  Future
research may further explore whether dynamic changes in the
glutathione system can predict symptom progression and
treatment response, thereby providing a basis for personalized
interventions in SCZ.

In addition our results indicated that first-episode SCZ patients
scored significantly lower than healthy controls on both the total
RBANS score and all subscales scores. This difference persisted
even after controlling for confounding factors such as age,
education level, BMI, and smoking status. These results suggest
that cognitive impairment is not merely a consequence of
disorder progression or medication use, but may represent one
of the core features of SCZ, present even in the early stages of
the illness®®. Overall, in terms of overall cognitive functioning,
the patient group exhibited a significant decline in total RBANS
scores, indicating that cognitive deficits are widespread rather
than confined to a single domain. This aligns with growing
evidence that cognitive impairment in SCZ is cross-domain and
pervasive, significantly impacting patients’ social functioning and
prognosis>>. Multiple studies have indicated that the relationship
between cognitive impairment and functional recovery is more
closely linked than that with clinical symptom improvement®’.
The results from the subscale scores indicate that the most
significant differences were observed in attention and Visuos-
patial/constructional. This finding holds clinical significance, as
attention deficits are considered one of the most core and stable
cognitive impairments in SCZ patients. These deficits often
precede the emergence of clinical symptoms and are closely
associated with information processing speed®**%. Some scho-
lars have proposed that attention processing deficits may
represent one of the “endophenotypes” of SCZ, serving as an
indicator of susceptibility to the disorder®®. A marked decline in
visual span suggests deficits in spatial processing and immediate
visual memory, consistent with previous findings of impaired
performance in working memory and visuospatial tasks®. These
deficits may directly impact their ability to engage in daily
learning and adapt to their environment. Furthermore, signifi-
cant impairments in both immediate and delayed memory
suggest that patients may experience difficulties across all stages
of encoding, retaining, and retrieving new information. This not
only limits their learning capacity but may also exacerbate
communication barriers in social interactions. Research indicates
that impaired memory function is closely associated with
structural abnormalities in the hippocampus, which is considered
one of the key pieces of evidence supporting the neurodevelop-
mental hypothesis of SCZ°'. It is noteworthy that while speech
function also exhibits significant decline, the degree of difference
is relatively minor®2, This may be related to the fact that
language abilities remain partially preserved in some patients.
However, existing research indicates that persistent impairment
in speech function may be associated with cognitive deficits and
clinical positive symptoms®3,

In summary, our findings support the hypothesis that SCZ is
characterized by widespread cognitive impairment. Given that the
current study involved a population of first-episode SCZ patients,
the findings suggest that cognitive deficits may stem from the
intrinsic pathological mechanisms associated with SCZ rather than
being the result of long-term medication, side effects, or social
withdrawal. This discovery further underscores the necessity of
early cognitive intervention.
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Finally, we found that plasma LPO levels in first-episode SCZ
patients were positively correlated with RBANS total scores and
multiple cognitive dimensions including immediate memory,
visual span, attention, and delayed recall. Multivariate regression
analysis further confirmed that LPO levels independently
predicted overall cognitive function, attention, and delayed recall.
LPO is the end product of lipid peroxidation reactions and is
commonly regarded as a marker of oxidative damage®*. However,
this study observed that elevated LPO levels were associated with
better cognitive performance. This seemingly contradictory
finding suggests that a more complex relationship may exist
between OS and cognitive decline. One possibility is that elevated
LPO levels partially reflect an adaptive response to early OS.
Specifically, during the initial stages of SCZ, moderate oxidative
signaling may activate intracellular stress response pathways and
release neurotrophic factors, thereby exerting a compensatory
effect on neural plasticity and cognitive maintenance in the short
term. Research suggests that low-dose oxidative stimulation can
induce antioxidant gene expression and enhance synaptic
plasticity, mirroring the phenomenon where moderate stress
promotes functional benefits®>. Animal studies have revealed that
mild elevations in LPO levels can enhance learning and memory
performance, suggesting that OS in early stages is not solely a
detrimental factor®®%’. Another interpretation suggests that
elevated LPO levels may correlate with patients’ metabolic status,
inflammatory responses, or characteristics prior to drug treat-
ment. In the early stages of SCZ, the body remains in a
compensatory phase where certain metabolic and antioxidant
pathways may not yet be suppressed by long-term pathological
damage. Thus, increased LPO levels may more accurately reflect
an active metabolic state associated with relatively well-preserved
cognitive function. Studies indicate that in untreated first-episode
SCZ patients, certain OS markers show a positive correlation with
cognitive function. This relationship reverses following long-term
medication use or symptom progression®®%°, Additionally, some
scholars have proposed that an interaction between OS and
inflammatory responses exists, suggesting that mild oxidative
stimulation may promote the maintenance of immune home-
ostasis, thereby indirectly supporting neural function’®. Research
indicates that as the disorder progresses, sustained elevated
levels of LPO ultimately cause cumulative damage to the nervous
system, leading to more severe cognitive deficits’'. Others have
found that persistently elevated levels of LPO in long-term SCZ
patients are significantly associated with impairments in working
memory and executive function’2. Therefore, the findings of our
study may reflect a dynamic window in the early stages of SCZ,
where a nonlinear relationship between OS and cognitive
function may emerge. At mild or moderate levels, LPO may exert
compensatory or protective effects, but when accumulated over
time and excessively activated, it may transition into pathological
impairment. This finding offers a new perspective on under-
standing the early pathological processes of SCZ and suggests
that future research should incorporate longitudinal follow-up to
explore the dynamic trajectory of OS and its causal relationship
with the progression of cognitive impairment.

The current study has several limitations that warrant
attention. First, its cross-sectional design precludes establishing
a causal relationship between changes in OS marker levels and
clinical symptoms of SCZ or cognitive impairment. Prospective
follow-up studies will be needed for further validation. Second,
the sample size was relatively small. Although rigorous statistical
adjustments were applied, the results may still be subject to
sample bias. Third, the cognitive assessment in this study was
conducted immediately after patients were admitted and
diagnosed, aiming to avoid the influence of medication.
However, patients were often in the acute phase or in an
unstable condition at this time, and positive symptoms might
interfere with their attention and comprehension abilities,
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thereby affecting the reliability of the cognitive assessment
results. Fourth, OS marker levels are influenced by multiple
physiological and environmental factors (e.g., diet, lifestyle,
medication use). Although we controlled for several confounding
variables (age, gender, education level, BMI, smoking, and disease
duration), interference from other potential factors cannot be
entirely ruled out. Finally, we assessed only a limited number of
plasma OS markers, failing to encompass the entire molecular
network of the oxidative/antioxidant system. Therefore, further
research is needed to expand our understanding of mechanisms
associated with SCZ symptom progression.

CONCLUSION

In summary, the findings suggest that OS imbalance may play a
significant role in the clinical symptoms and cognitive impairment
associated with SCZ. OS-related markers hold promise as potential
biomarkers, offering valuable insights for early disorder identifica-
tion and intervention. Future research should involve large-scale,
longitudinal, and multicenter studies, integrating additional
molecular markers and neuroimaging techniques to elucidate
the underlying mechanisms of OS in the pathogenesis and
progression of SCZ.
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