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Gender differences in
neurocognitive impairment
among first-episode, drug-
naïve schizophrenia patients:
a cross-sectional study
Qing Zhang1†, AiMin Sui2†, Min Su3†, MingLiang Ju1,
YanYan Wei1, XiaoChen Tang1, LiHua Xu1, HuiRu Cui1,
YingYing Tang1, ZhengHui Yi1, HaiChun Liu4, Jin Gao5,
JiJun Wang1,6* and TianHong Zhang1*

1Shanghai Mental Health Center, Shanghai Jiaotong University School of Medicine, Shanghai
Engineering Research Center of Intelligent Psychological Evaluation and Intervention, Shanghai Key
Laboratory of Psychotic Disorders, Shanghai, China, 2Department of Psychiatry, Taizhou Second
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Introduction: Cognitive impairment is a core feature of first-episode

schizophrenia (FES), yet the influence of biological sex on its manifestation

remains under characterized. Existing evidence suggests sex differences in

cognitive profiles among chronic schizophrenia patients, but whether these

patterns emerge in drug-naïve FES patients—and how they relate to clinical

symptoms—requires clarification.

Methods: We recruited 382 drug-naïve FES patients and 522 healthy controls

(HCs) matched for age and education. Cognitive function was assessed using the

MATRICS Consensus Cognitive Battery (MCCB). Clinical symptoms were

evaluated via the Positive and Negative Syndrome Scale (PANSS).

Results: FES patients demonstrated global cognitive deficits compared to HCs.

When stratified by diagnostic group (FES and HC), males outperformed females in

planning and problem-solving, as measured by the Neuropsychological

Assessment Battery Mazes subtest (p < 0.001), whereas females showed

superior performance in visuospatial memory, as assessed by the Brief

Visuospatial Memory Test–Revised (p < 0.001) in both groups. When stratified

by gender, FES patients exhibited similar patterns of impairment severity relative

to their gender-matched HCs: both male and female FES patients showed the

most pronounced deficits in processing speed (BACS) and sustained attention

(CPT), with effect sizes of 1.64 and 1.52 for males, and 1.36 and 1.48 for females,

respectively. Correlational analyses revealed that male FES patients’ cognitive

impairments were specifically associated with negative symptoms, while female

impairments correlated broadly with all PANSS domains. Correlational analyses

revealed that in FEP patients, male cognitive impairments were specifically
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associated with negative symptoms, while female impairments showed broad

associations with all domains of the PANSS.

Conclusion: FES manifests as sex-divergent cognitive profiles, with males

showing executive/processing speed deficits tied to negative symptoms and

females exhibiting memory impairments with broader symptom associations.

These findings underscore the need for sex-sensitive approaches in

characterizing cognitive dysfunction in early psychosis.
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1 Introduction

Cognitive impairment has emerged as a critical factor in the

developmental trajectory of psychosis (1, 2), with research

indicating that subtle yet measurable cognitive deficits often

precede the onset of full-blown psychotic symptoms during the

clinical high-risk state (3, 4). These pre-psychotic cognitive

impairments, though less severe than those observed in first-

episode schizophrenia (FES) patients, involve domains such as

working memory (5, 6), processing speed (7, 8), and social

cognition (9, 10), which are known to deteriorate further as the

disorder progresses (11). Notably, cognitive dysfunction has been

linked to the duration of untreated psychosis (12, 13) and the

duration of untreated prodromal psychosis (14), suggesting a

potential role in modulating the transition from subclinical to

clinical psychosis (15–18). Notably, the loss of insight-a hallmark

of psychotic episodes-is profoundly shaped by cognitive function

(19), as intact cognitive processes are essential for self-awareness of

illness and symptom appraisal.

Previous studies have identified sex differences in cognitive

impairment among patients with schizophrenia. Clinical evidence

indicates that sex differences in cognitive impairment among

schizophrenia patients may underlie divergent symptom profiles

and treatment responses. For example, a study on chronic

schizophrenia patients revealed that female patients exhibited

more severe deficits in attention and reasoning/problem-solving,

with attention independently associated with negative symptoms,

whereas male patients showed stronger links between negative

symptoms and verbal learning/memory as well as social cognition

(20). However, these findings are constrained by critical limitations:

most investigations included medicated patients with long disease

durations, leaving the specific impact of psychosis itself on cognitive

sex differences unclear. A pivotal gap exists in understanding

whether these gender-related cognitive disparities emerge at the

onset of psychosis or develop as a consequence of disease

progression and medication exposure.

These limitations are further compounded by the fact that the

majority of prior research has focused exclusively on chronic-phase
02
patients (21–23), in whom cognitive deficits are confounded by

factors like medication use, disease progression, and comorbidities.

As a result, it remains challenging to disentangle the specific impact

of psychosis on cognitive function across genders. Understanding sex

differences in cognitive impairment during the early stages of

psychosis, particularly in FES patients, is of paramount importance.

Early identification of these differences could provide critical insights

into the underlying psychological and neurobiological mechanisms

unique to each gender, which may guide the development of more

targeted and effective interventions. For example, such mechanisms

may involve sex-specific hormonal influences on hippocampal

function (24), cortical thickness disparities in visuospatial

processing regions (25), or neurotransmitter system variations (e.g.,

dopamine sensitivity in the striatum) (26), all of which are supported

by preclinical and clinical evidence linking biological sex to cognitive

profiles in psychosis. Moreover, characterizing cognitive profiles at

the onset of schizophrenia can help clinicians better predict disease

trajectories and tailor personalized treatment strategies, ultimately

improving outcomes and quality of life for patients.

Given the critical knowledge gaps in understanding sex-specific

cognitive impairments during the first episode of psychosis, the present

study aims to address this void. Our hypothesis posits that FES patients

will exhibit distinct gender-divergent cognitive profiles compared to

healthy controls, and that these differences may be associated with

varying patterns of clinical symptom expression. Specifically, we

propose that biological sex influences the nature and severity of

cognitive deficits in early psychosis. Given that sex-specific cognitive

profiles may underpin differential treatment responses and disease

trajectories, characterizing these differences in drug-naïve FES patients

could facilitate the development of gender-tailored diagnostic tools and

precision interventions for early psychosis. Furthermore, we

hypothesize that gender-specific cognitive impairments in FES

patients will demonstrate differential associations with psychotic

symptoms, highlighting the need for sex-sensitive approaches to

characterize cognitive dysfunction in early psychosis. To test these

hypotheses, we compared cognitive performance and symptom

correlations between drug-naïve FES patients and healthy controls,

with a focus on disentangling sex effects.
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2 Methods

2.1 Participants

A total of 382 FES patients and 522 healthy controls (HC) were

recruited for this study. The FES participants, aged 18–45 years, met

the Diagnostic and Statistical Manual of Mental Disorders, Fourth

Edition, Text Revision (DSM-IV-TR) criteria for psychotic

disorders and were recruited from the Shanghai Mental Health

Center (SMHC). Data collection occurred between 2016 and 2021

as part of the National Key R&D Program of China. All FEP

patients completed the Chinese versions of the Positive and

Negative Symptom Scale (PANSS) (27) and the Measurement and

Treatment Research to Improve Cognition in Schizophrenia

(MATRICS) Consensus Cognitive Battery (MCCB) (28–30).

These patients had no prior exposure to psychotropic

medications and were excluded if they had a history of substance

abuse or dependence.

The HC group, recruited from the community, consisted of

individuals without a personal history of mental illness or a family

history of mental disorders among first-degree relatives. Their ages

were carefully matched to those of the FES group to ensure

comparability. The study was conducted at SMHC, with all

procedures approved by the SMHC Research Ethics Committee

(IRB2016-009). Written informed consent was obtained from each

participant, and all methods adhered to the ethical guidelines of

relevant national and institutional review boards for human

research, in accordance with the 1975 Declaration of Helsinki

(2008 revision).
2.2 Clinical psychopathology assessments

The PANSS was employed to evaluate clinical psychopathology.

Comprising 30 items, the PANSS is categorized into three distinct

subscales: the positive symptoms subscale (PANSS-P; items P1–7),

the negative symptoms subscale (PANSS-N; N1–7), and the general

psychopathology subscale (PANSS-G; G1–16). Each item was rated

on a 7-point Likert scale, where 1 indicated the absence of a

symptom and 7 signified an extreme manifestation.

Five senior psychiatrists, all of whom had completed specialized

training for this research, conducted structured clinical interviews.

Rigorous training ensured high inter-rater reliability, with

coefficients ranging from 0.76 to 0.92 across the trained assessors.

To facilitate meaningful comparisons among the three PANSS

subscales, a Z-score transformation was applied to the entire

sample, standardizing scores and enabling uniform interpretation

of psychopathological severity across subscales.
2.3 Neurocognitive functions assessments

Neurocognitive function was systematically evaluated using the

Chinese version of the MCCB, with all assessments strictly

following the standardized protocols detailed in the test manual.
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The assessment battery encompassed nine subtests, each designed

to target specific cognitive domains: the Trail Making Test (TMT)

gauged visual attention and task - switching capabilities; BACS

symbol coding from the Brief Assessment of Cognition in

Schizophrenia assessed processing speed; the Revised Hopkins

Verbal Learning Test (HVLT) evaluated verbal learning and

memory; the Wechsler Memory Scale (WMS) examined overall

memory functions; NAB mazes from the Neuropsychological

Assessment Battery tested planning and problem - solving skills;

the Revised Brief Visuospatial Memory Test (BVMT) focused on

visuospatial memory; the Category Fluency test (CF) measured

verbal fluency; the Mayer - Salovey - Caruso Emotional Intelligence

Test (MSCEIT) assessed emotional intelligence; and the Continuous

Performance Test - Identical Pairs (CPT) evaluated sustained

attention. Notably, for all subtests except TMT Part A, higher

scores signified better cognitive performance, whereas lower

scores in TMT Part A indicated superior performance. The

assessments were conducted by five trained raters, and the inter -

rater reliability of the MCCB across these raters was robust, with

coefficients ranging from 0.80 to 0.96.
2.4 Statistical analyses

All statistical analyses were conducted using appropriate

software. Demographic characteristics between groups were

compared with independent-samples t-tests for continuous

variables and chi-square tests for categorical variables to check for

baseline differences. To assess group differences in cognitive

performance, effect sizes (calculated as the difference in means

divided by the pooled standard deviation) were computed, and

independent-samples t-tests were performed, with statistical

significance set at p < 0.05. For exploring the relationships

between cognitive test scores and PANSS clinical symptoms,

linear regression models were employed. F-values were used to

determine the significance of the regression slopes, and a p-value

threshold of less than 0.05 indicated significant associations. To

ensure comparability across various cognitive tests and scales, all

data underwent Z-score transformation prior to analysis.
3 Results

3.1 Demographic, clinical and cognitive
characteristics

The Table 1 presents the socio-demographic, clinical, and

cognitive characteristics of 522 HC and 382 patients with FES.

There was no significant difference in age between the two groups (t

= 1.007, p = 0.314), but a significant disparity in sex distribution (c²
= 9.688, p = 0.002), with a higher proportion of males in the FES

group. Education levels were comparable (t = 0.385, p = 0.700), yet

FES patients’ parents had significantly lower education levels

(father: t = 3.798, p < 0.001; mother: t = 4.510, p < 0.001). FES

patients exhibited positive (mean = 21.62, SD = 5.933), negative
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(mean = 17.55, SD = 7.230), and general symptoms (mean = 39.37,

SD = 7.942), with a total PANSS score of 78.53 (SD = 16.194).

Notably, FES patients showed significantly poorer performance in

all MCCB cognitive domains, including TMT, BACS, HVLT, WMS,

NAB, BVMT, CF, MSCEIT, and CPT (all p < 0.001).

In addition to cognitive assessments, we compared PANSS

scores between male and female FES patients (Table 2). No

significant gender differences were observed in positive symptoms

(male: 21.17 ± 6.36 vs. female: 22.18 ± 5.32, t = −1.65, p = 0.099),

negative symptoms (17.52 ± 7.43 vs. 17.59 ± 7.00, t = −0.09,

p = 0.926), general psychopathology (39.48 ± 7.72 vs. 39.22 ±

8.23, t = 0.32, p = 0.753), or total PANSS scores (78.17 ± 16.16 vs.

78.99 ± 16.27, t = −0.49, p = 0.624). Although male patients trended

toward lower positive symptom scores (p = 0.099), this difference

did not reach statistical significance.
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3.2 HC-FES stratified cognitive differences
between males and females

The Figure 1 was utilized to examine gender-related cognitive

disparities within diagnostic groups, we compared cognitive

performance between males and females in both HCs and

FES patients.

In HCs, significant gender differences were observed across

multiple cognitive domains. Males demonstrated superior

performance in NAB and WMS, while females outperformed

males in BVMT.

In FES patients, gender-specific cognitive patterns were also

evident. Males showed better performance in NAB (effect size =

0.40, p < 0.001), while females exhibited superiority in BVMT,

BACS and HVLT.
TABLE 1 Socio-demographic, clinical, cognitive characteristics for healthy controls (HC) and patients with first episode schizophrenia (FES).

Variables
HC FES

c2/t p
N/Means %/SD. N/Means %/SD.

Cases 522 382 - -

Age 26.19 4.280 25.87 5.216 1.007 0.314

Sex
Male 235 45.0% 212 55.5%

9.688 0.002
Female 287 55.0% 170 44.5%

Education 14.99 2.601 14.92 3.077 0.385 0.700

Father-Education 11.09 3.466 10.01 3.680 3.798 <0.001

Mather-Education 10.26 3.758 8.86 3.980 4.510 <0.001

PANSS scores

Positive symptoms - - 21.62 5.933 - -

Negative symptoms - - 17.55 7.230 - -

General symptoms - - 39.37 7.942 - -

Total score - - 78.53 16.194 - -

MCCB scores

TMT 27.81 9.873 45.50 23.957 -15.206 <0.001

BACS 65.10 10.000 48.05 11.678 23.576 <0.001

HVLT 26.87 4.272 21.22 5.646 17.114 <0.001

WMS 16.59 2.886 14.75 3.365 8.811 <0.001

NAB 19.57 4.865 13.08 6.717 16.872 <0.001

BVMT 28.61 5.055 21.47 7.749 16.762 <0.001

CF 24.13 5.647 18.80 5.441 14.236 <0.001

MSCEIT 87.16 8.441 80.66 10.323 10.390 <0.001

CPT 3.0002 .60826 1.9920 .79106 21.658 <0.001
t values are from independent t-tests, and c² values are from the kappa test. MCCB stands for the Measurement and Treatment Research to Improve Cognition in Schizophrenia, a comprehensive
battery of cognitive tests. TMT refers to Trail Making Test, assessing visual attention and task-switching; BACS symbol coding from the Brief Assessment of Cognition in Schizophrenia,
evaluating processing speed; HVLT is the Revised Hopkins Verbal Learning Test, evaluating verbal learning and memory; WMS represents the Wechsler Memory Scale; NAB mazes from the
Neuropsychological Assessment Battery, testing planning and problem-solving; BVMT is the Revised Brief Visuospatial Memory Test, focusing on visuospatial memory; CF is the Category
Fluency test, evaluating verbal fluency; MSCEIT is the Mayer-Salovey-Caruso Emotional Intelligence Test, measuring emotional intelligence; CPT is the Continuous Performance Test-Identical
Pairs, assessing sustained attention. For all tests except TMT, higher scores indicate better cognitive functioning, while lower scores in TMT suggest superior cognitive performance. PANSS
stands for the Positive and Negative Syndrome Scale.
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FIGURE 1

Radar plots and bar charts of effect sizes illustrating gender-based cognitive differences in healthy controls (HC) and first - episode schizophrenia
(FES) patients. The radar plots display male and female performance across various cognitive tests, while the bar charts quantify the magnitude of
gender differences with corresponding statistical significance levels. TMT refers to Trail Making Test, assessing visual attention and task-switching;
BACS symbol coding from the Brief Assessment of Cognition in Schizophrenia, evaluating processing speed; HVLT is the Revised Hopkins Verbal
Learning Test, evaluating verbal learning and memory; WMS represents the Wechsler Memory Scale; NAB mazes from the Neuropsychological
Assessment Battery, testing planning and problem-solving; BVMT is the Revised Brief Visuospatial Memory Test, focusing on visuospatial memory; CF
is the Category Fluency test, evaluating verbal fluency; MSCEIT is the Mayer-Salovey-Caruso Emotional Intelligence Test, measuring emotional
intelligence; CPT is the Continuous Performance Test-Identical Pairs, assessing sustained attention. For the purpose of enhancing comparability, all
samples underwent Z-score transformation. Since for TMT, a lower score indicates better performance, after the Z-score transformation, a negative
sign was added to make it consistent with other tests. The calculation method for Effect Size is calculated by subtracting the mean of the second
group from the mean of the first group. The resulting difference is then divided by the square root of the average of the squared standard deviations
of the two groups.
TABLE 2 Gender comparison of Positive and Negative Syndrome Scale (PANSS) scores in first-episode schizophrenia (FES) patients.

Variables
Male Female

t p
N/Means %/SD. N/Means %/SD.

Cases 212 170 - -

Positive symptoms 21.17 6.362 22.18 5.315 -1.652 .099

Negative symptoms 17.52 7.426 17.59 7.000 -.093 .926

General symptoms 39.48 7.720 39.22 8.232 .315 .753

Total score 78.17 16.163 78.99 16.269 -.490 .624
F
rontiers in Psychiatr
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t values are from independent t-tests. PANSS stands for the Positive and Negative Syndrome Scale, which is a widely used rating scale for assessing the severity of positive symptoms, negative
symptoms, and general psychopathological symptoms in patients with schizophrenia.
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3.3 Gender-stratified cognitive differences
between HC and FES patients

Figure 2 was employed to characterize the severity of cognitive

deficits in FES relative to HCs, stratified by gender, we compared

performance across all cognitive domains for males and

females separately.

In males, FES patients exhibited significant impairments relative to

male HCs across all cognitive domains, with the largest effect sizes

observed in BACS, CPT, HVLT, and BVMT. Smaller but still

significant deficits were noted in NAB, TMT, CF, WMS, and MSCEIT.

In females, FES patients also demonstrated significant

impairments relative to female HCs across all cognitive domains.
Frontiers in Psychiatry 06
The largest effect sizes were observed in CPT, BACS, NAB, and

HVLT. Smaller significant deficits were noted in CP, BVMT, TMT,

and MSCEIT.
3.4 Gender-stratified correlations

Figure 3 was used to explore the correlations between cognitive

test scores and PANSS clinical symptoms, stratified by gender,

among FES patients. In male FES patients, as presented in

sub-figures (a), (c), and (e), there was no significant correlation

between positive symptoms and cognitive tests. For negative

symptoms, significant correlations were found with TMT, BACS,
FIGURE 2

Radar plots and bar charts of effect sizes showing cognitive differences between healthy controls (HC) and first - episode schizophrenia (FES)
patients, stratified by gender. The radar plots display the cognitive performance of HC and FES in different tests for males and females respectively,
while the bar charts quantify the magnitude of differences between HC and FES with corresponding effect sizes. TMT refers to Trail Making Test,
assessing visual attention and task-switching; BACS symbol coding from the Brief Assessment of Cognition in Schizophrenia, evaluating processing
speed; HVLT is the Revised Hopkins Verbal Learning Test, evaluating verbal learning and memory; WMS represents the Wechsler Memory Scale; NAB
mazes from the Neuropsychological Assessment Battery, testing planning and problem-solving; BVMT is the Revised Brief Visuospatial Memory Test,
focusing on visuospatial memory; CF is the Category Fluency test, evaluating verbal fluency; MSCEIT is the Mayer-Salovey-Caruso Emotional
Intelligence Test, measuring emotional intelligence; CPT is the Continuous Performance Test-Identical Pairs, assessing sustained attention. For the
purpose of enhancing comparability, all samples underwent Z-score transformation. Since for TMT, a lower score indicates better performance, after
the Z-score transformation, a negative sign was added to make it consistent with other tests. The calculation method for Effect Size is calculated by
subtracting the mean of the second group from the mean of the first group. The resulting difference is then divided by the square root of the
average of the squared standard deviations of the two groups.
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MSCEIT, and CPT cognitive tests (p < 0.05). There was no

significant correlation between general psychopathological

symptoms and cognitive tests. In female FES patients, shown in

sub - figures (b), (d), and (f), the correlation patterns were distinct

from those of males. For positive symptoms, significant correlations

were found with TMT, WMS, and NAB cognitive tests (p < 0.05).

For negative symptoms, significant correlations were found with

BACS, and NAB cognitive tests (p < 0.05). For general

psychopathological symptoms, significant correlations were found

with BACS, and NAB cognitive tests (p < 0.05).
4 Discussion

The study’s strengths include a relatively large sample size,

comprehensive cognitive assessment via the MCCB, inclusion of

medication-naïve FES patients to exclude drug effects, and
Frontiers in Psychiatry 07
exclusion of substance abuse cases to rule out psychoactive-

induced impairments. Key findings reveal gender-stratified

cognitive differences: in both HCs and FES patients, females

outperformed males in BVMT (visuospatial memory), while

males showed superiority in NAB (planning/problem-solving).

Compared to HCs, FES patients exhibited global cognitive

deficits, with the most pronounced impairments in CPT

(sustained attention) and BACS (processing speed) across

genders, while MSCEIT (emotional intelligence) showed the

smallest effect sizes. Gender-dependent correlations further

highlighted that cognitive impairments in male FES patients were

exclusively associated with negative symptoms, specifically linked to

deficits in TMT, BACS, CPT, and MSCEIT. In contrast, female

FES patients demonstrated cognitive impairments (e.g., NAB) that

were related to all PANSS symptom domains, underscoring

distinct gender-specific relationships between cognition and

psychopathology in early psychosis.
FIGURE 3

Plots illustrating the correlations between cognitive test scores and PANSS clinical symptoms, stratified by gender, in FES patients. TMT refers to Trail
Making Test, assessing visual attention and task-switching; BACS symbol coding from the Brief Assessment of Cognition in Schizophrenia, evaluating
processing speed; HVLT is the Revised Hopkins Verbal Learning Test, evaluating verbal learning and memory; WMS represents the Wechsler Memory
Scale; NAB mazes from the Neuropsychological Assessment Battery, testing planning and problem-solving; BVMT is the Revised Brief Visuospatial
Memory Test, focusing on visuospatial memory; CF is the Category Fluency test, evaluating verbal fluency; MSCEIT is the Mayer-Salovey-Caruso
Emotional Intelligence Test, measuring emotional intelligence; CPT is the Continuous Performance Test-Identical Pairs, assessing sustained
attention. For the purpose of enhancing comparability, FES samples underwent Z-score transformation. Since for TMT, a lower score indicates better
performance, after the Z-score transformation, a negative sign was added to make it consistent with other tests. The F-value is used to determine
whether the slope is significant, and a p-value less than 0.05 indicates significance.
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The current finding that both HC and FES patients exhibit

female superiority in visuospatial memory and male advantage in

planning/problem-solving aligns with neurobiological theories of

sex-specific cognitive organization (31, 32). The current findings

align with a study demonstrating a female advantage in jigsaw

puzzle solving-a visuospatial task analogous to BVMT-where

females outperformed males by leveraging distinct cognitive

strategies distinct from males’ reliance on mental rotation abilities

(33). Notably, a study by Sang et al. (34) reported different cortical

thickness patterns related to memory in males and females among

community-elderly. They found that females had thicker medial

temporal and orbitofrontal cortices, which were associated with

their superiority in verbal memory. In contrast, males showed

enhanced lateral prefrontal and occipital thickness, linked to their

advantage in visuospatial memory. This seemingly conflicts with

our results of female superiority in visuospatial memory. However,

the apparent contradiction might be due to the complexity of

visuospatial processing. Visuospatial tasks can be divided into

multiple sub-domains, such as spatial memory (as measured by

BVMT in our study, focusing on retaining visual layouts) and

spatial rotation/navigation. The male-related cortical thickness in

lateral prefrontal and occipital regions in the Sang et al. study might

underpin strengths in spatial rotation or navigation aspects, which

were not evaluated in our research. Instead, our BVMT task likely

engages different neural substrates, perhaps involving the medial

temporal regions where females showed thickness advantages in the

context of verbal memory, but which could also play a role in

visuospatial memory tasks like BVMT. A study by Gogos et al.

(2022) examining bipolar disorder patients found trends toward

females outperforming males in visual memory (BVMT-R), though

non-significant after correction, which aligns with the robust female

visuospatial memory advantage observed in both HC and FES

cohorts here (35).

The current finding of male superiority in reasoning and

problem-solving (evident in NAB tasks) across both HC and FES

groups aligns with the authors’ prior research showing that in

Chinese FES patients under 35, males outperformed females in

aspects of working memory and reasoning/problem-solving (3). A

study by Gallagher et al. also revealed that male students

demonstrated greater strategy flexibility in mathematical problem-

solving, particularly in tasks requiring spatial skills or multiple

solution paths (36), which aligns with the present study’s finding of

male superiority in NAB (planning/problem-solving) across healthy

and psychotic populations. A systematic review by Leger & Neill

spanning human schizophrenia patients and rodent models

corroborates the male advantage in working memory and problem-

solving, while highlighting female superiority in visual memory—

findings that align with the present study’s demonstration of

consistent gender-specific cognitive profiles across healthy controls

and first-episode schizophrenia patients (37). Notably, while our

findings in drug-naïve patients align with prior research on gender-

specific cognitive profiles, inconsistencies in medicated cohorts

suggest that antipsychotic effects or sample heterogeneity may

influence observed differences, underscoring the importance of

study context for generalizability.
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correlations between cognitive impairments and clinical

symptoms in FES patients, whereby male patients exhibit

cognitive deficits that are uniquely associated with negative

symptoms, while female patients show broader associations

between cognitive deficits and all PANSS symptom domains. The

current study’s findings of sex-specific cognitive and symptom

associations in FES patients are bolstered by Samizadeh et al.’s

(2024) research on a rat model of schizophrenia (38), where sub-

chronic ketamine administration induced sex-dependent behavioral

changes paralleling the divergent cognitive-symptom relationships

observed in male and female FES patients, and further emphasizing

the role of sex as a critical factor in understanding psychosis-related

phenotypes. The findings suggest that male FES patients may

experience more circumscribed cognitive impairments linked to

negative symptoms, whereas female patients show more diffuse

cognitive-symptom associations, potentially reflecting sex

differences in neural vulnerability or symptom expression

pathways. The current study’s findings of gender-specific

cognitive-symptom associations in FES patients are further

contextualized by Rössler et al.’s (2015) population-based

research, which showed comparable (though modest) negative

associations between subclinical psychotic symptoms and

processing speed in both sexes, suggesting that sex differences in

psychosis-cognition links may emerge more prominently in clinical

populations (e.g., FES) than at subthreshold symptom levels (39).

Such dissociations highlight the need for gender-sensitive

approaches in targeting cognitive and symptomatic interventions

in early psychosis.

The sex-divergent cognitive profiles identified in our study

carry significant clinical implications: male FES patients’ relatively

preserved problem-solving ability— as shown in our findings—

could be harnessed in cognitive remediation programs, as Bowie

et al. (2019) (40) demonstrated that personalized training based on

cognitive strengths improves long-term functional outcomes in

schizophrenia. Conversely, female FES patients’ notable attention

deficits (associated with negative symptoms) necessitate early

attention-training interventions, such as focused exercises and

cognitive-behavioral therapies, especially since Chen et al. (2022)

(41) found gender-specific variations in cognitive domains among

stable patients. Clinically, integrating gender-specific cognitive

assessments is critical: monitoring visuospatial memory decline in

females and executive function trajectories in males—supported by

studies on gendered cognitive profiles in schizophrenia (41)—

enables clinicians to tailor interventions for improved early

psychosis treatment efficacy.
4.1 Limitations

The present study is subject to several limitations that warrant

consideration. First, the single-center design may limit the

generalizability of findings, as regional variations in healthcare

access, diagnostic practices, or genetic demographics could

influence results. Second, the cross-sectional nature of the
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research precludes causal inferences about the temporal

relationship between sex-specific cognitive deficits and psychosis

onset, leaving open questions about whether observed differences

precede or result from the disorder. Third, the absence of IQ

assessment in the cognitive battery introduces a potential

confound, as baseline intellectual ability could modulate the

expression of cognitive impairments in FES patients. Additionally,

observed between-group differences in parental education levels

may reflect socioeconomic disparities that could indirectly affect

cognitive development or access to educational resources,

potentially influencing performance on neuropsychological tests.

Future studies employing multicenter designs, longitudinal follow-

up, and comprehensive assessments of premorbid functioning

(including IQ and socioeconomic status) are needed to address

these limitations and further validate the sex-specific cognitive

profiles identified in this study. Notably, FES patients had parents

with significantly lower education levels than HCs, which may

reflect socioeconomic disparities that could indirectly influence

cognitive development or test performance (42). Future studies

should incorporate comprehensive assessments of socioeconomic

status to disentangle its impact on cognitive profiles in

early psychosis.
5 Conclusion

This study, leveraging a large sample and rigorous methodology,

has uncovered significant gender differences in cognitive

performance and the relationship between cognitive impairments

and psychopathological symptoms among first-episode

schizophrenia patients. These findings emphasize the necessity of

incorporating gender considerations in understanding, diagnosing,

and treating cognitive deficits in early psychosis.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by The Shanghai

Mental Health Center Research Ethics Committee (IRB2016-009).

The studies were conducted in accordance with the local legislation

and institutional requirements. The participants provided their

written informed consent to participate in this study.
Author contributions

QZ: Writing – original draft, Conceptualization, Validation,

Writing – review & editing. AS: Writing – review & editing,
Frontiers in Psychiatry 09
Methodology, Investigation. MS: Writing – review & editing,

Methodology, Investigation. MJ: Data curation, Writing – review

& editing, Investigation. YW: Investigation, Writing – review &

editing, Formal Analysis. XT: Writing – review & editing, Formal

Analysis, Data curation. LX: Data curation, Writing – review &

editing, Investigation. HC: Methodology, Writing – review &

editing, Investigation, Project administration. YT: Data curation,

Formal Analysis, Writing – review & editing. ZY: Supervision,

Writing – review & editing, Software, Resources. HL: Writing –

review & editing, Formal Analysis, Data curation. JG: Data curation,

Resources, Writing – review & editing. JW: Visualization, Software,

Writing – original draft, Conceptualization, Supervision,

Validation, Writing – review & editing. TZ: Writing – review &

editing, Writing – original draft, Conceptualization, Validation.
Funding

The author(s) declare that financial support was received for the

research and/or publication of this article. This study was supported

by the Ministry of Science and Technology of China, National Key

R&D Program of China (2023YFC2506800), National Natural

Science Foundation of China (82171544, 82371505, 82151314,

82101623), STI 2030-Major Projects (2022ZD0208500), and The

Shanghai Municipal Health Commission Clinical Research Special

Project (202440203).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fpsyt.2025.1642291
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Zhang et al. 10.3389/fpsyt.2025.1642291
References
1. Zhang T, Wei Y, Tang X, Xu L, Cui H, Hu Y, et al. Two-month cognitive changes
enhance prediction of non-remission in clinical high-risk individuals. Biol Psychiatry.
(2025) 98(2):175–85. doi: 10.1016/j.biopsych.2025.01.021

2. Zhang T, Tang X, Wei Y, Xu L, Cui H, Liu H, et al. Neurocognitive resilience as a
predictor of psychosis onset and functional outcomes in individuals at high risk. BMC
Med. (2025) 23:240. doi: 10.1186/s12916-025-04059-1

3. Sang N, Fan Y, Chen H, Cui H, Wei Y, Tang X, et al. Gender differences in
cognitive performance among young adults with first-episode schizophrenia in China.
Schizophr Res Cognit. (2025) 40:100353. doi: 10.1016/j.scog.2025.100353

4. Seidman LJ, Giuliano AJ, Meyer EC, Addington J, Cadenhead KS, Cannon TD,
et al. Neuropsychology of the prodrome to psychosis in the NAPLS consortium:
relationship to family history and conversion to psychosis. Arch Gen Psychiatry. (2010)
67:578–88. doi: 10.1001/archgenpsychiatry.2010.66

5. Seidman LJ, Shapiro DI, StoneWS, Woodberry KA, Ronzio A, Cornblatt BA, et al.
Association of neurocognition with transition to psychosis: baseline functioning in the
second phase of the north american prodrome longitudinal study. JAMA Psychiatry.
(2016) 73:1239–48. doi: 10.1001/jamapsychiatry.2016.2479

6. Wobrock T, Ecker UK, Scherk H, Schneider-Axmann T, Falkai P, Gruber O.
Cognitive impairment of executive function as a core symptom of schizophrenia.World
J Biol Psychiatry. (2009) 10:442–51. doi: 10.1080/15622970701849986

7. Catalan A, Salazar de Pablo G, Aymerich C, Damiani S, Sordi V, Radua J, et al.
Neurocognitive functioning in individuals at clinical high risk for psychosis: A
systematic review and meta-analysis. JAMA Psychiatry. (2021) 78:859–67.
doi: 10.1001/jamapsychiatry.2021.1290

8. Hedges EP, See C, Si S, McGuire P, Dickson H, Kempton MJ. Meta-analysis of
longitudinal neurocognitive performance in people at clinical high-risk for psychosis.
Psychol Med. (2022) 52:2009–16. doi: 10.1017/S0033291722001830

9. Zhang T, Yi Z, Li H, Cui H, Tang Y, Lu X, et al. Faux pas recognition performance
in a help-seeking population at clinical high risk of psychosis. Eur Arch Psychiatry Clin
Neurosci. (2016) 266:71–8. doi: 10.1007/s00406-015-0615-z

10. Bora E, Eyuboglu MS, Cesim E, Demir M, Yalincetin B, Ermis C, et al.
Neurocognition and social cognition in youth and young adults at ultra-high-risk for
psychosis and bipolar disorder. Schizophr Res. (2024) 266:58–65. doi: 10.1016/
j.schres.2024.02.012

11. Mollon J, Reichenberg A. Cognitive development prior to onset of psychosis.
Psychol Med. (2018) 48:392–403. doi: 10.1017/S0033291717001970

12. On ZX, Cotton S, Farhall J, Killackey E, Allott K. Relationship between duration
of untreated psychosis and neurocognition and social cognition in first-episode
psychosis. Schizophr Res. (2016) 176:529–32. doi: 10.1016/j.schres.2016.06.018

13. Ito S, Nemoto T, Tsujino N, Ohmuro N, Matsumoto K, Matsuoka H, et al.
Differential impacts of duration of untreated psychosis (DUP) on cognitive function in
first-episode schizophrenia according to mode of onset. Eur Psychiatry. (2015) 30:995–
1001. doi: 10.1016/j.eurpsy.2015.08.004

14. Zhang T, Cui H, Wei Y, Tang X, Xu L, Hu Y, et al. Duration of untreated
prodromal psychosis and cognitive impairments. JAMA Netw Open. (2024) 7:
e2353426. doi: 10.1001/jamanetworkopen.2023.53426

15. Zhang T, Cui H, Tang X, Xu L, Wei Y, Hu Y, et al. Models of mild cognitive
deficits in risk assessment in early psychosis. Psychol Med. (2024) 54(9):2230–41.
doi: 10.1017/S0033291724000382

16. Zhang T, Cui H, Tang Y, Xu L, Li H, Wei Y, et al. Correlation of social
cognition and neurocognition on psychotic outcome: a naturalistic follow-up
study of subjects with attenuated psychosis syndrome. Sci Rep. (2016) 6:35017.
doi: 10.1038/srep35017

17. Zhang T, Cui H, Wei Y, Tang Y, Xu L, Tang X, et al. Progressive decline of
cognition during the conversion from prodrome to psychosis with a characteristic
pattern of the theory of mind compensated by neurocognition. Schizophr Res. (2018)
195:554–9. doi: 10.1016/j.schres.2017.08.020

18. Cui H, Giuliano AJ, Zhang T, Xu L, Wei Y, Tang Y, et al. Cognitive dysfunction
in a psychotropic medication-naive, clinical high-risk sample from the ShangHai-At-
Risk-for-Psychosis (SHARP) study: Associations with clinical outcomes. Schizophr Res.
(2020) 226:138–46. doi: 10.1016/j.schres.2020.06.018

19. Bornheimer LA, Cobia DJ, Li Verdugo J, Holzworth J, Smith MJ. Clinical insight
and cognitive functioning as mediators in the relationships between symptoms of
psychosis, depression, and suicide ideation in first-episode psychosis. J Psychiatr Res.
(2022) 147:85–93. doi: 10.1016/j.jpsychires.2022.01.006

20. Mu L, Liang J, Wang H, Chen D, Xiu M, Zhang XY. Sex differences in association
between clinical correlates and cognitive impairment in patients with chronic
schizophrenia . J Psychiat r Res . (2020) 131 :194–202 . doi : 10 .1016/
j.jpsychires.2020.09.003
Frontiers in Psychiatry 10
21. Wang D, Xia L, Zhang Z, Camkurt MA, Issac A, Wu E, et al. Sex difference in
association between cognitive and P50 deficits in patients with chronic schizophrenia.
Arch Womens Ment Health. (2023) 26:793–801. doi: 10.1007/s00737-023-01367-4

22. Zhu R, Wang D, Tian Y, Du Y, Chen J, Zhou H, et al. Sex difference in
association between insomnia and cognitive impairment in patients with chronic
schizophrenia. Schizophr Res. (2022) 240:143–9. doi: 10.1016/j.schres.2021.12.045

23. Zhang W, Wang D, Zhou H, Chen D, Xiu M, Cui L, et al. Sex difference in
association between tardive dyskinesia and cognitive deficits in patients with chronic
schizophrenia. Schizophr Res. (2023) 255:140–7. doi: 10.1016/j.schres.2023.03.034

24. McEwen BS, Milner TA. Understanding the broad influence of sex hormones
and sex differences in the brain. J Neurosci Res. (2017) 95:24–39. doi: 10.1002/jnr.23809

25. Luders E, Narr KL, Thompson PM, Rex DE, Jancke L, Steinmetz H, et al. Gender
differences in cortical complexity. Nat Neurosci. (2004) 7:799–800. doi: 10.1038/nn1277

26. Howes OD, Kapur S. The dopamine hypothesis of schizophrenia: version III–the
final common pathway. Schizophr Bull. (2009) 35:549–62. doi: 10.1093/schbul/sbp006

27. Kay SR, Opler LA, Lindenmayer JP. The Positive and Negative Syndrome Scale
(PANSS): rationale and standardisation. Br J Psychiatry Suppl. (1989) (7):59–67.
doi: 10.1192/S0007125000291514

28. Shi C, He Y, Cheung EF, Yu X, Chan RC. An ecologically valid performance-
based social functioning assessment battery for schizophrenia. Psychiatry Res. (2013)
210:787–93. doi: 10.1016/j.psychres.2013.09.023

29. Kern RS, Gold JM, Dickinson D, Green MF, Nuechterlein KH, Baade LE, et al.
The MCCB impairment profile for schizophrenia outpatients: results from the
MATRICS psychometric and standardization study. Schizophr Res. (2011) 126:124–
31. doi: 10.1016/j.schres.2010.11.008

30. Kern RS, Nuechterlein KH, Green MF, Baade LE, FentonWS, Gold JM, et al. The
MATRICS Consensus Cognitive Battery, part 2: co-norming and standardization. Am J
Psychiatry. (2008) 165:214–20. doi: 10.1176/appi.ajp.2007.07010043

31. Giedd JN, Blumenthal J, Jeffries NO, Castellanos FX, Liu H, Zijdenbos A, et al.
Brain development during childhood and adolescence: a longitudinal MRI study. Nat
Neurosci. (1999) 2:861–3. doi: 10.1038/13158

32. Sun J, Walker AJ, Dean B, van den Buuse M, Gogos A. Progesterone: The
neglected hormone in schizophrenia? A focus on progesterone-dopamine interactions.
Psychoneuroendocrinology. (2016) 74:126–40. doi: 10.1016/j.psyneuen.2016.08.019

33. Aguilar Ramirez DE, Blinch J, Robertson K, Opdenaker J, Gonzalez CLR. Sex
differences in visuospatial cognition- a female advantage in jigsaw puzzle solving. Exp
Brain Res. (2024) 242:1821–30. doi: 10.1007/s00221-024-06845-4

34. Sang F, Zhao S, Li Z, Yang Y, Chen Y, Zhang Z. Cortical thickness reveals sex
differences in verbal and visuospatial memory. Cereb Cortex 34. (2024) 34(3):bhae067.
doi: 10.1093/cercor/bhae067

35. Gogos A, Son J, Rossell SL, Karantonis J, Furlong LS, Felmingham K, et al.
Characterisation of deficits and sex differences in verbal and visual memory/learning in
bipolar disorder. J Int Neuropsychol. Soc. (2023) 29:12–23. doi: 10.1017/S1355617721001442

36. Gallagher AM, De Lisi R, Holst PC, McGillicuddy-De Lisi AV, Morely M,
Cahalan C. Gender differences in advanced mathematical problem solving. J Exp Child
Psychol. (2000) 75:165–90. doi: 10.1006/jecp.1999.2532

37. Leger M, Neill JC. A systematic review comparing sex differences in cognitive
function in schizophrenia and in rodent models for schizophrenia, implications for
improved therapeutic strategies. Neurosci Biobehav Rev. (2016) 68:979–1000.
doi: 10.1016/j.neubiorev.2016.06.029

38. Samizadeh MA, Abdollahi-Keyvani ST, Fallah H, Beigi B, Motamedi-Manesh A,
Adibian S, et al. Sex difference alters the behavioral and cognitive performance in a rat
model of schizophrenia induced by sub-chronic ketamine. J Psychiatr Res. (2024)
178:180–7. doi: 10.1016/j.jpsychires.2024.08.014

39. Rossler W, Ajdacic-Gross V, Muller M, Rodgers S, Kawohl W, Haker H, et al.
Association between processing speed and subclinical psychotic symptoms in the
general population: focusing on sex differences. Schizophr Res. (2015) 166:316–21.
doi: 10.1016/j.schres.2015.05.026

40. Best MW, Milanovic M, Iftene F, Bowie CR. A randomized controlled trial of
executive functioning training compared with perceptual training for schizophrenia
spectrum disorders: effects on neurophysiology, neurocognition, and functioning. Am J
Psychiatry. (2019) 176:297–306. doi: 10.1176/appi.ajp.2018.18070849

41. Chen M, Zhang L, Jiang Q. Gender difference in cognitive function among stable
schizophrenia: A network perspective. Neuropsychiatr Dis Treat. (2022) 18:2991–3000.
doi: 10.2147/NDT.S393586

42. Abo Hamza E, Tindle R, Pawlak S, Bedewy D, Moustafa AA. The impact of
poverty and socioeconomic status on brain, behaviour, and development: a unified
framework. Rev Neurosci. (2024) 35:597–617. doi: 10.1515/revneuro-2023-0163
frontiersin.org

https://doi.org/10.1016/j.biopsych.2025.01.021
https://doi.org/10.1186/s12916-025-04059-1
https://doi.org/10.1016/j.scog.2025.100353
https://doi.org/10.1001/archgenpsychiatry.2010.66
https://doi.org/10.1001/jamapsychiatry.2016.2479
https://doi.org/10.1080/15622970701849986
https://doi.org/10.1001/jamapsychiatry.2021.1290
https://doi.org/10.1017/S0033291722001830
https://doi.org/10.1007/s00406-015-0615-z
https://doi.org/10.1016/j.schres.2024.02.012
https://doi.org/10.1016/j.schres.2024.02.012
https://doi.org/10.1017/S0033291717001970
https://doi.org/10.1016/j.schres.2016.06.018
https://doi.org/10.1016/j.eurpsy.2015.08.004
https://doi.org/10.1001/jamanetworkopen.2023.53426
https://doi.org/10.1017/S0033291724000382
https://doi.org/10.1038/srep35017
https://doi.org/10.1016/j.schres.2017.08.020
https://doi.org/10.1016/j.schres.2020.06.018
https://doi.org/10.1016/j.jpsychires.2022.01.006
https://doi.org/10.1016/j.jpsychires.2020.09.003
https://doi.org/10.1016/j.jpsychires.2020.09.003
https://doi.org/10.1007/s00737-023-01367-4
https://doi.org/10.1016/j.schres.2021.12.045
https://doi.org/10.1016/j.schres.2023.03.034
https://doi.org/10.1002/jnr.23809
https://doi.org/10.1038/nn1277
https://doi.org/10.1093/schbul/sbp006
https://doi.org/10.1192/S0007125000291514
https://doi.org/10.1016/j.psychres.2013.09.023
https://doi.org/10.1016/j.schres.2010.11.008
https://doi.org/10.1176/appi.ajp.2007.07010043
https://doi.org/10.1038/13158
https://doi.org/10.1016/j.psyneuen.2016.08.019
https://doi.org/10.1007/s00221-024-06845-4
https://doi.org/10.1093/cercor/bhae067
https://doi.org/10.1017/S1355617721001442
https://doi.org/10.1006/jecp.1999.2532
https://doi.org/10.1016/j.neubiorev.2016.06.029
https://doi.org/10.1016/j.jpsychires.2024.08.014
https://doi.org/10.1016/j.schres.2015.05.026
https://doi.org/10.1176/appi.ajp.2018.18070849
https://doi.org/10.2147/NDT.S393586
https://doi.org/10.1515/revneuro-2023-0163
https://doi.org/10.3389/fpsyt.2025.1642291
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Gender differences in neurocognitive impairment among first-episode, drug-na&iuml;ve schizophrenia patients: a cross-sectional study
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Clinical psychopathology assessments
	2.3 Neurocognitive functions assessments
	2.4 Statistical analyses

	3 Results
	3.1 Demographic, clinical and cognitive characteristics
	3.2 HC-FES stratified cognitive differences between males and females
	3.3 Gender-stratified cognitive differences between HC and FES patients
	3.4 Gender-stratified correlations

	4 Discussion
	4.1 Limitations

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


