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Objective: This study aimed to investigate the complex relationships between
negative symptoms, cognitive function, and social functioning in chronic male
patients with schizophrenia, identifying core symptoms to lay a theoretical
foundation for targeted interventions aimed at negative symptoms in this population.

Methods: A total of 161 male schizophrenia patients were included, categorized
into deficit syndrome (DS) and non-DS groups using the Chinese version of the
Schedule for the Deficit Syndrome (SDS). Social functioning was assessed with
the Scale of Social Function in Psychosis Inpatients (SSPI), while a battery of
neurocognitive tests measured cognitive domains, including sustained attention,
cognitive flexibility, ideation fluency, and visuospatial memory. Network analysis
was employed to construct an integrated network of negative symptoms,
cognitive function, and social functioning, aiming to identify the most central
and bridge symptoms within these networks.

Results: Our study indicated that DS patients performed worser in cognitive
function and social functioning than non-DS patients. The network analysis
demonstrated that “intensity of pleasure during activities (B1)" in the negative
symptoms was the most central node. The most prominent bridge node was
SSPI, with impact indices of 0.55.

Conclusion: Our findings provided evidence revealing a closer connection
between negative symptoms, cognitive function, and social functioning. In light
of these findings, precise targets for pharmacological treatment, psychotherapy
and physical therapy are identified for patients with schizophrenia.
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Introduction

Schizophrenia is considered as one of the most severe
psychiatric disorders. A significant number of those who develop
this condition do not fully recover, and even for those with positive
outcomes, the diagnosis can lead to profound changes in life,
including but not limited to social isolation and stigma (1).
Schizophrenia has been always recognized as a core set of clinical
features that characterize the disorder. These features encompass
positive symptoms, negative symptoms, and cognitive impairments
(2). In the advanced stages, negative symptoms and cognitive can be
more severe and lead to great economic burdens on families and
society (3). Consequently, there has been a growing focus on
targeting the negative symptoms and cognitive impairments of
schizophrenia as primary objectives in psychological treatment.

Negative symptoms consist of lack of volition, reduced speech
output, and flattening of affect, which occur in up to 60% of
schizophrenia patients (4). It carried a high burden of disease in
schizophrenia, such as liability for illness onset (5), decreased
psychological well-being (6), poor social functioning (7), impaired
role functioning (8), and reduced rates of recovery (9). Despite their
substantial impact, effective interventions for negative symptoms are
lacking, and these symptoms typically do not respond to
antipsychotic therapy (10). The limited advancement in developing
effective treatments can be attributed, in part, to an incomplete
understanding of the latent structure of negative symptoms and the
mechanisms underlying their various components.

Deficit syndrome (DS) is regarded as a pathophysiological
subtype of schizophrenia, characterized by primary and persistent
negative symptoms (11). The presence of DS is believed to influence
functional outcomes and the course of the illness, with stronger
associations to persistent impairments in social, occupational, and
symptom-related outcomes compared to non-deficit syndrome (9).
This has spurred growing interest in exploring the underlying
structure of negative symptoms. Recent research reported
significantly elevated CRP levels in DS patients compared to non-
DS patients (12). Currently, two-factor and five-factor models are
widely acknowledged in the study of negative symptoms. The five-
factor model, reflected in the Brief Negative Symptom Scale (BNSS)
(13) and Clinical Assessment Interview for Negative Symptoms
(CAINS) (14), encompasses affective flattening, alogia, avolition,
asociality, and anhedonia. In contrast, several studies employing
exploratory factor analysis on negative symptom scales have
consistently identified two factors: motivation and pleasure
deficits (MAP) and expressivity deficits (EXP) (15). The two-
factor model is supported by researchers for its potential to
uncover the nature of negative symptoms and identify therapeutic
targets (16). Neuroimaging studies further back the two-factor
model, demonstrating that MAP and EXP are differentially
associated with functional outcomes and involve distinct
mechanisms and pathways (17). However, a recent study
analyzing the factor structures of the BNSS, CAINS, and Scale for
Assessment of Negative Symptoms (SANS) suggested that the two-
factor model fails to fully capture the complexity of negative
symptoms in schizophrenia (18). Instead, the authors concluded
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that the original five-factor model more accurately represents the
latent structure of negative symptoms. Some subsequent studies
from different cultures have confirmed the existence of the
hierarchical model through the application of confirmatory factor
analysis (19, 20) and network analysis (21). Clarifying the latent
structure of negative symptoms is important, because it provides
researchers with valuable insights into relevant pathophysiological
mechanisms. Some preliminary studies have indicated that
individual negative symptom domains have different
pathophysiological correlations (22), suggesting that further
research is needed.

Cognitive dysfunction is also a core feature of psychosis that is
strongly correlated with poorer social outcomes, particularly a
decrease in patients’ quality of life. These deficits often emerge
nearly a decade before the first onset of psychosis and tend to
worsen as the disease progresses (23). A recent network analysis
further confirmed that negative symptoms and cognitive
dysfunction are the most significant and influential factors
affecting social functioning (24). Another meta-analytic study also
suggested that cognitive dysfunction is a key predictor of both
current and future psychosocial functioning (25). Because of the
complex relationship between negative symptoms, cognitive
functioning, and social functioning, understanding their internal
structure is crucial for identifying therapeutic targets for negative
symptoms. Many previous studies examining these relationships
simply employed correlation and regression analyses, without
considering the internal relationships between the different factors
of negative symptoms and the various cognitive dimensions (26).

To address these issues, we introduced network analysis, a
mathematical approach designed to evaluate complex systems.
Network analysis focuses on the interrelationships among system
components, making it particularly well-suited for estimating the
latent structure of constructs. Instead of analyzing each factor
individually as a single effect of a causal disorder, network
analysis considers the interactions between all factors. This
approach ensures that no factor is examined in isolation, but
rather in the context of its influence on and by all other factors
(27). Network analysis is a data-driven approach that does not rely
on predefined hypotheses about causal relationships between
variables. In contrast to traditional methods, such as structural
equation modeling, which require assumptions about causality,
network analysis bypasses these constraints. Moreover, network
analysis allows for the estimation and visualization of the overall
patterns of interrelationships among variables as network
structures, while also generating useful indices to assess the
centrality of each variable (28). Recent network analyses have
examined BNSS structure and cognition-functioning links,
supporting a data-driven approach. Our study builds on this
within the evolving landscape of data-driven models of
psychopathology (29, 30). As a result, network analysis holds
significant potential for uncovering the complex interactions
between negative symptoms, cognitive function, and social
functioning in patients with schizophrenia.

In summary, we utilized network analysis to investigate the
intricate relationships among negative symptoms, cognitive
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function, and social functioning in chronic male patients with
schizophrenia. Only male participants were included to control
for sex-based differences in schizophrenia symptomatology and
cognitive profiles, which may confound network estimation (31).
Additionally, we aimed to identify the most central nodes within the
resulting network using centrality indices.

Methods
Participants

A total of 161 male patients diagnosed with schizophrenia were
recruited from the inpatient department of the psychiatric
rehabilitation unit at Yangzhou Wutaishan Hospital in Jiangsu
Province. Diagnosis of schizophrenia was confirmed according to
the criteria outlined in the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-IV). Eligibility for
participation required patients to be between the ages of 20 and
65, have been on a stable regimen of oral antipsychotic medication
for at least 12 months, and demonstrate stable schizophrenia
symptoms. Exclusion criteria included the presence of physical
comorbidities, substance abuse or dependence, or any prior
receipt of physical treatments such as electroconvulsive therapy.
No missing data were present in the final sample, as incomplete
cases were excluded during screening. The study was approved by
the Institutional Ethical Committee for Clinical Research, and all
participants provided written informed consent.

Subtypes of DS and NDS patients

The Chinese version of the Schedule for the Deficit Syndrome
(SDS) was used to classify patients into deficit syndrome (DS) and
non-deficit syndrome (NDS) (32), and is currently regarded as the
‘gold standard’ for assessing deficit symptoms. Interviews should be
conducted when the interviewee’s mental state is clinically stable.
The SDS evaluates six specific symptoms: restricted affect, poverty
of speech, diminished sense of purpose, reduced social drive,
curtailed interest, and limited emotional range. A diagnosis of
deficit syndrome is confirmed if two or more of these symptoms
are present in the SDS assessment. Furthermore, the symptoms
must have persisted for at least one year before the evaluation (33,
34). The DS/NDS classification was employed solely for sample
characterization. Due to the small sample size, we did not perform
network analysis for DS and NDS separately. All participants were
included in the network analysis.

Clinical assessment

The Brief Negative Symptoms Scale

The BNSS is a 13-item interview-based rating scale organized
into six subscales (13). It evaluates five symptoms that are widely
recognized as negative symptoms of schizophrenia: anhedonia,
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asociality, avolition, blunted affect, and alogia. A sixth subscale,
which assesses psychic distress (worrying), was also included. These
symptoms are grouped into two factors. The MAP factor consists of
three subscales that assess deficits in social functioning, including
anhedonia, avolition, and asociality. The EXP factor includes two
subscales that assess emotional expression, namely blunted affect
and alogia. The BNSS was administered by trained raters
(psychiatrists with >5 years’ experience), with inter-rater
reliability assessed via intraclass correlation coefficient (ICC >
0.75). All items are rated on a 7-point scale (0-6), with anchor
points ranging from the absence of symptoms (0) to severe
symptoms (6).

A series of classical neurocognitive tests, encompassing a wide
range of cognitive functions, was used to assess the neurocognitive
abilities of all participants, including the Digit Vigilance test (DVT),
Animal Naming Test (ANT), Controlled Oral Word Association
Test (COWAT), a Block Design (Wechsler adult intelligence scale-
Chinese Revision, WAIS-RC), Trail Making Test-A, B (TMT-A,B),
Stroop Color-Word test (SCWT) and Spatial Processing (35-37).
Based on earlier studies, these tests were categorized into the
cognitive domains of sustained vigilance/attention (Stroop words
only, colors only, TMT-A, and DVT), cognitive flexibility (Stroop
color/word interference test and TMT-B), ideation fluency
(COWAT and ANT), and visuospatial memory (spatial
processing test and WAIS-RC) (11).

Scale of Social Function in Psychosis Inpatients

The SSPI was used to assess the social functioning of patients
(38, 39). It consists of 12 items based on the actual living conditions
and rehabilitation content for inpatients with psychosis. These
items were grouped into three factors based on similar qualities.
The factors evaluate life skills, mobility, social competence, and
social activity skills, with each factor containing four items. Each
item is rated on a 5-point scale (0 = extreme impairment; 1 = severe
impairment; 2 = moderate impairment; 3 = mild impairment; 4 =
no impairment). The total score ranges from 0 to 48, with higher
scores indicating better social functioning. The SSPI total score was
used to construct network structure, individual items were not
included to avoid model complexity.

Demographic data analysis

The data analyses were conducted using SPSS V.23.0 software.
The independent t-test was used to compare age, education level,
BMI, total disease course, negative symptoms, cognitive function
and SSPI between the DS and non-DS patients.

Network analysis

We used simple descriptive statistics (proportion, mean, and
standard deviation) to present the demographic and clinical
characteristics of the sample. The network structure was
estimated for all the items (13 items of the BNSS, 9 items of
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neurocognitive tests and 3 items of the SSPI). A network represents
a system of nodes that are connected in various ways (40, 41). In
network analysis, edges represent the connections between nodes.
Regularized partial correlations were estimated using the graphical
least absolute shrinkage and selection operator (GLASSO)
algorithm to minimize false-positive connections. For our study,
the nodes consisted of various items from the BNSS, neurocognitive
tests, and the SSPI, while the edges corresponded to the partial
correlation coefficients between these items. The R package ggraph
was used to construct a weighted undirected network, where the
strength of the correlation between two items was represented by
the thickness of the connecting line. To evaluate the significance of
each item, we employed three centrality measures: node strength
(the sum of all weighted connections), closeness (the multiplicative
inverse of the total length of the shortest paths between the node
and all other nodes), and betweenness (the number of times a node
appears on the shortest path between two other nodes). Bridge
strength quantifies a node’s capacity to connect distinct clinical
domains (e.g., negative symptoms < cognition), calculated as the
sum of edge weights linking different communities. We removed
the nodes connections within the same clinical domains and
reconstructed the network structure of the bridge centrality to
measure the bridge symptom. Additionally, to assess the stability
of these centrality indices, we calculated the correlation stability
(CS) coefficient. Reliable centrality estimates require a CS

10.3389/fpsyt.2025.1623147

coefficient greater than or equal to 0.25, with values above 0.5
considered ideal.

Afterwards, we evaluated node centrality based on node
strength to understand the structural significance of each node in
the network (40, 41). Node strength was selected because it indicates
the direct impact of a node on the entire network. To assess the
network’s stability, we used the bootnet R package, which generated
random subsamples with progressively smaller sizes from the
entire population.

Result
Characteristic of the participants

A total of 161 schizophrenia patients were included in this
study, with 70 patients in the DS subgroup and 91 in the non-DS
subgroup. The overall characteristics of the patients are presented in
Table 1. No significant differences were observed between the two
subgroups in terms of age, education level, total disease course, or
body mass index (BMI) (all P > 0.05). However, DS patients
exhibited more severe negative symptoms across all 13 items of
the BNSS, as well as greater impairment in all four domains of
cognitive function and social functioning compared to non-DS
patients (all P < 0.001).

TABLE 1 Comparisons of demographic and clinical characteristics between DS schizophrenia patients and non-DS schizophrenia patients.

Characteristic DS patients (N=70) NDS patients (N=91)  F/t P

Age 50.26 + 8.37 49.88+ 7.80 0.295 0.768
Education level (year) 8.30 + 2.80 9.05 + 2.57 1.799 0.077

BMI 24.05 + 3.57 24.86 £ 3.13 1.540 0.126

Total disease course (year) 27.93 + 7.69 26.54 + 8.03 1.109 0.269

B1: Intensity of pleasure during activities 3.64 +0.12 1.71 £ 0.10 12.145 <0.001

B2: Frequency of pleasure during activities 3.56 + 0.14 1.67 + 0.10 10.807 <0.001

B3: Intensity of expected pleasure from future activities 3.66 + 0.16 1.50 + 0.11 11.352 <0.001

B4: Distress 4.16 £ 0.16 228 £0.11 9.584 <0.001

B5: Asociality: behavior 3.50 £ 0.13 1.56 +£ 0.13 10.669 <0.001

B6: Asociality: internal experience 3.94 +£0.14 1.66 £ 0.11 12.865 <0.001

B7: Avolition: behavior 3.54 +0.14 1.52 £ 0.11 11.536 <0.001

B8: Avolition: internal experience 3.90 +0.13 1.80 £ 0.11 12.286 <0.001

B9: Facial expression 3.02 £ 0.15 1.21 £0.10 10.200 <0.001

B10: Vocal expression 2.61 £ 0.16 0.95 £ 0.10 8.850 <0.001

B11: Expressive gestures 2.96 + 0.16 1.07 £ 0.10 9.972 <0.001

B12: Quantity of speech 2.96 +0.16 1.24 +0.10 9.273 <0.001

B13: Spontaneous elaboration 3.47 £0.18 1.56 + 0.12 8.886 <0.001

(Continued)
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TABLE 1 Continued

Characteristic

DS patients (N=70)

10.3389/fpsyt.2025.1623147

NDS patients (N=91)

BNSS total score 4493 £ 13.03 19.70 + 9.85 13.495 <0.001
Y1: Sustained attention 12.97 + 4.08 5.36 £ 3.39 12.599 <0.001
Y2: Cognitive flexibility 599 +2.37 245+ 1.64 10.672 <0.001
Y3:Ideation fluency 3.94 £ 1.19 1.66 = 1.06 12.865 <0.001
Y4: Visuospatial memory 7.01 £2.43 3.08 £ 1.86 11.265 <0.001
SSPT total score 18.74 + 8.72 31.81 £6.73 10.375 <0.001

Estimation of the network

The regularized partial correlation network about negative
symptom, cognitive function and social functioning in male
schizophrenia patients is shown in Figure 1. The network
consisted of 153 regularized partial correlations, with 88 edges
showing positive associations. Blue edges indicate positive
correlations, while red edges represent negative correlations.

The thickness of the edge reflects the magnitude of
the correlation.

Four groups of symptoms in the items of the functional subscale
show obvious regularized partial correlation. They are “sustained
vigilance/attention (Y1)” and “cognitive flexibility (Y2)”, “quantity
of speech (B12)” and “spontaneous elaboration (B13)”, “asociality
behavior (B5)” and “asociality inner experience (B6)”, and

»
>

“avolition behavior (B7)” and “avolition inner experience (B8)

FIGURE 1

Network structure of negative symptoms, cognitive function and social function in schizophrenia. Blue edges denote positive partial correlations, red
edges denote negative correlations. Thickness corresponds to correlation strength. Nodes are color-coded by domain: Yellow = Negative symptoms
(B1-B13: 13 items of BNSS); Blue = Cognitive function (Y1: sustained vigilance/attention; Y2: cognitive flexibility; Y3: ideation fluency; Y4: visuospatial

memory); Green = Social function (SSPI: total score of SSPI).
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with corresponding regularized partial correlation coefficients of
0.533, 0.371, 0.355 and 0.295, respectively. Similarly, “intensity of
pleasure during activities (B1)”, “frequency of pleasure during
activities (B2)” and “intensity of expected pleasure from future
activities (B3)” as well as “facial expression (B9)”, “vocal expression
(B10)” and “expressive gestures (B11)” also show some regularized
partial correlation. The regularized partial correlation coefficients
between the two of them are around 0.25.

Centrality analysis results

For network centrality, “intensity of pleasure during activities
(B1)” in the negative symptoms was the most central node, followed
by “asociality inner experience (B6)”. Therefore, these two nodes
may be central to the association among negative symptoms,
cognitive function, and social functioning in chronic male

10.3389/fpsyt.2025.1623147

patients with schizophrenia. The node “ideation fluency (Y3)” in
the cognitive function had the lowest strength and expected
influence (Figure 2).

The larger value of the bridge strength, the more it represents a
bridge symptom in the network. The most prominent bridge node
was SSPI, which had significantly strong associations with negative
symptoms and cognitive function. (Figure 3) “Frequency of
pleasure during activities (B2)” showed the highest bridge
strength among the negative symptoms, and “sustained vigilance/
attention (Y1)” was the strongest bridge in cognitive function
connected with the other clusters (Figure 4).

Among them, the bridge strength of SSPI is 0.55, the bridge
strength of “frequency of pleasure during activities (B2)” is 0.138, the
bridge strength of “sustained vigilance/attention (Y1)” is 0.388. Nodes
with high Bridge strength displaying high topological centrality in the
symptom network. They are key nodes in the network structure
associated with male chronic schizophrenia symptomatology.

Strength Closeness

Betweenness ExpectedInfluence

B14

B6 4

B9

B12 4

Y14

B8 1

B74

B5 A

B2

B3

B10 4

B134

B114

Y24

B4 4

Y44

SSPI4

Y3+

FIGURE 2

Centrality plot of the regularized partial correlation network. B1-B13: 13 items of BNSS; Y1: sustained vigilance/attention; Y2: cognitive flexibility; Y3:

ideation fluency; Y4: visuospatial memory; SSPI: total score of SSPI.
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FIGURE 3

Network structure of bridge centrality with negative symptoms, cognitive function and social function in schizophrenia. Thickness corresponds to
correlation strength. Nodes are color-coded by domain: Yellow = Negative symptoms (B1-B13: 13 items of BNSS); Blue = Cognitive function (Y1:
sustained vigilance/attention; Y2: cognitive flexibility; Y3: ideation fluency; Y4: visuospatial memory); Green = Social function (SSPI: total score of SSPI).

10.3389/fpsyt.2025.1623147

Network stability and accuracy

Supplementary Figure S1 displays the accuracy of the bootstrap
method in obtaining edge weights. The narrow confidence interval
range indicates that the edge weights have sufficient accuracy.

The network accuracy and the stability of centrality indices are
presented in Supplementary Figure S2. The correlation stability
(CS) coefficient for strength is 0.596, for edge is 0.671 and for bridge
strength is 0.516, suggesting both are sufficient stability. However,
the CS coefficients for closeness and betweenness are 0.05 and 0.05
respectively, falling below the recommended minimum threshold
(ie, p > 0.25).

Discussion

In the current study, we found that DS patients exhibited poorer
performance across several domains. Previous neuroimaging
studies have reported reduced gray matter volume in the right
temporal lobe, decreased cortical thickness in the left
temporoparietal junction (42), and abnormal nodal connectivity
in the right inferior temporal gyrus (43) in DS patients. These
structural abnormalities in the temporal lobes may be related to an

Frontiers in Psychiatry

early-onset, nonprogressive developmental process, which
interferes with the acquisition of basic cognitive and social skills
from childhood, potentially explaining the poor premorbid
adjustment and social cognitive deficits observed in this subgroup
(44). These neuroimaging findings align with the results of our
study. Therefore, DS may represent a distinct subtype of
schizophrenia, and further evidence is needed to support
this hypothesis.

For the network analysis, negative symptoms, cognitive
function, and social functioning were used as nodes to construct
the network for chronic male patients with schizophrenia. The
results indicate that the strongest connection is observed between
“sustained vigilance/attention (Y1)” and “cognitive flexibility (Y2)”,
“quantity of speech (B12)” and “spontaneous elaboration (B13)”,
“asociality behavior (B5)” and “asociality inner experience (B6)”,
and “avolition behavior (B7)” and “avolition inner experience (B8)”.
“Intensity of pleasure during activities (B1)” and “asociality inner
experience (B6)” are the central symptoms of the network. The
bridge node in network is SSPI.

In our regularized partial correlation network, the stronger
connections are between Y1-Y2, B12-B13, B5-B6 and B7-BS.
Moreover, B1-B2-B3 and B9-B10-B11 also show some regularized
partial correlation. This suggests that our results support five factors
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Bridge Strength

SSPI-

Yi-

Y3-

Ya-

B2-

BY-

B6-

B1-

B5-

B7-

B8-

Y2-

B10-

FIGURE 4

Bridge centrality plot of negative symptoms, cognitive function and social function in schizophrenia. B1-B13: 13 items of BNSS; Y1: sustained
vigilance/attention; Y2: cognitive flexibility; Y3: ideation fluency; Y4: visuospatial memory; SSPI: total score of SSPI.

structure of negative symptoms. It can also be observed that the
clusters of negative symptoms are divided into two groups,
consistent with the previous categorization of the MAP and EXP
factors. However, the connection between MAP and EXP is weak,
and further investigation is needed to determine whether the
internal structure of negative symptoms align with the two
second-order factors (MAP and EXP) and five first-order factors
(alogia, blunted affect, anhedonia, avolition, asociality).

In the centrality analysis results, “intensity of pleasure during
activities (B1)” is the central node of the network. This node is an
important part of anhedonia, which is traditionally defined as an
inability to experience pleasure (45). Anhedonia is a deficit in the
ability to experience positive reinforcement, including the pleasure
typically derived from social interactions, and is manifested as a low
social drive. It is often regarded as one of the core symptoms of
schizophrenia, which aligns with our findings. Furthermore,
converging evidence suggests that anhedonia is a persistent
phenotype, associated with schizotypal traits in non-clinical
populations, and serves as a strong predictor of schizophrenia-
spectrum disorders and their related social impairments (46, 47).

From the bridge analysis results, “SSPI” is the most important
bridge node of our network. This node exhibits the most extensive
and strongest connections with other nodes in the network. As a
bridge node, it is statistically associated with co-occurring symptom
activation, propagating the effect throughout the entire system (48).
From the perspective of the entire network, the nodes that are most
closely to the “SSPI” are “intensity of pleasure during activities
(B1)”, “frequency of pleasure during activities (B2)”, “sustained
vigilance/attention (Y1)” and “ideation fluency (Y3)”, suggests

trans-domain mechanisms. This may inform interventions
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targeting anhedonia to improve social functioning, such as
cognitive-behavioral therapy or pharmacological agents. The
activation of “SSPI” will have a positive effect in regulating
negative symptoms, especially in anhedonia. However, it can also
worsen cognitive functioning, particularly in “sustained vigilance/
attention (Y1)” and “ideation fluency (Y3)” in individuals with
schizophrenia. Social impairment is common in schizophrenia and
contributes significantly to its morbidity (49). Furthermore, it
shows minimal response to treatment, and always predates the
onset of psychosis (50, 51). Social impairment is a characteristic of
clinical high-risk individuals, occurring at levels comparable to
those seen in established schizophrenia. Several previous studies
have indicated that social impairment across the schizophrenia
spectrum is strongly associated with negative symptoms, along with
cognitive deficits (52). Our results go further than previous studies
in demonstrating that social disorders are more related to
anhedonia in negative symptoms and to sustained vigilance/
attention and ideation fluency in cognitive function.

This study has several limitations. First, it is cross-sectional in
design and lacks a longitudinal component. Future research should
incorporate regular follow-up and data collection at multiple time
points to allow for a more comprehensive temporal analysis. Second,
the study included only male schizophrenia inpatients, which may
limit the generalizability of the findings to female patients or
outpatients. Third, the neurocognitive tests used did not encompass
all aspects of cognitive function, underscoring the need for more
comprehensive tools in future studies to fully assess cognitive abilities.
Fourth, although this study focuses on negative symptoms, cognitive
function, and social functioning in schizophrenia, our understanding
of the underlying mechanisms remains limited, even with the use of
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network analysis. Fifthly, while network analysis identifies central
nodes that may inform interventions, it operates at the
phenomenological level and does not directly probe underlying
biology. Future studies should integrate multimodal data (e.g., EEG,
genetics) to validate these nodes as true pathophysiological targets.
Sixthly, our study used SSPI for social functioning; future work
should incorporate real-world outcomes (e.g., employment status)
to validate findings and enhance ecological validity. Crucially,
symptom networks derived from cross-sectional data reveal
statistical associations, not causal pathways. While highly
connected nodes may represent clinically relevant intervention
targets, these nodes reflect downstream manifestations of the
disorder, not its underlying etiology. Their role in symptom
perpetuation requires validation through longitudinal designs
tracking symptom dynamics. Finally, the sample size was relatively
small. In summary, future longitudinal studies with larger and more
diverse samples, including both male and female patients, as well as
more comprehensive assessment tools, are needed to further explore
the associations among negative symptoms, cognitive function, and
social functioning in schizophrenia.

This study investigated the organization of negative symptoms,
cognitive function, and social functioning within a network
framework, establishing a preliminary relationship network
among these domains in schizophrenia. Social functioning, widely
interconnected with other nodes, can activate and propagate effects
across the entire network (53, 54). Targeting this node through
intervention may effectively limit the spread of negative symptoms
and help prevent cognitive decline. Our findings offer a theoretical
basis for developing interventions for negative symptoms
in schizophrenia.
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