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people with bipolar and major
depressive disorders

Longbin Du'', Xiaofen Zong'", Jinxin He', Mengyao Feng",
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Background: High rates of diagnostic conversion and comorbidity between
bipolar disorder (BD) and major depressive disorder (MDD) necessitate a
transdiagnostic approach to uncover shared mechanisms. Network analysis can
model the complex interrelationships among clinical, psychosocial, and cognitive
domains, which remain underexplored in an integrated manner.

Method: This study included 1,332 participants aged 10-24 (689 patients with BD-
I, BD-Il, or MDD, and 643 healthy controls). All underwent comprehensive
assessments for clinical symptoms, psychosocial factors, and cognitive
performance. We employed exploratory graph analysis to identify network
clusters, estimated centrality and bridge centrality to identify key nodes, and
used the Network Comparison Test across cognitive subgroups derived from
hierarchical clustering.

Results: A transdiagnostic two-cluster structure was identi ed: a symptom-
psychosocial cluster and a neurocognition cluster. Depression and anhedonia
were the central nodes within the symptom-psychosocial cluster, while
processing speed and attention were central in the neurocognition cluster.
Attention and self-harm were the key bridge nodes connecting the two
clusters. Cognitive strati cation revealed higher nodal strength (visual learning,
processing speed) and global strength in the low-cognitive subgroup.
Conclusion: This study delineates a transdiagnostic network architecture in
young people’s mood disorders, identifying critical central and bridge nodes as
intervention targets. The ndings advocate for a dimensional, cognitive-informed
approach to understanding and treating BD and MDD.
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Introduction

There is growing recognition that psychiatric diagnostic categories
are pragmatic, human-made constructs designed primarily to guide
clinical communication, rather than precise representations of distinct
underlying disease entities (1, 2). This fundamental limitation is
particularly salient in the realm of mood disorders, as exempli ed
by the challenges in differentiating bipolar disorder (BD) from major
depressive disorder (MDD). The high rates of diagnostic conversion,
comorbidity, and substantial heterogeneity within these conditions
underscore the potential inadequacy of rigid categorical boundaries (1,
3). Accumulating evidence further reveals considerable overlaps
between BD and MDD across multiple domains, including clinical
symptoms, cognitive pro les, neurobiology, and genetic vulnerabilities
(4, 5). These commonalities strongly suggest that critical
psychopathological processes transcend the current diagnostic
divisions, necessitating a shift toward a transdiagnostic approach.
Such an approach aims to identify shared mechanisms and
therapeutic targets by focusing on dimensional constructs that cut
across the traditional BD-MDD dichotomy.

Psychopathology in BD and MDD extends beyond core mood
symptoms to encompass other critical dimensions, most notably
cognitive de cits. Impairments in domains such as memory,
executive function, processing speed, and attention are frequently
observed in both disorders (6, 7). The severity of cognitive de cits
often correlates with the intensity of clinical symptoms (8),
implying a potential causal relationship between psychopathology
and cognitive dysfunction that may inform prognostic predictions.
Furthermore, given the heterogeneity of these disorders, patients
can be strati ed into distinct cognitive subgroups, each exhibiting
characteristic pro les (9). Statistical clustering approaches offer a
powerful alternative to traditional group-average methods for
de ning patient subtypes based on overall cognitive performance,
as they are speci cally designed to account for, rather than obscure,
cognitive heterogeneity (10). Such strati cation enables a more
nuanced analysis of symptom-cognition relationships across
different patient subtypes. External psychosocial factors, such as
interpersonal relationships and social support, also play a critical
role, frequently interacting with both psychiatric symptoms and
cognitive performance throughout the illness course (11). In
summary, clinical symptoms, cognitive function, and psychosocial
factors demonstrate interrelated alterations, forming a complex
system of interactions. Elucidating these dynamic relationships
may provide valuable insights into disease mechanisms and
facilitate personalized treatment strategies.

Given the intricate interconnections among symptoms,
psychosocial factors, and cognition, network analysis offers a
powerful statistical framework for modeling these relationships
(12). This approach conceptualizes psychopathology as a system of
interacting elements, enabling the visualization and quanti cation of
complex relationships. As an integral component of network analysis,
exploratory graph analysis provides a data-driven dimensionality
reduction technique that identi es clusters of variables based on
the strength of their connections (13). This method also facilitates the
identi cation of central nodes (highly in uential variables within a
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cluster) and bridge nodes (variables that connect different clusters),
which may represent key psychopathological mechanisms, potential
intervention targets, and pathways for cross-domain in uence (14,
15). Although previous studies have used network analysis to
examine symptom-symptom and symptom-cognition relationships
both within and across diagnostic categories (12, 16 18),
transdiagnostic network studies that integrate clinical symptoms,
psychosocial factors, and cognitive domains in mood disorders
remain scarce.

Crucially, no study to date has speci cally investigated the
integrated psychosocial symptom cognitive network structure in
young people with BD and MDD, despite the critical importance of
this developmental period. Adolescence and early adulthood represent
a peak window for the onset and progression of mood disorders,
during which interpersonal relationships, social functioning, and
cognitive abilities undergo signi cant maturation and are
particularly vulnerable to disruption (19 22). Identifying the central
and bridge elements in this unique population could provide insights
into early disease mechanisms and inform targeted interventions.

The present study aims to elucidate the relationships among
clinical symptoms, psychosocial factors, and cognitive domains
using a transdiagnostic network approach in a large sample of
young people with BD, MDD, and healthy controls. Our speci ¢
objectives were: (a) to map the network structure of clinical,
psychosocial, and cognitive domains using exploratory graph
analysis to identify underlying communities; (b) to determine
central nodes in uencing the overall network and bridge nodes
connecting communities; and (c) to interpret network variations
across empirically derived cognitive subtypes.

Methods
Participants

A total of 1,332 participants were included in this study: 261
patients with MDD, 199 with BD-I, 229 with BD-II, and 643 healthy
controls (HCs). All participants were recruited between March 2024
and August 2025. Patient participants were identi ed from the
inpatient psychiatry unit of Renmin Hospital of Wuhan University
and were aged 10 24 years. Their diagnoses were con rmed by
trained psychiatrists using the SCID-1/P. HCs were recruited during
the same period from primary, junior high, and senior high schools
in Wuhan and surrounding areas via advertisements. Key inclusion
criteria for HCs included being aged 10 24 years, having no
personal history of psychiatric disorders (as veri ed by the SCID
Non-Patient Version), and having no family history of major
psychiatric disorders.

For all participants, exclusion criteria consisted of signi cant
physical illness, neurological disorders, history of substance abuse,
or severe verbal/visual impairments.

The study received approval from the Institutional Review
Board of Renmin Hospital, Wuhan University (Approval No.
WDRY2024-K039), and written informed consent was obtained
from all participants and their guardians.
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Assessment of clinical symptoms and
psychosocial factors

Clinical symptoms and psychosocial factors were assessed using
standardized instruments. Clinical symptoms included depression
[evaluated with the Patient Health Questionnaire-9, PHQ-9 (23)],
anxiety [assessed using the Generalized Anxiety Disorder-7, GAD-7
(24)], mania [screened by the Mood Disorder Questionnaire, MDQ
(25)], anhedonia [measured with the Snaith Hamilton Pleasure
Scale, SHAPS (26)], insomnia [evaluated via the Insomnia Severity
Index, ISl (27)], general psychiatric symptoms [assessed with the
Brief Psychiatric Rating Scale, BPRS (28)], and non-suicidal self-harm
(measured by the Chinese version of the Adolescent Non-Suicidal
Self-Injury Questionnaire, NSSI; see Supplementary Table 1).

Psychosocial factors included interpersonal relationships
(assessed using the Interpersonal Relationship Integrative
Diagnostic Scale, IRIDS; Supplementary Table 2) and social
support status [evaluated with the Social Support Rating Scale,
SSRS (29)].

Assessment of cognitive performance

Cognitive performance was assessed using the MATRICS
Consensus Cognitive Battery Chinese version (MCCB) (30, 31).
The Chinese version of the MCCB has been validated in adolescents
and young adults (32). The battery evaluates six neurocognitive
domains and one social cognitive domain, which are detailed
as follows:

e Processing Speed: Trail Making Test (TMT-A), Brief
Assessment of Cognition in Schizophrenia (BACS), and
Verbal Fluency Test (VFT);

e Attention: Continuous Performance Test (CPT);

e Working Memory: Wechsler Memory Scale Spatial Span
(WMS-SS);

e Verbal Learning: Hopkins Verbal Learning Test (HVLT);

e Visual Learning: Brief Visuospatial Memory Test (BVMT);

e Reasoning: the Mazes subtest from the Neuropsychological
Assessment Battery (NAB Mazes);

e Social Cognition: the Mayer Salovey Caruso Emotional
Intelligence Test (MSCEIT).

We computed Z-scores for the nine MCCB subtests using the
formula: Z-score = (raw score - Mean of HCs)/Standard Deviation
of HCs. The cognitive domain scores were then derived by
summing the Z-scores of the respective subtests within each
domain (Supplementary Table 3).

Internal consistency was evaluated using Cronbachs a. The
results demonstrated acceptable internal consistency, with a
Cronbachs a of 0.714 for the total sample.

Network analysis and centrality estimation
in transdiagnostic samples

Network analysis was performed using R version 4.4.3. The

primary transdiagnostic network was estimated using the combined
patient sample (BD and MDD, N = 689) to capture shared
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psychopathological mechanisms. Healthy controls were excluded
from this estimation to prevent spurious correlations driven by
group differences. Each node represented the total score of a clinical
symptom or psychosocial factor scale, and edges denoted partial
correlations between nodes, with thickness re ecting connection
strength. To enhance interpretability, we applied the EBICglasso
model (g=0.5) to regularize the network by shrinking weak edges to
zero, thereby emphasizing robust connections (33). The
Fruchterman Reingold algorithm was used for layout, positioning
central nodes prominently (34). Nodal centrality was assessed using
the R package qgraph (35), with strength as the primary metric
for ranking.

To identify potential clusters of clinical symptoms, psychosocial
factors and cognitive domains, we conducted exploratory graph
analysis via the EGAnet package, implementing the walktrap
algorithm to detect community structures (36, 37). Bridge
centrality, particularly bridge strength, was computed to evaluate
cross-community in uences (15).

In addition, mediation analysis was performed to further
investigate the causal pathway wherein key bridge nodes mediate
the relationship from the symptom-psychosocial cluster to the
neurocognition cluster (see method in Supplementary Materials).

Hierarchical clustering analysis

Cluster analysis was conducted to identify cognitive subgroups
across BDs and MDDs. First, the summed z-scores for each domain
were themselves standardized. Subsequently, hierarchical clustering
was applied using Euclidean distance and Ward s linkage (38, 39).
The optimal number of clusters (ranging from 2 to 6) was
determined by evaluating a consensus of 30 indices provided by
the NbClust R package (40).

Network comparison test

The Network Comparison Test (NCT), a resampling-based
permutation method, was used to examine differences in both
global indices (global network and global strength invariance) and
nodal indices (nodal strength and nodal bridge strength invariance)
across cognitive clusters (41). Additionally, we assessed the
potential effects of diagnosis, sex, and medication status on these
four global and nodal metrics by comparing differences between
diagnostic groups, gender groups, and three medication categories
(drug-naive, drug-free, and medicated groups).

Results
Sample characteristics

Relative to HCs, patients showed widespread signi cant
impairments across clinical, psychosocial, and cognitive measures
(all P < 0.001), apart from MCCB-Visual Learning (P = 0.382,
Table 1). The groups (HCs, BD-I, BD-II, MDD) were well-matched
on all demographic and clinical variables (all P > 0.05, Table 1).
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Network analysis in patients and HCs

We performed a network analysis with exploratory graph
analysis on the entire patient group (BD and MDD), which
identi ed two robust clusters (Figure 1A): a symptom-
psychosocial cluster (comprising clinical symptoms, psychosocial
factors, and social cognition) and a neurocognition cluster
(consisting of neurocognitive domains). A similar clustering
pattern was observed in HCs and across diagnostic subgroups
(Supplementary Figure 1).

Next, we examined centrality indices within the overall
network. Depression and Processing Speed emerged as the most
central nodes based on their strength centrality (Figure 1B). Within
the symptom-psychosocial cluster, depression and anhedonia

10.3389/fpsyt.2026.1748315

showed the highest centrality; in the neurocognition cluster,
processing speed and attention were the most central (Figure 1B).
Bridge centrality analysis revealed that Attention and Self-harm
had the highest bridge strength, underscoring their pivotal roles
in connecting the two clusters (Figure 1B). Both nodal
strength and bridge strength demonstrated acceptable stability
(Supplementary Figure 2).

The NCT indicated no signi cant differences in global network
properties (network invariance and global strength invariance) as well
as nodal properties among these groups (all P > 0.05, Supplementary
Table 4). Furthermore, nodes within the same cluster generally
exhibited strong positive correlations (except for social cognition),
whereas edges between clusters were predominantly negative and
relatively weak (Supplementary Figure 3).

TABLE 1 Demographic and clinical information in patient and control groups.

Clinical data
Age (years, M * SD) 16.11 + 2.66 16.42 + 2,57 16.17 + 2.55 16.04 + 3.01 0.84 0.471
female/male 4407203 127/72 173/56 181/80 7.20 0.066
Education (years, M + SD) 9.95 + 247 9.83 +2.38 9.78 £ 255 9.69 +2.83 0.70 0.550
Disease Duration (months, M + SD) 2450 + 21.75 27.28 + 22.80 21.66 + 21.90 3.85 0.022
Medication use®
Drug naive 85 112 158 1.50
0.221
Drug free 110 114 102
Prior psychotropic drug use within the drug-free group
Antipsychotics, no. 70 62 34
Antidepressants, no. 58 74 74
Mood stabilizers, no. 59 51 22
Hypnotics, no. 10 16 17
Cognitive functioning and psychopathology
Processing Speed 0.00 +2.20 -2.50 + 2.07 -2.21+212 -2.32 £ 2.09 13143 <0.001
Verbal Learning 0.00 + 2.51 -0.37 £ 2.77 -0.10 £ 2.70 -0.06 + 2.71 1.02 <0.001
Visual Learning 0.00 + 2,55 -1.56 + 3.71 -0.26 + 3.08 -0.70 £ 331 14.84 0.382
Attention 0.00 + 2,50 -2.18 + 2.66 -159 +2.79 -175+ 270 55.63 <0.001
Working Memory 0.00 + 1.00 -0.51+1.08 -0.27 +£1.09 -0.27 £ 1.07 14.00 <0.001
Reasoning 0.00 + 1.00 -063 +1.34 -053 +1.23 -0.44 + 116 24.99 <0.001
Depression 5.64 £ 4.32 1420 + 7.58 17.60 + 6.21 17.88 + 5.62 467.12 <0.001
Anhedonia 2174 +6.34 28.61 +8.12 3273 £ 7.46 33.07 +7.82 23244 <0.001
Anxiety 421 +362 10.58 + 6.13 1237 £5.17 1257 £ 541 305.03 <0.001
Insomnia 6.52 + 4.87 12.07 + 7.56 13.76 + 6.64 13.93 + 6.47 147.87 <0.001
Psychotic Symptoms 19.28 + 2.19 30.56 + 7.27 32.02 + 6.69 32.06 + 6.90 617.99 <0.001
Mania 4.38 + 2,58 6.68 + 3.22 6.03 +3.13 4.41 + 2.60 48.62 <0.001
Self-harm 420 +951 19.34 + 19.93 26,57 + 21.09 22,05+ 19.71 156.02 <0.001
Interpersonal Relationship 853 +5.27 14.92 £ 713 17.20 + 5.44 17.08 + 531 230.14 <0.001
Social Support 0.03 +0.01 0.04 +0.01 0.04 +0.01 0.04 +0.01 127.19 <0.001
Social Cognition 0.00 + 1.00 -0.48 + 1.18 -0.82 +1.08 -0.87 + 1.05 61.28 <0.001

HCs, Healthy controls; BD-I, Bipolar disorder type I; BD-II, Bipolar disorder type II; MDD, Major depressive disorder.

*Medication use data were missing for four patients with BD-I, three with BD-11, and one with MDD.

5 Drug naive refers to patients who have never been treated with psychotropic medications. Drug free refers to patients who were previously medicated but had discontinued all psychotropic

drugs for at least 2 weeks (or 6 weeks for uoxetine) prior to assessment. Prior psychotropic drug use was ascertained through clinical interviews and review of medical records.
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FIGURE 1

Transdiagnostic network of symptoms, psychosocial factors, and cognition in patients. (A) Exploratory graph analysis identi ed two robust clusters:
one of clinical symptoms and psychosocial factors, and the other of neurocognitive domains. Green and red edges represent positive and negative
correlations, respectively. (B) Nodal centrality. The bottom and top panels display strength centrality and bridge strength, respectively. The most
central nodes in the entire network were depression and processing speed. Within the symptom-psychosocial and neurocognition clusters, the
central nodes were depression/anhedonia and processing speed/attention, respectively. The key bridge nodes connecting both clusters were

attention and self-harm.

We found no signi cant effects of sex or medication use on
global or nodal network metrics (all P > 0.05).

The results of structural equation model are presented in
Supplementary Materials (Supplementary Figure 4).

Network comparisons in cognitive
subgroups

Hierarchical cluster analysis based on all thirty NbClust indices
identi ed an optimal two-cluster solution, comprising high- and
low-cognitive subgroups (Figure 2A). The high-cognitive subgroup
performed signi cantly better across all cognitive domains than the
low-cognitive subgroup (Supplementary Table 5). Nodal strength
analysis further revealed that Visual Learning (P = 0.016) and
Processing Speed (P = 0.016) exhibited higher strength in the low-
cognitive subgroup (Figure 2B). However, no signi cant differences
in the nodal bridge strength were detected between the two
subgroups (P > 0.05).

Regarding global network properties, signi cant between-
subgroup differences were found in network invariance
(P = 0.015). In addition, global strength invariance was
signi cantly greater in the low-cognitive subgroup than in the
high-cognitive subgroup (P < 0.001; Figure 2C).

Discussion

This study employed a transdiagnostic network approach to
investigate the complex interrelationships among clinical
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symptoms, psychosocial factors, and cognitive domains in a large
sample of young people with BD, MDD, and HCs, addressing a
signi cant gap in the current literature. Our ndings reveal several
key insights. First, we identi ed a consistent, transdiagnostic
network structure characterized by two robust clusters: a
symptom-psychosocial cluster and a neurocognition cluster.
Second, we identi ed central nodes within each cluster and key
bridge nodes linking them, highlighting potential therapeutic
targets and psychopathological pathways through which clinical
states may in uence cognitive function. Third, cognitive
strati cation showed that differences in global and nodal strength
between high- and low-cognitive subgroups coexisted with stable
cross-cluster connectivity, as indicated by invariant nodal
bridge strength.

Our analysis identi ed a distinct dual-network architecture.
This structure consists of a closely interrelated symptom-
psychosocial cluster and a separate neurocognitive module. This
separation suggests that mental states and psychosocial factors
interact tightly to form a dynamic system. In contrast, cognitive
function appears to be a more stable internal property that is less
susceptible to short-term emotional or social uctuations. This
distinction aligns with previous evidence. While clinical
symptoms tend to uctuate with mood states, cognitive
impairments often persist as trait-like markers even after acute
episodes resolve (42 44).

The replication of this two-cluster pattern in HCs and across
BD-I, BD-1l, and MDD diagnostic subgroups is particularly
noteworthy. It demonstrates that this psychopathological-
cognitive organization is a fundamental characteristic of the
population studied, rather than an artifact of illness. This nding
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FIGURE 2

signi cantly greater global strength than the high-cognitive subgroup.

Transdiagnostic cluster analysis of cognitive performance and network comparison between cognitive subtypes. (A) Two cognitive subgroups
identi ed by hierarchical clustering analysis; (B) Comparison of nodal strength between the two subgroups. Visual Learning and Processing Speed
showed higher strength in the low-cognitive subgroup. The asterisk indicates a signi cant difference (P < 0.05) in nodal strength between the high-
and low-cognition groups; (C) Comparison of global strength between the high- and low-cognition groups. The low-cognitive subgroup exhibited

aligns with both the previously proposed two-cluster pattern of
Psychopathology and Neurocognition in transdiagnostic
samples (12, 45) and the dimensional paradigms of the
Hierarchical Taxonomy of Psychopathology (HiTOP) consortium
(46) and the Research Domain Criteria (RDoC) framework (47). It
thereby supports the view that core mental functioning operates
along continua that cut across traditional diagnostic boundaries.
Within the symptom-psychosocial cluster, nodes were
strongly interconnected, indicating synchronized variations
among clinical and psychosocial variables and underscoring the
multifactorial nature of mood disorders. Depression and
anhedonia emerged as the most central nodes. Their
prominence is consistent with their status as core features of
both bipolar and depressive disorders, often exhibiting high
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comorbidity with anxiety, insomnia, and other symptoms (48
50). These central symptoms have been linked to increased risks
of negative cognitions and sleep disturbances, re ecting the
complex, bidirectional interactions within the psychopathology
network (51). In the neurocognition cluster, processing speed and
attention emerged as the most central nodes, with processing
speed showing the highest strength centrality, suggesting it may
play a particularly pivotal role. This aligns with previous studies
proposing processing speed as a fundamental resource, whose
impairment can mediate the relationship between depression and
de cits in other cognitive domains like verbal, working memory,
and visuo-spatial (52).

Bridge centrality analysis identi ed attention and self-harm as
the pivotal connectors between the two clusters. This suggests a
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