
Frontiers in Psychiatry

OPEN ACCESS

EDITED BY

Allyson Kelley,
Allyson Kelley & Associates PLLC,
United States

REVIEWED BY

Mariusz Stanisław Wiglusz,
Medical University of Gdansk, Poland
Lasse B. Sander,
University of Freiburg, Germany

*CORRESPONDENCE

Zhengzhi Feng

fzz@tmmu.edu.cn

†These authors have contributed equally to
this work

RECEIVED 23 February 2025

ACCEPTED 30 April 2025
PUBLISHED 21 May 2025

CITATION

Zhang J, Zhang X, Hu F, Li K, Luo M, Yu Y and
Feng Z (2025) Differential directional effects
between insomnia symptoms and suicidal
ideation across trait depression levels: a
cross-lagged network analysis among
Chinese medical undergraduates.
Front. Psychiatry 16:1581827.
doi: 10.3389/fpsyt.2025.1581827

COPYRIGHT

© 2025 Zhang, Zhang, Hu, Li, Luo, Yu and
Feng. This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums
is permitted, provided the original author(s)
and the copyright owner(s) are credited and
that the original publication in this journal is
cited, in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

TYPE Original Research

PUBLISHED 21 May 2025

DOI 10.3389/fpsyt.2025.1581827
Differential directional effects
between insomnia symptoms
and suicidal ideation across trait
depression levels: a cross-lagged
network analysis among Chinese
medical undergraduates
Jingxuan Zhang 1†, Xiaolin Zhang 2,3,4†, Feng Hu5,
Kuiliang Li 6, Mengjie Luo 1,7, Yang Yu 1,7

and Zhengzhi Feng 2,4*

1School of Psychology, Army Medical University, Chongqing, China, 2Experimental Research Center of
Medical and Psychological Science (ERC-MPS), School of Psychology, Army Medical University,
Chongqing, China, 3Teaching Examination Center, Army Medical University, Chongqing, China,
4Department of Medical Psychology, The Southwest Hospital, Army Medical University,
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Background: Suicidal ideation (SI) is intricately linked with insomnia and trait

depression, yet the directional relationships and the role of trait depression

remain unclear. This study sought to investigate the dynamic interplay

between insomnia symptoms, SI, and trait depression (including trait

anhedonia (TAN) and trait dysthymia (TDY)), aiming to clarify the role of trait

depression in the relationship between insomnia and SI.

Methods: A longitudinal design was employed to assess 566 undergraduate

students (aged 18-25) recruited from a medical university in China. Participants

underwent comprehensive assessments with a one-month interval between

baseline and follow-up, applying the Athens Insomnia Scale (AIS), the Self-

rating Idea of Suicide Scale (SIOSS), and the Trait Depression Scale (TDS).

Cross-lagged panel network (CLPN) models were implemented to examine

temporal associations, centrality metrics, and network differences between

high/low TAN and TDY subgroups. Network stability was evaluated using

bootstrap methods.

Results: Insomnia symptoms, particularly AIS6 (sense of well-being during the

day) and AIS7 (functioning), emerged as pivotal nodes significantly predicting SI

factors, including despair (DSP) and suicide (SUI), with bidirectional feedback

observed. TAN emerged as a central node, strongly influenced by insomnia and

SI. TDY primarily influenced TAN and optimism (OPT). In the high-TAN group,

OPT was a mediator among the nodes, OPT, AIS2 (awakening during the night),

and AIS7 were key bridging nodes, whereas AIS3 (final awakening earlier than

desired), AIS8 (sleepiness during the day), and DSP bridged in the low-TAN group.

High/low TDY networks exhibited structural congruence but significant

differences in bridge centrality rankings.
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Conclusion: Insomnia symptoms exacerbate SI by impairing daytime functioning

and emotional regulation, with trait anhedonia serving as a critical node.

Personalized interventions targeting specific insomnia symptoms (e.g., AIS6,

AIS7 or AIS8) and suicidal emotional factors (e.g., OPT or DSP) are crucial

disrupting feedback loops or critical connections to reduce suicide risk,

particularly in individuals with varying levels of trait anhedonia. Although

medical undergraduates represent a population commonly affected by mental

health problems, the specialized nature of our sample may limit the

generalizability of our findings. Future research and validation should be

conducted in more diverse populations.
KEYWORDS

insomnia, suicidal ideation, trait depression, cross-lagged panel network,
dynamic relationships
Introduction

Suicide is a multifaceted public health issue that arises from the

interplay of multiple psychological, physiological, and social factors.

The detection of suicidal ideation (SI) is a critical strategy to

evaluate suicide risk and to inform targeted prevention strategies

for suicidal behaviors. Recent studies have increasingly highlighted

the close associations between suicide risk, sleep disturbances,

depressive symptoms, and specific personality traits (1–3).

However, the directed relationships among them are not clear.

Elucidating these dynamics is essential to enhancing the efficacy of

suicide prevention efforts and developing targeted intervention

strategies. This study aims to systematically investigate the

complex interplay among these constructs, with a particular focus

on the role of depressive traits in the relationship between insomnia

and suicidal ideation, examining whether depressive traits function

as a direct predictor of both insomnia and suicidal ideation or as a

moderator of their association.

Sleep disorders, including insomnia, sleep fragmentation, and

nightmares, have been consistently associated with suicide risk in

multiple studies. For example, research among high-risk adolescents

demonstrated that sleep problems, such as shorter total sleep time

and longer sleep onset latency, indirectly contribute to suicidal

thoughts through increased consummatory anhedonia (4).

Additionally, a longitudinal study on COVID-19 patients revealed

that poor sleep quality influences suicide risk via a cascade of
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mediating pathways involving anxiety and depressive symptoms

(5). Collectively, these findings suggest that sleep disorders are not

only an independent predictive factor for suicide risk but may also

amplify suicide risk by impairing emotional and cognitive functions.

Among various sleep problems, insomnia has been found to have the

strongest association with suicidal ideation (6). Research indicates

that insomnia, especially difficulties with sleep onset, frequent

nighttime awakenings, or early morning awakenings, is significantly

correlated with suicidal thoughts, plans, and attempts (6, 7).

However, evidence shows positively connection between nightmare

and SI, but mixed outcome between insomnia symptoms and suicide

risk, meaning that relationship between insomnia severity and

suicidal ideation level remain unclear (7). Nevertheless, compared

to other sleep disorders, current evidence suggests that insomnia is

most directly and closely linked with suicidal ideation (6). Focusing

on insomnia, growing evidence has established it as a significant

independent risk factor for suicidality, with recent studies

highlighting its complex relationship with suicidal ideation and

behaviors. A prospective cohort study demonstrated that insomnia,

particularly in the context of short sleep duration, significantly

elevates suicidality, both directly and indirectly through its impact

on depression (8). Specifically, the findings showed that the total

effect of insomnia on suicide risk was 2.85 times higher among short

sleepers, with 32% of this effect mediated by depression. Furthermore,

nightmares, often comorbid with insomnia, have been identified as an

independent predictor of suicide, with persistent nightmares

significantly increasing the risk of suicidal attempts. In young

adults, both nightmares and depression have been demonstrated to

mediate the relationship between insomnia and suicidal ideation,

emphasizing the multifaceted nature of this association (9). These

findings underscore the importance of addressing insomnia in suicide

risk evaluation. Although meta-analysis has demonstrated that,

among various sleep disturbances, insomnia and nightmares show

the strongest associations with suicide risk (6), findings regarding the

direction and consistency of the relationship between insomnia
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and suicide remain mixed and require further investigation (7).

One possible explanation for these inconsistencies is that insomnia

is not a unitary construct but is comprised of several distinct

symptoms—such as difficulty initiating sleep, difficulty maintaining

sleep, and early morning awakening—which may have differential

associations with suicidal ideation and behaviors.

Existing evidence indicates that different insomnia symptoms

usually exacerbate suicidality by impairing emotional regulation

mechanisms. Specifically, depression plays an important role in the

relation between insomnia and suicide. Research among patients with

major depressive disorder (MDD) demonstrated that anhedonia plays

a significant mediating role between sleep problems and suicidal

thoughts. A separate investigation of the general population,

depressive mood, high anger, abnormal sleep time, and family

psychiatric history were identified as the main risk factors for

suicidal ideation in the general population (10). These findings

suggest that depressive mood is not only related to suicidal ideation

but may also interact with other factors, like sleep problems, in

increasing suicide risk. Further research revealed that depression

functions as a mediator between insomnia and suicide. For instance,

a study on adolescents demonstrated that poor sleep quality increases

the risk of suicidal ideation through increased depressive symptoms

(11). More precisely, short sleep time and poor sleep quality are

significantly associated with suicidal ideation, suicide plans, and

suicide attempts in male adolescents. This association attenuates after

controlling for depressive symptoms (11). This indicates that

depressive symptoms may play a mediating role between sleep

disorders and suicide risk, that is, sleep disorders first lead to an

increase in depressive symptoms, which in turn further increase suicide

risk. Research among American veterans, childhood trauma indirectly

influences sleep quality through increased depression, impulsivity, and

hostility traits. These factors collectively increase the suicide risk of

veterans (12). This further supports the view of depressive symptoms as

a mediating variable.

However, extensive research has demonstrated that depression

and insomnia have bidirected predictive relationships (2). Therefore,

the role of depression in the relationship between insomnia and

suicide warrants further investigation. Emerging evidence suggests

that depressive symptoms not only act as mediating variables but also

as traits that persistently modulate the relationship between sleep and

suicide risk. For example, research conducted in the general

population revealed that even after controlling for other variables,

depressive mood remains significantly related to suicidal ideation,

suggesting that depressive mood may act as a trait that consistently

influences the relationship between sleep and suicide risk (10).

However, in another study on patients with major depressive

disorder, recent changes in anhedonia are significantly related to

the higher risk of suicidal ideation, while lifelong anhedonia is not

(13). This highlights that whether depression as a trait exerts a

significant influence between sleep disorders and suicide risk

remains inconsistent. This inconsistency may partly stem from the

fact that anhedonia can influence suicide through multiple pathways,

that not only affects emotions and cognitive functions but may also

further increase suicide risk by changing the individual’s reward

system function. Therefore, it is important to further investigate how
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trait-level depression acts as a stable predisposition influencing risk

pathways, beyond what is indicated by general measures

of depression.

The multifaceted nature of insomnia, depressive traits, and

suicidal ideation likely contributes to the inconsistent results of

their interrelationships. Therefore, studying insomnia at the

symptom level, rather than as a single entity, could provide a

more nuanced and accurate understanding of its relationship with

suicide. To address this gap, our study employs network analysis at

the symptom level to examine the precise links between specific

insomnia symptoms and suicidal ideation. Additionally, addressing

the key symptom-level intervention targets needs causal analysis.

Most prior studies have relied on static associations or simple

mediation models, which fail to capture the complex temporal

interplay between variables. Although some longitudinal studies (4,

11, 14–16) have sought to elucidate the causal relations between

them, the identification of specific symptoms as key intervention

targets remains elusive. This level of analyses may guide

personalized interventions targeting high-risk individuals.

Therefore, we integrate longitudinal design and network analysis

to address this gap.

Cross-lagged panel network (CLPN) model (17) is an advanced

statistical approach that integrates the principles of cross-lagged

panel models with network analysis to examine the dynamic,

directional relationships among multiple variables—typically

symptoms—across different time points (18, 19). Unlike

traditional cross-lagged panel models, which focus on the

relationships between latent variables or composite scores, CLPN

allows researchers to investigate the temporal interplay between

individual symptoms within a network framework. This approach

provides a more granular understanding of how specific symptoms

influence each other over time, capturing both autoregressive effects

(the stability of symptoms) and cross-lagged effects (the influence of

one symptom on another at a subsequent time point). In this study,

we used CLPN to model the interrelationships among the

symptoms of insomnia, depressive traits, and suicidal ideation,

trying to reveal the directional effects within the network,

identifying key symptoms to enhance the precision of targeted

interventions. Specifically, we focus on key network metrics such as

in-expected influence (in-EI), out-expected influence (out-EI), and

bridge expected influence (bridge-EI), which quantify the centrality

and bridging roles of symptoms in the temporal network. Of

particular importance are depressive traits, as it is essential to

determine whether they function as predictors or moderators. To

address this, we construct two distinct network models to compare

and elucidate the precise role of depressive traits.
Materials and methods

Participants

Inclusion and exclusion criteria
The inclusion criteria were: (a) currently enrolled medical

undergraduates; (b) age 18 or older; (c) provision of informed
frontiersin.org
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consent. Exclusion criteria included: (a) self-reported current

diagnosis of any severe psychiatric disorder; (b) significant

medical conditions that could confound psychological assessment;

(c) being on a leave of absence during the survey period.

Initial recruitment
A total of 674 undergraduate students aged 18 to 25 years old

were randomly recruited from a medical university in Chongqing.

Participants underwent assessments of insomnia, trait depression,

and suicidal ideation at the first wave (Wave 1). Baseline

demographic and background data were collected exclusively at

Wave 1, including gender, age, only-child status, family structure,

parenting style, interpersonal relationships, and left-behind child.

Following-up
A month later, follow-up assessments were conducted one

month later (Wave 2). Of the initial cohort, 617 participants

completed Wave 2 assessments, among whom 51 were excluded

due to elevated scores on the lying subscale of the suicidal ideation

measure. Consequently, 566 participants aged 18 to 25 (median

=19.00, interquartile range =1.00) years remained for further

analyses, including 443 males.

Ethical statement
This study was approved by the Medical Ethics Committee of

Army Medical University, and all procedures conformed to the

Declaration of Helsinki. Written informed consent was obtained

from all participants prior to participation.
Measurements

Insomnia
The Athens Insomnia Scale (AIS) was utilized to assess the

severity of insomnia symptoms among participants. Developed by

Soldatos et al. (20), the AIS is a self-reported questionnaire

developed to assess insomnia severity based on the International

Classification of Diseases, 10th Revision (ICD-10) criteria. The scale

consists of 8 items, with the first 5 items assessing nocturnal sleep

disturbances and the remaining 3 items assessing daytime

dysfunction. Each item is scored on a 4-point Likert scale ranging

from 0 (“no problem at all”) to 3 (“very severe problem”), yielding a

total score ranging from 0 to 24. Higher scores indicate more severe

insomnia symptoms. The AIS exhibited strong reliability with

Cronbach’s a of 0.853 (Wave 1) and 0.915 (Wave 2) in this study.
Suicidal ideation
The Self-rating Idea of Suicide Scale (SIOSS) was developed by

Xia and Wang (21), consisting of 26 items, where higher scores

reflect more severe suicidal ideation. It includes 4 factors including

despair (DSP, 8 items), optimism (OPT, 5 items), sleep (SLP, 4

items), and suicide (SUI, 4 items), and a deception measure for

validity (22). The scale demonstrated good reliability and validity

for Chinese populations (21–23). In this study, following the
Frontiers in Psychiatry 04
exclusion of participants with elevated deception scores, it also

had acceptable reliability with Cronbach’s a of 0.858 (Wave 1) and

0.889 (Wave 2).

Trait depression
The Trait Depression Scale (TDS) of the State-Trait Depression

Scales (STDS) was utilized to assess trait depression. The STDS is a

well-validated instrument designed to differentiate between state

depression (transient emotional states influenced by situational

factors) and trait depression (stable, enduring predispositions

toward depressive affect) (24). The scale consists of 2 subscales:

the State Depression Scale (SDS) and the Trait Depression Scale

(TDS), each containing 16 items in the Chinese version (25).

Responses are rated on a 4-point scale, ranging from 1 (not at all)

to 4 (very much so), with higher scores indicating greater levels of

depressive symptoms. The TDS comprises 2 factors: trait anhedonia

(TAN, 8 items) and trait dysthymia (TDY, 8 items). In the present

study, the TDS demonstrated strong reliability, with Cronbach’s a
of 0.951 (Wave 1) and 0.961 (Wave 2).
Statistical analyses

Descriptive statistics
Descriptive statistics and demographic characteristics were

analyzed using IBM SPSS 25.0 (26).

Network analyses
To examine the temporal dynamics and directional

relationships among variables, the cross-lagged panel network

(CLPN) analysis (17) was performed using R 4.4.1 (27) in

RStudio 2024.04.2 (28). The analysis was performed in 2 parts:

CLPN analyses with the 2 factors of trait depression as nodes and as

grouping variables to stratify individuals into low and high levels of

trait anhedonia or trait dysthymia. Data were collected at two time

points (Wave 1 and Wave 2), and covariates were included to

control for potential confounders. Among the network nodes,

covariates were controlled and excluded from network

visualization. Regularized cross-lagged effects were estimated via

the least absolute shrinkage and selection operator (LASSO)

regression (29) via the “glmnet” package (30). The regularization

parameter (l) was determined through 10-fold cross-validation to

optimize model fit and sparsity. The resulting adjacency matrices

were visualized using the “qgraph” package (31). Nodes were

grouped into meaningful clusters (e.g., “Insomnia” and “Suicidal

Ideation”), and edge weights represented the strength and direction

of cross-lagged effects. Node centrality metrics, including in

expected influence (in-EI, how strongly other variables predict a

given node), out expected influence (out-EI, how strongly a given

node predicts other variables), and bridge expected influence

(bridge-EI, how strongly a given node links between two

constructs), were calculated to determine the most influential

variables in the network (32). The stability of the network

structure and centrality indices was assessed through non-

parametric bootstrapping with 1,000 iterations via the “bootnet”
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package (18). Case-dropping bootstrap procedures were

additionally performed to assess the robustness of the results,

with a recommended correlation stability (CS) coefficient

threshold of ≥0.25, ideally >0.5 (18). Bridge expected influence

was calculated to identify nodes that connected distinct clusters

within the network (33). Network comparison tests were performed

following the methodology outlined by Funkhouser et al. (19), to

statistically compare the network structures between the low and

high levels of trait anhedonia and trait dysthymia.
Results

Demographic characteristics and
descriptive statistics

Descriptive statistics for demographic characteristics and

psychological measures are presented in Table 1. Since the

variable “age” and all psychological measures deviated from

normality based on the Kolmogorov-Smirnov test (D: 0.120 to

0.511, p <0.05), median and interquartile range (IQR) were used to

characterize their distribution.
Cross-lagged panel network model

Network structure and cross-lagged edges
The resulting network revealed a complex pattern of temporal

associations among the variables, with a modular organization. The

network was partitioned into two distinct modules: AIS1-AIS8

comprising the “Insomnia” module, while DSP, OPT, SUI, and

SLP comprising the “Suicidal Ideation” module. Notably, TAN and

TDY, both dimensions of trait depression, were not co-clustered

within the network. TAN occupied a central position in the

network, highlighting its pivotal role. Meanwhile, AIS6 and SLP

were also identified as critical variables as they were relatively close

to the center of the network and exhibited dense in- and out-edges.

While the overall network density was modest, a subset of variables

displayed strongly interconnections, including AIS6, AIS7, DSP,

SUI, SLP, TAN, and TDY, indicating robust mutual influences.

The cross-lagged relationships revealed several key dynamic

patterns. AIS1 (b =0.348), AIS6 (b =0.961), AIS7 (b =0.331), DSP (b
=0.413), OPT (b =1.094), and TDY (b =0.330) exhibited strong

predictive influences on TAN, with relative high edge weights.

Other notable directed relationships included AIS2→AIS3 (b
=0.338), AIS5→AIS4 (b =0.443), AIS4→AIS5 (b =0.324),

AIS7→AIS6 (b =0.302), AIS6→AIS7 (b =0.324), AIS7→AIS8 (b
=0.373), SUI→DSP (b =0.770), SUI→OPT (b =0.412), AIS2→SLP

(b =0.398), AIS3→SLP (b =0.329), AIS6→TDY (b =0.745),

AIS7→TDY (b =0.657), DSP→TDY (b =0.630), and OPT→TDY

(b =0.945). All “b values” represent directional edge weight

coefficients from the starting nodes at Wave 1 to the ending

nodes at Wave 2. Additionally, reciprocal effects were observed

between AIS4 and AIS5, as well as AIS6 and AIS7, suggesting

bidirectional relationships within specific network segments. These
Frontiers in Psychiatry 05
TABLE 1 Descriptive statistics of the demographic information and the
psychological measures.

Variables (code) N (1076) % Median (IQR)

Gender

female (1) 123 21.73

male (2) 443 78.27

Age 19.00 (1.00)

Only-child

yes (1) 314 55.5

no (2) 252 44.5

Family structure

two parents (1) 523 92.4

one parent (2) 32 5.7

multi-generation (3) 3 0.5

others (4) 8 1.4

Parenting style

authoritarian (1) 44 7.8

permissive (2) 78 13.8

indulgent (3) 6 1.1

authoritative (4) 438 77.4

Interpersonal relationships

more than 3 good friends (1) 459 81.1

1 or 2 good friends (2) 102 18.0

no good friend (3) 5 0.9

Left-behind child

yes (1) 122 21.6

no (2) 444 78.4

Psychological measures of Wave 1

TDS 24.00 (14.00)

TAN 14.00 (9.00)

TDY 10.00 (7.00)

AIS 4.00 (6.00)

SIOSS 2.00 (4.00)

DSP 1.00 (3.00)

OPT 0.00 (0.00)

SLP 0.00 (1.00)

SUI 0.00 (0.00)

Psychological measures of Wave 2

TDS 24.00 (16.00)

TAN 15.00 (9.00)

TDY 10.00 (7.00)

(Continued)
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results underscore the directional and asymmetrical characteristics

of the temporal associations within the network. The network

structure and cross-lagged effects are visualized in Figure 1, with

detailed edges weights provided in Supplementary Table S1.

Centrality
In the CLPN, nodes centrality typically comprises both in-EI

and out-EI, which quantify the cumulative influence of edges

directed to and from a node, respectively. Thus, out-EI reflects a

node’s influence on others, while in-EI captures its susceptibility to

influence from others. In this network, TAN and TDY exhibited
Frontiers in Psychiatry 06
relatively high in-EI values, indicating their strong predicted effects

from other nodes. In contrast, AIS6, AIS7, and OPT emerged as key

predictor variables with relatively high out-EI values. The above

centrality results (see Figure 2) were consistent with the network

structure visualized in Figure 1.

The nodes AIS6 and OPT exhibited relatively high bridge-EI

values, highlighting their role in bridging distinct network

communities (trait depression, insomnia, and suicidal ideation).

Specifically, as illustrated in Figure 1, OPT was strongly influenced

by SUI, while exerting a strong influence on TAN and TDY. This

underscores OPT’s mediating role, confirming its function as a

bridge node. A similar role was observed for AIS6, as it mediated the

influence from AIS7 to TAN and TDY. Thus, OPT primarily

bridged trait suicidal ideation and trait depression, whereas AIS6

connected insomnia and trait depression.
Network comparisons of the high and low
levels of trait depression

Grouping
The 566 participants were classified into two distinct clusters

based on their average scores on TAN across the 2 time points,

using K-medoids clustering. This yielded a high-TAN group

consisting of 311 individuals and a low-TAN group consisting of

255 individuals. To evaluate the statistical significance of intergroup

differences, a Wilcoxon rank-sum test was performed. A significant

difference was observed between the high-TAN and low-TAN

groups (W =79305, p <0.001). Then, we used the same procedure
TABLE 1 Continued

Variables (code) N (1076) % Median (IQR)

Psychological measures of Wave 2

AIS 5.00 (6.00)

SIOSS 2.00 (5.00)

DSP 1.00 (3.00)

OPT 0.00 (0.00)

SLP 1.00 (2.00)

SUI 0.00 (0.00)
N, number of valid samples; IQR, interquartile range; Wave 1, timepoint 1; Wave 2, timepoint
2; TDS, the Trait Depression Scale; TAN, the trait anhedonia factor of TDS; TDY, the trait
dysthymia factor of TDS; AIS, the Athens Insomnia Scale; SIOSS, the Self-rating Idea of
Suicide Scale; DSP, the despair factor of SIOSS; OPT, the optimism factor of SIOSS; SLP, the
sleep factor of SIOSS; SUI, the suicide factor of SIOSS.
FIGURE 1

The network structure and cross-lagged effects. The blue edges represent positive weighted correlations, whereas the red edges represent negative
weighted correlations. The darker the edge color is, the higher the edge weight is.
frontiersin.org

https://doi.org/10.3389/fpsyt.2025.1581827
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Zhang et al. 10.3389/fpsyt.2025.1581827
to divide the participants into 2 groups by high and low levels of

TDY, among which the high-TDY and low-TDY groups consisted

of 221 and 345 individuals, respectively, with significant differences

in TDY scores (W =76245, p <0.001). These results confirm that the

clustering effectively partitioned participants into meaningful

subgroups characterized by distinct levels of trait anhedonia and

trait dysthymia severity.

Networks of different trait anhedonia levels
The comparative analysis of the networks uncovered several key

insights into their structural and statistical similarities. The edge

weight correlation (r =0.541, p <0.001) revealed a moderate to

strong positive correlation between the edge weights of the two

networks, suggesting a significant overlap in connection strengths.

This is further supported by the Jaccard similarity (J =0.993), which

demonstrates a high degree of edge overlap between the networks.

Notably, 99.3% of edges were replicated in both the high and low

networks, highlighting a remarkable consistency in the structure of

the two networks.

In terms of centrality measures, the out-EI correlation (r
=0.909, p <0.001) revealed a very strong positive relationship,

highlight the high consistency of outgoing centrality across the

networks. However, the in-EI correlation (r =0.552, p =0.067) was
Frontiers in Psychiatry 07
weaker and lacked statistical significance, suggesting potential

differences in incoming centrality. This discrepancy was further

evident in the rank consistency metrics, where both out-EI and in-

EI rank consistency values are low (25%), suggesting divergent

centrality rankings between the networks. For bridge-EI, the

correlation (r =0.72, p =0.011) was strong and statistically

significant, indicating relative consistency in bridging centrality

across the networks. However, the rank consistency for bridge-EI

was low (16.7%), implying variability in the relative importance of

bridge nodes between the networks.

Overall, these results suggest that the two networks exhibit a

high degree of structural similarity in edge weights and edge

replication. However, notable differences were observed in

centrality and bridging properties. Specifically, as shown in

Figure 3, the in-EI of OPT might have contributed to the non-

significant correlation. According to Figure 4, this may be attributed

to differences in the directional edge from SUI to OPT between the

high and low trait anhedonia groups. Regarding centrality rankings,

bridge-EI exhibited significant differences across the following

nodes: AIS2, AIS3, AIS7, AIS8, DSP, and OPT. This suggests that

AIS2, AIS7, and OPT were more influential in the high trait

anhedonia group, whereas AIS3, AIS8, and DSP played a more

prominent role in the low-level group.
FIGURE 2

The centrality plot of the in-EI, out-EI, and bridge-EI for the network nodes. Refer to Figure 1 for the meanings of the node labels. In this figure,
x-axis represented the z-scores. The raw scores of the 3 EI indices were listed in Supplementary Table S2.
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Networks of different trait dysthymia levels
The comparative analysis of the high trait dysthymia and low trait

dysthymia networks reveals critical insights into their structural and

statistical similarities and differences. The edge weight correlation (r
=0.572, p <0.001) demonstrates a robust positive correlation,

highlighting the high consistency of connection strengths between

nodes across both networks. This strong correlation is further

supported by the Jaccard similarity (J =0.993), indicating nearly

complete overlap between the two networks. Remarkably, 99.3% of

edges were replicated in both the high and low dysthymia networks,

underscoring their remarkable structural congruence. This implies that

the core network architecture remains largely consistent irrespective of

dysthymia levels.

In the analysis of centrality measures, the out-EI correlation (r
=0.916, p <0.001) was exceptionally strong, signifying that the outgoing

centrality of nodes is nearly identical in both networks. This implies

that nodes’ influence in terms of outgoing connections is highly

preserved across the high and low dysthymia conditions. In contrast,

the in-EI correlation (r =0.72, p =0.011), though significant, was

relatively weaker, suggesting variability in incoming centrality. This

difference was further evident in the rank consistency metrics, with the

out-EI rank consistency (41.7%) significantly higher than the in-EI

rank consistency (33.3%). This indicates that while rankings based on
Frontiers in Psychiatry 08
outgoing centrality are stable, rankings based on incoming centrality

exhibit greater variability. The analysis of bridge-EI revealed a strong

and statistically significant correlation (r =0.797, p =0.003),

highlighting the consistency of bridging centrality across the two

networks. However, bridge-EI rank consistency was notably low

(8.3%), which implies that while the overall bridging properties of

nodes are similar, the relative importance of nodes as bridges varies

significantly between the high and low dysthymia networks. This

discrepancy implies that the role of specific nodes in mediating

connectivity between network modules may differ with

dysthymia levels.

The high and low dysthymia networks exhibit a remarkable

degree of structural similarity, especially in edge weights and edge

replication. However, there are notable differences in centrality

measures, especially in incoming centrality and bridging properties.

These findings suggest that while the core structure of the networks

remains consistent, the functional roles of certain nodes,

particularly in incoming influence and bridging, may vary with

dysthymia levels. Particularly, as illustrated in Figure 5, the

incoming edge from SUI to OPT differed between the two

networks, consistent with the in-EI plot in Figure 6. However, the

high in-EI correlation between the two groups suggested that this

variance did not substantially alter the overall network structure.
FIGURE 3

The EI values of high-TAN and low-TAN groups. Refer to Figure 1 for the meanings of the node labels. In this figure, x-axis represented the z-scores.
The raw scores of the EI indices were listed in Supplementary Table S5.
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Although in-EI and out-EI rank consistency remained low, they

were relatively high compared to the consistency between high and

low trait anhedonia groups, suggesting that trait anhedonia may

exert a stronger influence on nodes’ relative importance than trait

dysthymia. Nevertheless, bridge-EI rank consistency results

indicated that trait dysthymia had a stronger influence on nodes’

connectivity between network modules than trait anhedonia.
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Additionally, we have found a consistent pattern in our

subgroup analyses (such as comparisons between high-TAN and

low-TAN or high-TDY and low-TDY groups). AIS6 (“sense of well-

being during the day) directly influenced DSP, while AIS7 exerted

its effect on DSP via AIS6; DSP served as the core of suicidal

ideation and was also significantly influenced by the SUI factor. The

directional paths were listed in Table 2.
FIGURE 5

The network structure and cross-lagged effects of high-TDY and low-TDY groups. (a) high-TDY network; (b) low-TDY network. All the edges
weights were listed in the Supplementary Tables S6 and S7. Other notes refer to Figure 1.
FIGURE 4

The network structure and cross-lagged effects of high-TAN and low-TAN groups. (a) high-TAN network; (b) low-TAN network. All the edges
weights were listed in the Supplementary Tables S3 and S4. Other notes refer to Figure 1.
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Network stability and accuracy

Accuracy of the edges
Using bootstrapping method with 1,000 iterations, a

nonparametric analysis of network edge accuracy was performed.

The results revealed robust and consistent performance for the non-

grouped network (Figure 7) and across different groups (Figure 8)

as evidenced by the close alignment of the red line with the black

dots, indicating a close correlation between the bootstrap means

and the original sample edge weights. However, in the low trait
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dysthymia group, one edge (SUI→OPT, see Supplementary Figure

S2) exhibited highly unstable weights across bootstrap samples.

Additionally, several edges from SUI to other nodes (e.g.

SUI→AIS6, SUI→AIS8, and SUI→SLP in low trait anhedonia

group; SUI→AIS6 and SUI→SLP in low dysthymia group)

showed wide 95% confidence intervals (CIs) (see Supplementary

Figures S1 and S2), suggesting that the effects of suicidal ideation on

insomnia may be less pronounced in participants with low trait

depression compared to those with high trait depression.

Stability of the centralities
The stability of the centralities, as assessed by the correlation

stability (CS) coefficient resulted from case-dropping bootstrap, was

evaluated for both grouped and non-grouped CLPN. For the grouped

CLPN, comprising high-TAN and low-TAN or high-TDY and low-

TDY subgroups, the in-EI values demonstrated robust stability, with

CS coefficients ranging from 0.671 to 0.751, all exceeding the

recommended threshold of 0.25. Similarly, the out-EI values

exhibited acceptable stability, with coefficients ranging from 0.361

to 0.595. However, the bridge-EI values of all the subgroups were

unstable, with coefficients consistently below 0.25 across all

subgroups. This suggests that the variances of bridge-EI could not

be reliably interpreted. In the non-grouped CLPN, both in-EI and
TABLE 2 The directional paths among AIS6, AIS7, DSP, and SUI.

Groups Path and coefficients

high-TAN AIS7 → 0.338 → AIS6 → 0.339 → DSP ← 0.807 ← SUI

low-TAN AIS7 → 0.273 → AIS6 → 0.459 → DSP ← 1.156 ← SUI

high-TDY AIS7 → 0.305 → AIS6 → 0.272 → DSP ← 0.779 ← SUI

low-TDY AIS7 → 0.321 → AIS6 → 0.323 → DSP ← 1.244 ← SUI
TAN, the trait anhedonia factor of the Trait Depression Scale; TDY, the trait dysthymia factor
of the Trait Depression Scale; AIS6, an item of the Athens Insomnia Scale, meaning "sense of
well-being during the day"; AIS7, an item of the Athens Insomnia Scale, meaning
"functioning"; DSP, the despair factor of the Self-rating Idea of Suicide Scale; SUI, the
suicide factor of the Self-rating Idea of Suicide Scale.
FIGURE 6

The EI values of high-TDY and low-TDY groups. Refer to Figure 1 for the meanings of the node labels. In this figure, x-axis represented the z-scores.
The raw scores of the EI indices were listed in Supplementary Table S8.
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out-EI values yielded CS coefficients of 0.749, indicating high

stability. The bridge-EI, with a coefficient of 0.516, also surpassed

the recommended threshold, further validating the stability of the

network centrality measures. Collectively, these findings indicate that,

with the exception of bridge-EI in grouped CLPN, the centrality

measures in both grouped and non-grouped models are sufficiently

stable, with the majority of CS coefficients exceeding the

recommended threshold of 0.25. This stability underscores the

reliability of the network centrality estimates, supporting their use

in subsequent analyses and interpretations. Figures 9 and 10 illustrate

the average correlations between sampled cases and the original

sample, with CS coefficients for EI in both grouped and non-

grouped CLPN were detailed in Supplementary Table S9.
Discussion

Main findings

The present study investigated the complex interplay among

insomnia, suicidal ideation, and trait depression by employing a

cross-lagged panel network (CLPN) approach. Our findings provide

several critical insights into these relationships, particularly
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highlighting the role of trait depression between insomnia on

suicidal ideation. The network analysis uncovered intricate temporal

dynamics and directional effects among the variables, providing a

nuanced understanding of how these factors interact over time.
Insomnia as a predictor of suicidal ideation

Insomnia emerged as a significant predictor of suicidal ideation,

consistent with prior research indicating its role as an independent

risk factor for suicide (4, 5, 12, 15, 34, 35). Specifical items, including

AIS6 (sense of well-being during the day) and AIS7 (functioning),

were identified as critical nodes in the network, exerting strong

predictive influences on other variables. This aligns with previous

studies showing that sleep disturbances significantly increase the

likelihood of suicidal thoughts through various pathways, including

emotional dysregulation and cognitive impairments (1, 2, 14, 36).

Our results support the notion that insomnia is not merely a

correlate but a potent predictor of suicidal ideation. The robust

predictive edges from insomnia symptoms to suicidal ideation

factors, such as despair (DSP) and suicide (SUI), underscore the

direct influence of sleep disturbances on suicidal thoughts. For

instance, AIS7 (functioning) exhibited strong positive weighted
edge

−1 0 1 2

AIS8−>SLPSUI−>AIS4AIS1−>SUISLP−>AIS8AIS4−>SUIAIS8−>SUIOPT−>AIS4AIS2−>TDYSUI−>AIS1AIS4−>TDYAIS5−>DSPAIS3−>AIS7OPT−>SLPAIS3−>DSPSUI−>AIS8AIS1−>TDYAIS7−>AIS3AIS2−>DSPAIS2−>AIS7SLP−>OPTAIS2−>AIS4AIS6−>AIS4AIS7−>AIS2DSP−>AIS5AIS4−>OPTAIS7−>SUISUI−>AIS7TDY−>AIS4TDY−>AIS2AIS4−>AIS2AIS4−>AIS6DSP−>AIS2AIS5−>TDYDSP−>AIS3AIS5−>AIS3TAN−>SUITDY−>AIS1TAN−>AIS3SUI−>AIS2TDY−>AIS5AIS5−>SUIAIS3−>AIS5OPT−>AIS1AIS4−>AIS3AIS3−>OPTDSP−>AIS7TAN−>AIS5AIS2−>SUITDY−>SLPSUI−>TANOPT−>AIS3TAN−>AIS4AIS3−>AIS4AIS8−>AIS2SLP−>AIS4AIS1−>OPTAIS3−>TANOPT−>AIS8AIS8−>OPTSUI−>AIS5AIS2−>AIS8DSP−>AIS1AIS4−>SLPOPT−>AIS7SLP−>TDYAIS6−>AIS3AIS6−>SUIAIS8−>AIS3AIS3−>AIS6AIS7−>DSPAIS6−>SLPAIS8−>TDYAIS3−>TDYTAN−>AIS2SUI−>AIS6TDY−>AIS3AIS7−>OPTTDY−>SUITAN−>AIS7TAN−>AIS8TAN−>SLPTDY−>AIS8SLP−>AIS6AIS1−>DSPTAN−>AIS1AIS1−>AIS6AIS3−>AIS8TAN−>AIS6AIS6−>AIS2AIS5−>OPTOPT−>AIS2DSP−>AIS8DSP−>AIS6AIS1−>AIS3OPT−>AIS5TDY−>AIS6TDY−>AIS7TAN−>OPTAIS6−>AIS1AIS1−>AIS7AIS8−>AIS6DSP−>AIS4AIS2−>AIS6AIS3−>AIS1SLP−>AIS7OPT−>AIS6AIS2−>OPTAIS1−>AIS5SUI−>AIS3TAN−>DSPTDY−>OPTAIS3−>SUISLP−>SUIDSP−>OPTAIS5−>AIS2AIS1−>AIS8AIS4−>TANAIS5−>AIS1AIS8−>TANDSP−>SUIAIS4−>AIS8DSP−>SLPSUI−>TDYAIS8−>AIS1AIS8−>AIS4AIS6−>AIS8AIS5−>AIS6AIS6−>OPTAIS1−>AIS2AIS5−>AIS7AIS8−>DSPAIS2−>AIS5SLP−>AIS3AIS7−>AIS1AIS8−>AIS5AIS4−>AIS7SLP−>AIS2AIS5−>AIS8AIS1−>AIS4SLP−>AIS5AIS4−>AIS1SLP−>AIS1AIS6−>DSPTAN−>TDYAIS5−>TANTDY−>DSPSLP−>TANAIS6−>AIS5AIS7−>AIS5AIS7−>SLPAIS4−>DSPSUI−>SLPSLP−>DSPAIS2−>TANAIS1−>SLPOPT−>SUIAIS8−>AIS7AIS7−>AIS4AIS2−>AIS1OPT−>DSPAIS5−>SLPAIS3−>AIS2AIS7−>AIS6AIS4−>AIS5AIS6−>AIS7AIS1−>TANAIS3−>SLPTDY−>TANAIS7−>TANAIS2−>AIS3AIS7−>AIS8AIS2−>SLPSUI−>OPTDSP−>TANAIS5−>AIS4DSP−>TDYAIS7−>TDYSUI−>DSPAIS6−>TDYOPT−>TDYAIS6−>TANOPT−>TAN

Bootstrap mean Sample

FIGURE 7

Bootstrap means of the edge weights for non-grouped network.
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correlations with DSP (despair) through AIS6 (sense of well-being

during the day), while SUI (suicide) directly predicted DSP

(despair), suggesting that specific insomnia features, such as

difficulty falling asleep and daytime dysfunction, are strongly

associated directly or indirectly with heightened suicidal ideation.

The results presented the important role of despair (hopelessness)

among the relationships of insomnia and suicidal ideation,

consistent with prior studies (37–39) identifying hopelessness as a

key mediator linking sleep disturbances to suicide.

Furthermore, the bidirectional relationships observed among

certain insomnia symptoms (e.g., AIS4 (total sleep duration) ↔
AIS5 (overall quality of sleep)↔ SLP (sleep); AIS7 (functioning)↔
AIS6 (sense of well-being during the day)↔ DSP (despair)) suggest

a feedback loop where poor sleep quality exacerbates emotional

distress or irrational cognitive, which in turn worsens sleep

problems. This cyclical pattern (40, 41) underscores the

importance of addressing insomnia in suicide prevention

strategies, since improving sleep quality may disrupt this vicious

cycle and mitigate suicide risk.
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The role of trait depression

Trait depression, namely, trait anhedonia (TAN) and trait

dysthymia (TDY), played pivotal roles in the non-grouped

network structure. TAN (trait anhedonia) was found to be a

central node, strongly influenced by multiple variables, including

insomnia symptoms and suicidal ideation factors (e.g., despair and

optimism). This suggests that TAN (trait anhedonia) may serve as a

crucial outcome of insomnia and suicidal thoughts. Despair (DSP)

and optimism (OPT), representing hopelessness from opposing

perspectives (22), are linked to the core feature of anhedonia (lack

of positive emotion) (24), potentially explaining their predictive

relationships. Meanwhile, the high in-EI values for TAN

(trait anhedonia) also indicate that it is strongly influenced by

other variables. For example, the strong directed edges from

insomnia symptoms (AIS1 (sleep induction), AIS6 (sense of well-

being during the day), AIS7 (functioning)) and suicidal ideation

factors (DSP (despair), OPT (optimism)) to TAN (trait anhedonia)

highlight how these variables collectively contribute to heightened
FIGURE 8

Bootstrap means of the edge weights for the grouped network. (a) high-TAN group; (b) low-TAN group; (c) high-TDY group; (d) low-TDY group.
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levels of anhedonia, which in turn increases suicide risk. These do

not demonstrate the trait nature of TAN (trait anhedonia). This

may be partly attributed to the use of only two waves of data, which

limits our capacity to determine whether anhedonia functions as a

state-like mediator or a trait-like moderator in leading to suicidal

ideation. In other words, insomnia symptoms, despair, and certain

depressive traits likely reinforce each other over a longer period,

which the current two-wave design cannot fully capture. Future

studies employing three or more waves are needed to track how

anhedonia evolves over time, which may help to elucidate a more

definitive causal pathway to suicidal ideation. However, the

connections of anhedonia and several insomnia symptoms agree

with previous studies [e.g., daytime insomnia symptoms (42),

subjective sleep quality and sleep disturbances (43)], although

they mainly refer to state rather than trait. Additionally, insomnia

and suicidal ideation may also be chronic (44, 45), with dynamic

interactions occurring over short periods (e.g., 1 month). In

contrast, TDY (trait dysthymia) exhibited a more peripheral but

still influential role, primarily affecting outgoing connections

mainly to TAN (trait anhedonia) and OPT (optimism), indicating

greater stability than TAN (trait anhedonia), consistent with its

invariance (Wilcoxon statistic =35949, p =0.669, corrected by false

discovery rate (FDR)) across waves. These findings underscore the

multifaceted nature of depressive traits in the context of insomnia

and suicidal ideation. TDY (trait dysthymia) exhibited a relatively

high in-EI value, along with 2 outgoing edges. This suggests TDY

(trait dysthymia) is both influenced by and influences other
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variables, serving as both an outcome and a predictor. Prior

studies have reported varying effects of dysthymia on suicide. For

example, one study (46) found that dysthymia alone does not

increase suicide risk. Another study (47) revealed that dysthymia

increases suicide risk when comorbid with personality disorders.

Together, these findings suggest TDY (trait dysthymia) may play a

dual role, acting as both an outcome of chronic suicidal ideation and

a predictor of suicide-related risks.

Comparisons between high and low levels of trait depression in

the grouped networks revealed interesting differences. In both TAN

(trait anhedonia) and TDY (trait dysthymia) group comparisons, EI

value rankings were inconsistent. However, a non-significant

correlation was observed in in-EI values between high-TAN and

low-TAN groups, with OPT (optimism) playing a key

differentiating role. While the influence of OPT (optimism) varied

across TDY (trait dysthymia) groups, the overall significant EI

correlation suggested it did not substantially alter the network.

These results suggest TAN (trait anhedonia) may have a greater

impact on the insomnia-suicidal ideation network than TDY (trait

dysthymia), through the key role of optimism. This highlights the

critical role of diminished positive emotion, rather than distressed

emotion, in moderating the insomnia-suicidal ideation relationship.

Prior studies support these findings, showing that distressed

emotions directly influence suicide (48, 49), while diminished

positive emotions indirectly increase suicide risk trough other

factors (50). However, this study identifies a novel mechanism,

with diminished positive emotions acting as a moderator rather
FIGURE 9

Case-dropping bootstrap results for non-grouped network.
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than an indirect predictor. In the high-TAN group, nodes such as

AIS2 (awakening during the night), AIS7 (functioning), and OPT

(optimism) were more influential in linking insomnia and suicidal

ideation, whereas in the low-TAN group, AIS3 (final awakening

earlier than desired), AIS8 (sleepiness during the day) and DSP

(despair) played a more prominent role. These findings suggest that

trait anhedonia levels modulate the bridging roles of specific nodes.

Previous studies have identified hopelessness as a key mediator in

the insomnia-suicidal ideation relationship (38, 51). However, this

study reveals that high and low trait anhedonia differentially

influence this mediation, with high levels primarily affecting

optimism and low levels primarily affecting hopelessness. This

may reflect the greater salience of diminished positive emotions

over distressed emotions in high trait anhedonia, consistent with its

nature as a reduced drive for reward processing (52). The above

points all highlight the need for personalized interventions based on

individual trait anhedonia levels. Specifically, interventions

targeting diminished optimism may be critical in mitigating the

progression from insomnia to suicidal ideation.
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Temporal network approach

The application of the CLPN model in this study sheds light on

the understanding of dynamic relationships among insomnia,

suicidal ideation, and trait depression over time. By incorporating

longitudinal data, the CLPN approach allows for a more

comprehensive examination of temporal associations and

directional effects (17). This methodological provides a clearer

picture of how these variables interact over time, offering valuable

insights into potential intervention targets. For instance, the

identification of critical nodes, including AIS6 (sense of well-

being during the day), AIS7 (functioning), and OPT (optimism),

as key predictors and mediators can guide targeted interventions to

disrupt harmful feedback loops. The temporal progression of

directional effects may suggest causal relationships among

the variables.

Stability analyses confirmed the reliability of network centrality

measures, supporting their use in further analyses. Robust CS

coefficients for in-EI and out-EI across both grouped and non-
FIGURE 10

Case-dropping bootstrap results for grouped network. (a) high-TAN group; (b) low-TAN group; (c) high-TDY group; (d) low-TDY group.
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grouped models underscore the stability of the network structure,

enhancing confidence in the findings. However, due to the relatively

small sample sizes within each subgroup, the bridge centrality

indices remain unstable. This highlights the need for caution

when interpreting bridge symptoms at the subgroup level.

Moreover, this instability may also suggest the absence of a global

mediating factor linking modules across different levels of

trait depression.
Potential cultural and academic factors

The present study focused on Chinese medical undergraduates as

the sample, as this population is particularly susceptible to mental

health problems such as insomnia and SI due to multiple stress (e.g.,

academic overload, unclear identity, occupational stress, and irregular

sleep patterns) compared to other groups (53, 54). However,

compared to global research on this issue, both the cultural context

and the intensity of stressors in Chinese settings differ substantially.

First, public attitudes toward medical professions are generally

harsher than those in Western countries (55, 56). Second, the

academic (57) and occupational pressure (58) are significantly

greater. As a result, insomnia and SI may be more readily detected

in this population. Nevertheless, more cross-cultural analyses need to

be conducted. We recommend prospective multi-site collaborations

employing harmonized measures across different countries and

institutional settings. Additionally, testing measurement invariance

for insomnia, suicidal ideation, and depression traits would help to

determine whether the model is valid cross-nationally.
Implications

This study has several key implications. First, they underscore

the necessity of addressing insomnia in suicide prevention efforts.

Given the strong predictive relationships between insomnia

symptoms and suicidal ideation, interventions targeting insomnia

may significantly reduce suicide risk. Specifically, “sense of well-

being during the day” and “functioning” are two critical symptoms

that need early intervention. Given the cognitive nature of these

symptoms, cognitive-behavioral therapy for insomnia, which

improves sleep quality and reduces depression, is a promising

intervention for suicide prevention (2).

Second, the critical role of trait anhedonia underscores the need

to assess and treat anhedonia in clinical or public health practice.

Interventions that target trait anhedonia, such as behavioral

activation (59–61) and mindfulness-based therapies (62, 63),

could help disrupt the progression from insomnia symptoms to

severe suicidal thoughts. Furthermore, the differential effects of high

and low levels of trait depression suggest that personalized

treatment plans tailored to individual trait profiles may enhance

intervention efficacy.

Finally, the identification of key nodes within the network

provides precise symptom-level targets for intervention. For

example, optimizing interventions to target nodes with high out-
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EI values across subgroups, such as AIS6 (sense of well-being during

the day) and AIS7 (functioning), could facilitate connectivity

between different network nodes, thereby reduce the overall

network density and prevent suicide risk.
Limitations and future directions

Despite the strengths of this study, several limitations should be

acknowledged. First, the sample consisted solely of undergraduate

students from a medical university, which may limit the

generalizability of the findings to broader populations. Although

previous studies found similar connection patterns between insomnia

and SI in diverse populations, more precise symptom-level directional

linkages remain unclear. Therefore, future research should include

more diverse samples to validate symptom-level relationships through

CLPN approach across different demographic groups.

Second, the use of SIOSS may introduce response bias. On one

hand, the reliance on self-reported measures may introduce the

possibility of over- or under-estimation of certain symptom facets.

On the other hand, although SIOSS have good psychometric

properties within Chinese samples, yet its validation in non-

Chinese or more diverse populations is still limited. In the future,

objective measures of sleep quality, such as actigraphy, could

provide more accurate assessments of insomnia symptoms.

Additionally, incorporating biological markers of depression and

stress could offer a more comprehensive understanding of the

underlying mechanisms. As to the issue of cross-cultural

validation, the globally used scale for SI, such as Beck Scale for

Suicidal Ideation (BSSI), has brought significant ethical issues,

especially in nonclinical populations. Future study needs a more

generalizable measures in diverse settings and cultural context to

ascertain cross-cultural validity.

Third, the cross-lagged panel design, while informative, still

does not interpret causality sufficiently. Longitudinal studies with

multiple time points, clinical interviews, standardized clinician

ratings, and experimental designs are needed to confirm the

causal relationships suggested by the current findings. Future

research could also explore the moderating effects of other

psychological and environmental factors, such as social support

and life events, on the relationships between insomnia and suicidal

ideation through CLPN analysis.
Conclusion

In conclusion, this study provides valuable insights into the

complex interplay between insomnia, suicidal ideation, and trait

depression. By employing a CLPN approach, we have identified

critical nodes and pathways that can inform targeted interventions

aimed at reducing suicide risk. These findings underscore the

importance of addressing sleep disturbances and different roles of

depressive traits in suicide prevention efforts, highlighting the need

for personalized and comprehensive treatment strategies. Future

research should build on these findings by exploring more diverse
frontiersin.org
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populations, further elucidating the mechanisms underlying these

relationships, and developing effective interventions for individuals

at risk of suicide.
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