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Purpose: Depression, anxiety and Insomnia are common among middle school students. Non-suicidal self-injury (NSSI) has become 
an important mental health issue in this group. This study explores the comorbid relationship between depression, anxiety, and 
insomnia symptoms among junior high school students from a network perspective and investigates the associations between these 
symptoms and NSSI.
Patients and Methods: This study was a cross-sectional design with convenience sampling, and students from junior high schools in 
Wuhan, China, were selected in October 2023 (N=8244) as survey respondents. An online questionnaire was used to collect data. The 
Patient Health Questionnaire, Generalized Anxiety Disorder Scale and Insomnia Severity Index were used to assess depression, 
anxiety and insomnia. Whether NSSI behaviors occurred in the last 1 year was obtained by self-report. Network analysis was used to 
assess core and bridge symptoms of the depression, anxiety and insomnia co-morbidity network and associations with NSSI.
Results: The results revealed that GAD2 “Control Worry”, GAD3 “Excessive Worry” (EI = 1.040), ISI2 “SleepMaint” (EI=1.025) and 
PHQ2 “Hopeless” (EI=1.018) were the central symptoms of the network, exhibiting the highest expected influence values. GAD5 
“restlessness” (BEI=0.376) and PHQ4 “Lack of Energy” (BEI=0.351), PHQ6 “self feeling” (BEI=0.325) and GAD1 “Nervous” 
(BEI=0.296) were the bridge symptoms. PHQ9 “Suicidal Ideation” (edge weight = 0.33) showed the strongest connection to NSSI. 
The network comparison test results indicated a more densely connected symptom network in the NSH group than in the NSSI group.
Conclusion: Symptoms related to worry are core factors in the network of depression, anxiety, and insomnia among junior high 
school students. Suicidal ideation is directly and closely associated with NSSI. These symptoms may serve as key targets for early 
screening and intervention, while the strong link between suicidal ideation and NSSI underscores the need for timely prevention efforts 
in this vulnerable population.
Keywords: adolescent, mental health, self-injurious behavior, network analysis

Introduction
During middle school, the initial stage of adolescence following childhood, adolescents experience a critical period marked 
by rapid physical and psychological development.1,2 Although their sense of independence increases, insufficient cognitive 
maturity and limited self-regulation strategies make them more vulnerable to stressors and adverse events, leading to 
heightened mood swings, anxiety, depression, or self-perceptual conflicts, and potentially resulting in behavioral issues such 
as substance abuse, self-injury, or even suicide.3 Given these challenges, it is essential to investigate middle school students 
to better understand and address emerging mental health risks during this vulnerable period.
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Depression, anxiety, and insomnia are the most common psychological disturbances in early adolescence, with the 
potential to persist into adulthood.4 A study involving Chinese adolescents aged 12–17 years reported prevalence rates of 
25.6% for depressive symptoms and 26.9% for anxiety symptoms.5 Large-scale reviews indicate a combined prevalence of 
depressive symptoms of 24.15% among junior high school students and an anxiety prevalence of 13.89%,6,7 both higher 
than those observed in high school students from the same studies. Moreover, accumulating evidence points to an upward 
trend in the prevalence of depression and anxiety among adolescents.8 Adolescents are particularly vulnerable to insomnia 
due to circadian rhythm shifts and exposure to external stressors. Within China’s educational context, sleep disturbances 
represent a frequent complaint among adolescents.9 Early meta-analyses have shown that 53% of school-attending students 
sleep less than 8 hours per night and 36% report difficulties falling asleep.10,11 Epidemiological studies confirm a close 
association between depression, anxiety, and insomnia during adolescence, with these conditions frequently exhibiting high 
rates of comorbidity,12–14 underpinned by specific biological, psychological, and social mechanisms.15 Research conducted 
in adolescent samples has demonstrated that mood disorders (depression and anxiety) and insomnia often act as reciprocal 
predictors, exacerbating the severity of each disorder.16–18 These conditions contribute, to varying degrees, to academic 
underperformance,19,20 interpersonal difficulties,21,22 and behavioral problems in adolescents.20,23,24

Numerous factors influence mood and sleep disorders, with gender differences representing one of the most consistently 
reported findings.25,26 Multiple large-scale studies indicate that, beginning in adolescence, female adolescents exhibit 
significantly higher prevalence rates of depressive and anxiety symptoms compared to males,27–29 and are also more likely 
to report insomnia-related symptoms.30 Furthermore, only children in China may benefit from greater educational invest
ment and access to family resources; however, they may simultaneously face heightened parental expectations and 
academic pressure. Epidemiological research has yielded inconsistent findings regarding differences in emotional problems 
and sleep conditions between only children and those with siblings.31,32 In addition, escalating academic pressure during the 
transition to higher grades, peer relationships, and family environment are widely recognized as being closely associated 
with depression, anxiety, and sleep problems among junior high school adolescents.33,34

In early adolescence, difficulties in emotion regulation associated with symptoms of anxiety, depression, and sleep 
problems may heighten the likelihood of adopting non-suicidal self-injury (NSSI) as a maladaptive coping strategy.35 

Non-suicidal self-injury (NSSI) is the direct, repetitive, and intentional infliction of bodily harm without suicidal intent or 
resulting in death.36 NSSI behavior typically begins in early childhood,37 persists throughout adolescence, and can even 
continue into adulthood. Notably, adolescence is a period when the incidence of NSSI increases dramatically, with recent 
review surveys indicating a detection rate of 22% among adolescent students.38 NSSI poses serious harm to individuals, 
adversely affecting the academic and social functioning of adolescent students, and is significantly associated with 
suicidal behavior.39 Furthermore, NSSI is strongly associated with a wide range of psychosocial health problems and 
behavioral disorders in adulthood.40 Research indicates that for adolescents in the junior high school stage (ages 11–15), 
NSSI frequently exhibits a highly intertwined pattern of comorbidity with depression, anxiety, and insomnia/sleep 
problems.41,42 Elevated levels of depressive and anxiety symptoms are commonly regarded as critical psychological 
risk factors for NSSI, with longitudinal evidence from large samples of Chinese children and adolescents indicating that 
depressive/anxiety symptoms predict the onset, persistence, or trajectory of NSSI behaviors.43 This suggests that 
emotional distress may increase the risk of self-injury by impairing stress coping and emotion regulation capacities. 
Furthermore, studies conducted across multiple junior and senior high schools in China have revealed that sleep problems 
can predict subsequent NSSI in adolescents.44,45

Previous research has predominantly examined the interrelationships among depression, anxiety, and insomnia 
symptoms, typically employing traditional statistical approaches such as regression analysis, structural equation model
ing, or mediation analysis.46 However, these methods have limitations in capturing interactive effects among symptoms 
and accurately modeling complex multivariate relationships. Network theory offers a novel perspective, positing that 
psychopathological phenomena arise from dynamic interactions among symptoms, where strong connections form 
distinct feedback loops that facilitate the onset and maintenance of disorders.47 Network analysis has been widely 
applied in comorbidity studies of mood and insomnia disorders across various populations. For instance, one study on 
anxiety-depression and insomnia comorbidity in university students (including depressive symptoms) identified low 
energy, the impact of sleep on daytime functioning, and difficulty relaxing as central symptoms.48 In a sample of Macau 
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residents, difficulties maintaining sleep, sleep-related daytime dysfunction, and difficulty relaxing emerged as central 
symptoms.49 However, such investigations have not specifically targeted middle school students. The present study 
employs comorbidity network analysis to investigate symptom-level associations among depression, anxiety, and 
insomnia in middle school students. Centrality indices are used to identify core symptoms and bridge symptoms, 
which may serve as critical targets for intervention. The study also utilizes the EBICglasso method and the Network 
Comparison Test (NCT) to evaluate between-group differences. Furthermore, this research examines symptoms asso
ciated with non-suicidal self-injury (NSSI) and conducts network comparison analyses of the depression-anxiety- 
insomnia comorbidity network stratified by NSSI engagement, gender, and only-child status. These analyses aim to 
elucidate inter-symptom interconnections and provide empirical foundations for strategies to mitigate risks of depression, 
anxiety, insomnia, and NSSI in adolescents.

Materials and Methods
Data and Sample
This study was conducted in October 2023 in Wuhan, China. Using convenience sampling, four junior high schools 
were selected from four different regions of the city, and questionnaires were administered to middle school 
students in grades one through third at these schools. The enumerators received standardized training and 
administered the survey on-site with the cooperation of the schools during class time. Before the survey, students 
were informed about the purpose and nature of the study and were provided with instructions on how to complete 
the questionnaire. Participants accessed the relevant service cloud platform to complete the anonymous self-report 
questionnaire and submitted it on the website, resulting in 8244 valid questionnaires with no missing information 
being included in the analysis. To ensure response validity, several quality checks were implemented. Specifically, 
questionnaires with excessive missing data, implausibly short completion times, or uniform response patterns were 
excluded from the analysis. In addition, data collection was conducted in a supervised school setting, which 
reduced the likelihood of inattentive responding. The Ethics Committee of the Affiliated Wuhan Mental Health 
Center approved the study.

Measurements
Sociodemographic Data
The researcher designed a questionnaire to collect socio-demographic information, including gender (male/female), age, 
grade (first, second, or third year), and whether the respondent was an only child (yes/no).

Depression Symptoms
Depressive symptoms among students were assessed using the Patient Health Questionnaire-9 (PHQ-9).50 Items are rated 
on a 4-point Likert scale (0 = not at all, 1 = several days, 2 = more than half the days, 3 = nearly every day). Total scores 
range from 0 to 27, with scores of 5 or higher indicating the presence of depressive symptoms. In the present study, the 
Cronbach’s alpha for the PHQ-9 was 0.905, demonstrating excellent internal consistency.

Anxious Symptoms
The Chinese version of the Generalized Anxiety Disorder Scale (GAD-7) was used for anxiety screening and assessment 
of symptom severity. The GAD-7 consists of a total of 7 items, with each item scored from “0” (not at all) to 3 (almost 
every day) and a total score ranging from 0 to 21. The GAD-7 was used to assess the severity of symptoms and the 
severity of symptoms.51 Individuals with a total GAD score of ≥5 were considered to be “experiencing symptoms of 
anxiety”,52 with a Cronbach’s α of 0.931.

Insomnia Symptoms
Sleep status was investigated using the Insomnia Severity Index (ISI) to survey students’ sleep status.53 This scale is one 
of the most widely used scales for assessing insomnia in clinical practice. The ISI consists of seven items rated on a scale 
from “0” (none) to “4” (very severe), with a total score ranging from 0 to 28.54 Individuals with a total score of ≥8 were 
considered to “have symptoms of insomnia”, with a Cronbach’s α of 0.882.
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Occurrence of NSSI
This survey used a history of self-injurious behavior as a screen for self-injurious behavior (In the past 12 months, have 
you intentionally injured yourself, but not with the intent to kill yourself? (Yes/No). If the answer was yes, the population 
was defined as self-injurious.

Statistical Analysis
Web Estimation
Mean scores and standard deviations (SDs) for the Patient Healthy Questionnaire (PHQ-9), Insomnia Severity Index 
(ISI), and Generalized Anxiety Disorder-7 (GAD-7) were calculated using IBM SPSS Statistics (version 27.0). The 
RStudio program (version 4.4.3) was used to perform network analyses.

The network was estimated using the bootnet package in R, and the qgraph package was employed for visualization. 
First, the Gaussian graphical model (GGM), a Gaussian graph-based regularization method including the glasso (graph 
minimum absolute contraction and control of false positive edges) process, was used to estimate the depression-anxiety- 
insomnia network, and the Extended Bayesian Information Criterion (EBIC) was used to select the best-fitting model. 
The “mgm” package was used to estimate the predictability of each node. To further explore the association of NSSI with 
depression, anxiety and insomnia symptoms, the “flow” feature of the qgraph package was used, which allows for the 
identification of symptoms with the greatest relevance.

Centrality Estimation
In order to quantify the degree of centrality of nodes in the network, we calculated the expected influence value in the 
centrality index using the function “centrality Plot” from the R package “qgraph”. Additionally, we calculated the bridge 
centrality index to quantify the degree of association between symptoms of different diseases; symptoms with higher 
bridge centrality indicate that the symptom has a strong activation in the network.

The accuracy and stability of network edge weights and centrality indices were conducted by the R package 
“bootnet”,55 applying a nonparametric bootstrap to assess the accuracy of the edges, and constructing a 95% CI by 
resampling and replacing the data, with narrower constructed CIs indicating high network confidence. We used the case- 
drop bootstrap to check the estimation accuracy of centrality indices.56 The program checks for stability by examining 
the correlation of estimated centrality in the original and subset samples. Centrality indices are considered stable if they 
do not vary significantly in the smallest subsample (randomly excluding 70% of the data in the original data set). The 
correlation stability (CS) coefficient was calculated to quantify stability according to.57 It is recommended that the CS 
coefficient should be more than 0.5 but not less than 0.25.

Network Comparisons
We divided the sample into non-sucidual self-injury group (NSSI group) (N=1183) and non-self-injury group (NSH 
group) (N=7061), into genders (4441 males, 3803 females), and into only children (N=4557) and non-only children 
(N=3687). Then we performed the comparison of Gaussian-model-based network analyses of depression-anxiety- 
insomnia comorbidities. We used the R package “Network Comparison Test” (NCT) to examine the differences in 
network structure between two estimated models. The different networks are visualized with the same layout in the 
function “Average Layout” in the R package “qgraph”. The invariance of the global intensity and edge weights is 
calculated to characterize the difference between global and local features. The global intensity is the sum of all 
edges.58 In symptom networks, overall intensity can reveal disease vulnerability. Higher values of overall strength 
indicate stronger links between symptoms.59

Results
Study Sample
The demographic characteristics of the full sample are shown in Table 1. The NSSI detection rate is 14.35%. 
Demographic characteristics as shown in the Table 1, the average age of the middle school students surveyed was 
14.40 years old, the number of female students was 3803 (46.1%), and the number of only children was 4557 (55.3%) 
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and the ratio of the grades in which they were enrolled was 3077 (37.3%) in the first year, 2718 (33.0%) in the second 
year. The mean total PHQ-9 score for the whole sample was 4.02, the mean total GAD-7 score for the whole sample was 
3.50, and the mean total ISI score was 4.09. Mean scores and standard deviations for each of the PHQ9, GAD7 and ISI 
entries are shown in Table 2.

Table 1 Sample Characteristics

Variables Mean ± SD

Age 14.40(1.68)
Anxious 3.50(4.48)

Insomnia 4.09(4.76)

Depression 4.02(5.18)
Gender

Male 4441(53.9%)

Female 3803(46.1%)
Only child

Yes 4557(28.0%)
No 3687(72.0%)

Grade

First grade 3077(37.3%)
Second grade 2718(33.0%)

Third grade 2449(29.7%)

NSSI
Yes 1183(14.5%)

No 7061(85.5%)

Abbreviations: SD, Standard Deviation; NSSI, 
Non-Suicidal Self-Injury.

Table 2 Original Values of Mean, SD, Predictability, EI, and BEI for Each Node

Item Abbreviation Item Content Mean SD EI BEI (1-Step) Predictability

PHQ1 Interest 0.60 0.810 0.742 0.053 0.512
PHQ2 Hopeless 0.53 0.779 1.033 0.220 0.611

PHQ4 Lack of Energy 0.61 0.851 1.018 0.351 0.592
PHQ5 Appetite 0.40 0.768 0.763 0.180 0.460

PHQ6 Self Feeling 0.54 0.849 1.006 0.325 0.590

PHQ7 Concentration 0.36 0.709 0.652 0.068 0.404
PHQ8 Activity 0.32 0.684 0.872 0.271 0.497

PHQ9 Suicidal ideation 0.20 0.563 0.626 0.161 0.403

GAD1 Nervous 0.64 0.770 0.980 0.296 0.660
GAD2 Uncontrollable Worry 0.46 0.739 1.084 0.221 0.696

GAD3 Excessive Worry 0.52 0.753 1.040 0.099 0.694

GAD4 Relax 0.52 0.787 0.866 0.167 0.607
GAD5 Restless 0.35 0.677 0.967 0.376 0.602

GAD6 Irritable 0.54 0.815 1.019 0.248 0.652

GAD7 Fear 0.48 0.788 0.770 0.161 0.545
ISI1 Sleep Onset 0.54 0.849 0.990 0.113 0.604

ISI2 Sleep Maintenance 0.36 0.746 1.025 0.180 0.574

ISI3 EarlyAwake 0.49 0.855 0.430 0.034 0.259

ISI4 Sleep Satisfaction 1.11 1.105 0.836 0.164 0.531

ISI5 Daytime Function 0.67 0.947 0.915 0.034 0.564

ISI6 Notice from others 0.45 0.810 0.730 0.000 0.485
ISI7 Worry about sleep 0.47 0.862 0.986 0.153 0.593

Abbreviations: SD, Standard Deviation; EI, Expected Influence; BEI, Bridge Expected Influence.
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Network Structure
Symptom comorbidity networks of the full sample are available in Figure 1, annulus around the periphery of each 
symptom node are used to represent the predictability of the nodes, the mean predictability is 0.538 (range from 
0.260–0.697), and mean scores on each item of the PHQ9, GAD-7 and ISI, while the predictability of each symptom 
are shown in Table 2. The network diagram shows that among the possible 231 edges, there are 102 non-zero edges, 
indicating a network density of 44.2%. The thickest edges within the entire network exist within individual communities, 
such as between ISI1 “sleep onset” and ISI2 “sleep maintenance” (edge weight = 0.41), GAD2 “control worry” and 
GAD3 “excessive worry” (edge weight = 0.29), and PHQ1 “interest decreased” and PHQ2 “hopeless” (edge weight = 
0.32). The strongest cross-community connecting edges are between PHQ8 “Activity” and GAD5 “restlessness” (edge 
weight = 0.18), PHQ4 “lack of energy” and ISI4 “Sleep Satisfaction” (edge weight = 0.10), and GAD7 “fear” and PHQ6 
“self feeling” (edge weight = 0.10).

Network Centrality
In the analysis of network centrality, expected influence is used to measure centrality in symptom networks containing 
negatively correlated symptoms, and is often preferred to the commonly used “intensity” index. The node centrality 
results (Figure 2A) indicated that GAD2 “control worry” had the highest expected influence value (EI = 1.084), followed 
by GAD3 “excessive worry” (EI = 1.040), ISI2 “sleep maintenance” (EI=1.025), and PHQ2 “hopeless” (EI=1.018). 
Bridge symptoms are the symptoms with the highest bridge centrality in the network and represent the most influential 
symptoms in the comorbidity network. Additionally, as shown in Figure 2B, GAD5 “restlessness” (BEI=0.376) and 
PHQ4 “lack of energy” (BEI=0.351), PHQ6 “self feeling” (BEI=0.325) and GAD1 “nervous” (BEI=0.296) had the 
highest bridge expected influence value, playing an important role in linking anxiety and insomnia within the network. 
The original values of expected influence and the bridge’s expected influence values are visible in Table 2.

Figure 1 The network structure of depression, anxiety and insomnia symptoms.
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Network Accuracy and Stability
As shown in Figure 3, the large overlap between the 95% confidence intervals of the edge weights obtained by the 
bootstrap method was sufficient to indicate that the estimates of the insomnia and anxiety symptom networks were 
sufficiently accurate. In Figure 4, the stability test of the network centrality metrics for expected influence and bridge 
expected influence yielded very high results, with a CS mean of 0.75, indicating that the structure of the network 
remained unchanged when 75% of the samples were discarded.

Flow Network Diagram of the NSSI
Figure 5 depicts a flowchart of the network structure of NSSI about insomnia and anxiety symptoms. Seven nodes 
located in the diagram are directly related to NSSI, and each of the remaining nodes is indirectly related to NSSI. 
Specifically, it indicated that PHQ9 “suicidal ideation” (edge weight = 0.33), PHQ6 “self feeling” (edge weight = 0.09) 
were more strongly associated with NSSI.

Network Comparison
The network structures across subgroups after network comparison are visualized in Figure 6. Notably, all subnetworks 
exhibited clustering of symptoms within distinct communities, with the strongest edges consistently occurring within the 
same fixed communities across networks. Results from network invariance tests indicated that, after Benjamini-Hochberg 
(BH) correction, the global network structure did not significantly differ between the NSSI and non-NSSI (NSH) groups 
(M = 0.10, p = 0.715). However, a significant difference was observed in global strength (S = 0.384, p = 0.023), with the 
NSH group demonstrating higher overall connectivity (10.488 vs 10.104 in the NSSI group). This suggests stronger inter- 

Figure 2 Centrality and Bridge Centrality of the Network. (A) EI of the Network; (B) BEI of the Network.
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node associations and more tightly interconnected symptoms in adolescents without self-injury. Network comparisons by 
gender showed no significant differences between boys and girls in global network structure (M = 0.08, p = 0.361) or 
global strength (males: 10.272 vs females: 10.436; S = 0.16, p = 0.274). Comparisons between only-child and non-only- 
child subgroups likewise revealed no significant differences in global network structure (M = 0.08, p = 0.551) or global 
strength (only-child: 10.446 vs non-only-child: 10.335; S = 0.11, p = 0.452).

Discussion
In the present study, we constructed a symptom network of depression, anxiety and insomnia among junior high school 
students. The results indicated that worry-related symptoms, difficulty maintaining sleep and feelings of hopelessness 
emerged as the most influential nodes in the network. Bridge symptoms included restlessness, low energy, negative self- 
feeling and feeling nervous. Furthermore, the network symptom connections were denser in the NSH group compared to 
the NSSI group. Additionally, suicidal ideation exhibited the strongest association with NSSI.

Worry-related symptoms (uncontrollable worry and excessive worry) emerged as central symptoms in the network. 
Elevated worry represents a hallmark feature of generalized anxiety disorder, reflecting negative beliefs about potential 
threats and uncertainty.60 Prior research has provided mechanistic evidence supporting the central role of worry in 
generalized anxiety disorder among children and adolescents.61–63 Moreover, worry transcends multiple internalizing 
problems and has been identified as a repetitive negative thinking process that predicts risk for both anxiety and 
depression. Some studies have also suggested that worry tends to intensify at bedtime in adolescents, thereby impairing 

Figure 3 Bootstrapped confidence intervals of estimated edge weights. 
Notes: Red lines indicate the edge weights in the study sample, black lines represent the average edge weights estimated by the bootstrap, and the gray area represents the 
confidence intervals derived from the bootstrap.
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sleep onset and continuity.64 These theoretical and empirical findings robustly account for the prominent role of worry 
within the overall network. During adolescence, worries related to academic performance and interpersonal relationships 
commonly arise; addressing such worries is therefore crucial for preventing the escalation of further internalizing 
psychopathology and supporting healthy adolescent development. Related cognitive behavioral therapy interventions 
have demonstrated considerable efficacy.65

Difficulty maintaining sleep emerged as one of the strongest central symptoms in the model. It is typically 
characterized by nocturnal sleep fragmentation and difficulty returning to sleep after awakening, often resulting in 
sleep deprivation.66 This is consistent with prior network-analytic findings in insomnia, anxiety, and depression.67,68 

Collectively, these results suggest that difficulty maintaining sleep may play a broadly important role in the psycho
pathological development of depression, anxiety, and insomnia across different populations. Insufficient sleep duration is 

Figure 4 Stability of centrality and bridge centrality using the case-drop bootstrap.
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common among adolescents. Sleep disturbances during neurodevelopment may disrupt neural plasticity and functional 
connectivity in the developing brain, thereby affecting the maturation of brain regions involved in emotion generation 
and emotion regulation and increasing vulnerability to affective disorders.12 In addition, hopelessness emerged as another 
core symptom. Middle-school students experience a developmental period marked by heightened academic evaluation, 
intensified peer comparison, and rapid changes in identity formation,69 and start to explore the concept of self and 
establish a foundation for self-awareness.70 They may become especially sensitive to whether they can meet their own 
expectations, making hopeless thoughts more likely under external influences. Hopelessness can undermine perceived 
control and motivation, thereby increasing the risk of affective disorders such as depression and generalized anxiety.71,72 

Our findings further indicate that hopelessness functions as a key “activating” node within the overall symptom network. 
Therefore, identifying and correcting maladaptive hopeless beliefs in adolescents is both necessary and clinically 
meaningful.

Figure 5 Flow network diagram of NSSI.
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Restlessness emerged as the most important bridge symptom in the network model, consistent with previous 
findings.49,73 This result suggests that restlessness may serve as a transdiagnostic marker of symptom severity within 
the internalizing spectrum and may function as a shared indicator of anxiety and insomnia among adolescents with 
emotional disorders.74 Mechanistically, restlessness may inhibit relaxation through exaggerated stress responses and 
physiological hyperarousal, thereby increasing the risk of insomnia in adolescents.75 Fatigue also exhibited high bridge 

Figure 6 Comparison of sub-network structure. 
Notes: (A) Network structure of the NSH group. (B) Network structure of the NSSI group. (C) Network structure of boys. (D) Network structure of girls. (E) Network 
structure of only child. (F) Network structure of non-only-child.
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centrality in the model, in line with prior studies in adolescent populations identifying fatigue as a transitional symptom 
linking depression and anxiety.73 This association may be related to dysfunctions in neuromodulatory systems involved 
in ascending arousal and motivational regulation, including noradrenaline, dopamine, acetylcholine, and histamine.76–78 

Such dysregulation may further facilitate the broader co-occurrence and mutual reinforcement of depression, anxiety, and 
insomnia.79,80 Low self-worth and tension indicate that negative self-evaluation and heightened arousal states in 
adolescents warrant particular attention and should be prioritized as key targets for intervention. The bridging roles of 
low self-worth and tension indicate that negative self-evaluation and heightened arousal states in adolescents warrant 
particular attention and should be prioritized as key targets for intervention.

Flow network analyses of NSSI indicated that NSSI among adolescents was positively associated with multiple 
symptoms of depression, anxiety, and insomnia. Among these associations, suicidal ideation exhibited the strongest link 
with NSSI. This finding is consistent with a previous network analysis conducted in Chinese adolescents, which identified 
suicidal ideation as the symptom most strongly associated with NSSI.81 Prior research has further demonstrated that NSSI 
and suicidal behaviors are mutually predictive and frequently co-occur.82–84 The close association between these two 
phenomena was further confirmed in the present study. These findings suggest that, among middle-school students, NSSI 
and suicidal ideation do not occur in isolation but are jointly embedded within a broader psychological risk network 
characterized by depressive, anxious, and sleep-related problems. Accordingly, risk assessment and intervention strategies 
targeting this population should explicitly address the co-occurring risk of NSSI and suicidal ideation.

The overall patterns of symptom associations were largely similar between the NSSI and NSH groups. However, 
individuals with NSSI exhibited significantly lower connectivity among psychological symptoms compared to those 
without NSSI. This difference may reflect the high heterogeneity of psychological problems within the NSSI population. 
Previous research has shown that NSSI can occur across a wide range of psychological contexts and does not depend on 
any fixed constellation of symptoms.85,86 Accordingly, at the population level, individuals with NSSI may present with 
diverse types and severities of psychological symptoms that do not necessarily co-occur in a highly synchronized manner. 
In contrast, among individuals without NSSI but with psychological problems, symptoms of depression, anxiety, and 
insomnia tend to co-occur and mutually reinforce one another. These findings have significant implications, suggesting 
that in NSSI populations, the presence of a single symptom may be insufficient to capture overall psychological burden. 
Screening and risk assessment strategies based solely on comorbidity assumptions may therefore require more indivi
dualized and fine-grained approaches.

This study had a large sample size and applied network analysis to explore the comorbidity of insomnia and anxiety 
among Chinese middle school students. Some limitations should be noted. Our data are based on self-reports from middle 
school students and, therefore, may be subject to reporting biases. Subsequent studies may extend interviews or 
assessments by others to assess symptoms. A cross-sectional survey study employed undirected network analysis, 
which does not permit inferences about causal relationships or dynamics between individual symptoms. Further research 
should take cohort longitudinal studies to further explore the causal relationship between symptoms, thus reinforcing the 
reliability of the findings.

Conclusion
This study used network analysis to examine the relationships among anxiety, depression, insomnia, and NSSI. The 
results identified difficulty controlling worry, excessive worry, sleep maintenance problems, and hopelessness as core 
symptoms with the strongest centrality in the network. Restlessness, lack of energy, negative self-feeling, and nervous
ness emerged as core bridge symptoms linking different symptom domains. Notably, suicidal ideation showed the 
strongest association with NSSI. Additionally, the symptom network was more densely connected in the NSH group 
than in the NSSI group, indicating greater symptom interdependence. These findings highlight potential targets for early 
intervention and clinical prevention strategies.
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