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This study used network analysis to explore the association between negative life events and 
emotional symptoms in Chinese adolescents, with a focus on depression, anxiety, and their comorbid 
mechanisms. The Adolescent Self-Reporting Life Events Scale (ASLES), the Center for Epidemiological 
Studies Depression Scale (CES-D), and the Self-Rating Anxiety Scale (SAS) were used to assess 1083 
adolescents. Based on the data, three networks were constructed: the negative life events-depression 
network, the negative life events-anxiety network, and a integrated negative life events-depression-
anxiety network. In the depression network, “Depressive mood,” “Sadness,” and “People dislike 
me” were core nodes, reflecting emotional and social sensitivity. In the anxiety network, “Panic,” 
“Fear,” and “Dizziness” emerged as core nodes, highlighting the role of physiological responses. The 
integrated network identified “Depressed mood” and “Panic” as key nodes, revealing the overlap 
and interaction between depression and anxiety. “Academic stress” and “Interpersonal relationships” 
were consistent bridge nodes across networks, linking negative life events to emotional symptoms 
and contributing to comorbid mechanisms. These findings suggest that targeting core symptoms and 
bridge nodes may reduce depression, anxiety, and their comorbidities. This study provides insights into 
adolescent emotional symptom networks, supporting targeted and comprehensive interventions.
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Adolescence is a critical stage for physical and mental development, during which negative life events such 
as academic pressure, interpersonal conflicts, and family changes are closely linked to the occurrence of 
emotional symptoms such as depression and anxiety1. Extensive research shows that negative life events during 
adolescence may lead to emotional dysregulation, even developing into more severe mental health issues and 
potentially impacting long-term functioning2–4. Recent evidence also indicates that high-impact life events, such 
as traumatic experiences, have become increasingly common during adolescence5,6. An increasing number of 
studies have shown that exposure to negative life events serves as a strong predictor of mental health outcomes, 
with effects that span from childhood into adulthood7.

Adolescence is a transitional phase marked by rapid development of emotion regulation systems, including 
the prefrontal cortex and amygdala, alongside physiological and social changes associated with puberty. 
Together, these factors heighten adolescents’ vulnerability to negative life events8,9. Additionally, according 
to the cumulative risk hypothesis, the accumulation of multiple risk factors, rather than specific types of risk, 
plays a critical role in influencing the mental health of children and adolescents10. The negative life events are 
widely recognized as key contributors to the onset of depression and anxiety in adolescence11,12. Research has 
consistently shown that experiencing adverse events during this stage can significantly increase the likelihood 
of developing emotional symptoms13,14. For instance, Phillips et al. (2015) conducted a cross-lagged study 
examining the reciprocal relationship between stressful life events and depression over time12. Their findings 
demonstrated that negative life events significantly predicted later depressive symptoms (P = 0.01), whereas the 
predictive effect of depression on subsequent life events was relatively weaker (P = 0.06)9. Similarly, Binelli (2012) 
found in a cross-sectional study that exposure to domestic violence in childhood was a significant predictor of 
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future social anxiety (P = 0.03)15. These findings highlight the crucial role of negative life events in the emergence 
and progression of emotional disorders, reinforcing the need for early intervention strategies to mitigate their 
long-term impact.

In recent years, network analysis has gained prominence in the study of the unique structures of anxiety and 
depression symptoms, shedding light on their interrelations and complex symptom dynamics. With respect to 
anxiety networks, researchers have explored the central features of trait and state anxiety, as well as the robust 
edges within the network16–18. Additionally, some studies have examined the associations between anxiety and 
other psychological and behavioral factors, such as its links to negative emotions and emotion regulation19,20, as 
well as behavioral characteristics such as withdrawal behaviors, social problem solving, smartphone addiction, 
and sleep problems21–23. These findings suggest that anxiety extends beyond isolated symptoms, intertwining 
with broader psychological and behavioral patterns.

In depression network research, scholars have focused primarily on various dimensions of depression (such 
as low mood, helplessness, loss of interest, etc.), as well as the interactions between these dimensions24–27. 
Additionally, studies have explored the associations between depression and external factors, including emotion 
regulation11, personality traits28, subjective well-being29, internet addiction30, occupational burnout31, and 
bullying victimization32. These studies reveal the multidimensional nature of depression, indicating that it is 
driven not only by the interactions of internal symptoms (such as low mood and loss of interest) but also by 
external factors, highlighting the complexity and broad impact mechanisms of depression.

Additionally, numerous researchers have explored the comorbidity networks of anxiety and depression. A 
recent systematic review analyzed findings from 33 studies published between 2016 and 2022, covering 179 
articles and a total of 78,721 participants across clinical and community samples. The results demonstrated 
that network models help identify the most influential symptoms in the comorbidity of anxiety and depression 
(e.g., “Sad mood,” “Worry too much,” “Uncontrollable worrying”), the most relevant bridging symptoms (e.g., 
“Sad mood,” “Restlessness,” and “Motor disturbance”), and the most stable symptom connections (e.g., between 
“Sleep” and “Energy”)33. These studies suggest that network models play a critical role in understanding symptom 
characteristics and interrelations in the comorbidity of anxiety and depression.

Numerous studies have employed network analysis to identify core symptoms (those with the greatest 
influence within the network) and bridge symptoms (those linking different symptom clusters) in anxiety, 
depression, and their comorbidity. These studies have significantly advanced the understanding of emotional 
symptom structures and their interrelations by highlighting the critical nodes and pathways within symptom 
networks. However, previous studies have focused primarily on the static relationships between symptoms while 
paying limited attention to external influencing factors, particularly the role of negative life events. Moreover, 
most studies rely on linear models or traditional causal path analyses, which often assume that individual factors 
independently affect emotional symptoms. This approach overlooks the differences in the impact of negative 
stressors on anxiety or depression, as well as the potential complex interactions between symptoms. In reality, 
the interplay between depression and anxiety symptoms often manifests through specific cross-connections 
between symptoms, which traditional methods struggle to effectively reveal at the microlevel.

Building on existing studies of symptom networks, this study utilizes network analysis to investigate the 
microlevel impact of negative life events on anxiety and depression symptoms. Specifically, it aims to elucidate 
the differential effects of negative life events on anxiety and depression symptoms while uncovering their 
potential roles in the mechanisms underlying their comorbidity. By mapping intricate symptom interactions, 
network analysis offers a novel framework to understand how negative life events contribute to the comorbidity 
of anxiety and depression via specific symptom pathways, potentially guiding targeted interventions.

Methods
Participants
This study involved 1,136 Chinese adolescent students who voluntarily participated in the research and 
completed paper-based questionnaires. None of the participants exhibited significant clinical psychological 
symptoms. Written informed consent was obtained from both the participants and their parents before data 
collection. To ensure data quality, participants who failed to respond accurately to a series of attention checks 
(e.g., selecting “agree” when prompted) were excluded from the analysis. Only participants who successfully 
passed all attention checks and completed at least 80% of the measures were retained. After data cleaning, the 
final sample comprised 1,083 valid responses. The mean age of the participants was 14.32 years (SD = 1.01), with 
52.8% being male (n = 572) and 47.2% being female (n = 511). The participants were distributed across four 
grade levels: 30.3% Grade 8 (n = 328), 46.6% Grade 9 (n = 505), 12.2% Grade 10 (n = 132), and 10.9% Grade 11 
(n = 118).

All the participants and their parents were informed about the purpose of the study, and they were free to 
withdraw from the study at any time. The Research Ethics Committee of Guangzhou University approved the 
present study and conducted in accordance with ethical standards.

Measures
The Adolescent Self-Reporting Life Events Scale (ASLES) consists of 27 items that may induce psychological 
stress in adolescents, as developed by Liu et al.34. The ASLEC includes six factors: interpersonal relationships, 
academic stress, be punished, loss of friends and property, health and adaptation issues, and others. Participants 
respond to each event on the basis of whether it occurred over a 1-year period; if it did occur, participants rate 
their psychological feelings at the time of the event on a scale of 1 (no impact) to 5 (extremely severe). The 
cumulative stress from all events is calculated as the total amount of stress. In the present study, Cronbach’s alpha 
was 0.87, and the mean interitem correlation (MIC) was 0.21.
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The Center for Epidemiological Studies Depression Scale (CES-D) was developed to screen for depression 
symptoms by measuring the frequency of events and ideas over the past week35. It is a 20-item instrument with 
each item rated on a four-point scale ranging from 0 (“rarely or none of the time”) to 3 (“most or all of the time”). 
There are four subscales: interpersonal problems, somatic complaints, absence of positive affect, and depressed 
affect. The total score ranges from 0 to 60, and a higher score indicates a greater risk of depression. The CES-D 
has been validated in a variety of Chinese samples36. In the present study, the Cronbach’s alpha was 0.93, and the 
MIC was 0.37.

The Self-Rating Anxiety Scale (SAS) is a self-report scale whose 20 items cover a variety of anxiety symptoms37, 
including both psychological (e.g., “I feel afraid for no reason at all”) and somatic (e.g., “My arms and legs shake 
and tremble”). Responses are given on a 4-point scale ranging from 1 (none, or a little of the time) to 4 (most, or 
all of the time). In the present study, the Cronbach’s alpha was 0.83, and the MIC was 0.17.

Statistical analysis
Network analyses were performed using R 4.4.1. We estimated network models and calculated weights for all 
possible connections using the graphical LASSO method combined with EBIC model selection. This step was 
automatically performed with the “estimateNetwork” function and the “EBICglasso” default option38. We used 
the “qgraph” package for network visualization39, and the “bootnet” package (1.4.3) was applied to estimate and 
illustrate the network model visually38.

We calculated centrality indices, including strength and expected influence (EI), and Bridge expected 
influence (BEI). Strength measures a node’s overall connections by summing the absolute weights of its edges38. 
Prior research has suggested that node strength is important in the study of psychopathology and tends to be 
more stable40. Expected influence, defined as the sum of the values of all edges connecting to a given node, is 
more appropriate for networks with both negative and positive edges41. The greater the expected influence of 
a node is, the more important it is in the network. Bridge expected influence, which measures connections 
between nodes in different communities, was calculated using the R package “networktools”42. Higher node 
bridge expected influence values indicate a greater extent of increased risk of contagion to other communities42. 
We also used the R package “mgm” (version 1.2–12) to compute node predictability, reflecting how much a node 
is connected to its neighbors43. Predictability is shown as the area in the rings around each node in the network.

To assess the accuracy and stability of the observed network model, the R package “bootnet” (version 1.4.3) 
was used, which is based on 1000 bootstraps performed for each node38. The centrality indices of the expected 
influence and bridge expected influence were assessed using correlation stability (CS; case‒drop bootstrap) 
coefficients; values greater than 0.25 indicated moderate stability, whereas values greater than 0.5 indicated strong 
stability. In our network, all CS values were above 0.50, indicating the reliability of the network. In addition, we 
conducted bootstrapping to test the differences in the centrality indices and bridge expected influence indices 
of different nodes.

Results
Descriptive statistics
The descriptive statistics for negative life events, depression, and anxiety are presented in Table S1 (Supplementary, 
S).

Network analysis
The negative life events-depression network
The negative life events and depression networks are shown in Fig. 1A and exhibit several important characteristics. 
First, 171 (52.62%) of the 325 possible edges were not zero, which indicated that these edges were likely to be 
true edges based on the regularization techniques (see Table S2). Second, the five strongest edges were identified. 
Within the depression community, three of the strongest edges were between CES12 “Happy” and CES16 “Enjoy 
life” (weight = 0.40), between CES15 “People are unfriendly” and CES19 “People dislike me” (weight = 0.36), 
and between CES4 “As good as others” and CES8 “Hopeful about the future” (weight = 0.29). In the negative life 
events community, the two strongest edges were between A1 “Interpersonal relationships” and A2 “Academic 
stress” (weight = 0.26) and between A3 “Punishment” and A4 “Loss of friends and property” (weight = 0.25). 
The bootstrapped difference test for the edge weights revealed that the weights of the five strongest edges were 
significantly higher than the other edge weights (see Fig. S1). Moreover, the node predictability values ranged 
from 22.1% (A4: Loss of friends and property) to 65.1% (CES6: Depressive mood), with an average of 44.0%, 
indicating that, on average, 44.0% of the variance in nodes from the network could be explained by their 
neighboring nodes (see Fig. 1A and Table S1).

The features of node centrality in the network, including strength and expected influence, are presented 
in Fig. S2. Notably, the top four nodes with the highest strength and expected influence are identical: CES6 
(Depressive mood), CES19 (People dislike me), CES18 (Sadness), and CES7 (Doing everything effort). These 
findings indicate that these four nodes were significant in terms of strength and expected influence, potentially 
reflecting their critical role in the overall network. Among these nodes, CES6 (Depressive mood) demonstrated 
the greatest influence on both strength and expected influence, suggesting that it may serve as a core node within 
the depression network, significantly contributing to overall levels of depression. To further assess the robustness 
of these findings, the correlation stability coefficient of node strength and expected influence was calculated. The 
correlation stability coefficient of node strength and expected influence was 0.75 (> 0.25), indicating that these 
centrality estimates were highly reliable (see Fig. S3). Moreover, the bootstrapped difference test confirmed that 
the centrality values of the four strongest nodes were significantly greater than the other nodes (see Figs. S4–S5).

To better understand the associations between the two communities, the bridge expected influence 
was calculated for each node. Our analysis revealed that nodes A2 (Academic stress) and A1 (Interpersonal 

Scientific Reports |        (2025) 15:16307 3| https://doi.org/10.1038/s41598-025-00044-z

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


relationships) served as the primary bridges linking the two communities (see Fig. 1B). The correlation stability 
coefficient of the bridge expected influences was 0.75 (> 0.25), indicating that the estimation of node’s bridge 
expected influences was adequately stable (see Fig. S6). Furthermore, bootstrapped difference tests of the bridge 
expected influence confirmed the significance of these nodes (see Fig. S7).

The negative life events-anxiety network
The negative life events and anxiety networks are shown in Fig. 2A and have several important characteristics. 
First, 170 (52.31%) of the 325 possible edges were not zero, which indicated that these edges were likely true edges 
based on the regularization techniques (see Table S3). Second, the five strongest edges were identified in the final 
network. Within the anxiety community, four of the strongest edges were observed: between SAS11 “Dizziness” 

Fig. 2.  Network structure of the negative life events-anxiety variables and the bridge expected influence for 
each node. (A) Blue edges represent positive correlations. A thicker edge reflects higher correlation between 
the nodes. (B) The bridge expected influence of each node in the network (raw value).

 

Fig. 1.  Network structure of the negative life events-depression variables and the bridge expected influence for 
each node. (A) Blue edges represent positive correlations. A thicker edge reflects higher correlation between 
the nodes. (B) The bridge expected influence of each node in the network (raw value).
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and SAS12 “Faintness” (weight = 0.34), between SAS5 “Apprehension” and SAS9 “Restlessness” (weight = 0.32), 
between SAS1 “Anxiousness” and SAS3 “Panic” (weight = 0.31), and between SAS7 “Body ache and pains” and 
SAS8 “Easy fatiguability” (weight = 0.28). In the negative life events community, the strongest edge was between 
A1 “Interpersonal relationships” and A2 “Academic stress” (weight = 0.27). The bootstrapped difference test for 
the edge weights revealed that the weights of the five strongest edges were significantly higher than the other 
edge weights (see Fig. S8). Moreover, node predictability values ranged from 14.3% (SAS13:Dyspnea) to 64.9% 
(SAS3:Panic), with an average of 39.3%, indicating that, on average, 39.3% of the variance in nodes from the 
network could be explained by their neighboring nodes (Fig. 2A).

The features of node centrality in the network, including strength and expected influence, are presented in 
Fig. S9. Notably, the top five nodes for both strength and expected influence are identical: SAS3 (Panic), SAS2 
(Fear), SAS11 (Dizziness), SAS12 (Faintness), and SAS14 (Paresthesia). These findings indicate that these five 
nodes were significant in terms of strength and expected influence, potentially reflecting their critical role in the 
overall network. Among these nodes, SAS3 (Panic) demonstrated the greatest influence on strength, suggesting 
that it may function as a core node within the anxiety network, significantly contributing to overall levels of 
anxiety. To further assess the robustness of these findings, the correlation stability coefficients of node strength 
and expected influences were calculated. The correlation stability coefficient of node strength and expected 
influences was 0.75 (> 0.25), indicating that these centrality estimates were adequately stable (see Fig. S10). 
Furthermore, the bootstrapped difference test for the node strength and expected influences revealed that the 
strength and expected influences of the five strongest nodes were significantly greater than the other nodes (see 
Figs. S11–S12).

To better understand the associations between the two communities, we calculate the bridge expected 
influence for each node. Our analysis revealed that A2 (Academic stress) and SAS3 (Panic) served as the primary 
bridges linking the two communities (see Fig. 2B). The correlation stability coefficient of the bridge expected 
influences was 0.67 (> 0.25), indicating that the estimation of node’s bridge expected influence was adequately 
stable (see Fig. S13). Furthermore, bootstrapped difference tests of the bridge expected influences confirmed the 
significance of these nodes (see Fig. S14).

The negative life events-depression-anxiety network
The negative life events-depression-anxiety network is shown in Fig. 3A and has several important characteristics. 
First, 354 (34.1%) of the 1035 possible edges were not zero. Second, the three strongest edges were identified 
in the final network. Within the depression community, the strongest edges were between CES12 “Happy” and 
CES16 “Enjoy life” (weight = 0.38) and between CES15 “People are unfriendly” and CES19 “People dislike 
me” (weight = 0.36). In the anxiety community, the strongest edge was between SAS11 “Dizziness” and SAS12 
“Faintness” (weight = 0.33). The bootstrapped difference test for the edge weights revealed that the weights of 
the three strongest edges were significantly higher than the other edge weights (see Fig. S15). The results from 
the modularity analysis44, which assessed the degree to which nodes formed distinct clusters, yielded a Q value 
of 0.58. Notably, four clusters emerged, with depression and anxiety items split across two mixed communities, 
indicating that these items did not form distinct clusters. Moreover, node predictability values ranged from 
14.8% (SAS13:Dyspnea) to 66.5% (SAS3:Panic), with an average of 44.0%, indicating that 44.0% of the variance 
in nodes from the network could be explained by their neighboring nodes (see Fig. 3A and Table S1).

Fig. 3.  Network structure of the negative life events-depression-anxiety variables and the bridge expected 
influence for each node. (A) Blue edges represent positive correlations. A thicker edge reflects higher 
correlation between the nodes. (B) The bridge expected influence of each node in the network (raw value).
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The features of node centrality in the network, including strength and expected influence, are presented in Fig. 
S16. Notably, the top two nodes with the highest strength and expected influence are identical: CES6 (Depressive 
mood) and SA3 (Panic). The correlation stability coefficient of node strength and expected influences was 0.75 
(> 0.25), indicating that the estimations of node strength and expected influences were adequately stable (see Fig. 
S17). Furthermore, the bootstrapped difference test confirmed that the strength and expected influence of these 
two top nodes were significantly greater than the other nodes (see Figs. S18–S19).

To better understand the associations between the three communities, the bridge expected influence 
was calculated for each node. Our analysis revealed that nodes A2 (academic stress) and A1 (interpersonal 
relationships) served as the primary bridges linking the three communities (see Fig. 3B). The correlation stability 
coefficient of the bridge expected influences was 0.75 (> 0.25), indicating that the estimation of node’s bridge 
expected influences was adequately stable (see Fig. S20). Furthermore, bootstrapped difference tests of the bridge 
expected influence confirmed the significance of these nodes (see Fig. S21).

Discussion
The present study aimed to explore the relationships between adolescent negative life events and two key 
emotional symptoms (depression and anxiety) among Chinese students. We used network analysis to construct 
three models: the negative life events-depression network, the negative life events-anxiety network, and the 
negative life events-depression-anxiety network. Each network demonstrated acceptable robustness, ensuring 
the stability and reliability of our findings. Our analysis revealed a highly interconnected symptom network, 
with no distinct modular structure separating depression and anxiety44,45. This result aligns with recent studies 
on the comorbidity of depression and anxiety, which have shown that symptoms of depression and anxiety 
often co-occur among adolescents and may share underlying mechanisms such as difficulties in emotional 
regulation, cognitive distortions, and lack of coping strategies46,47. In these network models, the differences in 
edge weights revealed the strength of associations between symptoms or events. For example, in the depression 
network, the strong edge weight between “Happy” and “Enjoy life” suggests that these positive emotions often 
decline simultaneously. This implies that interventions could aim to enhance positive emotions to improve 
depressive states. In the anxiety network, the strong edge between “Dizziness” and “Faintness” indicates that 
these physiological symptoms frequently cooccur during anxiety responses. Moreover, in the negative life events 
network, the strong association between “Interpersonal relationships” and “Academic stress” reflected that these 
two stressors may simultaneously impact mental health. This suggests that when designing interventions, we 
should prioritize addressing these key factors. Improving the quality of adolescents’ interpersonal relationships 
or alleviating academic stress may help mitigate the comorbidity of depressive and anxiety symptoms.

In the negative life events-depression network, the centrality analysis revealed that “Depressive mood,” 
“Sadness,” and “People dislike me” demonstrated the highest strength, indicating that these symptoms had the 
strongest connections to the rest of the symptoms in the network, meaning they played a central role in the 
overall structure of depression-related symptoms. Previous studies have consistently shown that “Depressive 
mood” and “Sadness” are core symptoms of depression, a finding validated across diverse cultures and 
populations27,33,48–50. Interestingly, our results also identified “People dislike me” as a central symptom among 
adolescents. This finding is consistent with research conducted with Spanish children and adolescents51 and 
may reflect the heightened social sensitivity of adolescents. Moreover, the network structure further reveals 
specific links between depression symptoms and negative life events. For example, as shown in Fig. 1, academic 
stress exhibited a strong association with sadness, suggesting that excessive academic pressure may contribute to 
persistent low mood and emotional distress. Similarly, interpersonal relationship problems were closely linked 
to the perception that “people are unfriendly,” reflecting how negative social experiences can intensify feelings of 
social rejection and loneliness. This finding highlights the importance of peer relationships during adolescence, 
particularly how peer acceptance or rejection significantly impacts emotional well-being. Therefore, intervention 
strategies should focus on improving the quality of adolescents’ peer relationships, such as through social skills 
training and cognitive restructuring strategies to help them cope with social stress more effectively.

In the negative life events-anxiety network, “Panic,” “Fear,” and “Dizziness” exhibited the highest centrality. 
The prominence of these symptoms may reflect their crucial role in adolescents’ experience of anxiety, 
particularly “Panic” and “Fear,” which are core symptoms of anxiety and align with previous research findings33,44. 
“Dizziness,” as a physical response, highlights the role of physiological reactions in anxiety. This implies that 
physiological symptoms not only are a manifestation of anxiety but also may play a key role in the transmission 
and maintenance of anxiety symptoms. Therefore, in interventions for anxiety, it is crucial to address not only 
emotional factors but also physiological approaches. By targeting both emotional and physiological aspects, 
interventions may be more effective.

In the negative life events-depression-anxiety network, “Depressive mood” and “Panic” emerged as central 
symptoms, indicating a significant symptom overlap between depression and anxiety. Compared with networks 
that examine depression or anxiety independently, this integrated network further reveals the close association 
and mutual influence between the two emotional disorders. This overlap may help explain why etiological 
research has encountered challenges in identifying unique risk factors for depression and anxiety52,53. As 
central nodes, they not only represent core emotional experiences among adolescents but also reflect a broader 
spectrum of negative affect, which may most closely mirror underlying neurobiological systems that support 
negative valence or core appraisals within a cognitive‒behavioral framework related to perceived threat or loss54.

The bridge node analysis revealed that “Academic stress” and “Interpersonal relationships” are critical 
bridging factors in the negative life events-depression network. These factors represent central aspects of 
negative life events and serve as triggers for multiple depressive symptoms55–58. As bridge nodes, they serve as 
crucial external influencing factors, offering insights into strategies to alleviate the broad association of these 
stressors on adolescents’ emotional well-being. In response to this, school- and family-level interventions can 
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help mitigate the impact of academic stress on mental health by adjusting academic expectations, providing 
emotional support, and fostering a growth mindset59–61.

In the negative life events-anxiety network, “Academic stress” and “Panic” emerged as key bridging factors, 
forming a transmission pathway from academic stress → panic → other anxiety symptoms. Academic stress 
directly or indirectly influences anxiety, whereas symptoms linked to panic are more closely associated with 
emotional dysregulation. In this pathway, academic stress often acts as the “source,” whereas panic serves as a 
“trigger” or “catalyst” in transmitting stress to other anxiety symptoms, eventually leading to a state of mutual 
reinforcement62,63. In the integrated negative life events-depression-anxiety network, “Academic stress” and 
“Interpersonal relationships” reemerged as key bridging factors linking depression and anxiety symptoms, 
indicating that they influence both conditions. The role of these bridging factors reveals a potential comorbid 
mechanism between anxiety and depression in adolescents. Intervening with these factors may help alleviate 
depression and reduce anxiety. Additionally, the bridging role of “Panic” in the anxiety network suggests that 
the influence of academic stress on anxiety may manifest through “Panic,” highlighting the potential for graded 
interventions in anxiety.

One key strength of this study is the use of network analysis, which allows for the examination of the dynamic 
associations between different depressive symptoms and life events, rather than relying solely on correlational 
analyses of total scores. This approach provides more granular symptom-level information, enabling the 
identification of clinically significant high-centrality and bridging symptoms, which can inform more targeted 
intervention strategies. Furthermore, our study is based on a large adolescent sample and employs rigorous 
statistical control methods, enhancing the robustness of the findings. However, we also acknowledge the 
limitations of the study, such as the cross-sectional design, which precludes causal inferences. Therefore, future 
research could adopt longitudinal or experimental designs to further explore the dynamic processes between 
negative life events and depressive symptoms.

In conclusion, this study used network analysis to examine the association of negative life events on 
depression and anxiety symptoms among Chinese adolescents and the comorbidity mechanisms involved. 
The findings showed that in the depression network, “Depressive mood,” “Sadness,” and “People dislike me” 
were core symptoms, reflecting adolescents’ sensitivity to emotions and social relationships. In the anxiety 
network, “Panic,” “Fear,” and “Dizziness” were core symptoms, highlighting the importance of physiological 
manifestations. In the integrated network, “Depressive mood” and “Panic” were identified as core nodes, 
indicating significant overlap and interaction between depression and anxiety. Additionally, “Academic stress” 
and “Interpersonal relationships” were key bridge nodes linking negative life events to emotional symptom 
networks, demonstrating their critical roles in comorbidity mechanisms. These findings suggest that targeting 
core symptoms and bridge nodes could effectively alleviate depression and anxiety while reducing the risk of 
comorbidities. This study provides new insights into interventions for adolescent emotional problems.

Data availability
The datasets generated and/or analyzed during the current study are not publicly available but are available from 
the corresponding author on reasonable request.

Received: 10 January 2025; Accepted: 24 April 2025

References
	 1.	 Barzilay, R. Developmental timing of adversity and mental health across the Lifespan—Time to rethink sensitive periods?? JAMA 

Netw. Open 7(8) (2024).
	 2.	 Cui, X. & Vaillant, G. E. Antecedents and consequences of negative life events in adulthood: A longitudinal study. Am. J. Psychiatry 

153(1), 21–26 (1996).
	 3.	 Moates, S., Bui, C., Clifford, S., Lemery-Chalfant, K. & Doane, L. Adverse life events and emotion dysregulation in adolescents: 

Sleep disturbances as a potential moderator. Sleep 47(Supplement_1), A55–A56 (2024).
	 4.	 Santos, M., Mota, J. & Figueiredo, Z. Characterization of a population of transgender individuals and their perceived negative 

mental health and life experiences. Eur. Psychiatry  66(S1), S646–S (2023).
	 5.	 Copeland, W. E., Keeler, G., Angold, A. & Costello, E. J. Traumatic events and posttraumatic stress in childhood. Arch. Gen. 

Psychiatry 64(5), 577–584 (2007).
	 6.	 Pries, L-K. et al. Reward-Processing behavior in depressed participants relative to healthy volunteers: A systematic review and 

Meta-analysis. JAMA Psychiatry 77(12), 1296–1304 (2020).
	 7.	 Sahle, B. W. et al. The association between adverse childhood experiences and common mental disorders and suicidality: An 

umbrella review of systematic reviews and meta-analyses. Eur. Child Adolesc. Psychiatry (2021).
	 8.	 Andersen, S. L. & Teicher, M. H. Stress, sensitive periods and maturational events in adolescent depression. Trends Neurosci. 31(4), 

183–191 (2008).
	 9.	 Sisk, L. M. & Gee, D. G. Stress and adolescence: Vulnerability and opportunity during a sensitive window of development. Curr. 

Opin. Psychol. 44, 286–292 (2022).
	10.	 Cohen, A. J., Adler, N., Kaplan, S. J., Pelcovitz, D. & Mandel, F. S. Interactional effects of marital status and physical abuse on 

adolescent psychopathology. Child Abuse Negl. 26(3), 277–288 (2002).
	11.	 Depoorter, J., De Raedt, R., Berking, M. & Hoorelbeke, K. Specificity of emotion regulation processes in depression: A network 

analysis. Cogn. Therapy Res. (2024).
	12.	 Phillips, A. C., Carroll, D. & Der, G. Negative life events and symptoms of depression and anxiety: Stress causation and/or stress 

generation. Anxiety Stress Coping 28(4), 357–371 (2015).
	13.	 Garber, J. & Weersing, V. R. Comorbidity of anxiety and depression in youth: Implications for treatment and prevention. Clin. 

Psychol. Sci. Pract. 17(4), 293 (2010).
	14.	 Hammen, C. Stress and depression. Annu. Rev. Clin. Psychol. 1(1), 293–319 (2005).
	15.	 Binelli, C. et al. Social anxiety and negative early life events in university students. Braz. J. Psychiatry 34, 69–74 (2012).
	16.	 Heeren, A., Bernstein, E. E. & McNally, R. J. Deconstructing trait anxiety: A network perspective. Anxiety Stress Coping 31(3), 

262–276 (2018).

Scientific Reports |        (2025) 15:16307 7| https://doi.org/10.1038/s41598-025-00044-z

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


	17.	 Miers, A. C. et al. A cross-sectional and longitudinal network analysis approach to understanding connections among social 
anxiety components in youth. J. Abnorm. Psychol. 129(1), 82 (2020).

	18.	 Mullen, R. & Jones, E. S. Network analysis of competitive state anxiety. Front. Psychol. 11, 586976 (2021).
	19.	 Fisher, A. J., Reeves, J. W., Lawyer, G., Medaglia, J. D. & Rubel, J. A. Exploring the idiographic dynamics of mood and anxiety via 

network analysis. J. Abnorm. Psychol. 126(8), 1044 (2017).
	20.	 Ruan, Q-N., Chen, C-M., Yang, J-S., Yan, W-J. & Huang, Z-X. Network analysis of emotion regulation and reactivity in adolescents: 

Identifying central components and implications for anxiety and depression interventions. Front. Psychiatry 14, 1230807 (2023).
	21.	 Monk, N. J., McLeod, G. F., Mulder, R. T., Spittlehouse, J. K. & Boden, J. M. Childhood anxious/withdrawn behaviour and later 

anxiety disorder: A network outcome analysis of a population cohort. Psychol. Med. 53(4), 1343–1354 (2023).
	22.	 Ruan, Q-N., Chen, C., Jiang, D-G., Yan, W-J. & Lin, Z. A network analysis of social problem-solving and anxiety/depression in 

adolescents. Front. Psychiatry 13, 921781 (2022).
	23.	 Tao, Y. et al. The impact of long-term online learning on social anxiety and problematic smartphone use symptoms among 

secondary school students with different levels of fear of missing out: Evidence from a symptom network and longitudinal panel 
network analysis. J. Behav. Addict. 13(1), 102–119 (2024).

	24.	 Solomonov, N. et al. Course of subtypes of late-life depression identified by bipartite network analysis during psychosocial 
interventions. JAMA Psychiatry 80(6), 621–629 (2023).

	25.	 Kim, D., Kwon, H-J., Ha, M., Lim, M. H. & Kim, K. M. Network analysis for the symptom of depression with children’s depression 
inventory in a large sample of school-aged children. J. Affect. Disord.  281, 256–263 (2021).

	26.	 Gijzen, M. W. et al. Suicide ideation as a symptom of adolescent depression. A network analysis. J. Affect. Disord. 278, 68–77 
(2021).

	27.	 Mullarkey, M. C., Marchetti, I. & Beevers, C. G. Using network analysis to identify central symptoms of adolescent depression. J. 
Clin. Child. Adolesc. Psychol. 48(4), 656–668 (2019).

	28.	 Li, J. et al. Network analysis of the association between dark triad traits and depression symptoms in university students. Pers. Indiv. 
Differ. 218, 112495 (2024).

	29.	 Suh, W. Y., Lee, J., Yun, J-Y., Sim, J. & Yun, Y. H. A network analysis of suicidal ideation, depressive symptoms, and subjective well-
being in a community population. J. Psychiatr. Res. 142, 263–271 (2021).

	30.	 Cai, H. et al. Identification of central symptoms in internet addictions and depression among adolescents in Macau: A network 
analysis. J. Affect. Disord. 302, 415–423 (2022).

	31.	 Verkuilen, J., Bianchi, R., Schonfeld, I. S. & Laurent, E. Burnout–depression overlap: Exploratory structural equation modeling 
bifactor analysis and network analysis. Assessment 28(6), 1583–1600 (2021).

	32.	 Ren, P., Liu, B., Xiong, X., Chen, J. & Luo, F. The longitudinal relationship between bullying victimization and depressive symptoms 
for middle school students: A cross-lagged panel network analysis. J. Affect. Disord. 341, 42–51 (2023).

	33.	 Cai, H. et al. A network model of depressive and anxiety symptoms: A statistical evaluation. Mol. Psychiatry 29(3), 767–781 (2024).
	34.	 Liu, X. et al. Reliability and Validity Testing of the Adolescent Life Events Scale (1997).
	35.	 Radloff, L. S. The CES-D scale: A self-report depression scale for research in the general population. Appl. Psychol. Meas. 1(3), 

385–401 (1977).
	36.	 Sun, X., Li, Y., Yu, C. & Li, L. Reliability and validity of depression scales of Chinese version: A systematic review. Zhonghua 

Liuxingbingxue Zazhi 38(1), 110–116 (2017).
	37.	 Zung, W. W. A rating instrument for anxiety disorders. J. Consult. Liaison Psychiatry (1971).
	38.	 Epskamp, S., Borsboom, D. & Fried, E. I. Estimating psychological networks and their accuracy: A tutorial paper. Behav. Res. 

Methods 50, 195–212 (2018).
	39.	 Epskamp, S., Cramer, A. O., Waldorp, L. J., Schmittmann, V. D. & Borsboom, D. Qgraph: Network visualizations of relationships 

in psychometric data. J. Stat. Softw. 48, 1–18 (2012).
	40.	 McNally, R. J. Can network analysis transform psychopathology? Behav. Res. Ther. 86, 95–104 (2016).
	41.	 Robinaugh, D. J., Millner, A. J. & McNally, R. J. Identifying highly influential nodes in the complicated grief network. J. Abnorm. 

Psychol. 125(6), 747 (2016).
	42.	 Jones, P. J., Ma, R. & McNally, R. J. Bridge centrality: A network approach to understanding comorbidity. Multivar. Behav. Res. 

56(2), 353–367 (2021).
	43.	 Haslbeck, J. & Waldorp, L. J. mgm: Estimating time-varying mixed graphical models in high-dimensional data (2015).
	44.	 McElroy, E., Fearon, P., Belsky, J., Fonagy, P. & Patalay, P. Networks of depression and anxiety symptoms across development. J. Am. 

Acad. Child. Adolesc. Psychiatry 57(12), 964–973 (2018).
	45.	 Triolo, F. et al. Bridging late-life depression and chronic somatic diseases: A network analysis. Transl. Psychiat 11(1), 557 (2021).
	46.	 Beck, A. T. & Haigh, E. A. Advances in cognitive theory and therapy: The generic cognitive model. Ann. Rev. Clin. Psychol. 10(1), 

1–24 (2014).
	47.	 Compas, B. E. et al. Coping, emotion regulation, and psychopathology in childhood and adolescence: A meta-analysis and 

narrative review. Psychol. Bull. 143(9), 939 (2017).
	48.	 Jo, D., Yang, Y. & Yang, E. Examining relationships between psychological flexibility and comorbidity of depression and anxiety: A 

network analysis in a Non-Clinical community sample. Cogn. Therapy Res. (2024).
	49.	 Wasil, A. R., Venturo-Conerly, K. E., Shinde, S., Patel, V. & Jones, P. J. Applying network analysis to understand depression and 

substance use in Indian adolescents. J. Affect. Disord.  265, 278–286 (2020).
	50.	 Huang, S. et al. The core symptoms of depression in Chinese adolescents and the comparison between gender and depression 

severity: A network analysis approach. Psychol. Sci. 45(5), 1115 (2022).
	51.	 Sánchez Hernández, M. O., Carrasco, M. A. & Holgado-Tello, F. P. Anxiety and depression symptoms in Spanish children and 

adolescents: An exploration of comorbidity from the network perspective. Child. Psychiatry Hum. Dev. 54(3), 736–749 (2023).
	52.	 Hettema, J. M. What is the genetic relationship between anxiety and depression? Am. J. Med. Genet. C Semin. Med. Genet. (2008).
	53.	 Spinhoven, P., Penninx, B. W., Van Hemert, A. M., De Rooij, M. & Elzinga, B. M. Comorbidity of PTSD in anxiety and depressive 

disorders: Prevalence and shared risk factors. Child Abuse Negl. 38(8), 1320–1330 (2014).
	54.	 Deutz, M. H., Geeraerts, S. B., van Baar, A. L., Deković, M. & Prinzie, P. The dysregulation profile in middle childhood and 

adolescence across reporters: Factor structure, measurement invariance, and links with self-harm and suicidal ideation. Eur. Child 
Adolesc. Psychiatry 25, 431–442 (2016).

	55.	 Bjørndal, L. D. The relationship between stressful life events and depression risk. Nat. Rev. Psychol. 2(9), 520 (2023).
	56.	 Haehner, P. et al. The relationship between the perception of major life events and depression: A systematic scoping review and 

meta-analysis. J. Affect. Disord. (2024).
	57.	 Roberts, Y. H., English, D., Thompson, R. & White, C. R. The impact of childhood stressful life events on health and behavior in 

at-risk youth. Child Youth Serv. Rev. 85, 117–126 (2018).
	58.	 Zhang, X., Zheng, Y. & Liu, G. Negative life events predict depressive trends: The moderating effect of overgeneral autobiographical 

memory and early parenting behaviour. Memory (2024).
	59.	 Latorre-Cosculluela, C., Sierra-Sánchez, V., Rivera-Torres, P. & Liesa-Orús, M. Emotional well-being and social reinforcement as 

predictors of motivation and academic expectations. Int. J. Educ. Res. 115, 102043 (2022).
	60.	 Rueger, S. Y., Malecki, C. K., Pyun, Y., Aycock, C. & Coyle, S. A meta-analytic review of the association between perceived social 

support and depression in childhood and adolescence. Psychol. Bull. 142(10), 1017 (2016).

Scientific Reports |        (2025) 15:16307 8| https://doi.org/10.1038/s41598-025-00044-z

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


	61.	 Yeager, D. S. & Dweck, C. S. Mindsets that promote resilience: When students believe that personal characteristics can be 
developed. Educ. Psychol. 47(4), 302–314 (2012).

	62.	 Fried, E. I. & Cramer, A. O. Moving forward: Challenges and directions for psychopathological network theory and methodology. 
Perspect. Psychol. Sci. 12(6), 999–1020 (2017).

	63.	 Lahey, B. B., Krueger, R. F., Rathouz, P. J., Waldman, I. D. & Zald, D. H. A hierarchical causal taxonomy of psychopathology across 
the life span. Psychol. Bull. 143(2), 142 (2017).

Acknowledgements
We are grateful to the adolescents participating in this study. We are grateful to the teachers who assisted in the 
data collection.

Author contributions
X.B., W.S., and K.O. contributed to the design, data interpretation, and manuscript drafting. Z.L. participated in 
data collection, statistical analyses, and manuscript drafting. H.C. conceptualized the study, contributed to the 
study’s design and coordination, conducted measurements, performed statistical analyses, and revised the man-
uscript, making significant contributions to each stage of the study; T.G. and K.S. were involved in the concep-
tion of the study, participated in statistical analyses, and contributed to the manuscript drafting; Y.M. supported 
the data collection, interpretation, and manuscript review. All authors read and approved the final manuscript, 
and each has made a significant intellectual contribution to the work.

Funding
This research was supported by the Guangzhou Educational Science Planning General Project (202419426).

Declarations

Competing interests
The authors declare no competing interests.

Ethical approval
All procedures performed in this study involving human participants adhered to the ethical standards of 
the institutional committee and complied with the 1964 Helsinki Declaration and its later amendments or 
comparable ethical standards.

Informed consent
All students voluntarily participated in the research and none of them had significant clinical psychological 
symptoms. And all participants and participants’ parents gave written informed consent prior to data 
collection.

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​5​-​0​0​0​4​4​-​z​​​​​.​​

Correspondence and requests for materials should be addressed to Y.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide 
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence 
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​/​/​c​r​e​a​t​i​v​e​c​o​m​m​o​
n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​

© The Author(s) 2025 

Scientific Reports |        (2025) 15:16307 9| https://doi.org/10.1038/s41598-025-00044-z

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-025-00044-z
https://doi.org/10.1038/s41598-025-00044-z
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Exploring the relationship between negative life events and emotional symptoms in adolescents using a network analysis
	﻿Methods
	﻿Participants
	﻿Measures
	﻿Statistical analysis

	﻿Results
	﻿Descriptive statistics
	﻿Network analysis
	﻿The negative life events-depression network
	﻿The negative life events-anxiety network
	﻿The negative life events-depression-anxiety network


	﻿Discussion
	﻿References


