
1Xu S, et al. General Psychiatry 2024;37:e101225. doi:10.1136/gpsych-2023-101225

Open access�

Network analysis of suicide ideation 
and depression–anxiety symptoms 
among Chinese adolescents

Shuyin Xu,1,2 Yumeng Ju,1,2 Xiyu Wei,1,2 Wenwen Ou,1,2 Mohan Ma  ‍ ‍ ,1,2 
Guanyi Lv,1,2 Xiaotian Zhao,1,2 Yaqi Qin,1,2 Yunjing Li,1,2 Liang Li,1,2 Mei Huang,1,2 
Siqi Yang,1,2 Yimei Lu,1,2 Yafei Chen,1,2 Junwu Liu,1,2 Jin Liu,1,2 Bangshan Liu  ‍ ‍ ,1,2 
Yan Zhang1,2

To cite: Xu S, Ju Y, Wei X, et al.  
Network analysis of suicide 
ideation and depression–anxiety 
symptoms among Chinese 
adolescents. General Psychiatry 
2024;37:e101225. doi:10.1136/
gpsych-2023-101225

►► Additional supplemental 
material is published online only. 
To view, please visit the journal 
online (https://​doi.​org/​10.​1136/​
gpsych-​2023-​101225).

SX and YJ contributed equally.

SX and YJ are joint first authors.

Received 18 July 2023
Accepted 05 March 2024

For numbered affiliations see 
end of article.

Correspondence to
Dr Bangshan Liu;  
​bangshan.​liu@​csu.​edu.​cn

Professor Yan Zhang;  
​yan.​zhang@​csu.​edu.​cn

Original research

© Author(s) (or their 
employer(s)) 2024. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

Abstract
Background  The co-occurrence of depression and 
anxiety among adolescents is typically associated with 
suicide ideation.
Aims  The study aimed to investigate the symptom-level 
relationship between suicide ideation and the comorbidity 
of depression and anxiety.
Methods  1501 adolescents aged 12–19 years were 
assessed using the Patient Health Questionnaire (PHQ-
9) and the Generalized Anxiety Disorder Scale, and 716 
adolescents who scored ≥5 on both scales were selected 
as participants. Network analysis was used to identify the 
network structure of depressive symptoms and anxiety 
symptoms. Participants were categorised into either the 
suicide ideation or non-suicide ideation groups based 
on their scoring on the suicide-related item in PHQ-9. A 
comparison was made between the depression–anxiety 
symptom networks of the two groups.
Results  ‘Restlessness’, ‘sad mood’ and ‘trouble relaxing’ 
were the most prominent central symptoms in the 
depression–anxiety symptom network, and ‘restlessness’, 
‘nervousness’ and ‘reduced movement’ were the bridge 
symptoms in this network. ‘Sad mood’ was found to 
be directly related to ‘suicide ideation’ with the highest 
variance. The network structure was significantly different 
in properties between the suicide ideation group and 
the non-suicide ideation group, with ‘restlessness’ and 
‘sad mood’ exhibiting significantly higher influence in the 
network of the suicide ideation group than that in the non-
suicide ideation group.
Conclusion  Restlessness and sad mood could be targeted 
for the intervention of depression–anxiety symptoms 
among adolescents with suicide ideation.

Introduction
Suicide ideation, defined as thoughts of 
taking one’s own life, is common among 
teenagers. The global prevalence of suicide 
ideation among adolescents is 18.0%, making 
suicide the second leading cause of death in 
this age group.1 Moreover, suicide ideation 
has been linked to poor academic perfor-
mance, aggressive or violent behaviours 
and an increased risk of substance abuse.2–4 

Therefore, it is crucial to identify, prevent and 
address suicide ideation to enhance overall 
well-being and prevent suicide in adolescents.

For adolescents, the risk of suicide ideation 
and depression–anxiety comorbidity increases 
dramatically, making symptoms of depression 
and anxiety crucial in identifying suicide 
ideation.5 Previous studies have shown that 
depression and anxiety are independently 
associated with suicide ideation and predict 
suicide ideation in adolescents.6 7 Despite this, 
there is still limited research on the impact of 
comorbid depression and anxiety on suicide 
ideation among adolescents. Considering 
that depression and anxiety comorbidity 
may increase the risk of suicide, it is vital to 
examine the relationship between depres-
sion–anxiety symptoms and suicide ideation.

Network analysis can categorise mental 
disorders into clusters and identify interac-
tions within and between clusters, enabling 
the exploration of the relationship between 
symptoms in comorbid depression and 
anxiety. A network analysis investigated the 
association between depression and anxiety 
symptoms in Chinese adolescents using the 
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Figure 1  The flowchart of the participant enrolment procedure. GAD-7, Generalized Anxiety Disorder Scale; PHQ-9, Patient 
Health Questionnaire.

Center for Epidemiological Studies Depression Scale and 
the Generalized Anxiety Disorder Scale (GAD-7). The 
analysis revealed that ‘depressed affect’ was a prominent 
central and bridge symptom.8 Cai et al assessed depres-
sion and anxiety symptoms in Chinese adolescents using 
the Patient Health Questionnaire (PHQ-9) and GAD-7, 
and found that ‘sad mood’, ‘irritability’, ‘worry too much’ 
and ‘guilt’ were the central symptoms, while ‘guilt’, ‘sad 
mood’ and ‘suicide ideation’ were the bridge symp-
toms.9 These studies highlight the potential of network 
analysis in identifying key symptoms and understanding 
their interconnectedness within the depression–anxiety 
comorbidity.

Based on the above findings, using network analysis 
to explore the relationship between suicide ideation 
and depression–anxiety symptoms may help to identify 
central symptoms, thereby facilitating the development 
of individualised interventions for suicide ideation. The 
study aimed to identify the depression–anxiety symptoms 
contributing to suicide ideation among adolescents and 
to investigate the specific structure of the depression–
anxiety symptom network among adolescents with suicide 
ideation.

Methods
Study subjects
The data were collected from 1501 teenagers from 
10 middle schools in Changsha, Hunan, China, via 
cluster sampling from February to May 2021. After 
excluding 43 incomplete responses, 1458 valid ques-
tionnaires were included for further screening. The 
inclusion criteria were: (1) aged 12–19 years; (2) with 
normal physical development and no medical condi-
tions; (3) with mild to severe depression and anxiety 
symptoms, as indicated by a PHQ-9 score ≥5 and a 
GAD-7 score ≥5. Finally, 716 participants meeting the 
inclusion criteria were included in the network anal-
ysis. Based on the score of the suicide-related item in 
PHQ-9 (0 or non-0), participants were divided into 
two groups: the non-suicide ideation group (n=307) 

and the suicide ideation group (n=409). For the 
enrolment flowchart, refer to figure 1. The informed 
consent was obtained from all participants and their 
parents.

Measurements
Demographic characteristic
Social demographic variables, such as gender, age, 
place of residence (rural/urban), whether the indi-
vidual was the only child in the family and family 
income, were inquired.

Patient Health Questionnaire-9
The Chinese version of the PHQ-9 has been widely 
used and previously validated with good psychometric 
properties among Chinese adolescents (Cronbach’s 
alpha >0.84).10 The questionnaire assesses the depres-
sion symptoms over the past 2 weeks, evaluating nine 
main symptoms: anhedonia, sad mood, sleep distur-
bance, lack of energy, loss of appetite, guilt, trouble 
concentrating, reduced movement and suicide 
ideation. Items in PHQ-9 are rated on a 4-point Likert 
scale from 0 to 3 (0=not at all, 1=several days, 2=more 
than half the days, 3=nearly every day), with higher 
scores indicating more severe depression symptoms. 
We used the last item, ‘Thoughts that you would be 
better off dead/of hurting yourself’’, to assess suicide 
ideation. Participants who scored ‘1’, ‘2’ or ‘3’ for this 
item were considered to have suicide ideation.

Generalized Anxiety Disorder Scale-7
We used the Chinese version of the GAD-7 to assess 
seven anxiety symptoms: nervousness, uncontrollable 
worrying, excessive worry, trouble relaxing, restless-
ness, irritability and feeling afraid. Items in GAD-7 are 
rated on a 4-point Likert scale from 0 (not at all) to 
3 (nearly every day) with higher scores representing 
more severe anxiety symptoms. The scale has shown 
excellent internal consistency among Chinese adoles-
cents, with a Cronbach’s alpha of 0.92.11
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Table 1  Characteristics of the PHQ-9 and GAD-7 item-level symptoms of the participants

Items Reference name Mean SD

PHQ-9

 � Little interest or pleasure in doing things P1 Anhedonia 1.62 0.86

 � Feeling down, depressed or hopeless P2 Sad mood 1.57 0.83

 � Trouble falling or staying asleep, or sleeping too much P3 Sleep disturbance 1.51 1.03

 � Feeling tired or having little energy P4 Lack of energy 1.68 0.88

 � Poor appetite or overeating P5 Loss of appetite 1.43 1.03

 � Feeling bad about yourself P6 Guilt 1.58 0.94

 � Trouble concentrating on things P7 Trouble concentrating 1.31 1.01

 � Moving or speaking so slowly P8 Reduced movement 1.15 1.03

 � Thoughts that you would be better off dead/of hurting yourself P9 Suicide ideation 0.93 1.01

GAD-7

 � Feeling nervous, anxious or on edge G1 Nervousness 1.76 0.82

 � Not being able to stop or control worrying G2 Uncontrollable worrying 1.65 0.85

 � Worrying too much about different things G3 Excessive worry 1.75 0.85

 � Trouble relaxing G4 Trouble relaxing 1.43 0.90

 � Being so restless that it is hard to sit still G5 Restlessness 1.23 0.96

 � Becoming easily annoyed or irritable G6 Irritability 1.62 0.92

 � Feeling afraid as if something awful might happen G7 Feeling afraid 1.36 1.00

GAD-7, Generalized Anxiety Disorder Scale; PHQ-9, Patient Health Questionnaire; SD, standard deviation.

Statistical analysis
Demographic data analysis
The data analyses were conducted using SPSS V.20 soft-
ware. The χ2 test was used to compare gender, age compo-
sition, place of residence, being an only child and family 
income between the non-suicide ideation group and the 
suicide ideation group.

Network estimation
R (V.4.1.2; R Core Team, 2020) was used for data analysis 
and graphical visualisation. Gaussian graphical models 
(GGMs) were used to establish the network structure 
between symptoms of depression and anxiety.12 GGM 
is an undirected network where nodes represent symp-
toms and edges represent the partial correlation coef-
ficient between two symptoms after controlling for all 
other covariates in the network. The GGM was calculated 
using a non-parametric Spearman correlation matrix and 
regularised through the graphical lasso. In network anal-
ysis, nodes with stronger connections to other variables 
are positioned at the centre, while those with weaker 
connections are placed on the periphery.13 In this model, 
blue edges represent positive associations and red edges 
represent negative associations, with thicker lines indi-
cating stronger correlations. Based on the number of 
items in PHQ-9 and GAD-7, two clusters were identified: 
one representing depression symptoms with nine nodes 
and the other representing anxiety symptoms with seven 
nodes.

The R-package ‘qgraph’ (V.1.6.5) and ‘network-
tools’ were used to measure the centrality of the 
network.14 15 Centrality represents the strength and close-
ness of a connection between nodes and was used to 
characterise the network structure between depression 
and anxiety symptoms, with higher centrality indices indi-
cating greater criticality and influence of the node. To 
measure the importance of a symptom in the network, 
centrality strength was used to determine the connec-
tivity between nodes by summing the absolute weights of 
these connections. Since centrality strength may lead to 
misinterpretation of a node’s impact in a cluster when 
negative pairwise associations are present, we further 
used expected influence as an indicator to access network 
centrality, considering both positive and negative correla-
tions without using the absolute value of edges. Bridge 
centrality was also used to assess the association between 
the two clusters. Bridge centrality represents the impor-
tance of a node connecting to all nodes in another cluster, 
with higher values indicating greater importance of the 
node. The bridge-expected influence was computed to 
access the bridge centrality, which indicated the sum 
connectivity of a node with other clusters.

Network stability and accuracy
The R-package ‘bootnet’ (V.1.4.3) was used to assess the 
stability and accuracy of the network.12 We used non-
parametric bootstrapping to estimate the accuracy of 
edge weights with 95% confidence intervals (CIs). The 
case-dropping bootstrap procedure was used to calculate 
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Figure 2  (A) Network structure of depression and anxiety symptoms among adolescents (n=716). Nodes are coloured 
according to their clusters, with blue nodes indicating depressive symptoms and red nodes indicating anxiety symptoms. 
Blue edges represent positive associations. Red edges represent negative associations. Thicker edges represent a greater 
association between two nodes, while thinner edges represent a weaker association. (B) Strength; (C) expected influence; (D) 
bridge strength; (E) bridge-expected influence. G1, nervousness; G2, uncontrollable worrying; G3, excessive worry; G4, trouble 
relaxing; G5, restlessness; G6, irritability; G7, feeling afraid; P1, anhedonia; P2, sad mood; P3, sleep disturbance; P4, lack of 
energy; P5, loss of appetite; P6, guilt; P7, trouble concentrating; P8, reduced movement; P9, suicide ideation.

the correlation stability coefficient, which should be >0.25 
and preferably be >0.5 to indicate favourable stability of 
centrality indicators. The differences in the expected 
influence and the bridge-expected influence of network 
properties were assessed using bootstrapped difference 
testing over 1000 iterations.

Flow network analysis of suicide ideation
The ‘flow’ graphical function in ‘qgraph’ was used to 
assess symptoms directly connected to suicide ideation.14 
In this analysis, ‘suicide ideation’ was positioned to the 
left, and other depression and anxiety symptoms were 
positioned vertically to the right. The edges between 
suicide ideation and other symptoms were either direct 
or indirect.

Relative importance of risk factors in suicide ideation
The R-package ‘relaimpo’ was used to determine the rela-
tive importance of contributing factors to suicide ideation 
obtained through the flow network analyses.16

Comparison of networks related to suicide ideation
The network structure was compared between the suicide 
ideation and non-suicide ideation groups using the 
R-package ‘Network Comparison Test’, a permutation-
based hypothesis test for network structure invariance.17 
The depression–anxiety symptom networks of these two 
groups were built and compared using the bootstrap 
method at a significance level of 0.05.

Results
Characteristics of the participants
Of the 716 participants, 36.6% were boys and 63.4% 
were girls, with an average age of 15.02 (1.80) years. 
Their sociodemographic characteristics are presented in 
online supplemental table s1. There were no significant 
statistical differences between the non-suicide ideation 
group (n=307) and the suicide group (n=409) in terms of 

https://dx.doi.org/10.1136/gpsych-2023-101225
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Figure 3  Flow network of suicide ideation. Blue edges 
represent positive associations. Red edges represent 
negative associations. G1, nervousness; G2, uncontrollable 
worrying; G3, excessive worry; G4, trouble relaxing; G5, 
restlessness; G6, irritability; G7, feeling afraid; P1, anhedonia; 
P2, sad mood; P3, sleep disturbance; P4, lack of energy; 
P5, loss of appetite; P6, guilt; P7, trouble concentrating; P8, 
reduced movement; P9, suicide ideation.

gender, age, place of residence, being an only child and 
family income.

Item-level description of PHQ-9 and GAD-7
The average scores of PHQ-9 and GAD-7 were 12.77 
(5.56) and 10.80 (4.51), respectively. Details of the PHQ-9 
and GAD-7 assessments are presented in table 1.

Estimation of the depression–anxiety symptom network
The structure of the depression–anxiety symptom 
network in adolescents with depression and anxiety is 
shown in figure 2A. The network consisted of 120 regula-
rised partial correlations, with 77 edges showing positive 
associations. Correlation matrices are displayed in online 
supplemental table s2.

For network centrality, ‘restlessness’ in the anxiety 
cluster was the most central symptom, followed by ‘sad 
mood’ in the depression cluster and ‘trouble relaxing’ 
and ‘uncontrollable worrying’ in the anxiety cluster. 
Therefore, these four symptoms may be central to the 
association between depression and anxiety symptoms. 
The node ‘trouble concentrating’ in the depression 
cluster had the lowest strength and expected influence 
(figure 2B,C).

The most prominent bridge symptoms were ‘restless-
ness’ and ‘nervousness’, which had significantly stronger 
associations with depressive symptoms than other anxiety 
symptoms. ‘Reduced movement’ showed the highest 

bridge-expected influence among the depression symp-
toms, while ‘sleep disturbance’ was the weakest bridge in 
depression symptoms connected with the anxiety cluster 
(figure 2D,E).

The results demonstrated a narrow range of 95% CIs 
of edge weights, indicating stability in most edges and 
centrality (online supplemental figure s1). The stability 
coefficients for the expected influence and the bridge-
expected influence were 0.67 and 0.52, respectively, indi-
cating acceptable network stability (online supplemental 
figure s2).

Flow network of suicide ideation
The flow network of suicide ideation is presented in 
figure  3. The strongest edges were shown between 
‘suicide ideation’ and ‘sad mood’, ‘guilt’, ‘reduced 
movement’, ‘feeling afraid’, ‘restlessness’, ‘sleep 
disturbance’ and ‘irritability’, indicating a direct asso-
ciation between ‘suicide ideation’ and these symp-
toms, except for ‘trouble relaxing’, ‘excessive worry’, 
‘uncontrollable worrying’, ‘loss of appetite’, ‘lack of 
energy’ and ‘anhedonia’, which was comparable with 
the bootstrapped CIs of edges.

Relative importance of risk factors of suicide ideation
Through estimation of the relative importance of 
the contributing factors to suicide ideation obtained 
through flow network analyses, ‘sad mood’ was the 
most significant factor to suicide ideation (relative 
contribution=7.62%, 95% CI: 4.69% to 11.24%). The 
relative importance rates of the contributing factors 
are shown in online supplemental table s3.

Comparison of the depression–anxiety network between the 
suicide ideation and non-suicide ideation groups
The estimated networks of non-suicide ideation and 
suicide ideation groups are shown in figure 4A,D, the 
exact edge weights are presented in online supple-
mental tables s4 and s5, and the network stability of 
suicide ideation and non-suicide ideation groups 
is shown in online supplemental figures s3 and s4. 
According to our results, most edges and the centrality 
stability were acceptable.

The network comparison test showed significant differ-
ences in network properties (global strength) between the 
suicide ideation and non-suicide ideation groups (test statistic 
S=1.31, p<0.001). In the non-suicide ideation group, ‘uncon-
trollable worrying’, ‘nervousness’ and ‘anhedonia’ exhibited 
high network-expected influence (figure  4B), while in the 
suicide ideation group, the expected influence of the above 
symptoms was lower compared with other symptoms. ‘Rest-
lessness’ and ‘sad mood’ had a relatively high influence on 
suicide ideation networks (figure  4E). Regarding bridge 
centrality, ‘reduced movement’, ‘nervousness’ and ‘restless-
ness’ demonstrated higher bridge-expected influence in the 
non-suicide ideation group (figure 4C), and ‘sad mood’ was 
found to be another bridge symptom in the suicide ideation 
group (figure 4F).

https://dx.doi.org/10.1136/gpsych-2023-101225
https://dx.doi.org/10.1136/gpsych-2023-101225
https://dx.doi.org/10.1136/gpsych-2023-101225
https://dx.doi.org/10.1136/gpsych-2023-101225
https://dx.doi.org/10.1136/gpsych-2023-101225
https://dx.doi.org/10.1136/gpsych-2023-101225
https://dx.doi.org/10.1136/gpsych-2023-101225
https://dx.doi.org/10.1136/gpsych-2023-101225
https://dx.doi.org/10.1136/gpsych-2023-101225
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Figure 4  (A) Network structure of depressive–anxiety symptoms among the non-suicide ideation group. (B) Expected influence 
of the non-suicide ideation group. (C) Bridge-expected influence of the non-suicide ideation group. (D) Network structure of 
depressive–anxiety symptoms among the suicide ideation group. (E) Expected influence of the suicide ideation group. (F) 
Bridge-expected influence of the suicide ideation group. G1, nervousness; G2, uncontrollable worrying; G3, excessive worry; 
G4, trouble relaxing; G5, restlessness; G6, irritability; G7, feeling afraid; P1, anhedonia; P2, sad mood; P3, sleep disturbance; 
P4, lack of energy; P5, loss of appetite; P6, guilt; P7, trouble concentrating; P8, reduced movement; P9, suicide ideation.

Discussion
Main findings
The findings of our network analysis revealed that ‘rest-
lessness’ and ‘sad mood’ are central symptoms within the 
depression–anxiety network among adolescents, indicating 
their significant contribution to the comorbidity of these 
two conditions. ‘Restlessness’ has emerged as a significant 
symptom, playing a pivotal role in connecting with research 
findings during the coronavirus disease 2019 (COVID-19) 
pandemic that emphasised the impact of psychomotor symp-
toms on the risk of depression and anxiety.18–21 This study 
adds to the existing literature by recognising ‘sad mood’ as a 
crucial factor that triggers other symptoms in the depression–
anxiety network,22–25 reaffirming its established importance 

in diagnosing major depression according to the Diagnostic 
and Statistical Manual of Mental Disorders and its potential 
use as an indicator for the onset or recurrence of depressive 
episodes.

The differences in network structure between the groups 
with and without suicide ideation highlight the significance 
of ‘restlessness’ and ‘sad mood’ as potential intervention 
targets. This finding aligns with existing research indicating 
that symptoms of increased psychomotor activity, like rest-
lessness, are a distinct and significant risk factor for suicidal 
ideation.26 Adolescents with suicide ideation and a sad mood 
may be at higher risk of experiencing depression and anxiety 
symptoms. Studies have shown that individuals in a sad mood 
tend to focus on negative words rather than positive or 
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neutral ones, indicating a cognitive bias toward negativity.27 
This bias can lead to maladaptive thoughts associated with 
suicide ideation during depressive episodes.28 The results of 
our study suggest that interventions targeting restlessness and 
the concomitant cognitive bias toward negative stimuli may 
be effective in reducing suicidal ideation in adolescents.

Limitations
Several limitations must be acknowledged when interpreting 
the findings of our study. The assessment of suicide ideation 
was based on a single item in PHQ-9, rather than an inde-
pendent scale. The data were not collected from a clinical 
population but were based on self-reports from middle 
school students, limiting the generalisability of the conclu-
sion. Several symptoms, such as restlessness, are common in 
other psychiatric disorders. Further research should include 
additional questionnaires to better understand how these 
symptoms relate to suicide ideation. Our cross-sectional study 
cannot establish a causal relationship between symptoms, 
which may limit the value of our study in inspiring interven-
tions for depression–anxiety symptoms. Longitudinal studies 
using an independent scale for suicide ideation assessment 
are needed to investigate the causal relationship between 
suicide ideation and other depression–anxiety symptoms.

Implications
This study is the first network analysis to focus on suicide 
ideation and comorbid depression–anxiety symptoms among 
Chinese adolescents. Our findings provide a comprehen-
sive analysis of the interconnectedness between depression, 
anxiety and suicidal ideation, offering specific interventions 
to reduce the risk of suicide among adolescents. By empha-
sising these key observations, our research contributes to a 
nuanced comprehension of the depression–anxiety–suicide 
ideation context.
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