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Background: Non-suicidal self-injury (NSSI) and depression often co-occur among adolescents with more severe clinical symptoms.
This study examined the network structures of NSSI and depressive symptoms in adolescents.

Methods: Participants were recruited in the psychiatric outpatient clinics of three tertiary hospitals between April 10 and July 10,
2023. All participants been already found with self-injury behaviors in outpatient when enrolled. NSSI diagnostic criteria and Patient
Health Questionnaire-9 (PHQ-9) were utilized to collect NSSI and depressive symptoms separately. We performed a network analysis
to visualize the correlation between each symptom and to identify core and bridging symptoms in comorbidities.

Results: A total of 248 patients were enrolled in the study, with a mean age of 15.48 (SD = 1.62). Based on the PHQ-9 scores and
grades, our results showed that the incidence of depression in adolescents with non-suicidal self-injury behavior was relatively high
(N=235, 94.76%), with the majority having severe depression. The network analysis revealed that nodes D-6 “feeling bad, failing or
letting yourself or your family down”, D-1 “little interest or pleasure” and D-4 “feeling tired” were the most vital and most central
symptoms. The most crucial bridging symptom is the node NSSI-8 “frequent thinking about self-injury”, which connects the NSSI to
the depression comorbid network.

Conclusion: This study offers a significant symptom-level conceptualization of the association between NSSI and depressive
symptoms in a clinical sample of adolescents, which not only enhances our understanding of the comorbid but also identifies potential
treatment targets to prevent and treat comorbidity between adolescent NSSI and depression.
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Introduction

Non-suicidal self-injury (NSSI) is the deliberate and socially unacceptable destruction of one’s body tissue without
suicidal intent, including cutting, scratching, burning, scalding, banging limbs/head, and hair pulling.' It has been
reported that NSSI typically occurs during adolescence.” The prevalence of NSSI is over 17.2% in adolescents and
5.5% in adults.®> Adolescence is a significant period for brain development, in which neuroplasticity may be a risk and
vulnerability to mental health attacks.* Previous research has shown that self-injury not only repeatedly inflicts painful
physical injuries on adolescents, but also affects their cognitive and affective neurodevelopmental trajectories and
maladaptive coping loops later in life.”®
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According to research, multiple factors are associated with an increased risk of NSSI in adolescents, including
psychosocial, biological, and family environmental factors. Among these risk factors, depressive symptoms typically
play a mediating role in this process. For example, Adolescent depressive symptoms mediate the correlation between
parental rejection and NSSI? nightmares and NSSI,'® deviant peer affiliation and NSSL'" neuroticism and NSSI,'? cyber
victimization and NSSI,'® and so on. A longitudinal study suggests that depression and NSSI may be intertwined in
a cycle of reciprocal associations over time.'* Depression was a predictor of risk for NSSI, and NSSI also predicted more
depression in the future.'>'® Therefore, understanding the relationship between adolescent NSSI and depression can
provide a clearer understanding of the occurrence and development process of NSSI.

1'7 found

Depression and non-suicidal self-injury often co-occur, coincide with more severe clinical symptoms. Zhang et a
in a nationwide multi-center combined cohort study of adolescent depression that the detection rate of NSSI in adolescents
with depression was as high as 76.06%. The detection rate of depression among NSSI patients was as high as 81.3%.'® It has
been reported that compared to simple depression, comorbidity will characterize more severe clinical phenotypes in
adolescents, aggravate the psychological and disease burden of patients, and increase the risk of suicide.'® Previous research
on comorbidity of NSSI and depression in adolescents had focused on correlates, such as introversion, intermediate
defenses,?® youthfulness, and impulsivity,?' but the specific symptoms underlying this correlation are still unclear.

The correlation between levels of disease symptoms can provide substantial insights into the potential coexistence
structure between NSSI and depression. In the previous literature, studies had either focused on counting recognized
symptoms to determine diagnosis and comorbidity prevalence, or had viewed symptoms as indicators of underlying
dimensions, with correlations between symptoms viewed as by-products of dimensional commonality, thereby ignored
the role of symptom-level correlations in comorbidities.”* Network theory of psychopathology is an alternative approach
to conceptualizing comorbidity, which posits that mental disorders are dynamic networks formed through the interaction
between symptoms, where specific symptoms may be more central and interrelated than others, thereby maintaining
symptom clusters and maintaining the onset of the disease,” which are referred to as core symptoms. In network theory,
symptoms constitute mental disorders rather than reaction mental disorders.”* Cramer et al*® discussed the methodolo-
gical problems in current research on comorbidity and conceptualize comorbidity between psychiatric disorders as
a direct relationship between the various symptoms of a psychiatric disorder, arguing that a network approach may help
to answer the key question of accurately describing comorbidity. Thus, NSSI and depression can be conceptualized as
two syndromes with multi-index notations. The coexisting patients have high disease severity, which may be the
structural pattern of symptom coexistence and broader pain response.

A commonly used network model in estimating psychological network is the pairwise Markov random filed
(PMRF).?® A PMRA is a network in which nodes represent variables (symptoms), connected by undirected edges
between two variables (relationships between these symptoms), which can encode the pattern of symptom-symptom
interaction and provide a new understanding of mental health and comorbidities.?* In this model, statistical methods such
as node centrality can be used to reflect the importance of nodes in the network. A node with high centrality can be
considered as a central symptom in the network, and changing it will affect more other nodes in the model. For example,
many studies have explored the symptom network of depression and stated that the core symptoms of depression are low
mood, loss of pleasure, pessimism.>”-*®* In a comorbidity network, symptoms that connect two mental disorders are called
“bridge symptoms” (ie, one disorder activates the other), and can also be calculated using the statistical indicator ‘bridge
strength’. That is, the symptoms of mental disorders can spread. They will not stop at the border of a DSM diagnosis.*
The specific symptoms of one disorder also put one at risk factor for other disorders, thereby producing diagnostic
comorbidity.>® For example, negative emotions, frequent thinking, separation anxiety, loneliness, and impulsivity may be

bridge symptoms between NSSI and borderline personality disorder transmission;*’

guilt, irritability, and sadness as
Bridges Connecting Depression and Anxiety to Suicide.®’ According to research,” removing nodes (symptoms) based on
bridge statistics was more effective than eliminating nodes with high traditional centrality statistics in preventing
comorbidity. By deactivating bridge nodes, the spread of comorbidity can be prevented.

In summary, our study hypothesized that the structure and core symptoms of the comorbid symptom network between
NSSI and depression are different from those of NSSI alone or depression alone and that there are bridge symptoms

connecting the two. Based on this, the primary purpose of this study is to explore the comorbidity structure between
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NSSI and depressive symptoms in adolescents and to investigate specific symptoms (bridge symptoms) that connect the
two diseases. Additionally, we explored the prevalence of depressive symptoms in adolescents’ non-suicidal self-
injurious behaviors to examine the extent to which these two disorders are comorbid in adolescents.

Method

Participants and Procedure

This study adopted a multi-center cross-sectional study design and utilized the convenient sampling method in psychiatric
outpatient clinics of three tertiary hospitals in Zhejiang Province between April 10 and July 10, 2023. Two of the hospitals
are comprehensive hospitals and one is a psychiatric hospital. To prevent inconsistencies in the criteria used by physicians
to judge patients with self-injury, uniform training was provided to participating staff before the start of the study.

For our study, the inclusion criteria were: (1) age between 12 and 18 years; (2) NSSI status as diagnosed by
specialized psychiatrists according to the diagnostic criteria recommended by the DSM-5. When patients were asked
“Have you ever, intentionally or deliberately injured yourself without suicidal intent?” They answered positively in
outpatient clinics; (3) Relatively stable emotions and normal reading, comprehension and expression skills. The study
exclusion criteria were (1) patients with cognitive disorders, schizophrenia, substance use disorder, and developmental
delay; (2) any history of significant head trauma or neurological deficit.

Prior to implementation, trained researchers explained in detail the purpose, content and methodology of the
study to the study participants in a face-to-face manner, as well as informing them of the matters requiring their
attention and cooperation. After obtaining written informed consent from both adolescents and their guardians, they
answered an online anonymous self-report questionnaire as part of a study investigating self-injury and suicide
among adolescents.

Measures

Demographics Questionnaire

Participants were asked to complete the demographics questionnaire, including age, gender, and education level. They
also answered questions about their family structure and the marital status of their biological parents.

Non-Suicidal Self-Injury Symptoms

Non-suicidal self-injury symptoms were gathered using a scale adapted from DSM-5 diagnostic criteria. Buelens et al*?
provided a precise overview of the issues based on five NSSI criteria (A, B, C, D, E, F), where criterion C1 was split into
negative feelings or thoughts and conflicts with others, and affirmed its value as a symptom of the NSSI.*° The scores for
criteria A, B, C, and E were all on a 5-point Likert scale ranging from 1 to 5 (Table S1). In this study, the Non-Suicidal
Self-Injury Symptoms Scale had a Cronbach’s alpha of 0.80, a KMO value of 0.80, passed the Bartlett test of

homogeneity of variances, and had a cumulative variance explained of 60%, which gave it good reliability and validity.

Depressive Symptoms
The Chinese version of the Patient Health Questionnaire-9 (PHQ-9)>* was used to assess depressive symptoms and severity.
The previous study** have shown that the Chinese version of PHQ-9 has sufficient internal consistency and expected strong
correlations with anxiety, self-esteem, and perceived control in a group of Chinese adolescents, making it a reliable and valid
scale for assessing and comparing the severity of depression in adolescence. The questionnaire consists of 9 items scored on
a4-point Likert scale ranging from 0 to 3 and results in a summed score ranging from 0 to 27 or a mean score ranging from 0 to
3. Higher mean scores indicate more depressive symptoms.>> The severity of a depressive episode can be assessed by the
summary score. Scores of 5-9 indicate mild depression, 10—14 indicate moderate depression, 15-19 indicate moderately
severe depression, and > 20 indicate severe depression. The Cronbach’s alpha of the PHQ-9 was 0.90 in the current study.
All data were collected by the Questionnaire Star platform®® and kept in the hospital as required. Only research
personnel had access to the questionnaires, and they all pledged to keep the data collected strictly confidential. See
Figure 1 for the statistical analysis flow chart.
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Statistic Analysis

Descriptive Statistics

A descriptive analysis was conducted on demographic data, depression severity, and symptoms of adolescents with NSSI
behaviors. Continuous variables are reported as the mean and standard deviation, while categorical variables are
presented as frequencies and percentages.

Network Statistical Analysis

We first analyzed the sample size to ensure that the sample size was sufficient. We then mapped the structure of the co-
morbidity network and performed a stability analysis on this structure map to ensure that the structure was stable and met
the criteria. Finally, we performed the required indicators such as centrality analysis to get the core symptoms, bootstrap
difference test to get the difference map of edges and nodes, and bridging analysis to get the bridging symptoms of the
co-morbidity network. See Figure 1 for the network statistical analysis flow chart.

Sample Size Analysis

The sample size is an essential consideration in any statistical analysis. In our study, we used two methods to determine the
sample size. First, we have an a priori expectation of the sample size. According to research,?” for a network with P nodes, P
(P-1)/2 parameters must be estimated. Since the expected number of nodes in this study is 21 (the sum of the number of NSSI
quantitative entries and the number of PHQ-9 entries), 210 parameters were required. Then, we used the “NetSimulator”
function to simulate the data under a given network model and expected network structure to check whether the sample size
is sufficient.®” Sensitivity, specificity, and correlation between the edge weights or centrality estimates of the real network and

the estimated network are the most important attributes when estimating the sample size.*®

Network Estimation

In PMAF, the number of parameters to estimate grows rapidly with the size of the network, which typically requires far
more observations than the characterized psychological data. Therefore, “least absolute shrinkage and selection operator”
(LASS0)*? was used to deal with this problem by limiting the total sum of absolute parameter values, leading many edge
estimates to shrink to precisely zero and dropping out of the model, ultimately yielding a sparse and easy-to-interpret
network model. This technique is a form of regularization. However, LASSO needs to control the extent to which

248 Samples (in line with the priori expectation)

Sample size validation

Mapping the network structure

Stability analysis (edge-weight accuracy and centrality stabilityanalysis)

Centrality analysis Bootstrapped difference test Bridge symptoms analysis

Figure | The network statistical analysis flow chart.
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regularization is applied using a tuning parameter that can be chosen by minimizing the extended Bayesian information
criterion (EBIC).*® When the data are quantitative, the appropriate PAMF model is the Gaussian graphical model. Thus,
Gaussian Markov random field estimation using graphical LASSO (glasso) and extended Bayesian information criteria
(EBIC) was used in the network.?’

9541

R packages “bootnet™! and “qgraph™*? were used for analysis.

Network Stability

Nonparametric bootstrapping for edge-weight accuracy and case-dropping subset bootstrapping for centrality stability
were assessed in the robustness of network estimated parameters. Case-dropping subset bootstrapping yields correlation
stability coefficients (CS-coefficient) should not be lower than 0.25 and preferably higher than 0.5 when the maximum
drop proportions to retain a correlation of 0.7 in at least 95% of the samples.®’

Network Centrality

Strength, betweenness, closeness and expected influence (EI) were used to assess centrality. Node strength quantifies the
absolute sum of all the connections of a node, reflecting the degree to which the node is directly connected to other nodes.
Betweenness quantifies how often a node is on the shortest path of any two other nodes, reflecting the importance of that
node on the average path between the other two nodes. Closeness quantifies the inverse of the sum of the shortest path
distances from all other nodes in the network to that node, reflecting the degree to which a node is indirectly connected to
other nodes.*' EI quantifies the total weight of all edges extending from a given node and is considered an accurate measure
of centrality since it considers both positive and negative edges.*> We also performed the bootstrapped difference test to
determine if the edge weights or centralities differed from one another by checking if zero was in the bootstrapped CI.*'

Network Bridges
Using the “networktools” package, we estimated bridge strength, which is calculated as the sum of absolute edge weights from
one node to all nodes not in the same community. It is recommended to retain only the top 20% of bridges with the strongest
centrality.”

P-values < 0.05 were considered statistically significant. Statistical analysis was performed with R software version 4.3.0.

Result

Sample Characteristics

A total of 248 people were recruited and 248 questionnaires were completed with a validity rate of 100%. We performed
the test and found that the observations did not have duplicates and missing values. Subsequently, outlier detection was
carried out using the Z-score method and interpolated using the mean. The characteristics of the participants are shown in
Table 1, and the scores of NSSI and depressive symptoms are shown in Table 2.

Sample Size Selection and Stability

Figure 2 shows the corresponding plots, which may be used to gain rough insight into the required sample size.
Approximately 250 samples can achieve a correlation between the true and estimated networks above 0.9 for edge
weights, and above 0.7 for strength and specificity. Therefore, a sample size of 248 participants meets both the
calculation and examination criteria, and the finalized sample size for this study is 248. Centrality stability was perfect
for expected influence (EI CS-coefficient = 0.673) and acceptable for strength and closeness (strength CS-coefficient =
0.44, closeness CS-coefficient = 0.363). See Figure S1 for the centrality stability plot. The edge-weight stability of the
network was acceptable with moderate bootstrapped 95% confidence intervals (see Figure S2).

Estimated Network

The comorbid network structure of NSSI and depressive symptoms among adolescents is displayed in Figure 3.
A description of the node labels can be seen in Table 2. The estimated network has 21 nodes and 88 non-zero edges
out of 210 possible edges. From the strength of the edge connection between each symptom (Table S2), the most
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Table |1 Characteristics and Depressive Severity of Participants (N=248)

N(Percentage)/Mean (Standard Deviation)

Age

Gender

Education level

Family structure*

Marital status of biological parents

Self-injury method

Depressive severity

Boy

Girl

Primary school

Junior high school

High school

University and above

Joint family

Nuclear family

Single parent family
Left-behind family

Others (Stepfamily)
Married

Divorced

Widowed

Cutting

Scratching

Hitting

Gnawing

Banging the head
Obstructing wound healing
Burning

Others

No depression (0—4)

Mild depression (5-9)
Moderate depression (10-14)
Moderately severe depression (15-19)
Severe depression (220)

15.48 (1.62)
52 (20.97%)
196 (79.03%)
Il (4.44%)
112 (45.16%)
123 (49.60%)
2 (0.81%)
58 (23.39%)
160 (64.52%)
25 (10.08%)
5 (2.02%)
0 (0.00%)
208 (83.87%)
38 (15.32%)
2 (0.81%)
181 (72.98%)
130 (52.42%)
110 (44.35%)
101 (40.73%)
87 (35.08%)
86 (34.68%)
4(1.61%)
11 (4.44%)
13 (5.24%)
20 (8.06%)
49 (19.76%)
54 (21.77%)
112 (45.16%)

Notes: *Joint family: A family in which parents and their male children live together with their family and are considered as a whole; Nuclear family:
A family consisting of two parents and their children; Single parent family: A family that includes either a mother or a father but not both; Left-behind
family: A family where one or more spouses go out for work or business and leave behind children, older people, or spouses.

Table 2 Descriptive Statistics of the NSSI Symptoms and Depressive Symptoms (N = 248)

Abbreviation | Symptoms Mean | SD | Min | Max | Skewness | Kurtosis

NSSII Frequency of non-suicidal self-injury within one year. 2.82 121 |1 5 0.30 -0.91

NSSI2 To obtain relief from a negative feeling or cognitive state. 3.69 1.14 | 1 5 0.66 —0.30

NSSI3 To resolve interpersonal difficulty. 2.19 1.21 | 1 5 0.76 —041

NSS4 To induce a positive feeling state. 231 127 | 1 5 0.58 -0.79

NSSI5 Negative feelings or thoughts (such as sadness, anxiety, tension, anger | 4.29 090 | I 5 -1.39 1.85

and so on) prior to self-injury.

NSSI6 Interpersonal conflicts prior to self-injury. 3.02 1.36 | 1 5 —0.00 —1.14

NSSI7 Preoccupation with the act that | cannot control prior to self-injury. | 3.48 1.30 | | 5 —0.45 0.94

NSSI8 Frequent thinking about self-injury. 3.52 1.37 | 1 5 —0.38 1.20

NSSI9 NSSI causes clinically significant stress and pain. 2.52 1.24 | 1 5 0.54 0.63

NSSI10 NSSI causes negatively influences my relationships with others. 2.6l 1.34 | 1 5 0.38 —1.08

NSSIT | NSSI causes negatively influences my performance (school/work/...) | 2.50 1.32 | | 5 0.47 -0.93

NSSI12 NSSI causes negatively influences other important areas. 2.54 1.25 | 1 5 0.43 —0.82

DI Little interest or pleasure in doing things. 2.04 099 | 0 3 —-0.55 -0.96

D2 Feeling down, depressed or hopeless. 2.02 097 | O 3 -0.43 =111

D3 Trouble falling asleep, staying asleep, or sleeping too much. 2.06 1.06 | O 3 —0.63 —-1.01
(Continued)
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Table 2 (Continued).

Abbreviation | Symptoms Mean | SD | Min | Max | Skewness | Kurtosis
D4 Feeling tired or lacking in energy. 2.33 092 | 0 3 —-1.09 —0.04
D5 Poor appetite or overeating. 1.96 107 | O 3 0.50 =1.13
Dé Feeling bad about yourself, or that you are a failure or have letting 2.14 098 | 0 3 -0.72 -0.77

yourself or your family down.
D7 Trouble concentrating on things, such as reading the newspaper or 1.77 107 | O 3 -0.27 -1.23
watching television.
D8 Moving or speaking so slowly that other people could have noticed. | 1.59 1.12 | 0 3 —-0.02 —1.40
Or, the opposite being so fidgety or restless that you have been
moving around a lot more than usual.

D9 Thoughts that you would be better off dead or of hurting yourself in | 1.79 107 | 0 3 —0.24 —1.26

some way.

significant edge weights of NSSI symptoms were observed between nodes NSSI-11 “influences my performance (school/
work/...) negatively” and NSSI-12 “influences other important areas negatively” (part r = 0.4671) and nodes NSSI-3 “to
resolve interpersonal difficulty” and NSSI-6 “interpersonal conflicts prior to self-injury” (part r = 0.3922). The most
significant edge weights of depressive symptoms were between nodes D-1 “little interest or pleasure in doing things” and
D-6 “feeling down, depressed or hopeless” (part r = 0.4647), and between D-1 “little interest or pleasure in doing things”
and D-4 “feeling tired or lacking in energy” (part r = 0.4012). The bootstrap difference test for edge weights found that
these edges were significantly different from most edges in the network (Figure S3). The strongest edge between NSSI
and depression nodes can better understand the relationship between these two symptoms. The correlation between nodes
NSSI-8 “frequent thinking about self-injury” and D-9 “the thought of dying or harming oneself” (part r =0.215) was the
strongest edges. This is consistent with the empirical results, because the intrusive thought or repeated thinking of self-
harm or risky situation of suicide are always concerned by the clinician. In addition to this, strong correlations were
similarly found for the NSSI-8“frequent thinking about self-injury” and D-6 “feeling bad, failing or letting yourself or
your family down” (part r = 0.133), and NSSI-1 “frequency of NSSI within one year” and D-7 “trouble concentrating”
(part r = 0.0929).

Network Centrality

Figure 4 shows the corresponding centrality indices for the comorbidity network, Figure 5 shows the centrality
indices for the depressive symptom network alone, and Figure 6 shows the centrality indices for the NSSI
symptoms alone, where the node labels are described in Table 2. Given that the expected influence had the highest
stability, we focused on the centrality index for interpretation. Node D-6 “feeling bad, failing or letting yourself or
your family down” (EI = 1.09), D-1 “little interest or pleasure” (EI = 1.08) and D-4 “feeling tired” (EI = 1.07) were
the strongest and most central symptoms in the comorbid network. D-1 (EI = 1.12), D-4 (EI = 1.05), D-2 “Feeling
down, depressed or hopeless” (EI = 1.03) were the core symptoms of depression alone, while NSSI-12 (EI = 1.04),
NSSI-11 (EI = 1.01), NSSI-7 “Preoccupation with the act that I can’t control prior to self-injury” (EI = 1.00) were
the core symptoms of NSSI alone. See Figure S4 for the results of the node EI difference test in comorbidity
network.

Bridge Symptoms

The bridge centrality plot of the comorbid network is presented in Figure 7. The strongest bridge nodes in the network
were node NSSI-8 “frequent thinking about self-injury” (bridge strength = 0.33), D-9 “the thought of dying or harming
oneself” (bridge strength = 0.28), D-6 “feeling bad, failing or letting yourself or your family down” (bridge strength =
0.16) and NSSI-1 “frequency of non-suicidal self-injury within one year” (bridge strength = 0.14). The strongest bridges
are colored and presented in Figure 8. A description of the node labels can be seen in Table 2.
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Figure 2 Simulation results using the estimated refitted comorbid network between NSSI and depression among adolescents as the true network structure. The top panel
shows the sensitivity (true positive rate), specificity (true negative rate) and correlation between true and estimated networks, and the bottom panel shows the correlation

between true and estimated centrality indices.

Discussion

In our study, we evaluated the comorbid network structure of NSSI and depression in a clinical sample of adolescents and

identified bridge symptoms between this comorbid network through network analysis. Additionally, the severity of

depression in non-suicidal self-injured adolescents was investigated. To our knowledge, this study is the first to evaluate
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Depression
© D1: Litle interest or pleasure in doing things.

© D2: Feeling down, depressed or hopeless.

© D3: Trouble falling asleep, staying asleep, or sleeping too much.
© D4: Feeling tired or having litle energy.

© D5: Poor appetite or overeating.

o DB: Feeling bad about yourself, or that you're a failure or
have let yourself or your family down.

o D7: Trouble concentrating on things,
such as reading the newspaper or watching television
D8: Moving or speaking so slowly that other people could have noticed
° Or, the opposite being so fidgety or restless that you have been
moving around a lot more than usual.

© DY: Thoughts that you would be better off dead or of hurting yourself in some way.

Non-suicidal Self-injury

© NSSI1: Frequency of non suicidal self injury within one year.

© NSSI2: To obtain relief from a negative feeling or cognitive state.
© NSSI3: To resolve an interpersonal difficulty.

© NSSI4: To induce a positive feeling state.

© NSSI5: Negative feelings or thoughts prior to self-injury.

© NSSI6: Interpersonal conflicts prior to self-injury.

© NSSI7: Preoccupation with the act that | can't control prior to self-injury.

© NSSI8: Frequent thinking about self-injury.

© NSSI9: NSS! causes clinically significant stress and pain.

© NSSI10: NSSI causes negatively influences my relationships with others.

© NSSI11: NSSI causes negatively influences my performance (schooliwork...).
© NSSI12: NSSI causes negatively influences other important areas.

Figure 3 Estimated NSSI-Depression network. Blue edges represent positive relationships between symptoms, and red edges represent negative relationships between
symptoms. Line thickness reflects the strength of the relationship between two nodes.

the comorbidity network structure of adolescent NSSI and depression, which not only improves our understanding of the
comorbid but also identifies potential effective treatment targets to prevent and treat the comorbidity between adolescent
NSSI and depression.**

On the whole, based on the PHQ-9 scores and grades, the incidence of depression in adolescents with non-suicidal
self-injury behavior was relatively high (N=235, 94.76%), with the majority having severe depression (N=112, 45.16%)
and moderately severe depression (N=54, 21.77%). In our study, the prevalence of depression (N=235, 94.76%) was
slightly higher than in previous studies (MDD = 81.3%), and the prevalence of severe and higher depression (N =
66.94%) was slightly lower than in previous studies, which may be related to the different research tools and scoring
criteria used. However, both the present and previous studies have highlighted the prevalence of NSSI and depression
comorbidity.

Analyzed from the perspective of the structure of the comorbid symptom network, the NSSI symptom of NSSI-8
“frequent thinking about self-injury” was strongly and positively correlated with the depressive symptom of D-9
“thoughts of dying or harming oneself”’, and D-6 “feeling bad, failing or letting yourself or your family down”. On
the one hand, consistent with reality, the present study similarly emphasized the importance of thinking repeatedly about
self-injury and the correlation between D-9 and NSSI-8. On the other hand, we stressed the relevance of self-blame in
comorbidity networks. Previous studies®® have shown that, the aim of reproach is punishment with an aggressive tone,
often accompanied by explicit denunciation (I should not disappoint my family). This is not a simple statement, but an
acceptance of moral responsibility and spiritual struggle in self-reproach.>® Adolescents are in a sensitive and fragile
period of personality pathology development, and they usually cannot control this complex emotion and adopt a stress
response such as frequent thinking about self-injury.>*>*7 Overall, those three items are the only ones describing
cognitions (even if D-6 includes the word “feel”), exposing the thinking patterns of comorbid adolescents. For the same
event, people with comorbidity will think about it from a negative perspective, repeatedly, and produce negative
cognitive outcomes. That explanation would also lead directly to treatment recommendation that are consistent with
empirical data, to focus on the cognitions. The relevant personnel, parents and schools can organize activities to analysis
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Figure 4 Corresponding centrality indices of the comorbidity network. Centrality indices are shown as standardized z-scores.

and review the stressful life events of young people on a regular basis, so as to guide young people to look at and solve
their problems from a positive perspective. Although a person’s personality cannot be changed easily, adolescents can
change their cognitive thinking when facing similar life events, thereby reducing the occurrence of NSSI and depression.

This study also proposed the role of poor concentration in comorbidity between NSSI and depression. According to
the comorbidity network, the NSSI-1 “frequency within one year” was related to the D-7 “trouble concentrating”. This is
consistent with the discovery that inattention was associated with NSSI in childhood and adolescence.*® Concentration
difficulties are present in many mental disorders, such as anxiety disorder*” and eating disorder,’® which are commonly
comorbid with NSSI.>'*? In our study, concentration was assessed by one of the items on the PHQ-9 (Trouble
concentrating on things, such as reading the newspaper or watching television), which was more subjective. More
objective methods could be used in the future. This finding suggests that the relationship between inattention and NSSI
may play a role in maintaining NSSI-depression comorbidity and should be studied further. At the same time, it is
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Figure 5 Corresponding centrality indices of the depression network. Centrality indices are shown as standardized z-scores.

reminded that medical staff should also pay attention to the possibility of NSSI and depression in the treatment of
patients with inattention.

In terms of core symptoms, the core symptoms of the comorbidity network differed from those of depression alone or
NSSI alone, which is consistent with our previous hypothesis. In our study, the core symptoms of the comorbidity were
depressive symptoms of D-6 “feeling bad, failing, letting yourself or your family down”, D-1 “little interest or pleasure”
and D-4 “feeling tired or lacking in energy”, which were determined by node expected influence. The pleasure response
and associated neurotransmitters and brain circuits play a significant role in non-suicidal self-injury, which is consistent
with the common non-suicidal self-injury purpose of ending a negative emotional state or numb feeling and regulating

high-energy states.’> >

Significantly, these symptoms were related to other symptoms and had the most significant
impact on the structure of the NSSI-depression network,’® but not on NSSI or depression separately. Therefore, we
speculate that comorbidity has its specificity, and depressive symptoms are more severe in the comorbidity of NSSI and

depression. It is recommended that healthcare professionals, when treating and caring for adolescents with NSSI and
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Figure 6 Corresponding centrality indices of the NSSI network. Centrality indices are shown as standardized z-scores.

comorbidities of depression, provide timely guidance to adolescents with self-blame tendencies and self-guilt to prevent
their condition from worsening.

Consistent with the study hypothesis, there are bridge symptoms connecting NSSI and the depression symptoms
network. NSSI-8 “frequent thinking about self-injury”, D-9 “the thought of dying or harming oneself”, D-6 “feeling bad,
failing or letting yourself or your family down” and NSSI-1 “frequency of non-suicidal self-injury within one year” were
key bridge nodes. That is, if an adolescent with NSSI develops these symptoms - bridge symptoms that also belong to
network associates with depressive disorder - and as a result comorbid patterns of symptom interaction will arise in
depression network. It’s partly confirmed previous findings. Previous research has found that rumination has a deleterious
impact on the course of depressive symptoms.’’ Frequent thinking about NSSI may aggravate the condition of
adolescents. Additionally, the self-punishment function is a significant risk factor for non-suicidal self-injury in
adolescents, which is positively correlated with the frequency of self-injury and negative thoughts.*” Bridge symptoms
could be considered as treatment targets for adolescents with NSSI and depression.
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Figure 7 Bridge centrality for the comorbidity estimated network shown as standardized z-scores.

There are also limitations in our study. First, cross-sectional data were examined in this study, which does not allow
directional conclusions to be drawn on symptom relationships. However, according to the analysis of in our study, the structure
and core symptoms of the comorbid symptom network between NSSI and depression are different from those of NSSI alone
or depression alone, and the core symptoms in the co-morbidity network were all depressive symptoms, which may provide
some reference to the propensity for comorbid causation. In the future, longitudinal studies could be conducted to obtain time
series data to draw conclusions about time directionality between adolescent NSSI and depressive symptoms (ie, what’s first,
depression or NSSI). In addition, the study focused on clinical samples, which hinders the generalization of the research results

to non-clinical samples. Future research can expand the sampling range to improve the generalizability of the results.
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moving around a lot more than usual.

Non-suicidal Self-injury

© NSSI2: To obtain relief from a negative feeling or cognitive state.

© NSSI3: To resolve an interpersonal difficulty.

© NSSI4: To induce a positive feeling state.

© NSSI5: Negative feelings or thoughts prior to self-injury.

© NSSI6: Interpersonal conflicts prior to self-injury.

© NSSI7: Preoccupation with the act that | can't control prior to self-injury.

© NSSI9: NSS! causes clinically significant stress and pain.

© NSSI10: NSSI causes negatively influences my relationships with others.
© NSSI11: NSSI causes negatively influences my performance (school/work/.

o NSSI12: NSS! causes negatively influences other important areas.

Figure 8 The network graph with colored bridges.

Conclusion

This study used network analysis to explore the comorbidity network structure of NSSI and depression in a clinical
sample of adolescents. According to core symptoms, the network core symptoms of comorbidity are different from
depression alone or NSSI alone, and have their own specificity with depressive emotions being more pronounced. The
identification of NSSI-8 “frequent thinking” (bridge symptom), D-9“the thought of dying or harming oneself” (bridge
symptom), D-6“self-blame” (both bridge symptom and core symptom), NSSI-1“frequency of non-suicidal self-injury
within one year” (bridge symptom) and D-7 “trouble concentrating” (symptoms with high correlation) can provide
potential targets for the treatment and screening of adolescents with NSSI and depression in outpatient clinical setting.
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