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Abstract

Background Adolescence is a period marked by emotional volatility, interpersonal vulnerability, and
underdeveloped cognitive control, making youths especially susceptible to non-suicidal self-injury. Distinct forms

of NSSI may differ in psychological function and clinical relevance. This study is the first to employ network analysis
with dual network models to examine the complex interplay among emotion regulation, interpersonal sensitivity,
cognitive insight, and 18 specific NSSI behaviors in adolescents. The primary goal was to identify key psychological
nodes and central NSSI behaviors within the network structure to inform more targeted prevention and intervention
strategies.

Methods A total of 5572 adolescents (ages 12-18; 53.9% male) from three urban secondary schools in Nanning,
Guangxi Zhuang Autonomous Region, China, participated in self-report surveys conducted between September and
November 2023. Standardized and previously validated instruments were used to assess NSSI behaviors, emotion
regulation, interpersonal sensitivity, and cognitive insight. Network analysis using mixed graphical models and LASSO
regularization was conducted to identify central and bridging nodes across binary-level and symptom-level NSSI
networks.

Results Network analysis revealed robust interconnections between emotion regulation, interpersonal sensitivity,
cognitive insight, and various NSSI behaviors. In the binary-level network, the fragile inner-self (strength=1.5)
dimension of interpersonal sensitivity exhibited the highest strength, while cognitive reappraisal(bridge

strength =0.88) and expressive suppression(bridge strength=0.73) showed the strongest bridge strength. Self-
reflection was directly associated with NSSI behaviors, and self-certainty was linked to both emotion regulation
and interpersonal sensitivity. In the symptom-level network, the most central NSSI behaviors included deliberately
scraping the skin to cause bleeding, tying objects around the body, punching hard surfaces, banging the head, and
cutting the skin. Fragile inner-self (bridge strength=0.79) emerged as the strongest bridge node in this network.
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Conclusions This study suggests that emotion regulation, interpersonal sensitivity and cognitive insight are closely
associated with adolescent NSSI behaviors, highlighting their potential relevance for intervention strategies.

Keywords Network analysis, Non-suicidal self-injury, Emotion regulation, Interpersonal sensitivity, Cognitive insight

Introduction

Non-suicidal self-injury (NSSI) refers to the repeated,
direct, and intentional damage to one’s own body tissue
in the absence of suicidal intent, with common forms
including cutting, burning, biting, and scratching [1, 2].
NSSI typically emerges in early adolescence. A recent
study estimated a global lifetime prevalence of approxi-
mately 17.2% among adolescents, and previous studies
in China have reported a prevalence of approximately
22.4%, with lifetime rates ranging from 13.0-23.2% [3-5].
As an increasingly prominent public health concern in
youth, NSSI poses serious threats to both physical and
mental well-being and may increase the risk of future sui-
cide [6].

Adolescence is marked by heightened self-awareness
and emotional reactivity, yet many youths lack sufficient
coping and decision-making abilities, rendering them
especially vulnerable to emotional dysregulation under
stress [7, 8]. Within this context, NSSI is often viewed
as a functional strategy for adolescents to regulate emo-
tional and cognitive experiences and may also serve as
a maladaptive form of interpersonal communication in
certain contexts [9]. Emotion regulation difficulties has
been identified as a core psychological mechanism con-
tributing to the development of NSSI [10, 11]. Accord-
ing to the experiential avoidance model, individuals who
struggle to recognize, tolerate, and regulate negative
emotions may turn to NSSI as a maladaptive means of
reducing internal distress or avoiding aversive affect [12].
Gross categorized cognitive reappraisal and expressive
suppression as two of the most common emotion regu-
lation strategies [13, 14]. Prior studies have shown that
adolescents with lower cognitive reappraisal capacity or
a stronger tendency to rely on expressive suppression are
more likely to engage in NSSI to manage overwhelming
emotional experiences [15].

In addition, interpersonal sensitivity is a personal-
ity trait characterized by heightened sensitivity to social
rejection, criticism, and negative evaluation, which can
provoke intense emotional responses [10]. This vulner-
ability is especially pronounced during adolescence, a
developmental period marked by heightened sensitiv-
ity to peer evaluation and the need for social belonging
[16, 17]. Adolescents with elevated interpersonal sen-
sitivity tend to experience intense emotional reactions
in response to perceived rejection or criticism. These
exaggerated emotional reactions may impair adoles-
cents’ ability to engage in adaptive regulatory strategies
[17]. Moreover, neurobiological research suggests that

elevated interpersonal sensitivity may activate brain
regions involved in physical pain processing, rendering
adolescents more susceptible to maladaptive behaviors
like NSSI as a way to alleviate overwhelming interper-
sonal and emotional distress [9, 12, 18].

However, the occurrence and maintenance of NSSI
are not solely driven by Emotion regulation difficulties
or interpersonal factors; cognitive processes also play a
critical role. According to Hasking’s cognitive-emotional
model, individuals’ cognitive interpretations and beliefs
about negative emotions significantly increase their risk
of engaging in self-injurious behavior [19, 20]. Distinct
from traditional conceptualizations of insight, cognitive
insight developed by Beck, which refers to the individu-
al’s capacity to reflect on and reassess their own thought
processes, including the ability to question cognitive dis-
tortions and consider alternative explanations for subjec-
tive experiences [21]. Adolescents with reduced cognitive
insight may have difficulty identifying and correcting
irrational or overly negative self-beliefs, making them
more susceptible to adopting NSSI as a maladaptive cop-
ing strategy [22, 23].

Although prior studies have documented independent
associations between emotion regulation, interpersonal
sensitivity, and NSSI, limited research has explored how
these psychological factors interact within an integra-
tive, multivariate framework, such as network analysis.
In addition, many existing studies have treated NSSI as
a unitary construct by simply categorizing individuals as
engaging or not engaging in NSSI, without differentiating
specific behavioral forms of NSSI or examining how dis-
tinct particular psychological factors may relate differen-
tially relate to distinct NSSI behaviors [24, 25].

However, emerging evidence suggests that different
forms of NSSI vary in their psychological functions, clini-
cal severity, and suicide risk [25]. For instance, cutting
has been uniquely linked to more severe suicide attempts
compared to other NSSI methods [25-27]. These find-
ings highlight the importance of disaggregating NSSI into
specific behavioral forms to better identify high risk NSSI
behaviors and underlying psychological mechanisms.

Importantly, to our knowledge, this study is the first
to incorporate the construct of cognitive insight into the
investigation of adolescent NSSI. While cognitive insight
has been studied in other serious mental illness, its role
in understanding NSSI behavior in youth remains unex-
plored. Thus, building on prior research, there is a critical
need for an integrative analytic approach that system-
atically incorporates emotion regulation, interpersonal
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sensitivity, and cognitive insight to better elucidate their
interactive contributions to specific NSSI behaviors
among adolescents.

Network analysis, an increasingly utilized statistical
approach in psychological research, offers a compelling
framework for modeling the direct and indirect connec-
tions among multiple psychological factors and diverse
NSSI behaviors [28]. While traditional models often
attribute psychopathology to latent variables, network
analysis provides an alternative framework that views
psychological symptoms and traits as components of sys-
tems that mutually influence one another [29, 30]. This
method enables the identification of central nodes—ele-
ments that exert strong influence within the network—
as well as bridge nodes that serve as key connectors
between different symptom or trait clusters [31].

Building on this framework, the present study
employed network analysis to investigate the complex
interrelations between emotion regulation, interper-
sonal sensitivity, cognitive insight, and 18 specific NSSI
behaviors in a large adolescent sample. The primary aim
was to to clarify the complex interplay among these psy-
chological domains and specific self-injurious behaviors,
offering a theoretically informed basis for refining early
identification and intervention strategies targeting ado-
lescent NSSI. We hypothesized that emotion regulation
and interpersonal sensitivity would demonstrate high
centrality in the network and show strong associations
with particular NSSI behaviors. Furthermore, distinct
NSSI behaviors were expected to vary in their network
connectivity, with some behaviors emerging as central
symptoms. Cognitive insight was also included to explore
its potential role in this adolescent sample.

Methods

Participants and study design

This cross-sectional study was conducted from Septem-
ber to November 2023 in Nanning, Guangxi Zhuang
Autonomous Region, China. A total of 5976 question-
naires were distributed to adolescents aged 12 to 18 years
from three urban secondary schools selected through
convenience sampling. Participants were included if they
were within the eligible age range, enrolled in the par-
ticipating schools, and provided informed assent along
with parental consent. Questionnaires were excluded if
they were incomplete or exhibited clear response inva-
lidity (e.g. repetitive patterns or random selection).
After applying these criteria, 5572 valid questionnaires
were retained, yielding a response rate of 93.4%. Due to
the anonymous nature of data collection and the lack of
identifiable information from non-respondents, a non-
response analysis could not be conducted. However, the
high response rate minimizes the likelihood of systematic
non-response bias.

Page 3 of 13

Prior to the implementation of the study, the research
protocol was reviewed and approved by the Ethics Com-
mittee of The Third Hospital of Mianyang (Approval
Number: 2023-123). The study strictly followed the prin-
ciples of the Declaration of Helsinki. Written informed
consent was obtained from both the adolescents and
their parents or legal guardians prior to participation.

To ensure adherence to research procedures and ethi-
cal standards, the research team collaborated with school
staff, who received structured training on survey admin-
istration. Paper questionnaires were collected in a class-
room setting under the guidance of trained staff, who
assisted participants and answered questions to ensure
comprehension.

After collection, all paper questionnaires were manu-
ally entered into electronic datasets using EpiData, with
coded values assigned to each item. Strict confidential-
ity and privacy protection measures were implemented
throughout the data management process. No person-
ally identifiable information was collected or stored. All
paper questionnaires were stored in locked cabinets, and
electronic data were saved on encrypted, password-pro-
tected computer. The study adhered to relevant national
regulations, including China’s Personal Information Pro-
tection Law and Law of the People’s Republic of China on
the Protection of Minors. All staff involved signed con-
fidentiality agreements and received training on ethical
data handling. Participants were informed of their right
to withdraw at any time, and data were used exclusively
for research purposes with prior informed consent.

Additionally, the research team conducted regular
quality checks and provided timely feedback to school
personnel to maintain the consistency and accuracy of
data collection.

Measures

Demographic information

Participants completed a survey on sociodemographic
characteristics, including gender, grade (junior high
school, senior high school), residence (rural, urban) and
ethnic minority status (whether ethnic minority).

Adolescent Self-Harm Scale (ASHS)

The ASHS, originally developed by Ying Zheng and
revised by Feng Yu, was used to assess NSSI behav-
iors in adolescents over the past year [32, 33].The ASHS
includes 18 items assessing specific NSSI behaviors (e.g.,
cutting, burning, hitting oneself) and one open-ended
item to capture any additional NSSI behaviors. For each
behavior, participants reported the number of times
they engaged in that behavior during the past year using
a 4-point frequency format: O times, 1 time, 2—4 times,
and 5 or more times. Widely applied in research on ado-
lescent NSSI in China, the scale has demonstrated strong
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reliability and validity. In the present study, it showed
good internal consistency coefficients with a Cronbach’s
a of 0.894. Detailed ASHS items is provided in Additional
File Additional file 2 (Table 1).

Emotion Regulation Questionnaire (ERQ)

The Emotion Regulation Questionnaire (ERQ) was origi-
nally developed by Gross and John in 2003 to assess indi-
viduals’ emotion regulation strategies [34]. The Chinese
version of the ERQ was translated and adapted by Wang
Li in 2007 [35]. The scale consists of 10 items, includ-
ing 6 items measuring cognitive reappraisal and 4 items
measuring expressive suppression. All items are rated
on a 7-point Likert scale ranging from 1 (strongly dis-
agree) to 7 (strongly agree), with higher scores indicating
greater use of the corresponding strategy. The Chinese
version has been widely used in research with Chinese
adolescents and demonstrated satisfactory psychometric
properties. In the present study, it showed good internal
consistency reliability with a Cronbach’s o of 0.859 for
the total scale, 0.891 for cognitive reappraisal, and 0.804
for expressive suppression.

Table 1 Demographic and NSSI behaviors of the participants

(h=>5572)

Variables NSSI Non-NSSI X2/t/Z  Effect P
(n=2017)  (n=3555) size

Age 14.75(1.71) 1511 (1.75) —-751 —0.10 <0.001

Gender

Male 943 (46.8%) 2058 (57.9%) 6424 0.11 <0.001

Female 1074 (53.2%) 1497 (42.1%)

Grade

Junior high 1008 (50.0%) 1446 (40.7%) 4516 009 <0.001

school

Senior high 1009 (50.0%) 2109 (59.3%)

school

Residence

Urban 1325 (65.7%) 2249 (63.3%) 330 002 0072

Rural 692 (34.3%) 1306 (36.7%)

Ethnic minority

No 694 (52.5%) 1278 (35.9%) 134 002 0247

Yes 1323 (47.5%) 2277 (64.1%)

Cognitive 2722 (7.38) 28.23(8.13) 469 013 <0.001

reappraisal

Expressive 1754 (5.52) 1540(5.70) -13.12 -0.18 <0.001

suppression

Interpersonal 20.32(4.19) 1872(458) —1324 -038 <0.001

awareness

Need for 2235(4.24) 21.02(473) -1052 -029 <0.001

approval

Separation 19.72 (461) 17.15(4.94) -1944 -0.53 <0.001

anxiety

Friendliness 2058 (4.43) 1798 (457) -19.73 —-0.26 <0.001

Fragile inner-self 11.54 (3.56)  9.54 (3.30) -2068 —-059 <0.001

Self-certainty 9.28(3.06) 867 (347) -6.88 —0.19 <0.001

Self-reflection 11.28 (4.21) 9.25(4.32) -1648 —-0.22 <0.001
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Interpersonal Sensitivity Measure (IPSM)

The IPSM was used to assess adolescents’ sensitivity in
interpersonal interactions. The scale was first proposed
by Boyce and Parker in 1989 to measure an individual’s
emotional responses [36]. The Chinese version of the
scale was revised by Li Qinglei in 2019, demonstrat-
ing good reliability and validity [37]. The questionnaire
consists of 36 items, covering five dimensions: interper-
sonal awareness, separation anxiety, fragile inner-self,
need for approval, and friendliness. Each item is rated
on a 4-point scale, where 1 indicates “strongly disagree,’
2 indicates “somewhat disagree,” 3 indicates “somewhat
agree, and 4 indicates “strongly agree” Higher scores
indicate a greater degree of sensitivity in interpersonal
interactions. In the present study, the five subscales were
treated as separate variables in subsequent analyses to
capture distinct aspects of interpersonal sensitivity. The
internal consistency reliability was satisfactory, with a
Cronbach’s o of 0.929 for the total scale, 0.827 for inter-
personal awareness, 0.767 for separation anxiety, 0.759
for fragile inner-self, 0.862 for need for approval, and
0.759 for friendliness.

Simplified Chinese version of the Beck Cognitive Insight Scale
(SC-BCIS)

The SC-BCIS assesses adolescents’ ability to reflect on
their cognitive processes and flexibility. Originally devel-
oped by Beck in 2004, it was revised into a simplified
Chinese version by Menghan Hao in 2023 and has dem-
onstrated strong reliability and validity in China [21, 38].
The scale consists of 15 items measuring two dimensions:
self-reflection and self-certainty. Each item is rated on a 0
(disagree) to 3 (strongly agree) scale, with higher SR and
lower SC scores indicating stronger cognitive insight. In
the present study, it showed good internal consistency
reliability with a Cronbach’s a of 0.770 for the total scale,
0.721 for self-reflection, and 0.732 for self-certainty.

Data analysis

All statistical analyses were conducted using R version
4.4.1, ensuring that there were no missing values among
the input variables. To examine the complex relationships
among emotion regulation, interpersonal sensitivity, cog-
nitive insight, and NSSI behaviors, we constructed two
network models to address the heterogeneity of NSSI.
The first model treated NSSI as a binary variable, based
on participants’ endorsement of any one of the 18 NSSI
behaviors at least once in the past year, and included the
entire sample (N=5572). The second model disaggre-
gated NSSI into 18 specific behaviors, based on responses
from participants who had engaged in NSSI (n=2017),
allowing for a more granular symptom-level network
analysis.
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Prior to network estimation, descriptive analyses were
performed. Group differences between adolescents with
and without NSSI were tested using X tests for categori-
cal variables and t-tests or Mann-Whitney U tests for
continuous variables depending on normality (assessed
via the Shapiro-Wilk test). Cramer’s V, Hedges' g, and
Pearson’s r were reported as effect sizes.

The network model was estimated using the Mixed
Graphical Models (the “mgm” package), which accom-
modates both continuous and binary data [39]. To ensure
model sparsity and interpretability, LASSO regulariza-
tion was applied using the bootnet package, with model
selection guided by the Extended Bayesian Information
Criterion (EBIC) [40, 41].

Networks were visualized using “qgraph’, where nodes
represent variables and edges indicate partial correla-
tions. Edge thickness reflects connection strength (e.g.,
green or blue for positive and red for negative associa-
tions) [42]. Although some edge weights appear numeri-
cally small, they reflect regularized partial correlations
retained after LASSO penalization. In this context, even
modest edge values indicate statistically robust and theo-
retically meaningful associations, as weaker and unstable
connections are typically shrunk to zero.

Centrality was assessed using multiple indices, includ-
ing node strength, closeness, betweenness, and expected
influence. Node strength reflects the overall connectiv-
ity of each node and is the most commonly used indica-
tor of centrality, defined as the sum of all edge weights
connected to the node [43]. Closeness represents the
proximity of a node to others, betweenness indicates
the node’s role in connecting other nodes, and expected
influence accounts for both positive and negative edge
weights [43, 44]. Additionally, the “mgm” package esti-
mated node predictability, defined as the proportion of
variance in a node explained by directly connected nodes
[39]. The overall network, along with node strength and
predictability, was visualized using the “qgraph” package
[44].

In addition to centrality indices, bridge centrality was
also calculated to identify nodes that serve as connec-
tors between different symptom communities (i.e., NSSI
behaviors, emotion regulation, interpersonal sensitivity,
and cognitive insight) [45]. Bridge centrality was com-
puted using the “networktools” R package.

Finally, the accuracy and stability of edge weights and
centrality metrics were assessed using nonparametric
bootstrapping with 1,000 resamples. The stability of the
node strength was quantified using the correlation sta-
bility coefficient (CS-C), with values above 0.25 indicat-
ing acceptable stability for interpretation. In addition,
the 95% confidence interval (CI) of edge weights were
estimated to evaluate the precision of the connections.
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Wider CI reflect lower estimation accuracy, while nar-
rower CI suggest more reliable edge estimates [46, 47].

Importantly, the sample sizes in both the full sample
and the NSSI subgroup provided sufficient statistical
power to support reliable estimation of network param-
eters and robust bootstrapping procedures. Prior meth-
odological work has demonstrated through empirical
simulation that network models estimated with sample
sizes above 1,000 typically achieve stable edge-weight
accuracy and acceptable centrality stability [47].

Results

General characteristics of the sample

A total of 5572 adolescents participated in the study.
Among them, 2017 (36.2%) reported engaging in at least
one NSSI behavior during the past year. The sample
included 53.9% males, 56.0% high school students, and
64.6% from ethnic minority backgrounds. Full demo-
graphic details and group comparisons are provided in
Table 1.

Compared to adolescents without NSSI, those who
reported NSSI were significantly younger and more likely
to be female (p<0.001). Significant differences were also
observed in grade level but not in residence and ethnicity.

Regarding psychological variables, adolescents with
NSSI reported significantly lower cognitive reappraisal
(p<0.001) and higher expressive suppression (p<0.001).
They also demonstrated higher scores on all dimensions
of interpersonal sensitivity (interpersonal awareness,
need for approval, separation anxiety, friendliness, fragile
inner-self) and cognitive insight (self-certainty and self-
reflection) compared to the non-NSSI group (p <0.001).

Binary-level network of NSSI

The binary-level network model is presented in Fig. 1a,
where NSSI was operationalized as a binary variable indi-
cating the presence or absence of any NSSI behavior in
the past year. This network was estimated using the full
sample.

Within this network, the NSSI node exhibited notable
associations with several psychological variables, includ-
ing cognitive reappraisal (ERQI1, edge weight = -0.12),
expressive suppression (ERQ2, edge weight=0.15), frag-
ile inner-self (IPSM5, edge weight =0.09) and self-reflec-
tion (BCIS2, edge weight=0.09). A complete list of edge
weights is provided in Additional File 1.

Centrality indices are displayed in Fig. 1b. In terms
of strength centrality, the most influential nodes were
fragile inner-self (IPSM5, strength=1.5) and need for
approval (IPSM2, strength =1.5), followed by friendliness
and cognitive reappraisal. Pairwise comparisons of cen-
trality metrics are reported in Additional File 2 (Figs. 1,
2 and 3).
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Fig. 1 Binary-Level Network of NSSI and Psychological Factors: a The Binary-Level Network of NSSI structure displaying the associations among overall
NSSI (treated as a binary variable: presence vs. absence of NSSI), emotion regulation (cognitive reappraisal, expressive suppression), interpersonal sensi-
tivity (including fragile inner-self, need for approval, interpersonal awareness, separation anxiety, and friendliness), and cognitive insight (self-reflection,
self-certainty). Node colors represent different domains: pink nodes indicate NSSI, green nodes represent emotion regulation, blue nodes correspond to
interpersonal sensitivity, and purple nodes denote cognitive insight. Thicker edges indicate stronger regularized partial correlations. b Centrality indices
(strength, closeness, betweenness, expected influence) for each node in the Binary-Level Network of NSSI. Higher centrality values indicate greater influ-
ence of a node within the network structure. ¢ The bridge network structure in the Binary-Level Network of NSSI, highlighting connections between
different domains (emotion regulation, interpersonal sensitivity, cognitive insight, and NSSI). Stronger bridge connections are shown with thicker edges.
d Bridge strength values for each node, identifying key bridging variables that connect different symptom communities across the network

The mean predictability across the entire network was
0.31, ranging from 0.11(NSSI) to 0.64 (interpersonal sen-
sitivity). Detailed predictability values are provided in
Additional file 2 (Table 2).

Symptom-level network of 18 specific NSSI behaviors

To further examine the internal structure of NSSI, a
symptom-level network was constructed using the sub-
sample of adolescents who reported engaging in NSSI
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Fig. 2 Symptom-Level Network Model of 18 Specific NSSI Behaviors and Psychological Factors: a The symptom-level network structure displaying as-
sociations among 18 specific NSSI behaviors (e.g., cutting, scratching, burning), emotion regulation, interpersonal sensitivity, and cognitive insight. This
model captures the more fine-grained structure of specific NSSI symptoms in relation to psychological risk factors. Node colors represent different
domains: pink nodes indicate NSSI behaviors, green nodes represent emotion regulation, blue nodes correspond to interpersonal sensitivity, and purple
nodes denote cognitive insight. Thicker edges indicate stronger regularized partial correlations. b Centrality indices (strength, closeness, betweenness,
expected influence) for each node in the symptom-level network, identifying the most central NSSI behaviors and psychological factors. ¢ The bridg-
ing network structure for the symptom-level model, illustrating how emotion regulation, interpersonal sensitivity, and cognitive insight variables link to
specific NSSI behaviors. d Bridge strength values for each node in the symptom-level network, highlighting variables that act as key connectors between

domains and symptom clusters

behaviors. In this model, NSSI was disaggregated into 18
specific behavioral forms.

Some nodes of interpersonal sensitivity, emotion regu-
lation, and cognitive insight were directly connected to
some specific NSSI behaviors, For example, ERQ1 (with

NSSI17: Deliberately biting until the skin is broken,
edge weight = -0.09), ERQ2 (with NSSI9: Deliberately
punching hard objects such as walls or glass with the
hand, edge weight=0.05), IPSM5 (with NSSI6: Deliber-
ately inserting objects into the skin or under nails, edge
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Fig. 3 Stability of Network Centrality Estimates: a Correlation stability coefficients for node strength and bridge strength in the overall NSSI network.
b Correlation stability coefficients for node strength and bridge strength in the symptom-level network of 18 specific NSSI behaviors

weight = 0.08), and BCIS2 (with NSSI8: Deliberately pull-
ing out hair, edge weight=0.03). Other nodes were indi-
rectly connected to the various NSSI behaviors through
the aforementioned nodes. Detailed NSSI corresponding
node labels used in the network analysis is provided in
Additional File Additional file 2 (Table 1). Detailed edge
weights are presented in Additional file 3.

Centrality indicators for the network were presented in
Fig. 2b. The following nodes exhibited higher strength in
the network: Deliberately scraping skin to cause bleed-
ing (NSSI5, strength=4.9), Deliberately tying ropes
or other objects around wrists or body parts (NSSI14,
strength =4.2), Deliberately punching hard objects such
as walls or glass with the hand (NSSI9, strength=3.9),
Deliberately biting until the skin is broken (NSSI17,
strength=3.8), Deliberately cutting skin with glass, a
knife, or similar objects (NSSI1, strength=3.6). Among
the variables of interpersonal sensitivity, emotion regu-
lation, and cognitive insight, the highest centrality was
observed in fragile inner-self (IPSM5, strength=1.5).
Detailed edge weights are presented in Additional file 2
(Figs. 4, 5 and 6).

The mean predictability across the entire network was
0.31, ranging from 0.21 (NSSI behaviors) to 0.64 (inter-
personal sensitivity). Detailed predictability values are
presented in Additional file 2 (Table 3).

Bridging network structure and Bridge strength
In network analysis, bridge nodes are variables that con-
nect distinct psychological domains. Bridge strength

reflects their involvement in cross-community links.
These bridge nodes may represent points of convergence
where emotional regulation, interpersonal sensitivity and
cognitive insight relate to NSSI behaviors.

The bridge network structure for the binary-level net-
work of NSSI is shown in Fig. 1c, with corresponding
bridge strength values in Fig. 1d. In this network, the
most prominent bridging nodes were cognitive reap-
praisal (ERQ1, bridge strength=0.88), expressive sup-
pression (ERQ2, bridge strength=0.73) and fragile
inner-self (IPSM5, bridge strength =0.68), which serve as
key connectors linking emotion regulation, interpersonal
sensitivity, cognitive insight, and NSSI.

Similarly, in the symptom-level NSSI network (Fig. 2c
and d), fragile inner-self (IPSM5, bridge strength =0.79),
cognitive reappraisal (ERQ1, bridge strength =0.76), and
need for approval (IPSM2, bridge strength =0.49) exhib-
ited the highest bridge strength. Their consistent promi-
nence across both models reinforces their role in linking
psychological domains with specific NSSI behaviors.

Network stability and accuracy
The stability tests demonstrated that both the binary-
level network of NSSI (Fig. 3a) and the symptom-level
network of 18 specific NSSI behaviors (Fig. 3b) exhibited
excellent robustness, with CS-C of 0.75 for both node
strength and bridge strength.

Bootstrapped 95% confidence intervals for edge
weights were generally narrow, indicating satisfac-
tory estimation accuracy. The bootstrap difference test
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revealed that most pairwise edge comparisons were sta-
tistically significant. Detailed results are provided in
Additional File 4 (Figs. 7, 8, 9 and 10).

However, some edges between specific NSSI behaviors
exhibited relatively wider confidence intervals, reflect-
ing greater uncertainty in those associations. This may
be partly due to reduced statistical power resulting from
smaller subsample sizes for certain NSSI behaviors after
disaggregation. Therefore, weaker connections should be
interpreted with caution.

Discussion

To our knowledge, this study is the first to employ net-
work analysis with dual network models to examine the
complex associations among emotion regulation, inter-
personal sensitivity, cognitive insight, and NSSI behav-
iors in a school based adolescent sample from China.
The binary-level network emphasized the central roles of
emotion regulation, interpersonal sensitivity, and cogni-
tive insight in the occurrence of NSSI, while the symp-
tom-level network revealed differentiated associations
between specific traits and individual NSSI behaviors.
Notably, we also introduced cognitive insight into NSSI
research, offering novel insight into its relevance in youth
populations. By identifying central and bridge nodes, our
findings suggest that emotion regulation, interpersonal
sensitivity and cognitive insight are closely intercon-
nected with NSSI behaviors. Furthermore, the symptom-
level model indicates that different forms of NSSI may be
driven by distinct psychological mechanisms, underscor-
ing the need for specific behavior assessment and inter-
vention approaches.

The prevalence of NSSI behaviors in this study was rel-
atively high, with 36.2% of adolescents reporting engage-
ment in at least one form of NSSI during the past year.
This rate exceeds the average prevalence reported in
previous studies among general adolescent populations
[48-50]. Several factors may account for this elevated
prevalence. First, the data were collected in the Guangxi
Zhuang Autonomous Region, where ethnic minority
groups account for a large portion of the population,
where overall socioeconomic development is compara-
tively limited, and shortage of mental health service
resources, may contribute to a higher occurrence of
NSSI. Second, compared with some earlier studies, this
study used a detailed self-report instrument that assessed
18 specific NSSI behaviors. This approach may have
increased sensitivity in detecting self-injury, especially
for less overt or socially normalized forms.

Symptom-level network analysis revealed that cer-
tain behaviors—including “deliberately scraping skin to

cause bleeding’, “deliberately tying ropes or other objects

around wrists or body parts’, “deliberately punching hard
objects such as walls or glass with the hand’, “deliberately
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banging head against hard surfaces, causing bruises”
and “deliberately cutting skin with glass, a knife, or simi-
lar objects”—exhibited the highest centrality within the
network. These behaviors may be considered particu-
larly representative forms of NSSI among adolescents in
this study. This finding is consistent with prior research
highlighting their high frequency and clinical severity in
adolescent populations [51]. Given their central network
position and functional significance, these behaviors
could serve as priority targets for early identification and
tailored intervention efforts.

The network analysis further revealed that cognitive
reappraisal was negatively associated with NSSI behav-
iors, whereas expressive suppression was positively asso-
ciated, which is consistent with previous findings [52].
Specifically, cognitive reappraisal, as an adaptive emo-
tion regulation strategy, helps individuals reinterpret and
reconstruct the meaning of emotional events at the cog-
nitive level, thereby alleviating negative emotional expe-
riences and reducing the likelihood of engaging in NSSI
behaviors [34].

In contrast, adolescents with limited regulatory
resources may rely more heavily on expressive suppres-
sion, an avoidant strategy that inhibits outward emo-
tional expression without addressing internal distress
[53]. This accumulation of unresolved emotional tension
may heighten distress, prompting NSSI as a maladap-
tive outlet for short-term relief and arousal modulation,
ultimately reinforcing NSSI via negative reinforcement
[54-56].

Importantly, the symptom-level NSSI network allowed
for a more granular understanding of these associations.
Specifically, adolescents with a higher tendency toward
expressive suppression were more likely to engage in
externally expressive self-injurious behaviors, for exam-
ple, deliberately punching hard objects such as walls or
glass with the hand (NSSI9, edge weight =0.05), whereas
those with lower levels of cognitive reappraisal were more
inclined to adopt more covert forms of self-injury such as
deliberately biting until the skin is broken (NSSI17, edge
weight = —0.09).These findings suggest that specific NSSI
behaviors may reflect distinct emotion regulation pro-
files. Thus, by identifying the emotion regulation strategy
associated with each NSSI pattern, interventions can be
tailored more precisely. For instance, adolescents relying
heavily on expressive suppression may benefit from train-
ing in expressive skills and emotional awareness, whereas
those low in cognitive reappraisal may require support
in cognitive reframing techniques. These targeted inter-
ventions may reduce the likelihood of continued NSSI
engagement.

Furthermore, in this study, the fragile inner-self
emerged as a core upstream vulnerability within the NSSI
network, exhibiting high centrality and bridge centrality
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across the binary-level and symptom-level models. Frag-
ile inner-self reflects a negative self-perception of one’s
core identity, such as ‘I am unlovable’ or ‘I must hide my
true self; in which one’s self-worth is overly reliant on
external validation and feedback [36]. From the perspec-
tive of attachment theory, this internal vulnerability often
originates from early adverse experiences, such as emo-
tional neglect or unstable caregiving, which can foster
insecure attachment styles and maladaptive self-schemas
[57]. These schemas heighten adolescents’ sensitivity to
perceived interpersonal rejection, amplifying emotional
responses and undermining adaptive regulation strate-
gies [58]. Consistent with this, our findings showed that
fragile inner-self was negatively associated with cogni-
tive reappraisal and positively associated with expressive
suppression. This suggests that adolescents with fragile
self-concepts may be less able to reframe emotional expe-
riences and more prone to suppress emotional expression
[59]. This is particularly concerning during adolescence,
a developmental period characterized by rapid self-con-
cept formation. Discrepancies between the actual and
ideal self may heighten shame and self-criticism, poten-
tially leading to interpersonal difficulties and reinforcing
self-punitive behaviors such as NSSI as maladaptive cop-
ing mechanisms for emotional and relational distress [12,
56, 60—62].

The symptom-level network further revealed that frag-
ile inner-self was directly associated with several specific
NSSI behaviors, including deliberately picking at wounds
or preventing healing (NSSI2, edge weight=0.07), delib-
erately inserting objects into the skin or under nails
(NSSI6, edge weight=0.08), deliberately punching hard
objects such as walls or glass with the hand (NSSI9,
edge weight=0.04), and deliberately scratching severely
enough to leave marks or cause bleeding (NSSI10, edge
weight=0.06). While these associations were relatively
modest, this may be due to the lower statistical power in
disaggregated symptom-level models where base rates
are reduced, leading to smaller effect sizes and wider
confidence intervals [58]. Nevertheless, these findings
underscore the importance of targeting fragile self-
concepts in prevention and intervention efforts. Inter-
ventions such as schema therapy, cognitive behavioral
therapy, or acceptance and commitment therapy may
help adolescents identify and restructure negative self-
beliefs, thereby enhancing internal security and reducing
reliance on NSSI as a maladaptive coping strategy [63].

It is noteworthy that the two dimensions of cogni-
tive insight exhibited relatively low centrality and bridge
centrality across the two network models. This suggests
that cognitive insight may play a limited role in the direct
pathways leading to NSSI behaviors in this adolescent
sample. Previous research has focused on clinical popu-
lations with severe psychopathology, where entrenched
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cognitive distortions are more common and strongly
linked to symptom expression. In contrast, adolescents
in school-based settings may present less rigid cogni-
tive patterns. More proximal factors, such as emotional
dysregulation and interpersonal sensitivity, may exert a
stronger immediate influence on NSSI in this group.

Nevertheless, the potential role of cognitive insight
should not be entirely discounted. Notably, the self-
reflection dimension was positively associated with NSSI,
while also showing negative correlations with cognitive
reappraisal and fragile inner-self. This may reflect a mal-
adaptive form of self-focus, where adolescents recognize
problematic thoughts but lack the regulatory capacity
to manage them effectively [23, 64]. In contrast, self-
certainty, reflecting confidence in one’s own judgments,
was not directly linked to NSSI behaviors but was sig-
nificantly associated with emotion regulation and inter-
personal sensitivity. This suggests that self-certainty may
influence the use of regulation strategies such as expres-
sive suppression, and shape one’s interpretation of social
feedback. While cognitive insight may not be a central
driver of NSSI in general adolescent populations, its
interaction with other psychological factors could still
inform early identification and intervention strategies.

Finally, this study demonstrates that emotion regula-
tion strategies, interpersonal sensitivity traits, and cogni-
tive insight levels are closely associated with adolescent
NSSI behaviors. In particular, fragile inner-self emerged
as the most central node. Notably, expressive suppression
was related to externally expressive NSSI behaviors like
punching hard objects, whereas low cognitive reappraisal
was associated with more covert behaviors such as biting
until the skin is broken. cutting, biting and hitting were
the most central NSSI behaviors, reflecting their clini-
cal importance. These findings highlight the relevance
of adaptive regulation strategies, interpersonal sensitiv-
ity and cognitive insight patterns in the prevention and
intervention of NSSI.

Several limitations should be noted. First, although
participants were drawn from urban school settings
using convenience sampling, we did not assess psy-
chiatric status, and the sample may not fully represent
broader or more diverse adolescent populations. Future
studies should incorporate basic mental health screen-
ing and more representative sampling strategies to
enhance diagnostic clarity and generalizability. Second,
the cross-sectional design and undirected network analy-
sis preclude conclusions about causal or temporal rela-
tionships. Longitudinal approaches are needed to better
understand the developmental pathways of NSSI. Third,
the use of self-report measures may have introduced
recall or social desirability biases. Fourth, cultural vari-
ables specific to Chinese adolescents were not explored
but may shape NSSI expression and regulation patterns.
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Lastly, the present study focused on selected psychologi-
cal variables; other relevant factors such as impulsivity,
aggression, and trauma history were not included. Future
research should integrate these elements to provide a
more comprehensive understanding of the mechanisms
underlying adolescent NSSI.

Conclusions

This study utilized network analysis to examine the inter-
play between emotion regulation, interpersonal sensitiv-
ity, cognitive insight, and NSSI behaviors in adolescents.
At the binary network level, fragile inner-self emerged
as a central bridging node, showing strong associations
with emotion regulation, interpersonal traits, and cogni-
tive factors, as well as with the presence of NSSI behav-
iors. Cognitive reappraisal was negatively associated with
NSSI, while expressive suppression showed a positive
association, highlighting their contrasting roles in emo-
tional coping. In contrast, both dimensions of cognitive
insight demonstrated relatively weak connections within
the network, suggesting a less prominent role in this ado-
lescent sample. At the symptom level, behaviors such as
cutting, biting, and head-banging showed higher central-
ity, indicating their representativeness within this sample.
These findings underscore the importance of addressing
key emotional and interpersonal vulnerabilities in the
early prevention and targeted intervention of adolescent
NSSL
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