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Background: It is challenging to predict the occurrence of non-suicidal self-
injury (NSSI) among adolescents over short periods. Moreover, the predictive
value of indices for NSSI remains elusive. Thus, this study aimed to identify
predictors of NSSI within 6 months among adolescents after psychiatric
hospitalization by establishing a risk assessment model.

Methods: A total of 632 high-risk participants were included in this study. The
distribution characteristics of adolescent NSSI were initially assessed through a
cross-sectional survey, following which risk factors were identified using logistic
regression analysis. The risk score method was then used to construct a 6-month
risk assessment model for NSSI. Lastly, the predictive effect of the model was
evaluated by indicators such as the area under the receiver operating
characteristic (ROC) curve and the positive predictive value.

Results: After 6 months, 412 cases of NSSI were identified. According to the
logistic regression model, the frequency of relapses, medication status, and NSSI
history were identified as influencing factors. Higher scores on the Impulsive
Behavior Scale and Pittsburgh Sleep Quality Index were associated with a higher
risk of NSSI. Conversely, higher scores on the Pain and Belief Perception Scale
were correlated with a lower risk of NSSI. Moreover, the area under the ROC
curve for the predictive model was 0.9989, with a 95% confidence interval of
(0.9979, 0.9999), highlighting its high predictive ability and accuracy. The
predictive model was validated using 78 patients, yielding an area under the
ROC curve of 0.9703 and a 95% confidence interval of (0.9167, 0.9999),
demonstrating outstanding predictability.
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Conclusion: These results collectively showed that the predictive model could
accurately predict adolescent NSSI. Thus, the model's primary variables may be
applied to predict the risk of NSSI in the clinical setting.

logistic regression, predictive model, non-suicidal self-injury, adolescents, risk
assessment model (RAM)

1 Background

Non-suicidal self-injury (NSSI) is defined as deliberate and
intentional harm to one’s body without suicidal intent (1, 2) by
cutting, hitting, scratching, and burning oneself (3). Mounting
evidence indicates that the physiological growth of middle school
students is accelerating during this developmental stage (4).
Nevertheless, their psychological development frequently lags
behind. During this period, adolescents have low psychological
resilience, are susceptible to impulsive behaviors and excessive NSSI
behaviors, and are unable to properly manage their negative
emotions (5). Notably, NSSI not only causes severe physical and
psychological injury to middle school students but also raises the
risk of suicide among self-injurers, thereby imposing an additional
burden on society and families. In 2018, 48,344 suicides were
reported in the United States alone (6), with a key cause being
the increase in NSSI behaviors (6, 7). Indeed, NSSI has become a
substantial worldwide public health issue, especially among
teenagers (8-10).

To date, numerous studies have examined the important
components or predictors of NSSI. For instance, Gandhi et al.
(11) described that the incidence of NSSI is the highest in 14-15-
year-old individuals and progressively declines over time.
Meanwhile, younger adolescents are at a higher risk of developing
NSSI. Additionally, earlier studies (12) identified depression and a
history of previous NSSI as risk factors for NSSI behavior in
teenagers. NSSI may also be a result of familial or environmental
dysfunction. Divorce or widowhood signifies a breakdown in family
relationships, which exerts a significant negative influence on
adolescents. Parental harsh punishment, low parental monitoring,
and poor quality of attachment to parent predicted are associated
with an increased risk of subsequent NSSI onset in adolescents,
whereas positive parenting behaviors are associated with lower odds
of NSSI onset during the following year (13). Therefore, the lack of
functional family dynamics is a significant external contributor to
NSSI behaviors in teenagers.

According to a previous study, NSSI is associated with
impulsive tendencies and neurocognitive impulsivity (14).
Notably, difficulties with impulse control (feeling out of control
while distressed) were positively associated with NSSI history.
These difficulties can differentiate between individuals with and
without a history of NSSI (15). Patients with NSSI behaviors have
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impaired inhibitory control, behavioral disinhibition, and increased
motor impulsivity. Based on previous studies, we speculate that
impulsive behavior may be a predictor of NSSI behavior.

The non-linear association between sleep duration and NSSI
in teenagers suggests that sleep patterns are linked to the patient’s
NSSI status over the previous year (16). Poor sleep is associated
with a higher risk of NSSI as a proxy for unfavorable emotion
regulation. A study also found that current sleep patterns had a
modest impact on the association between past and current NSSI
behaviors. At the same time, a history of past NSSI could predict
the occurrence of nightmares and suicide attempts. The strongest
predictor of current NSSI was the recollection of past NSSI
incidents, while current poor sleep was merely modestly
associated with current NSSI behaviors. An additional indicator
of current NSSI behaviors was experiencing nightmares within the
last 6 months (17). Therefore, the predictive value of sleep for
NSSI warrants further investigation.

Pain processing has emerged as a critical biological factor
affecting the occurrence of NSSI. Indeed, diminished pain
sensitivity and baseline opioid deficit were identified as possible
risk factors for NSSI (18). However, clinical evidence for the
association between pain sensitivity and NSSI is lacking,
necessitating further exploration (18). Parallel mediation analyses
have demonstrated that psychache independently mediated
significant links between any type of teenage trauma and NSSI
(19). Mental pain, a generally unbearable pain, modulates the
occurrence of trauma and NSSI behavior in adolescents.
Nevertheless, the correlation between pain processing and NSSI
requires further investigation.

Despite extensive research conducted on NSSI, significant gaps
remain. The majority of previous studies investigating NSSI
examined the overall frequency of NSSI behaviors without
considering the type of behavior or frequency of specific
behaviors performed (20-22), oversights that may have
potentially led to missing crucial information that could
contribute to risk assessment. Consequently, only a few variables
with satisfactory predictive power have been identified (23), most
likely due to the limited variance in NSSI occurrence that can be
explained by individual predictors. Variables that have been
identified as predictive of NSSI behavior in young adults include
depressive symptoms, anxiety symptoms, female gender, affective
dysregulation, and ruminative cognitive styles (24-28).
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In addition to examining predictors of NSSI, it is essential to
identify potential processes or major risk factors that can assist
doctors, parents, and community workers in making decisions on
the prevention and management of NSSI. Based on these predictors,
tailored psychological intervention measures or psychological care
programs can be implemented. There is a pressing need to precisely
identify those at high risk for future suicidal behavior. Therefore,
new predictive methods or models are required to identify
adolescents at high risk.

This study aimed to examine the 6-month risk for non-suicidal
self-injury among adolescents after psychiatric hospitalization.
Specifically, it sought to investigate the direct predictive effect on
NSSI based on a predictive model. Given that NSSI may be
impacted by general demographics, medication adherence, sleep
quality, pain perception, impulsive behavior, etc., it is necessary to
examine these variables. Moreover, these variables are readily
accessible to medical personnel and easier to acquire than
hematological indicators. The 6-month period following
hospitalization is a crucial time point for patients. Consequently,
the predictive model was based on the obtained data, and a
confirmatory study was performed to validate its accuracy and
predictive ability.

2 Methods
2.1 Participants

From January 2019 to July 2023, data on adolescents with NSSI
hospitalized in the psychiatry department of a tertiary general
hospital were collected. The inclusion criteria for participants were
as follows: a) met the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5) criteria NSSI, b) aged 13-23 years,
¢) no gender restriction, d) hospitalized patients who could be
followed up, and e) informed consent was obtained, with voluntary
participation. This research adhered to the principle of voluntariness,
respecting and safeguarding the privacy of research participants.
Exclusion criteria for patients were as follows: a) strong suicidal
ideation; b) present or prior history of schizophrenia, delusional
illness, anxiety disorder, intellectual disability, and autism; c) history
of psychoactive substance; and d) severe physical diseases. In this
investigation, purposeful sampling was employed. A total of 632
patients met the inclusion criteria.

2.2 Measures

2.2.1 Clinical observation index
collection questionnaire

The questionnaire was derived from a review of relevant
research, consultations with psychiatric professionals, and
consideration of the hospital’s conditions, which included the
following information: a) gender, b) age, c¢) educational
attainment degree, d) marital status, e) whether the participant
was an only child, f) family relationship status, g) medication
adherence, h) NSSI history, and i) NSSI recurrence.
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2.2.2 Beck Scale for Suicide Ideation

The Beck Scale for Suicide Ideation [Beck Scale for Suicide
Ideation-Chinese Version (BSI-CV)] compiled by Beck (29) was
translated and reviewed by Li Xianyun et al. (30) and covered 19
items, with each item scored on a 3-point scale (0-2 points),
yielding a total score ranging between 0 and 38 points. Greater
scores reflect stronger suicidal ideation and suicide risk. Cronbach’s
o coeficients for suicidal ideation in the last week and at its most
severe point were 0.68 and 0.87, respectively, while the test-retest
reliability coefficients were 0.64 and 0.76, respectively.

2.2.3 Impulsive Behavior Scale BIS-11

The Barratt Impulsiveness Scale (BIS-11) was originally
developed by Barratt in 1959 (31), and Zhou Liang adapted the
Chinese version based on the revised 2006 Barratt Impulsiveness
Scale (32). The scale consists of 26 items, with 11 items reverse-
scored. It includes three subscales: attentional impulsivity, motor
impulsivity, and non-planning impulsivity. Responses were rated
on a 4-point Likert scale (1 to 4), with higher scores indicating
greater levels of impulsivity. In this study, Cronbach’s o coefficient
for the scale was 0.75.

2.2.4 Pain Beliefs and Perceptions Inventory

The Pain Beliefs and Perceptions Inventory (PBPI) was designed
by the American psychologist Williams et al. (33) to examine the
impact of temporal changes on patients’ pain beliefs. The scale covers
four dimensions: the perception that pain is inexplicable, the belief
that it will persist, the conviction that the agony cannot be cured, and
the sense of self-blame. Higher scores indicate stronger negative
beliefs. Chinese scholars translated this scale in 2008. Cronbach’s
o coefficient for the measured scale was 0.731 (34).

2.2.5 Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI) was compiled in 1989
by Dr. Buysse, a psychiatrist at the University of Pittsburgh, USA
(35). Tt consists of 19 self-evaluated items and five items rated by
others. Each item is scored on a scale of 0 to 3, with a total score of 0
to 21. It consists of seven components, including subjective sleep
quality, time taken to fall asleep, sleep duration, sleep efficiency, sleep
disorders, use of sleep medications, and daytime functions, divided
into the sum of 7-factor points. A total PSQI score of <7 indicates
normal sleep, whereas a total score of >7 suggests sleep disorders. In
terms of reliability, Cronbach’s o coefficient of the PSQI was 0.7962.
In terms of validity, the correlation coefficient between the total scores
from repeated tests was 0.8126.

2.3 Data collection

Prior to data collection, patients and their primary caregivers were
informed of the study’s objective and relevance and willingly provided
informed consent. Upon discharge from the psychiatry ward, all scales
were assessed according to the physician’s order. Four registered nurses
in the psychiatry unit, as well as two graduate students and two certified
head nurses, performed the data collection. The objective and
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methodology of the study, data collection protocols, and quality control
measures were covered during investigator training. Data were
collected from the hospital’s medical record information system in
strict accordance with operational criteria. Staff members engaged in
mutual supervision to ensure that data collection was completed within
the allotted time and in accordance with ethical standards and quality
control requirements. The instructor conducted the final quality
assurance. Every Friday afternoon, research team members actively
raised issues encountered during data collection and addressed
recurring issues. Patients in the psychiatry unit completed the
surveys in accordance with a unified set of instructions. Those
unfamiliar with the surveys or who experienced difficulty in writing
were provided with detailed explanations. The questionnaires were
promptly collected after completion, and the acquired data were stored
by the project manager to prevent modifications. After discharge,
patients were predominantly followed up via telephone. Following
the completion of data collection, two data entry operators inputted
and verified the data.

2.4 Statistical analysis

All statistical analyses were performed using SAS 9.4. Continuous
variables conforming to a normal distribution were expressed as means
and standard deviations and compared using independent-samples
t-tests. Variables with a skewed distribution were presented as the
median and interquartile ranges and compared using the Wilcoxon
rank-sum test. Quantitative data were compared using either ANOVA
or the Wilcoxon rank-sum test. Categorical data were described as
frequencies and compared using the ) test or Fisher’s exact test. In this
study, logistic regression analysis was performed to analyze count
variables and construct the predictive model. The model was validated
using the Hosmer-Lemeshow goodness-of-fit test, and receiver
operating characteristic (ROC) curve analysis was performed to
assess the predictive capacity of the model.

3 Results
3.1 Patient characteristics

A total of 632 cases, aged between 13 and 23 years with an
average age of 17.26 + 2.31, were included in this study. Among
them, 204 patients presented with first-time NSSI, representing
32.28% of all cases. The remaining 428 patients experienced
recurrent NSSI, accounting for 67.72% of the cohort. Within 6
months after hospitalization, 412 cases developed NSSI, accounting
for 65.19% of the cohort.

3.2 Single-factor analysis of NSSI risk
within 6 months after hospitalization

Single-factor analysis was carried out on demographic

characteristics, family relationships, medication adherence, self-
injury history, hospitalization, Beck suicide ideation scores, BIS-
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11 scores, Pain Beliefs and Perceptions Inventory scores, and
Pittsburgh Sleep Quality Index. Group comparison for categorical
data was carried out using the y” test, and the results revealed four
statistically significant variables, namely, gender, medication
adherence, and NSST history and recurrence (p < 0.05). See Table 1.

The t-test was used to compare quantitative data and identified five
statistically significant variables associated with NSSI risk, namely, the
number of relapses, the Beck suicidal ideation scale scores, the
Impulsive Behavior Scale BIS-11 scores, Pain and Belief Perception
Scale scores, and the Pittsburgh Sleep Quality Index (p < 0.05).
See Table 2.

3.3 Multivariate analysis of NSSI risk within
6 months after hospitalization

Furthermore, nine variables with statistical significance in the
univariate analysis were incorporated in the binary logistic
regression for stepwise regression analysis to account for
confounding factors and further explore influencing factors. As
summarized in Table 3, the number of relapses, medication
adherence, NSSI history, impulsive behavior, pain, and belief
perception scale scores, and the Pittsburgh Sleep Quality Index
were included in the regression equation. Importantly, the logistic
model identified the frequency of relapses, medication adherence,
and NSSI history as factors influencing the outcomes. Among them,
the risk of NSSI in patients with poor medication compliance was
4.00 times higher than that of patients with good medication
compliance after 6 months. Similarly, the risk of NSSI in patients
with a history of NSSI was 5.807 times that of patients without a
history of NSSI after 6 months. Notably, for each additional
recurrence, the risk of NSSI increased by 2.150 times. In addition,
impulsive behavior, Pain and Belief Perception Scale scores, and
sleep quality index were correlated with the predicted risk of NSSI.
Specifically, the Impulsive Behavior Scale scores were positively
correlated with NSSI risk after 6 months. Conversely, the Pain and
Belief Perception Scale score was negatively correlated with NSSI
risk after 6 months. Finally, the Pittsburgh Sleep Quality Index was
positively correlated with NSSI risk after 6 months. See Table 3.

3.4 Nomogram construction for NSSI risk
among adolescents within 6 months
after hospitalization

The developed nomogram is illustrated in Figure 1, with each
variable corresponding to a specific score. The overall score was
determined by summing the individual scores. The projected
likelihood of the total score reflects the risk of NSSI within 6
months after hospitalization among adolescents.

3.5 Validation of predictive models

This study employed the logistic regression model to construct
an NSSI risk prediction model within 6 months after

frontiersin.org


https://doi.org/10.3389/fpsyt.2024.1440808
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Zhu et al.

TABLE 1 »? test results of NSSI risk within 6 months after hospitalization.

10.3389/fpsyt.2024.1440808

Participant variables With:?%)NSSI Wi':]h(;l)SSI Statistical testing

Gender 18.658* <0.001
Male =1 32 (14.6) 124 (30.1)
Female = 0 188 (85.5) 288 (69.9)

Education degree
Junior high school = 0 44 (20.0) 88 (21.4) 3.779*% 0.286
High school =1 96 (43.6) 196 (47.6)
Junior college = 2 31 (14.1) 62 (15.0)
Undergraduate and above = 3 49 (22.3) 66 (16.0)

Marriage status A 0.873
Unmarried = 0 217 (98.6) 407 (98.8)
Married = 1 3(1.4) 5(1.2)

The only child
No=0 135 (61.4) 239 (58.0) 0.668* 0.414
Yes = 1 85 (38.6) 173 (42.0)

Family relationship A 0.435
Discord = 0 3(1.4) 8 (2.0)
General = 1 91 (41.4) 149 (36.3)
Harmony = 2 126 (57.3) 254 (61.7)

Regular medication 16.577* <0.001
No=0 105 (47.7) 129 (31.3)
Yes = 1 115 (52.3) 283 (68.7)

NSSI history 55.429* <0.001
No=0 131 (59.5) 120 (29.1)
Yes =1 89 (40.5) 292 (70.9)

Recurrence 76.547* <0.001
No=0 120 (54.6) 84 (20.4)
Yes = 1 100 (45.5) 328 (79.6)

NSSI, non-suicidal self-injury.
*: 1 test; /\: Fisher exact probability method.

hospitalization. The result showed that the area under the ROC
curve of the predictive model was 0.9989, with a 95% confidence
interval of (0.9979, 0.9999) based on the original data. At a critical
value of 0.597, the sensitivity, specificity, and Youden’s index were
0.981, 0.982, and 0.963, respectively. See Figure 2.

To evaluate the predictive ability of the model, 78 newly studied
cases were included. Among them, 30 were male (38.46%) and 48
were female (61.54%). Their average age ranged from 13 to 22 years,
with a mean of 17.51 + 2.295 years. The area under the ROC curve
was 0.9703 for these cases, with a 95% confidence interval of
(0.9167, 0.9999). See Figure 3.
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4 Discussion

This prospective study aimed to assess the 6-month risk for
NSSI among adolescents hospitalized for psychiatric reasons.
Specifically, the direct predictive effect on NSSI was explored
using a predictive model. Moreover, baseline predictors of NSSI
over a 6-month follow-up period were identified using
multivariable models. Our findings conjointly revealed that
adolescent NSSI is impacted not only by demographic variables
such as gender and age but also by medication adherence, sleep
index, pain perception, impulsive behavior, and other variables.
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TABLE 2 t-Test results of NSSI within 6 months after hospitalization.

Whether NSSI

10.3389/fpsyt.2024.1440808

. e Standard Statistical
Variable occurred within e .
deviation testing
6 months

No 220 17.19 2.249

Age 0.57 0.570
Yes 412 17.30 2.345
No 220 0.800 0.925

The number of relapses 8.89 <0.001
Yes 412 1.476 0.903
No 220 13.855 5.637

Beck suicidal ideation scale 7.82 <0.001
Yes 412 18.087 6.891
No 220 83.27 5.2903

Impulsive Behavior Scale BIS-11 11.48 <0.001
Yes 412 87.45 3.7721
No 220 1.07 0.7022

Pain and Belief Perception Scale 46.57 <0.001
Yes 412 -1.21 0.5127
No 219 525 0.9217

Pittsburgh Sleep Quality Index 25.29 <0.001
Yes 411 7.55 1.1682

NSSI, non-suicidal self-injury.

While considering pain perception, medication compliance, and
sleep quality pose challenges in risk recognition, a predictive model
of NSSI was constructed and validated, highlighting its high
predictive and testing abilities. This model can be promoted and
implemented in clinical settings.

4.1 The prevalence of NSSI among
adolescents is relatively high

The prevalence of NSST in this study was 32.28%. Another study
reported a self-injury detection rate of 33.7% among 3,600 middle
school children (36). A research team previously conducted a meta-
analysis on the prevalence of NSSI in teenagers and reported a
global prevalence of 21% [Effect Size (ES) = 0.21, 95% CI (0.18,
0.25)] among teenagers.

However, as demonstrated in this study, the prevalence of NSSI is
very high. This finding may be ascribed to the timing and location of
the survey or the age range of participants. The mental health
education system in China requires further improvement and
development. The rehabilitation model should evolve from
hospitalization to early prevention. In addition, the mental health
service system in Europe, North America, and Oceania is relatively
well-established, with adolescents accessing professional mental health
education earlier (37, 38). Variations in the timing of investigation may
also lead to differences in the incidence of NSSI. With socioeconomic
development and increased academic pressure, adolescent mental
health issues may become more prominent, leading teenagers to
resort to extreme measures to cope with negative emotions.
Consequently, NSSI has emerged as a global mental health issue that
should be prioritized by researchers and clinical experts. On the one
hand, it is essential to foster an atmosphere favorable to the healthy

TABLE 3 Logistic stepwise regression analysis of NSSI risk within 6 months after hospitalization.

Variable Estimated value Standard deviation ~ Wald 42 95% confidence
interval
Constant -105.9 22.834 21.528 <0.0001
Medication 1.386 0.697 3.957 0.047 4.000 1.021 15.676
Number of relapses 0.765 0.347 4.879 0.027 2.150 1.090 4.240
NSSI history 1.759 0.728 5.835 0.016 5.807 1.393 24.196
Impulsive Behavior Inventory 1.043 0.247 17.792 <0.0001 2.837 1.748 4.607
BIS-11

Pain and Belief Perception Scale -3.502 0.549 40.737 <0.0001 0.030 0.010 0.088
Pittsburgh Sleep Quality Index 1.574 0.376 17.525 <0.0001 4.826 2.310 10.084

The result of the Hosmer-Lemeshow test yielded a chi-square value of 0.5018 (p > 0.05), indicating that the model fits well.

NSSI, non-suicidal self-injury.
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development of youth. On the other hand, it is vital to promote early
screening for NSSI and implement prompt intervention methods in
order to assist adolescents in developing effective coping strategies and
avoiding NSSL.

4.2 Analysis of risk factors in the NSSI risk
prediction model

4.2.1 Increased recurrences increase the risk of
NSSI post-hospitalization

Notably, recurrent NSSI has become one of the most prevalent
characteristics associated with this behavior (39). According to
longitudinal research on NSSI undertaken by Plener et al. (40),
NSSI typically initiates during early to middle adolescence and
recurs throughout the lifespan of individuals. A questionnaire
survey at a university unveiled that the detection rate of two or
more self-harming behaviors was 67.3% (41), with 8.8% of male
participants employing over five methods for NSSI (41). According
to the experience avoidance paradigm, the purpose of NSSI is to
evade or escape undesirable experiences or behaviors. Chapman’s
experience avoidance model posits that individuals with emotional
management disorders may respond to triggering external events by
resorting to self-injury as a coping strategy to escape painful
emotional experiences (42).

NSST has significant characteristics of behavioral addiction and
is a mechanism for emotional venting. If individuals experience a
reduction in negative emotions immediately after NSSI, the
tendency to implement this behavior becomes stronger when the
negative emotions occur in the future. At the same time, as a
repetitive behavior, the self-reinforcing nature of NSSI leads
individuals to adopt it as an avoidance strategy over time, thus
possessing the characteristics of addiction, which poses challenges
to terminating such behaviors. Therefore, when adolescents derive a
sense of pleasure, transient psychological stimulation, or relief from
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unpleasant emotions through NSSI, they are likely to routinely use
it. In clinical treatment, it is crucial that adolescents are provided
with outlets or other methods for expressing their feelings.
Elucidating the motivations, psychological challenges, and nursing
needs of adolescents with NSSI is paramount to assisting
adolescents in reducing and ceasing NSSI behaviors.

4.2.2 Medication compliance affects NSSI risk
From a pharmacological standpoint, drug compliance refers to

the degree to which a patient implements the drug treatment plan.

Deviations from the medication requirements of the treatment plan
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FIGURE 2
Results of the predictive model validating the original data.

frontiersin.org


https://doi.org/10.3389/fpsyt.2024.1440808
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Zhu et al.

08
06
2
=
=
1]
(=
£
»
04
02
00
00 02 04 06 08 10
1 - Specificity
FIGURE 3

Validation of the predictive model for 78 cases within 6 months
after hospitalization.

in any aspect of this process due to patient-related factors lead to
varying degrees of non-compliance, which eventually affects
therapeutic outcomes. Data on 2,013 adolescents were obtained
from the Canada Mental Health Reporting System using the
Resident Assessment Instrument-Mental Health (RAI-MH) and
analyzed using logistic regression. According to the results,
intentional abuse of prescription drugs was identified as the most
significant factor related to NSSI (43). Following hospital discharge
and during the out-of-hospital follow-up period, healthcare
professionals should focus on providing important compliance
guidance and intervention, emphasizing the safety of medications
and the ability of regular medication adherence to facilitate recovery
and prevent recurrence.

4.2.3 NSSI history is a key factor in
predicting NSSI

A history of NSSI may result in increased pain tolerance and
decreased fear of death, culminating in recurrent self-harming
behaviors (44, 45). In addition, a huge body of evidence indicates
that patients with a history of NSSI are more likely to struggle with
emotional management and self-efficacy resistance. Difficulties in
emotion management and resistance to self-efficacy influence the
associations between outcome expectations and previous NSSI
history (46). Furthermore, an adolescent’s previous suicide
attempt can easily escalate into additional self-harm attempts.
However, when adolescents engage in self-harming behavior, they
frequently refrain from additional harm out of the associated fear
and pain (47). This inherent urge for self-resistance and self-injury
mostly results in NSSI. Taken together, challenges linked to
emotional regulation and low self-efficacy in resisting self-harm
are indicative of a history of NSSI. Addressing the patient’s
emotional control, self-efficacy, and underlying causes of NSSI
can successfully prevent recurrences.
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4.2.4 Impulsive adolescents are more likely to
develop NSSI

According to recent research, NSSI is associated with impulsive
tendencies but not with impulsive actions noted in laboratory tasks,
even in situations involving negative moods (14). Neurocognitive
impulsivity is connected with more frequent and recent NSSI
episodes, particularly in negative emotional circumstances,
including actual or perceived criticism in close relationships. NSSI
is a method for promptly releasing negative emotions and anger.
However, an earlier study identified an association between
recurrent NSSI and greater behavioral compulsivity and poor
decision-making, but not with behavioral impulsivity (48),
inconsistent with the findings of this research.

The use of impulsive qualities as predictors of NSSI requires the
incorporation of other laboratory markers. To determine the
association between impulsive behavior and NSSI, longer follow-
up periods or larger sample sizes are required. As key contributors
to the emotional support network of hospitalized adolescents with
NSSI, healthcare professionals can aid adolescents in identifying
and articulating specific emotions and feelings about NSSI and
engaging in self-awareness and cognitive reconstruction. They can
also guide adolescents to accept their negative emotions in a healthy
manner and focus on the present, thereby effectively reducing the
risk of impulsive events.

4.2.5 Lower pain and belief perception beliefs
scores were associated with a higher risk of NSSI

In recent years, an increasing number of studies have examined
alterations in the pain perception of patients with NSSI. Adolescents
with impaired pain perception may adopt negative coping
mechanisms in response to pain, leading to a reduction in pain
levels during NSSI episodes and an increase in the frequency and
severity of NSSI. More importantly, individuals with NSSI may
perceive pain differently from non-NSSI patients. Kirtley et al. (49)
demonstrated that patients with NSSI experience altered pain
perception. While studies exploring the relationship between NSSI
and pain perception are scarce, several studies have concluded that
the pain threshold and pain tolerance of patients with NSSI are higher
(50, 51). For example, Schmahl et al. (52) determined that painful
stimulation promoted the activation of the dorsal prefrontal cortex in
patients with NSSI and concomitantly inhibited the activation of the
posterior parietal cortex compared to the healthy control group.
Changes in pain perception in response to this unpleasant
stimulation may represent a resistance mechanism in NSSI patients
(53). Furthermore, post-hospital education on pain perception and
coping style is critical. Adolescents lack positive coping methods for
psychological pain and physical pain. Their negative coping style
leads to a cycle of self-denial and self-harm, which drives NSSI
behaviors. Understanding and enhancing their pain coping
mechanisms can assist in mitigating NSSI behaviors.

4.2.6 Worse sleep quality was positively
correlated with the risk of NSSI

Insomnia increases anxiety levels, which in turn exacerbates
NSSI behavior. Poor sleep duration and insomnia symptoms have
been established to enhance an individual’s impulsivity, which is a
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significant risk factor for NSSI (54). Specifically, sleep disorders and
poor sleep quality decrease the ability to regulate emotions, thereby
increasing the risk of NSSI behavior (55, 56). Herein, 81.2% of
participants scored in the clinical range for poor sleep on the PSQL
Likewise, 81.2% reported a circadian preference for evening (night
owl) patterns. PSQI scores were positively associated with the levels
of self-harm (suicide attempts and NSSI) and were identified as a
predictor for self-harm within 30 days. Of note, the rates of self-
harm were high during the follow-up period, with 45.0% and 33.7%
at 6 and 12 months, respectively (54). The current study uncovered
that sleep quality was strongly correlated with NSSI, in agreement
with the findings of previous studies. In order to reduce the risk of
NSSI, healthcare practitioners or parents address sleep disorders in
adolescents, encourage regular sleep schedules, and ensure
appropriate sleep on weekends. In addition, psychological
interventions for college students with NSSI could incorporate
psychological counseling or treatment methods (such as cognitive
behavioral therapy for insomnia and stimulation control therapy) to
alleviate sleep disorders, thereby indirectly mitigating
NSSI behaviors.

4.3 The NSSI risk prediction model
displayed high predictive performance

Based on multivariate regression analysis, a nomogram
integrating multiple predictors was developed and validated (57).
The area under the ROC curve of the original model was 0.9989,
with a 95% confidence interval of (0.9979, 0.9999). Following this,
the clinical information of new patients was introduced into the
model for risk prediction, yielding an area under the ROC curve of
0.9703, with a 95% confidence interval of (0.9167, 0.9999),
signifying that the NSSI risk prediction model could accurately
predict the risk of NSSI within 6 months after discharge. Moreover,
despite participants in the modeling group and the validation group
being from different hospitals, the area under the ROC curve was
comparable, highlighting the generalizability of the model.
Therefore, this model can be used to predict NSSI behaviors
within 6 months following hospitalization.

4.4 Practical implications and research on
the NSSI risk prediction model

The developed models may enhance the decision-making
process of physicians regarding patient adherence to the identified
risk factors. The risk score model generated herein, based on the
identified major risk factors, allows for the collection of information
using fewer variables, positioning it as a simple and effective
approach. When applying this model to screen high-risk groups,
healthcare professionals can select appropriate cut-off points
tailored to their clinical needs. Providing real-time predictions of
NSSI risk factors during patient enrollment may enable healthcare
professionals to proactively implement intervention strategies and
prioritize high-risk patients. For adolescents identified as high-risk
during follow-up, urgent psychological assistance should be
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administered. Furthermore, the medical staff should contact the
parents and instruct them to monitor their child’s sleep, ensure
medication adherence, and assist them in overcoming negative
feelings. Overall, this study laid a theoretical and methodological
groundwork for future longitudinal cohort studies focusing on
teenagers. Nevertheless, it is worth acknowledging that the NSSI
prediction model remains in the early stages of development. While
this study primarily focused on identifying key risk factors, future
reports will describe how we also used study data to develop and
validate an adaptive screening model. Theoretically, this research
has established the groundwork for a more robust, comprehensive,
and scientific model.

5 Limitations

Nonetheless, this study has some limitations that cannot be
overlooked. To begin, short and customized measures were
employed to evaluate the majority of NSSI components in order
to minimize respondent burden. Despite the assessed variables
being identified as significant univariable predictors of NSSI, the
use of brief scales may have compromised the reliability of the
measurements and our ability to properly capture each construct.
To identify future predictors while limiting patient impact and the
workload on the medical personnel, additional objective indicators
should be included. In addition, given the cross-sectional nature of
this study, the acquired data may be biased, posing challenges in
inferring causality. The area under the ROC curve, sensitivity, and
specificity of the risk assessment model are not optimal, indicating
the need for future studies to identify more significant explanatory
factors. Expanding model generalizability necessitates the
incorporation of new data sources, especially from recurrent
patients. Third, we did not adjust for non-response by weighting
the sample. Further analysis of indicator weights may be more
conducive to improving the predictability of the model. Therefore,
ongoing investigation into risk variables is vital for further
development of this model.

6 Conclusion

In this study, the number of relapses, medication adherence,
and NSSI history were identified as the most significant predictors
of patient outcomes. Despite the limitations posed by the variability
of risk variables for risk stratification, the results conjointly indicate
that a multivariable prediction model can be beneficial for the
short-term prediction of NSSI in adolescents (58). Additionally, the
predictive model constructed herein exhibited favorably
discriminatory power and accuracy and could effectively predict
the risk of NSSI in adolescents. More importantly, these models
may assist in identifying potentially key targets for clinical risk
evaluation and prevention. Using prediction algorithms derived
from large-scale data sources, screening systems for risk recognition
may be pioneered (58). To enhance the validation of clinical
samples, modern tools or machine learning techniques based on
AT can be used.

frontiersin.org


https://doi.org/10.3389/fpsyt.2024.1440808
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Zhu et al.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The Shanxi Baiqiuen Hospital Ethics Committee approved the
study(Approved No.YXLL-2022-013). The studies were conducted
in accordance with the local legislation and institutional
requirements. Written informed consent for participation was not
required from the participants or the participants’ legal guardians/
next of kin in accordance with the national legislation and
institutional requirements.

Author contributions

WZ: Conceptualization, Data curation, Formal analysis,
Methodology, Project administration, Supervision, Validation,
Writing - original draft, Writing - review & editing. LC:
Conceptualization, Methodology, Writing - original draft,
Writing - review & editing. HZ: Conceptualization, Funding
acquisition, Methodology, Project administration, Supervision,
Writing - original draft, Writing - review & editing. FH:
Investigation, Writing - original draft. ML: Data curation,
Investigation, Writing — review & editing. XD: Formal analysis,
Validation, Writing - review & editing. XF: Data curation,
Investigation, Writing — review & editing. WL: Conceptualization,

References

1. Klonsky ED. Non-suicidal self-injury: an introduction. J Clinical Psychol. (2007)
63:1039-43. doi: 10.1002/jclp.20411

2. International society for the study of self-injury (2020). Available online at:
https://itriples.org/category/about-self-injury/ (Accessed August 21, 2022).

3. Muehlenkamp JJ, Gutierrez PM. An investigation of differences between self-
injurious behavior and suicide attempts in a sample of adolescents. Suicide life-
threatening behavior. (2004) 34:12-23. doi: 10.1521/suli.34.1.12.27769

4. Shorey S, Ng ED, Wong C. Global prevalence of depression and elevated
depressive symptoms among adolescents: A systematic review and meta-analysis.
Br J Clin Psychol. (2021) 61(2):287-305. doi: 10.1111/bjc.12333

5. Lockwood J, Townsend E, Daley D, Sayal K. Impulsivity as a predictor of self-
harm onset and maintenance in young adolescents: a longitudinal prospective study.
J Affective Disord. (2020) 274:583-92. doi: 10.1016/j.jad.2020.05.021

6. Centers for Disease Control and Prevention [CDC]. WISQARS: Web-based
inquiry statistics query and reporting system (2019). Available online at: http://www.
cde.gov/ncipc/wisqars/default.htm (Accessed August 21, 2022).

7. Hedegaard H, Curtin SC, Warner M. Increase in suicide mortality in the United States,
1999-2018. Atlanta, USA: Centers for Disease Control and Prevention (2020). Available online
at: https://www.cdc.gov/nchs/products/databriefs/db362.htm. NCHS Data Brief No. 362.

8. Kiekens G, Hasking P, Bruffaerts R, Alonso J, Auerbach RP, Bantjes J, et al. Non-
suicidal self-injury among first-year college students and its association with mental
disorders: results from the World Mental Health International College Student (WMH-
ICS) initiative. psychol Med. (2021) 53(3):1-12. doi: 10.1017/50033291721002245

9. Muehlenkamp JJ. Distinguishing between suicidal and nonsuicidal self-injury. In:
Nock MK, editor. The oxford handbook of suicide and self-injury. Oxford University
Press, New York (2014). p. 23-46.

Frontiers in Psychiatry

10.3389/fpsyt.2024.1440808

Funding acquisition, Methodology, Project administration,
Supervision, Writing — original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study
was funded by Shanxi Province 136 Revitalization Medical Project
Construction Funds.

Acknowledgments

The authors thank the Shanxi Province 136 Revitalization
Medical Project Construction Funds.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

10. Nock MK. Self-injury. Annual Rev Clin Psychol. (2010) 6:339-63. doi: 10.1146/
annurev.clinpsy.121208.131258

11. Gandhi A, Luyckx K, Molenberghs G, Baetens I, Goossens L, Maitra S, et al.
Maternal and peer attachment, identity formation, and non-suicidal self-injury: a
longitudinal mediation study. Child Adolescent Psychiatry Mental Health. (2019) 13:7.
doi: 10.1186/s13034-019-0267-2

12. Cunningham KC, Aunon FM, Patel TA, Mann AJ, DeBeer BB, Meyer EC, et al.
Nonsuicidal self-injury disorder, borderline personality disorder, and lifetime history of
suicide attempts among male and female veterans with mental health disorders. J Affect
Disord. (2021) 287:276-81. doi: 10.1016/j.jad.2021.03.033

13. Victor Sarah E, Hipwell Alison E, Stepp Stephanie D, Scott Lori N. Parent and peer
relationships as longitudinal predictors of adolescent non-suicidal self-injury onset. Child
Adolesc Psychiatry Ment Health. (2019) 13:1. doi: 10.1186/s13034-018-0261-0

14. Allen K, Fox KR, Schatten HT, Hooley JM. Frequency of nonsuicidal self-injury
is associated with impulsive decision-making during criticism. Psychiatry Res. (2019)
271:68-75. doi: 10.1016/j.psychres.2018.11.022

15. Baer MM, LaCroix JM, Browne JC, Hassena HO, Perera KU, Soumoff A, et al.
Impulse control difficulties while distressed: A facet of emotion dysregulation links to
Non-Suicidal Self-Injury among psychiatric inpatients at military treatment facilities.
Psychiatry Res. (2018) 269:419-24. doi: 10.1016/j.psychres.2018.08.082

16. Tang Y, Wan Y, Xu S, Zhang S, Hao J, Tao F. Nonlinear relationship between
sleep duration and non-suicidal self-injurious behaviour among Chinese adolescents.
BMC Psychiatry. (2021) 21:521. doi: 10.1186/s12888-021-03539-x

17. Khazaie H, Khazaie S, Zakiei A, Diirsteler KM, Briihl AB, Brand S, et al. When
non-suicidal self-injury predicts non-suicidal self-injury and poor sleep-results from a

larger cross-sectional and quasi-longitudinal study. Int ] Environ Res Public Health.
(2021) 18:13011. doi: 10.3390/ijerph182413011

frontiersin.org


https://doi.org/10.1002/jclp.20411
https://itriples.org/category/about-self-injury/
https://doi.org/10.1521/suli.34.1.12.27769
https://doi.org/10.1111/bjc.12333
https://doi.org/10.1016/j.jad.2020.05.021
http://www.cdc.gov/ncipc/wisqars/default.htm
http://www.cdc.gov/ncipc/wisqars/default.htm
https://www.cdc.gov/nchs/products/databriefs/db362.htm
https://doi.org/10.1017/S0033291721002245
https://doi.org/10.1146/annurev.clinpsy.121208.131258
https://doi.org/10.1146/annurev.clinpsy.121208.131258
https://doi.org/10.1186/s13034-019-0267-2
https://doi.org/10.1016/j.jad.2021.03.033
https://doi.org/10.1186/s13034-018-0261-0
https://doi.org/10.1016/j.psychres.2018.11.022
https://doi.org/10.1016/j.psychres.2018.08.082
https://doi.org/10.1186/s12888-021-03539-x
https://doi.org/10.3390/ijerph182413011
https://doi.org/10.3389/fpsyt.2024.1440808
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Zhu et al.

18. Van der venne P, Balint A, Drews E, Parzer P, Resch F, Koenig J, et al. Pain
sensitivity and plasma beta-endorphin in adolescent non-suicidal self-injury. J Affective
Disord. (2021) 278:199-208. doi: 10.1016/j.jad.2020.09.036

19. Holden RR, Patterson AA, Fekken GC. Childhood trauma and non-suicidal self-
injury: Mental pain and depression as mediators in university and community samples?
Pers Individ Dif. (2022) 187:111414. doi: 10.1016/j.paid.2021.111414

20. Burke TA, Stange JP, Hamilton JL, Cohen JN, O’Garro-Moore J, Daryanani I,
et al. Cognitive and emotion-regulatory mediators of the relationship between
behavioral approach system sensitivity and nonsuicidal self-injury frequency. Suicide
life-threatening Behav. (2015) 45:495-504. doi: 10.1111/sltb.12145

21. Guan K, Fox KR, Prinstein MJ. Nonsuicidal self-injury as a time-invariant
predictor of adolescent suicide ideation and attempts in a diverse community sample.
J Consulting Clinical Psychol. (2012) 80:842-9. doi: 10.1037/a0029429

22. Whitlock J, Muehlenkamp J, Eckenrode J, Purington A, Baral Abrams G,
Barreira P, et al. Nonsuicidal self-injury as a gateway to suicide in young adults.
J Adolesc health: Off Publ Soc Adolesc Med. (2013) 52:486-92. doi: 10.1016/
j.jadohealth.2012.09.010

23. Fox KR, Franklin JC, Ribeiro JD, Kleiman EM, Bentley KH, Nock MK. Meta-
analysis of risk factors for nonsuicidal self-injury. Clinical Psychol Review. (2015)
42:156-67. doi: 10.1016/j.cpr.2015.09.002

24. Hankin BL, Abela JR. Nonsuicidal self-injury in adolescence: prospective rates
and risk factors in a 2% year longitudinal study. Psychiatry Res. (2011) 186:65-70.
doi: 10.1016/j.psychres.2010.07.056

25. Hankin BL. Cognitive vulnerability-stress model of depression during
adolescence: investigating depressive symptom specificity in a multi-wave
prospective study. J Abnormal Child Psychol. (2008) 36:999-1014. doi: 10.1007/
510802-008-9228-6

26. Hoft ER, Muehlenkamp JJ. Nonsuicidal self-injury in college students: the role of
perfectionism and rumination. Suicide life-threatening Behavior. (2009) 39:576-87.
doi: 10.1521/suli.2009.39.6.576

27. Jacobson CM, Gould M. The epidemiology and phenomenology of non-suicidal
self-injurious behavior among adolescents: a critical review of the literature. Arch suicide
research: Off J Int Acad Suicide Res. (2007) 11:129-47. doi: 10.1080/13811110701247602

28. Wilcox HC, Arria AM, Caldeira KM, Vincent KB, Pinchevsky GM, O’Grady KE.
Longitudinal predictors of past-year non-suicidal self-injury and motives among college
students. Psychological Med. (2012) 42:717-26. doi: 10.1017/50033291711001814

29. De Beurs DP, Fokkema M, De Groot MH, De Keijser ], Kerkhof AJ. Longitudinal
measurement invariance of the Beck Scale for Suicide Ideation. Psychiatry Res. (2015)
225:368-73. doi: 10.1016/j.psychres.2014.11.075

30. Li XY, Fei LP, Zhang YL, Xu D, Tong YS, Yang FD, et al. Reliability and validity
of the Chinese version of Beck Suicide Ideation Scale(BSI-CV)in adult community
resident. Chin Med Health J. (2011) 25:862-6. doi: 10.3969/j.issn.1000-
6729.2011.11.013

31. Barratt ES. Anxiety and impulsiveness related to psychomotor efficiency.
Perceptual Motor Skills. (1959) 9:191-8. doi: 10.2466/pms.1959.9.3.191

32. Zhou L, Xiao SY, He XY, Li J, Liu HM. Reliability and validity of chinese version
of barratt impulsiveness scale- 11. Chin J Clin Psychol. (2006) 14:343-344 + 342.
doi: 10.3969/.issn.1005-3611.2006.04.005

33. Williams DA, Thorn BE. An empirical assessment of pain beliefs. Pain. (1989)
36:351-8. doi: 10.1016/0304-3959(89)90095-X

34. He T, Zhang MF. The relationship between degree of pain and pain beliefs. Chin
J Nurs. (2011) 46:909-11. doi: 10.3761/j.issn.0254-1769.2011.09.026

35. Buysse DJ, Reynolds CF3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric practice and research. Psychiatry
Res. (1989) 28(2):193-213. doi: 10.1016/0165-1781(89)90047-4

36. Chen XL, Tang HM, Zhou YX, Yang LX, Fu SJ, Zhang LM, et al. The relationship
between bullying behavior, emotional behavior and non-suicidal self-harm of middle
school students. ] Nanchang Univ (Medical Science). (2019) 59:71-5. doi: 10.13764/
j.cnki.nedm.2019.01.017

37. Happell B, Warner T, Waks S, O’'Donovan A, Manning F, Doody R, et al.
Something special, something unique: Perspectives of experts by experience in mental
health nursing education on their contribution. J Psychiatr Ment Health Nurs. (2021) 29
(2):346-58. doi: 10.1111/jpm.12773

38. Auerbach RP, Mortier P, Bruffaerts R, Alonso J, Benjet C, Cuijpers P, et al. WHO
World Mental Health Surveys International College Student Project: Prevalence and
distribution of mental disorders. ] Of Abnormal Psychol. (2018) 127:623-38.
doi: 10.1037/abn0000362

Frontiers in Psychiatry

11

10.3389/fpsyt.2024.1440808

39. Blasco-Fontecilla H, Fernandez-Fernandez R, Colino L, Fajardo L, Perteguer-
Barrio R, De Leon J. The addictive model of self-harming (Non-suicidal and suicidal)
behavior. Frontiers Psychiatry. (2016) 7:8. doi: 10.3389/fpsyt.2016.00008

40. Plener PL, Schumacher TS, Munz LM, Groschwitz RC. The longitudinal course
of non-suicidal self-injury and deliberate self-harm: a systematic review of the
literature. Borderline Pers Disord And Emotion Dysregulation. (2015) 2:2.
doi: 10.1186/s40479-014-0024-3

41. Xu HF, Wang CZ, Hou SB, Hu MM, Li YW, Wang KY. Status quo and analysis
of the research on non-suicidal self-injury behaviors of college students. psychol
Monthly. (2021) 14:221-3. doi: 10.19738/j.cnki.psy.2021.14.105

42. Chapman AL, Gratz KL, Brown MZ. Solving the puzzle of deliberate self-harm:
the experiential avoidance model. Behav Res Ther. (2006) 44:371-94. doi: 10.1016/
j.brat.2005.03.005

43. Stewart SL, Baiden P, Theall-Honey L. Examining non-suicidal self-injury
among adolescents with mental health needs, in Ontario, Canada. Arch suicide
research: Off ] Int Acad Suicide Res. (2014) 18:392-409. doi: 10.1080/
13811118.2013.824838

44. Hird K, Hasking P, Boyes M. Relationships between outcome expectancies and
non-suicidal self-injury: moderating roles of emotion regulation difficulties and self-
efficacy to resist self-injury. Arch suicide research: Off J Int Acad Suicide Res Advance
Online. (2021) 26(4):1688-701. doi: 10.1080/13811118.2021.1983492

45. Carpenter RW, Trull TJ. The pain paradox: borderline personality disorder
features, self-harm history, and the experience of pain. Pers Disord. (2015) 6:141-51.
doi: 10.1037/per0000112

46. Jiang Y, Ren Y, Liu T, You J. Rejection sensitivity and adolescent non-suicidal
self-injury: Mediation through depressive symptoms and moderation by fear of self-
compassion. Psychol Psychotherapy. (2021) 94(Suppl 2):481-96. doi: 10.1111/
papt.12293

47. Peckham AD, Jordan H, Silverman A, Jarvi Steele S, Bjorgvinsson T, Beard C.
From urges to action: negative urgency and nonsuicidal self-injury in an acute
transdiagnostic sample. Arch suicide research: Off J Int Acad Suicide Res. (2020)
24:367-83. doi: 10.1080/13811118.2019.1625831

48. Lutz NM, Chamberlain SR, Goodyer IM, Bhardwaj A, Sahakian BJ, Jones PB, et al.
Behavioral measures of impulsivity and compulsivity in adolescents with nonsuicidal self-
injury. CNS spectrums. (2021) 27(5):1-9. doi: 10.1017/S1092852921000274

49. Kirtley OJ, O’Carroll RE, O’Connor RC. The role of endogenous opioids in non-
suicidal self-injurious behavior: methodological challenges. Neurosci Biobehav Rev.
(2015) 48:186-9. doi: 10.1016/j.neubiorev.2014.11.007

50. Ludischer P, von Kalckreuth C, Parzer P, Kaess M, Resch F, Bohus M, et al. Pain
perception in female adolescents with borderline personality disorder. European Child
Adolescent Psychiatry. (2015) 24:351-7. doi: 10.1007/s00787-014-0585-0

51. Pavony MT, Lenzenweger MF. Somatosensory processing and borderline
personality disorder: pain perception and a signal detection analysis of
proprioception and exteroceptive sensitivity. Pers Disord. (2014) 5:164-71.
doi: 10.1037/per0000017

52. Schmahl C, Baumgirtner U. Pain in borderline personality disorder. Modern
Trends Pharmacopsychiatry. (2015) 30:166-75. doi: 10.1159/000435940

53. Zinchuk MS, Avedisova AS, Voinova NI, Kustov GV, Pashnin EV, Gulyaeva NV,
et al. Vospriyatie boli pri nesuitsidal'nom samopovrezhdayushchem povedenii [Pain
perception and nonsuicidal self-injurious behavior. Zhurnal nevrologii i psikhiatrii
imeni S.S. Korsakova. (2020) 120:144-52. doi: 10.17116/jnevro2020120121144

54. Asarnow JR, Bai S, Babeva KN, Adrian M, Berk MS, Asarnow LD, et al. Sleep in
youth with repeated self-harm and high suicidality: Does sleep predict self-harm risk?
Suicide life-threatening Behavior. (2020) 50:1189-97. doi: 10.1111/sltb.12658

55. Fitzpatrick S, Varma S, Ip J. The impact of homeostatic and circadian sleep
processes on non-suicidal self-injury and suicide urges in borderline personality
disorder. Arch suicide research: Off J Int Acad Suicide Res. (2021) 26(3):1-16.
doi: 10.1080/13811118.2021.1932647

56. Scamaldo KM, Tull MT, Gratz KL. The role of sleep disturbance in the
associations of borderline personality disorder symptom severity to nonsuicidal self-
injury and suicide risk among patients with substance use disorders. Pers Ment Health.
(2021) 16(1):59-69. doi: 10.1002/pmh.1526

57. Park SY. Nomogram: An analogue tool to deliver digital knowledge. J Thorac
Cardiovasc Surg. (2018) 155:1793. doi: 10.1016/j.jtcvs.2017.12.107

58. Belsher BE, Smolenski DJ, Pruitt LD, Bush NE, Beech EH, Workman DE, et al.
Prediction models for suicide attempts and deaths: A systematic review and simulation.
JAMA Psychiatry. (2019) 76:642-51. doi: 10.1001/jamapsychiatry.2019.0174

frontiersin.org


https://doi.org/10.1016/j.jad.2020.09.036
https://doi.org/10.1016/j.paid.2021.111414
https://doi.org/10.1111/sltb.12145
https://doi.org/10.1037/a0029429
https://doi.org/10.1016/j.jadohealth.2012.09.010
https://doi.org/10.1016/j.jadohealth.2012.09.010
https://doi.org/10.1016/j.cpr.2015.09.002
https://doi.org/10.1016/j.psychres.2010.07.056
https://doi.org/10.1007/s10802-008-9228-6
https://doi.org/10.1007/s10802-008-9228-6
https://doi.org/10.1521/suli.2009.39.6.576
https://doi.org/10.1080/13811110701247602
https://doi.org/10.1017/S0033291711001814
https://doi.org/10.1016/j.psychres.2014.11.075
https://doi.org/10.3969/j.issn.1000-6729.2011.11.013
https://doi.org/10.3969/j.issn.1000-6729.2011.11.013
https://doi.org/10.2466/pms.1959.9.3.191
https://doi.org/10.3969/j.issn.1005-3611.2006.04.005
https://doi.org/10.1016/0304-3959(89)90095-X
https://doi.org/10.3761/j.issn.0254-1769.2011.09.026
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.13764/j.cnki.ncdm.2019.01.017
https://doi.org/10.13764/j.cnki.ncdm.2019.01.017
https://doi.org/10.1111/jpm.12773
https://doi.org/10.1037/abn0000362
https://doi.org/10.3389/fpsyt.2016.00008
https://doi.org/10.1186/s40479-014-0024-3
https://doi.org/10.19738/j.cnki.psy.2021.14.105
https://doi.org/10.1016/j.brat.2005.03.005
https://doi.org/10.1016/j.brat.2005.03.005
https://doi.org/10.1080/13811118.2013.824838
https://doi.org/10.1080/13811118.2013.824838
https://doi.org/10.1080/13811118.2021.1983492
https://doi.org/10.1037/per0000112
https://doi.org/10.1111/papt.12293
https://doi.org/10.1111/papt.12293
https://doi.org/10.1080/13811118.2019.1625831
https://doi.org/10.1017/S1092852921000274
https://doi.org/10.1016/j.neubiorev.2014.11.007
https://doi.org/10.1007/s00787-014-0585-0
https://doi.org/10.1037/per0000017
https://doi.org/10.1159/000435940
https://doi.org/10.17116/jnevro2020120121144
https://doi.org/10.1111/sltb.12658
https://doi.org/10.1080/13811118.2021.1932647
https://doi.org/10.1002/pmh.1526
https://doi.org/10.1016/j.jtcvs.2017.12.107
https://doi.org/10.1001/jamapsychiatry.2019.0174
https://doi.org/10.3389/fpsyt.2024.1440808
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Prospectively predicting 6-month risk for non-suicidal self-injury among adolescents after psychiatric hospitalization based on a predictive model
	1 Background
	2 Methods
	2.1 Participants
	2.2 Measures
	2.2.1 Clinical observation index collection questionnaire
	2.2.2 Beck Scale for Suicide Ideation
	2.2.3 Impulsive Behavior Scale BIS-11
	2.2.4 Pain Beliefs and Perceptions Inventory
	2.2.5 Pittsburgh Sleep Quality Index

	2.3 Data collection
	2.4 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Single-factor analysis of NSSI risk within 6 months after hospitalization
	3.3 Multivariate analysis of NSSI risk within 6 months after hospitalization
	3.4 Nomogram construction for NSSI risk among adolescents within 6 months after hospitalization
	3.5 Validation of predictive models

	4 Discussion
	4.1 The prevalence of NSSI among adolescents is relatively high
	4.2 Analysis of risk factors in the NSSI risk prediction model
	4.2.1 Increased recurrences increase the risk of NSSI post-hospitalization
	4.2.2 Medication compliance affects NSSI risk
	4.2.3 NSSI history is a key factor in predicting NSSI
	4.2.4 Impulsive adolescents are more likely to develop NSSI
	4.2.5 Lower pain and belief perception beliefs scores were associated with a higher risk of NSSI
	4.2.6 Worse sleep quality was positively correlated with the risk of NSSI

	4.3 The NSSI risk prediction model displayed high predictive performance
	4.4 Practical implications and research on the NSSI risk prediction model

	5 Limitations
	6 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


