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Summary
Background Non-suicidal self-injury (NSSI) in adolescents is a significant mental health problem around the world. ~ eClinicalMedicine

Here, we performed a meta-analysis to systematically delineate the risk factors for NSSI. 2022;46: 101350
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Method We searched Medline, Embase, Web of Science and Cochrane for relevant articles and abstracts published
prior to 12 November 2021. Pooled odds ratios (ORs) and 95% confident intervals (CIs) were used to assess various
risk factors, and publication bias was assessed by Egger’s test, the trim and fill method and meta-regression. This
study is registered with PROSPERO, CRD42021265885.

Results A total of 25 articles were eventually included in the analysis. Eighty risk factors were identified and classified
into 7 categories: mental disorders (ORs, 1-89; 95% CI, 1-60—2-24), bullying (ORs, 1-98; 95% CI, 1-32—2-95), low
health literacy (ORs, 2-20; 95% CI, 1-63—2-96), problem behaviours (ORs, 2-36; 95% CI, 2-00—2-77), adverse child-
hood experiences (ORs, 2:49; 95% CI, 1-85—3.34), physical symptoms (ORs, 2-85; 95% CI, 1-36—5-97) and the
female gender (ORs, 2-89; 95% CI, 2-43—3-43). The range of heterogeneity (I*) was from 20-3% to 99-2%.

Conclusion This meta-analysis found that mental disorders, low health literacy, adverse childhood experiences, bul-
lying, problem behaviours, the female gender and physical symptoms appear to be risk factors for NSSI.
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Research in context

Evidence before this study

Non-suicidal self-injury is a common behaviour that
threatens the health of adolescents. Although NSSI is
different from attempted suicide, it is a strong predictor
of suicide and therefore an important health issue. We
searched Medline (through PubMed), Embase, Web of
Science and the Cochrane library until 12 November
2021, using the keywords for NSSI “(self-injury behav-
jour OR Nonsuicidal Self Injury” OR Deliberate Self
Harm)” and adolescent “(teen OR youth)” and risk factor
“(health correlates OR risk scores)’. We focused on
screening articles that clearly distinguished the purpose
of self-injury behaviour as non-suicidal and strictly con-
trolled for the age range of adolescents. The quality of
most studies was moderate.

Added value of this study

This was the first meta-analysis to address risk factors
for self-injury in adolescents only. Our study summa-
rized the risk factors that contribute to NSSI behaviours
in this group. The results suggested that mental disor-
ders, low health literacy, adverse childhood experiences,
bullying, problem behaviours, the female gender and
physical symptoms were indeed risk factors for non-sui-
cidal self-injury adolescents. However, the quality of evi-
dence for bullying and mental disorders was low and
needed further study.

Implications of all the available evidence

Based on these risk factors found in the research,
parents, teachers, and medical personnel should be vig-
ilant and implement targeted prevention. In addition,
more high-quality cohort studies are needed to explore
the possible psychological factors and the associated
neurophysiological mechanisms behind these possible
risk factors.

and cultural differences. However, the mainstream
view is that NSSI may be a strategy for regulating
negative emotions.”® It has been reported that
pooled NSSI (including single acts of self-injury)
prevalence was 17.2% amongst adolescents, 13.4%
amongst young adults and 5.5% amongst adults.*
NSSI is associated with various poor outcomes, such
as cognitive impairments, poor interpersonal relation-
ships, and violent crimes.” Early adolescent NSSI may
predict the occurrence of mental disorders in late ado-
lescence, with increased rates of depression, anxiety and
eating disorders.®” NSSI also results in negative
impacts on family, such as difficulties in parent—child
relationships, disrupted family communication, and
family functioning.> Self-harm acts are associated
with suicidal ideation and suicide attempts in

adolescents.' It is estimated that NSSI as a whole is
associated with a 30-fold increase in the risk of suicide
attempt when compared with the general population.”

The causes of self-harm behaviour in adolescents are
complicated and involve genetic, biological, spiritual,
psychological, physiological, social, cultural and other
factors.” Identifying risk factors for NSSI is important
for the early recognition and prevention of this behav-
ioural problem. Previous clinical observations and
cohort studies have reported various risk factors for
NSSI, such as chronic interpersonal stress, early-life
adversity, and digital media use. A meta-analysis con-
ducted in 2015 analysed the risk factors for NSSI behav-
iours in people aged 10 to 44" and found that there is a
lack of unified predictive factors and that standardized
NSSI measurements are needed. This updated study
aimed to systematically analyse the risk factors associ-
ated with NSSI in adolescents to inform NSSI preven-
tion and intervention strategies.

Method

Search strategy

We searched English articles published up to 12 Novem-
ber 2021 in the following databases: Medline (through
PubMed), Embase, Web of Science and the Cochrane
Library. Primary search terms for Medline included
(“self-injury behaviour” OR “self-injurious behaviour*”
OR “Intentional Self Injury*” OR “Intentional Self
Harm” OR “Non-suicidal Self Injury” OR “Non-suicidal
Self Injury*” OR “Deliberate Self-Harm” OR
“Deliberate Self Harm” OR “Self Injury*” OR “Non Sui-
cidal Self Injury*” OR “Self Harm” OR “Self Destructive
Behaviour*”) AND (“Adolescent*” OR “Teen*” OR
“Teenager*” OR “Youth*” OR “Female Adolescent*”
OR “Male Adolescent*”) AND (“Risk Factor” OR
“Health Correlates” OR “Risk Scores” OR “Risk Factor
Score” OR “Population at Risk”), a more detailed search
strategy see Appendix 1. The search strategy was modi-
fied accordingly for the other databases. The initial
study protocol was preregistered at PROSPERO
(CRD42021265885).

Inclusion criteria and data extraction

Two researchers independently assessed the titles and
abstracts for potential eligibility that satisfied the above
search strategy, and then full-text articles were further
assessed by two researchers to determine whether they
met the inclusion criteria. Any potential dispute was
resolved through discussion. The final included articles
met the following criteria: (1) the age of the samples
ranged from 10 to 20 years old; (2) the study was either
a case—control or cohort study, with the cohort study
followed up for at least 1 year; and (3) the definition of
NSSI can be clearly distinguished from suicide attempt
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and suicide behaviour (suicidal thoughts need to be
explicitly excluded in all included articles). We com-
pared studies involving repetitive groups in terms of
publication time, sample size, article quality and
whether the research involved is ongoing.

All data were independently extracted by two
researchers, and the following data were collected for all
articles: authors, year of publication, country, size of
sample, sample age, population type (i.e., community,
hospital or school-based), type of NSSI behaviour,
period prevalence measure (e.g., lifetime NSSI or 12-
month NSSI), and risk factors. In terms of quality
assessment, the Newcastle—Ottawa Quality Scale (NOS)
was used to evaluate the quality of the articles. The full
score of the scale was 9, with o—4 points for low-quality
studies, 5—6 points for moderate-quality studies, and 77
—9 points for high-quality studies (Appendix 2).

Statistical analysis

Stata version 14-0 was used to pool the results from the
individual studies. We used random-effects models for
this study, which allow for true effects to differ across
different studies when compared with fixed effects mod-
els. Considering the different sample sources, experi-
mental methods and designs used in the included
studies, we initially assumed that there was signifi-
cant heterogeneity between the studies. In the process
of data extraction, the odds ratio (OR) was taken as
the main index. Due to the large heterogeneity in the
analysis, we conducted heterogeneity and sensitivity
analyses on the overall group and the subgroup,
respectively.

Data were summarized as ORs, and the 95% confi-
dence interval (95% CI) for each outcome was used to
reflect the uncertainty of point estimates. ORs=1.0
indicated no association, ORs ( 1.0 indicated that this
factor might be a protective factor, and ORs ) 1.0 indi-
cated a risk factor. The heterogeneity of those variations
across studies was examined with I-squared (I*) values,
which provide a percentage of the proportion, with an I*
value of o—25% representing low inconsistency, 25
—75% representing moderate inconsistency, and > 75%
representing high inconsistency. The research results
were summarized with a common forest plot. For the
publication bias of those studies, we used funnel plots
for rough qualitative analysis. The Egger’s test was used
to quantitatively evaluate publication bias; if publication
bias was shown, the trim and fill method was used to
evaluate the influence of bias on the obtained results.
Moreover, the subgroup analysis of different risk factors
was conducted, and meta-analysis with high heteroge-
neity (I* > 75%) was further evaluated by meta-regres-
sion. The variables included in the regression to
consider their potential moderating effects were (1)
study type (case—control/cohort study), (2) population
type, (3) period prevalence measure, and (4) country.
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Role of funding source

The funders of this study had no direct role in the study
design, data collection, data analysis, or data interpretation.
TFY, SHH and CHN critically revised and edited drafts of
the paper. All of the authors had access to the data and
decided to submit the manuscript for publication.

Results

Results of searching

The initial database search produced 13,152 records, with
a total of 11,083 records remaining after removing dupli-
cates and manually searching. Subsequently, screenings
by title, abstract and full text led to the result with 25 stud-
ies (Figure 1), after 162 articles were excluded from the
meta-analysis. In total, 8o risk factors were included in
this analysis, and they were divided into 7 categories:
adverse childhood experiences, bullying, low health liter-
acy, the female gender, mental disorders, physical symp-
toms, and problem behaviours. The pooled OR of all
factors was 2-25 (95% CI, 2-04—2-48), which is highly
heterogeneous (I*=98-3%, p=0-000) and very signifi-
cant. Therefore, different risk factors were divided into 7
categories and discussed separately (Table 2).

Characteristics of the included studies

Of the twenty-five studies eventually included, eighteen
were case—control studies, and the remaining seven
were cohort studies. Eight studies were conducted in
China, seven in the US, three in Canada, and one each
in Australia, Singapore, Iran, Turkey, Norway, South
Korea and three European cities. The number of NSSI
samples included in the studies ranged from 26 to
20,416. In addition, most of the articles used the self-
report method to conduct NSSI classification, and only
2 articles used interviews (Table 1).

Adverse childhood experiences

A total of 16 factors associated with adverse child-
hood experiences (ACEs) were attributed to this cate-
gory, which included high adolescent childhood
experience scores, family loneliness, low social sup-
port, parents’ substance abuse, forced sexual behav-
iours, forensic history, history of sexual abuse,
sexual abuse, perceived social support, birth outside
of the country, no religious or spiritual context, psy-
chological functioning of the family, friend had
attempted suicide, episodes of childhood abuse, mid-
dle school and lower economic status. Although this
category included society, family, school, and other
aspects, in terms of combined outcomes, adolescents
with ACEs were more likely to have NSSI behaviours
than healthy adolescents (OR, 2:49; 95% CI, 1.85
—3-34), although there was a large heterogeneity
observed (I*= 94-9%; P < 0-000) (Figure 2).
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-no clear definition of NSSI (N=67)

Figure 1. Flow chart of the search for relevant references.

Bullying

A total of 7 studies covered bullying, with the main
categories being traditional bullying and cyberbully-
ing. The pooled OR (OR, 1-98; 95% CI, 1-33—2-95)
showed that bullying was a relatively weak risk factor
in all categories. At the same time, the studies on
bullying had great heterogeneity (I*=95-5%;
P=o0-001) (Figure 2).

Low health literacy

Health literacy is a person’s ability to obtain, understand
and process basic health information and make corre-
sponding health decisions.'* There were two studies
involving health literacy from China, and the combined
results were significantly different (OR, 2-20; 95% CI,
1-63—2-96). However, due to the small number of

included studies, the results may lack reliability to an
uncertain extent (Figure 3).

Female gender

Eight studies reported on gender. Most studies indi-
cated that female adolescents were more likely to have
NSSI than male subjects. Furthermore, the sex differ-
ence may decrease with age, and the merged result (OR,
2-89; 95% CI, 2-43—3-43) was significant with a greater
impact. The heterogeneity of the studies on gender was
low (I* =20-3%; P < o-oo01) (Figure 3).

Physical symptoms
Five risk factors were mentioned in this category, which
included disabilities and sleep problems. Different from
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Risk factor No. of studies Heterogeneity Pooled OR 95% CI Pooled effect size test
1 (%) tau® z P
Adverse Childhood Experiences 15 94.9% 0-286 2.49 1-85—3.34 6-056 0-000
Bullying 7 95-5% 0.237 1.98 1.33-2.95 3-348 0-001
Low Health Literacy 2 95-6% 0.044 2:20 1.63—2-96 5-182 0-000
Female Gender 8 20-3% 0-012 289 2:43-3.43 12-132 0-000
Mental Disorders 21 99-2% 0-123 1-89 1.60—2-24 7-519 0-000
Physical Symptoms 5 92-8% 0-640 2.85 1-36—5-97 2.771 0-006
Problem Behaviours 21 91-8% 0:099 2:36 2:00-2.77 10-274 0-000
Overall 80 98:3% 0-154 225 2:04-2.48 16-125 0-000
Table 2: Risk factor categories.

our expectation, the effect of physical problems on NSSI
behaviours was significant (OR, 2-85; 95% CI, 136
—5-97). However, at the same time, due to the low num-
ber of studies and high heterogeneity (I*=92-8%, p <
0-001), this result may be unstable (Figure 3).

Mental disorders

Mental disorders included 21 factors, amongst which
depression and anxiety symptoms were the most com-
mon, while personality disorders, adaptation disorders,
emotional scale scores and psychological symptoms
were also included. The NSSI patients were recruited in
hospitals, communities, and school groups. In terms of
the pooled OR (OR, 1-89; 95% CI, 1-60—2-24), the
impact of mental disorders was not as strong as we
expected, and the results had some heterogeneity
(I =99-2%; P=o0-001) (Figure 4).

Problem behaviours

Problem behaviour refers to behaviours that may be not
conducive to the future development of young people.
In the merged results, the pooled OR was 2-36 (95% CI,
2-00—2-77; 1?=91-8%, P=o0-001). Twenty-one factors
were included in this category, including internet addic-
tion, alcohol/substance use, smoking, problematic
mobile phone use, having run away from home, suicide
attempt, internet/mobile phone abuse, intentional mis-
use of prescription medications, avoidance, opioid mis-
use, sedative misuse, and gaming disorder (Figure 4).

Publication bias

Except for the female gender, the distribution of scat-
tered points in the funnel plot was asymmetric, suggest-
ing potential publication bias. The funnel plot, however,
provided a relatively symmetrical pattern, indicating
that the possibility of publication bias was slight. This
distribution did not indicate that more extreme results
were selectively accepted for publication. Since the stud-
ies on low health literacy were too few to complete the
Egger test, no publication bias analysis was performed.
We then performed Egger’s test on other categories and
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found that the results of ACEs, bullying, mental disor-
ders and problem behaviours were significantly differ-
ent, which may be due to publication bias. By
supplementing the virtual literature with the trim and
fill method, it was found that the results of ACEs and
problem behaviours were very stable, indicating that
publication bias had little effect on the results. In con-
trast, the results of bullying and mental disorders were
not stable, indicating that the influence of publication
bias on the results was present, and more studies in this
area are needed.

We also carried out meta-regressions with study
type, population type, period prevalence measures,
country of study, and literature quality as variables to
further explore the possible sources of heterogeneity. It
was found that the study type (b=1-038, p=0-795) and
study quality (b=0-959, p=0-7906) were not important
sources of heterogeneity. Population type (b=1-196,
p=0-042), period prevalence measures (b=o0-753,
p=0-003), and country of study (b=1-053, p=0-029)
may be sources of heterogeneity. We conducted sub-
group analyses based on these three possible sources.
However, the subgroup heterogeneity of a small num-
ber of studies was not significant, while the subgroup
heterogeneity of a large number of studies remained
high. This suggests that these three variables may regu-
late the generation of heterogeneity, but they them-
selves were not important sources of heterogeneity.

Discussion
This meta-analysis was based on eighteen case—control
studies and seven cohort studies, with an overall sample
of more than 55,596 people with NSSI behaviour. The
pooled data suggested that the female gender, physical
symptoms, ACEs, problem behaviours, low health liter-
acy, bullying and mental disorders were potential risk
factors for NSSI. We also note that the included studies
were highly heterogeneous and had a certain publica-
tion bias.

Our study was the first comprehensive meta-analysis
focusing on NSSI behaviour in adolescents, given that
NSSI is highly prevalent in adolescence and can lead to
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A

Study (Year) OR (95% CI) Weight (%)
Giletta et al. (2011) <+ 1,36 (1.16, 1.59) 7.76
Wan et al. (2018) E - 4.65 (3.79,5.70) 7.65
Wan et al. (2018) - E 2.00(1.77,2.27) 7.83
Lauw et al. (2018) —i—’_ 3.66(1.16, 11.53) 3.61
Tsai etal. (2011) —_—— 8.96(1.22, 14.88) 327
Stewart et al. (2014) —— E 1.51(1.12,2.03) 7.34
Monto et al. (2018) - i 1.56 (1.24,1.97) 7.57
Andrews et al. (2013) —_——— 3.05(1.10, 8.47) 4,07
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Figure 2. Forest plots for adverse childhood experiences and bullying

A, Forest plot of effect size and 95% Cl of adverse childhood experiences (random effects model); B, Forest plot of effect size and
95% ClI of bullying (random effects model). The diamonds represent individual studies and pooled effect sizes, and the lines repre-
sent 95% confidence intervals for each main study. OR = odds ratio.
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Figure 3. Forest plot for low health literacy, female gender, and physical symptoms

A, Forest plot of effect size and 95% Cl of low health literacy (random effects model); B, Forest plot of effect size and 95% CI of
female gender (random effects model); C, Forest plot of effect size and 95% Cl of physical symptoms (random effects model). The
diamonds represent individual studies and pooled effect sizes, and the lines represent 95% confidence intervals for each main
study. OR = odds ratio.
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Figure 4. Forest plot for mental disorders and problem behaviours

T
015625

2

NOTE:Weights e from random-cfccts model

A, Forest plot of effect size and 95% Cl of mental disorders (random effects model); B, Forest plot of effect size and 95% Cl of
problem behaviours (random effects model). The diamonds represent individual studies and pooled effect sizes, and the lines repre-

sent 95% confidence intervals for each main study. OR = odds ratio.

irreparable consequences.’>'® Compared with adults,

the risk factors for NSSI in adolescents are different.
Adults are more likely to be affected by previous NSSI
experiences and emotional disorders associated with
NSSI behaviour.” In contrast, NSSI in adolescents is
associated with sleep problems and ACEs.

The results derived from studies with less heteroge-
neity showed that female adolescents were more prone
to have NSSI behaviour than their male counterparts,
which is in line with previous community-based stud-
ies.”” In addition, there is also evidence that male and
female adolescents may choose different modes of
NSSI. Women are more likely to cut the skin, scratch,
and bite, while men are more likely to hit, beat and
burn.” There are also gender differences in terms of
self-reported causes of NSSI. Female adolescents adopt
self-injury behaviour mainly for regulating emotions
and self-control. Male teenagers, however, are more
prone to impulsive pleasure.”® In the face of stressors
and negative emotions, men are more likely to initiate
strategies to solve problems, whereas women are more
likely to focus on emotionally directed coping strate-
gies."” However, emotional strategies are often mal-
adaptive, and females also have a greater risk for
internalization difficulties.*® Adolescent females are
more likely to report internalization symptoms than
males leading to mental illness (such as depression and
anxiety), while males have a greater prevalence of exter-
nalization disorders (extraverted aggression and sub-
stance abuse).”"** The high incidence of emotional
disorders amongst women may contribute to the high
incidence of NSSI in women; in addition, women may

be more dependant on NSSI behaviour to release their
negative emotions.*?

Low health literacy and mental disorders were also
risk factors for NSSI, although the relevant studies were
highly heterogeneous. It was found that emotion dysre-
gulation was associated with a higher risk for NSSI
amongst individuals across settings. In adolescence,
there is limited efficacy of adaptive internal emotion
regulation.”**> Therefore, during the process of dealing
with negative emotions, teenagers lack effective coping
strategies and are more likely to engage in NSSI behav-
iour for relief. This can result in more serious psychoso-
cial consequences (shame, guilt, peer discrimination,
and teacher and parental criticism) and self-criticism,
resulting in impaired social relations and negative emo-
tions, creating a vicious circle. It was also found in
female adolescents with depression that the activation
of the left frontal cortex related to positive emotions was
reduced, while it was the opposite in healthy groups."”
We speculate that frontal alpha asymmetry may also
exist in adolescents with NSSI, which needs to be veri-
fied.

Adverse childhood experiences, bullying and prob-
lem behaviours are important risk factors, which
include the negative impact of family, school, and soci-
ety on adolescents. These factors may cause short-term
physical and psychological health damage to individuals
and adversely affect lifelong health, increasing the over-
all medical burden on society.® Repeated exposure to
such adverse stress events in childhood and adolescence
may lead to the deviation of development trajectory,
increase the occurrence of emotional symptoms, affect

www.thelancet.com Vol 46 Month April, 2022



Articles

the development of cognitive function and the forma-
tion of personality characteristics. Thus, preventing
ACEs can, to a large extent, reduce the incidence of
health hazards.”” *° In terms of biological mecha-
nisms, adverse experiences may have a negative impact
on adolescents, such as brain structural changes, the
HPA axis and circulating inflammatory cytokines.’® A
cohort study found that the higher the ACEs score, the
higher the risk of self-injury at 16 years old; however,
the psychological and biological mechanisms between
ACEs and NSSI still require further study.*

There were some limitations to the present study.
First, almost all studies used self-report as the standard
of classification. Most researchers and clinicians classi-
fied NSSI behaviours after excluding any intent to die or
commit suicide. Therefore, a more reliable classification
method is needed to distinguish between NSSI and
suicide attempts. Second, sample representativeness,
sample type, period prevalence measure and other
factors may influence the results. The number of
studies of some risk factors was too small for meta-
analysis, and hence, the interpretation of results and
publication bias are still limited by the small study
numbers. Third, all the articles included both clinical
and nonclinical samples, and the risk factors for
NSSI behaviours in these groups may be different.
Finally, the present study selected both case—control
studies and cohort studies; more cohort studies with
longer follow-up times are required to validate the
present findings.

In conclusion, this meta-analysis identified potential
risk factors for NSSI behaviour in adolescents. Such
findings may help develop strategies for the early recog-
nition and prevention of adolescent NSSI.
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