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Abstract
Based on previous empirical evidences and theoretical framework, sleep problems and non-suicidal self-injury (NSSI)/
suicidal behavior may bidirectionally related to one another. However, this still needs to be examined through longitudinal 
research. Moreover, the mediating mechanisms accounting for their potential bidirectional relations have yet to be fully 
investigated. This study thus aimed to evaluate whether sleep problems and NSSI/suicidal behavior promoted each other 
directly or indirectly through the mediating roles of emotion regulation difficulties (ERD) and externalizing problems. A 
total of 1648 Chinese adolescents (48.12% boys; Mage = 13.69; SD = 0.82; Age range = 11–16 years old at T1) completed 
self-report measures on 3-time points across 1 year. Cross-lagged panel models were used to examine the focal longitudinal 
associations. Results revealed a predictive effect of sleep problems on NSSI and a positive bidirectional relation between 
sleep problems and suicidal behavior. Moreover, sleep problems exerted an indirect effect on NSSI through ERD, and vice 
versa. Additionally, both ERD and externalizing problems served as mediators in the pathway from suicidal behavior to 
sleep problems. This study disentangled the differential mediating roles of ERD and externalizing problems in the longitu-
dinal associations between sleep problems and NSSI/suicidal behavior, which may help provide a more holistic theoretical 
framework through which to precisely identify key targets for early prevention and intervention of sleep problems and NSSI/
suicidal behavior in adolescents.

Keywords Sleep problems · Non-suicidal self-injury · Suicidal behavior · Emotion regulation difficulties · Externalizing 
problems · Adolescents

Introduction

Recent studies have provided compelling evidence of a 
strong association between sleep problems and risky behav-
iors among adolescents [1], encompassing non-suicidal self-
injury (NSSI; the direct, self-inflicted damage of one’s own 
body tissue without the intent to die and for purposes that 

are not socially sanctioned [2]) as well as suicidal behavior 
(including suicidal ideation, suicide plans, suicide attempts, 
the threat of suicidal behavior, and the possibility of future 
suicidal behavior [3]). However, the majority of studies fail 
to elucidate the directionality of effects. It remains uncer-
tain whether sleep problems contribute to an increased risk 
of NSSI/suicidal behavior or if NSSI/suicidal behavior 
reversely exacerbates sleep problems in adolescents. Fur-
thermore, limited previous research has provided insight 
into the underlying mechanism that establishes a close link 
between sleep problems and NSSI/suicidal behavior among 
adolescents. To address the aforementioned limitations in 
the extant literature, the present study thus aimed to inves-
tigate if there is a reciprocal relation between sleep prob-
lems and NSSI/suicidal behavior in adolescents, along with 
exploring the underlying mediating mechanisms.
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Sleep problems and NSSI/suicidal behavior

Sleep problems, which encompass a range of issues asso-
ciated with sleep such as insomnia, hypersomnia, night-
mares, and abnormal sleep–wake cycles, increase dra-
matically during adolescence [4] due to the occurrence 
of broad physical, psychological, and social changes in 
this period, which particularly facilitate adolescents’ sus-
ceptibility to NSSI/suicidal behavior. Both cross-sectional 
studies and meta-analyses have consistently demonstrated 
a positive association between sleep problems and NSSI/
suicidal behavior among adolescents [5–7]. Furthermore, 
a limited number of longitudinal studies have provided 
partial support for these findings by demonstrating that 
sleep problems predict subsequent engagement in NSSI/
suicidal behavior.

Despite the ample evidence of the effect of sleep prob-
lems on NSSI/suicidal behavior, most of the previous 
research failed to explore the possibility of bidirectional 
relations between them. Sleep problems are commonly 
believed to precede NSSI and suicidal behavior, with lim-
ited research exploring the possibility of NSSI/suicidal 
behavior affecting sleep problems [8]. Furthermore, lit-
tle is known about the underlying mechanisms that may 
explain the potential reciprocal relations between these 
phenomena. Relatedly, Latina et al. [9] newly proposed 
a theoretical model that outlined a bidirectional relation 
between insomnia symptoms and NSSI. Specifically, 
they hypothesized that heightened depressive symptoms 
and impulsivity resulting from insomnia increase NSSI. 
Reversely, the shame associated with NSSI triggers repeti-
tive negative thinking, further increasing insomnia. The 
study of Latina et al. [9] finally supported the bidirectional 
relations between insomnia and NSSI and the mediating 
role of depressive symptoms in the pathway from insomnia 
to NSSI.

Although informative, this study has several limita-
tions that warrant further investigation in future research 
[9]. First, a sample of Swedish adolescents was taken as 
participants in the study. Given cultural variations, fur-
ther studies are needed to replicate these findings in other 
populations from different cultural settings. Second, this 
study only focused on insomnia, which is merely a facet 
of sleep problem. Indeed, previous research has indicated 
that other sleep disturbances (e.g., nightmares, sleep defi-
cits) are also closely related to NSSI/suicidal behavior 
[10, 11]. Therefore, future studies should test this model 
using sleep problems other than merely insomnia symp-
toms. Third, this study only investigated the relationship 
between insomnia and NSSI, while sleep problems are 
also tightly linked to suicidal behavior in adolescents [12]. 
Previous studies have revealed a strong correlation and 

frequent coexistence between NSSI and suicidal tenden-
cies among adolescents [13, 14]. Furthermore, these two 
phenomena exhibit noteworthy similarity in terms of their 
psychological and pathological causes [15, 16]. Therefore, 
it is necessary to investigate whether a reciprocal relation-
ship exists between sleep problems and suicidal behavior. 
Fourth, this study specifically focused on investigating 
depression, impulsivity, worry, and rumination as poten-
tial mediators. However, it is imperative for future research 
to enhance this model by broadening the understanding of 
potential mediators.

Given the aforementioned limitations of extant literature, 
this study aimed to investigate whether there are potential 
bidirectional relations between sleep problems and NSSI/
suicidal behavior and to elucidate some of the underlying 
mechanisms that could account for these associations in a 
sample of Chinese adolescents.

ERD and externalizing problems 
as mediators

The longitudinal mechanisms underlying the relationship 
between sleep problems and NSSI/suicidal behavior have not 
been fully explored in previous research [9, 12]. To obtain a 
comprehensive understanding of the potential bidirectional 
associations between sleep problems and NSSI/suicidal 
behavior during adolescence, the present study aimed to 
investigate two potential mediators.

One possible mediator is ERD, which is defined as dif-
ficulties in identifying, understanding, and accepting emo-
tions, controlling impulsive behaviors when distressed, and 
flexibly modulating emotional responses as situationally 
appropriate [17]. On one hand, the bidirectional relations 
between sleep and emotions have been addressed in a review 
utilizing an abundance of empirical evidences. Specifically, 
Kahn et al. [18] put forward the notion of a “vicious cycle” 
whereby sleep disturbances undermine the ability to regulate 
emotions, often resulting in heightened negative emotions 
that subsequently disturb sleep, further deteriorating emo-
tional well-being. On the other hand, a bidirectional relation 
was also revealed in a previous study such that poor emo-
tion regulation predicted future engagement in NSSI, while 
involvement in NSSI forecast subsequent declines in emo-
tion regulation [19]. This bidirectional risk relation implies 
that adolescents resort to NSSI due to poor emotion regula-
tion, and importantly, this behavior may further impair their 
capacity to regulate emotions. Take together, it was plausible 
to hypothesize that ERD would mediate the potential bidi-
rectional relations between sleep problems and health-risk 
behavior, including NSSI and suicidal behavior. Namely, 
sleep problems may increase subsequent ERD, which conse-
quently leads to the emergence of NSSI/suicidal behavior in 
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adolescents. Conversely, engaging in NSSI/suicidal behavior 
may render adolescents more likely to have difficulties in 
emotion regulation, and thus develop sleep problems.

Furthermore, some previous studies have investigated the 
unidirectional mediating impact of emotion regulation on 
the correlation between sleep and NSSI/suicidal behavior, 
which indicates the necessity for further exploration of the 
bidirectional mediating effect of ERD in the longitudinal 
relations between NSSI/suicidal behavior. For instance, a 
study of 152 undergraduates indicated that emotional dys-
regulation played a fully mediating role between nightmares 
and NSSI [10]. Similarly, a study with a sample of 40 Amer-
ican adolescents reported that emotion dysregulation fully 
accounted for the relationship between insufficient sleep and 
NSSI [20]. Additionally, another study among 972 Turkish 
adults indicated that emotion regulation mediated the direct 
effect of nightmares on suicide risk and suicide attempts 
[21]. Considering that the previous studies only employed 
cross-sectional research designs to examine the unidirec-
tional mediating effect of emotional regulation, this study 
aimed to further investigate the potential bidirectional medi-
ating role of ERD in the relations between sleep problems 
and NSSI/suicidal behaviors.

Another possible mediator is externalizing problems, 
which refer to various types of maladaptive behaviors such 
as aggression, hyperactivity/inattention, and conduct prob-
lems [22]. There has been limited research examining the 
mediating role of externalizing problems in the relationship 
between sleep problems and NSSI/suicidal behavior. Despite 
the lack of direct evidences, previous studies have provided 
relevant evidence for the possible bidirectional mediating 
effect of externalizing problems between sleep problems and 
NSSI/suicidal behavior. For one thing, previous longitudinal 
studies have revealed bidirectional relations between sleep 
problems and externalizing problems/behavioral problems 
in children samples [23, 24]. For another, previous research 
has suggested the close links between externalizing prob-
lems and NSSI/suicidal behavior. For instance, a review of 
35 studies suggested that externalizing problems in NSSI 
groups were significantly higher than in control groups, 
and the patients with conduct problems had higher preva-
lence rates of NSSI [25]. Another study of 20,702 Chinese 
adolescents also indicated that adolescents with single or 
multiple suicide attempts presented more externalizing prob-
lems [26]. The aforementioned cross-sectional and longitu-
dinal research findings have highlighted the need to further 
examine the directionality of the association between sleep 
problems and NSSI/suicidal behavior, as well as whether 
externalizing problems would function as a bidirectional 
mediator within these relations. Specifically, it also seemed 
reasonable to hypothesize that sleep disturbances have the 
potential to compromise adolescents’ capacity to regulate 
impulsivity [27], resulting in challenges such as inattention, 

aggression, and deviant behavior [28]. These problematic 
behavior may further heighten their susceptibility to devel-
oping self-injurious behaviors and suicidal tendencies. 
Conversely, research indicates that adolescents who engage 
in self-harming behaviors usually report elevated levels of 
physiological responsiveness when confronted with stress, 
along with difficulties in deliberative decision-making [29], 
which are associated with an increased risk of externalizing 
problems. Consequently, these externalizing problems may, 
in turn, impede adolescents from attaining and sustaining 
restful sleep [23].

Overall, although multiple cross-sectional and longitu-
dinal studies have established that sleep problems, ERD, 
externalizing problems and NSSI/suicidal behavior are 
closely associated with one another, the directionality and 
underlying mechanism of these associations remain unclear. 
Therefore, the present study sought to investigate whether 
the hypothesized vicious cycle between sleep problems and 
NSSI/suicidal behavior would be driven by ERD and exter-
nalizing problems, which would help inform the focus and 
timing of prevention and interventions.

The current study

This study aimed to explore how sleep problems and NSSI/
suicidal behavior concurrently and longitudinally influence 
one another, as well as how they are related to ERD and 
externalizing problems in adolescents. Based on the extant 
literature, two related hypotheses were formulated: (a) Posi-
tive bidirectional relations would exist between sleep prob-
lems and NSSI/suicidal behavior; (b) ERD and externalizing 
problems would function as mediators in the bidirectional 
relations between sleep problems and NSSI/suicidal behav-
ior. Given that age, gender, and family socioeconomic status 
(SES) have been proven to be potential contributors to the 
study variables [30, 31], they were addressed as covariates, 
and gender differences were further analyzed in this study.

Methods

Participants

A total of 1648 Chinese adolescents (48.12% boys; 
Mage = 13.69; SD = 0.82; Age range = 11–16 years old at 
T1) in junior middle school were recruited in a city located 
in Guangdong province, China. Of the participants at Time 
1, 48.00% were in Grade 7 (Mage = 13.33; SD = 0.70), and 
52.00% were in Grade 8 (Mage = 14.09; SD = 0.74). With 
regard to paternal education level, 77.88% attained a junior 
high school or below; 18.30% attained a high school or 
technical secondary school education, and 3.82% attained 
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a bachelor degree or above. As for maternal education 
level, the percentages were about 82.14%, 15.54% and 
2.32%, respectively. The participants completed three 
assessments over 1 year with six-month intervals. Of the 
participants at Time l, 96.54% (1591), 93.63% (1543) 
retained in this study from Time 2 to Time 3, respectively. 
Attrition was mainly attributed to changing schools, sick 
leave or private affairs leave during the assessment.

A normed chi-square (χ2/df) of 1.21 (p < 0.001) was 
revealed by the Missing Completely at Random (MCAR) 
test [32]. The χ2 is quite susceptible to the sample size, 
and a chi-square under 3.0 is the accepted critical thresh-
old, thus the current results implied that the pattern of the 
missing data in this study wasn’t essentially distinct from 
a random pattern [33]. Thus, Full Information Maximum 
Likelihood (FIML) was used in data analyses in this study.

Procedures

The current study was approved by the Ethics Review 
Committee of Education School, Guangzhou University 
and the relevant school boards, principals, and teach-
ers. Student assent and parents’ informed content were 
obtained before data collection. Self-report measures were 
administered to participants in the regular classroom envi-
ronment by trained graduate assistants during assessments. 
Participants were informed of the general nature of this 
study and promised that their responses would be treated 
confidentially. Moreover, participants could take as much 
time as needed to complete the measures and withdraw 
from the study at any time.

Measures

Sleep problems

Sleep problems were assessed with the Chinese version of 
the Pittsburgh Sleep Quality Index (PSQI) [30], which is a 
self-reported questionnaire comprising 19 items. The PSQI 
evaluates seven dimensions of sleep during the past month: 
subjective sleep quality, sleep latency, sleep duration, habit-
ual sleep efficiency, sleep disturbance, uses of sleep medica-
tion, and daytime dysfunction. Each dimension was rated 
from 0 to 3, and total scores for the seven dimensions were 
calculated, with higher total scores indicating higher levels 
of sleep problems. The PSQI has shown satisfactory reliabil-
ity and validity in Chinese adolescents [31]. The Cronbach’s 
coefficients α for PSQI in this study were 0.72, 0.76, 0.81 at 
T1, T2, and T3, respectively.

Emotion regulation difficulties

ERD was measured by the Difficulties in Emotion Regula-
tion Scale Short Form (DERS-SF), which is derived from 
the Difficulties in Emotion Regulation Scale (DERS) [17]. 
DERS-SF consists of 18 items combined into 6 dimensions: 
nonacceptance of emotional responses, difficulties engaging 
in goal-directed behavior, impulse control difficulties, lack 
of emotional awareness, limited access to emotion regula-
tion strategies, and labeled lack of emotional clarity. Each 
item was rated from 1 (almost never) to 5 (almost always), 
and total scores for the 18 items were calculated, with a 
higher total score indicating a highers level of ERD. Previ-
ous studies have indicated good reliability and validity for 
DERS-SF among Chinese adolescents [34]. The Cronbach’s 
coefficients α for DERS-SF in this study were 0.87, 0.89, 
0.88 for T1 to T3, respectively.

Externalizing problems

Externalizing problems were measured through two sub-
scales from Strength and Difficulties Questionnaire (SDQ) 
[35], including hyperactivity/inattention and conduct prob-
lems. Each subscale includes five self-reported items which 
are rated on a 3-point Likert scale, from 0 = “unlike me” 
to 2 = “very much like me”. The possible score range for 
each subscale is 0–10, and total scores for the two subscales 
were calculated, with a higher total score indicating a high-
ers level of externalizing problems. The Chinese version 
of SDQ has shown satisfactory psychometric properties in 
Chinese adolescents [36]. The Cronbach’s coefficients α for 
SDQ in this study were 0.77, 0.81, and 0.84 for T1 to T3, 
respectively.

Non‑suicidal self‑injury

The current study assessed seven NSSI behaviors chosen 
from the Deliberate Self-Harm Inventory (DSHI) [37], 
including self-cutting, burning, biting, punching, scratch-
ing, inserting sharp objects into nail or skin, and banging 
the head or other parts of the body toward the wall. Previ-
ous studies have shown that the above NSSI behaviors were 
relatively common among adolescents, and they had been 
used to evaluate NSSI in Chinese youth in prior studies [38]. 
Participants were asked “In the past year, have you deliber-
ately harmed yourself (without suicidal intent)?” Besides, 
considering that the measurement interval in this study was 
six months, we have changed the phrase “in the past year” 
to “in the past six months” in the questionnaire used at T2 
and T3. The seven items were rated on a 4-point scale, from 
1 (‘never’) to 4 (‘six times or more’), with higher total score 
indicating higher levels of NSSI. This scale has shown suf-
ficient concurrent and overtime validity in Chinese youth 
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[38]. The Cronbach’s coefficients α for this scale in this 
study were 0.85, 0.87, and 0.90 for T1 to T3, respectively.

Suicidal behavior

The Suicidal Behaviors Questionnaire-Revised [3] was used 
to assess suicidal behavior in the past year among partici-
pants in this study. The SBQ-R consists of four items, evalu-
ating four dimensions of suicidal behavior: lifetime suicidal 
ideation and suicidal attempt; the frequency of suicidal 
ideation over the past twelve months; the threat of suicidal 
behavior; and self-reported likelihood of suicidal behavior. 
Besides, considering that the measurement interval in this 
study was six months, we have changed the phrase “over 
the past twelve months” to “over the past six months” in the 
questionnaire used at T2 and T3. The four items are rated 
based on the severity of the behaviors reported, with a higher 
total score indicating higher levels of suicidal behavior. This 
scale has demonstrated adequate reliability and validity 
in Chinese youth [39]. The Cronbach’s coefficients α for 
SBQ-R in this study were 0.73, 0.75, and 0.79 for T1 to T3, 
respectively.

Covariates

Participants’ self-reported gender, age, and SES at T1 were 
included in the modeling analysis as covariates. As the most 
stable and common aspect of SES [40], parental education 
levels, including maternal and paternal levels, was addressed 
as covariate in this study. There were eight options from 1 
(never to school) to 8 (doctoral degree), with higher average 
paternal and maternal education levels representing higher 
SES.

Statistical analyses

First, preliminary analyses were conducted in SPSS 22.0.
Second, Confirmatory factor analysis (CFA) was con-

ducted to assess the longitudinal measurement invariance of 
the relevant measures. Changes in the Comparative Fit Index 
(ΔCFI) that did not exceed a threshold of 0.01 and changes 
in Root Mean Square Error of Approximation (ΔRMSEA) 
that did not exceed a threshold of 0.015 were considered 
indicative of invariant measurement [41].

Third, given that the purpose of the current study is 
to investigate the prospective effects of between-person 
differences among sleep problems, ERD/externalizing 
problem, NSSI/suicidal behavior in adolescents, standard 
Cross-Lagged Panel Models (CLPMs) were applicable to 
examining the focal associations, based on the sugges-
tion proposed by Orth et al. [42]. CLPMs are valuable for 

comprehending the longitudinal and reciprocal associa-
tions among constructs, and due to their ability to account 
for continuity in the constructs over time, they can be 
considered as optimal yet cautious tests of development 
processes and directions of associations [23, 43]. Due to 
these strengths, CLPM is still widely used to investigate 
the longitudinal relations among study variables [44–46]. 
The CLPMs included auto-regressive paths, concurrent 
covariances, and cross-lagged paths. Specifically, auto-
regressive paths indicated stability coefficients for each 
study variable; concurrent associations represented asso-
ciations within the same time; and cross-lagged paths 
indicated reciprocal relations among the study variables. 
Participants’ gender, age, and SES at T1 were included in 
all CLPMs as time-invariant covariates and were regressed 
on all variables at each time point.

Fourth, bias-corrected bootstrapping on the basis of 
1000 samples was used to assess the significance of indi-
rect paths with the bias-corrected confidence intervals 
[47]. The indirect effect was statistically significant at the 
0.05 level if the 95% confidence interval for the indirect 
effect excluded zero. Control variables were also included 
in the bootstrapping analyses.

Fifth, a multi-group approach was used to test whether 
the focal associations varied by gender. The multi-group 
approach has often been conducted to examine gender dif-
ferences in associations among study variables in previous 
studies [48–50]. Two models were compared separately: 
(1) An unconstrained model with all path coefficients 
allowed to be unequal across gender, and (2) A constrained 
model with all path coefficients constrained to be equal 
across gender. For model comparisons, a value of ∆CFI 
smaller than or equal to 0.01 indicated a non-significant 
difference [51].

All these analyses were conducted in Mplus 8.0. 
Research data were included in the model as observed 
variables. The model fit was considered adequate when 
the comparative ft index (CFI) and the Tucker-Lewis 
index (TLI) were close to or above 0.90 [52], while the 
root mean square error of approximation (RMSEA) and 
the standardized root mean square residual (SRMR) were 
lower than 0.08 and 0.10, respectively [53].

Results

Preliminary analyses

Descriptive statistics and Pearson correlations for the 
study variables are shown in Table 1. The correlations 
among the key variables were all statistically significant 
within and across waves.
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Longitudinal measurement invariance

As presented in Section 1 of the Supplementary Materials, 
all measures showed sufficient measurement longitudinal 
invariance.

Results of cross‑lagged panel models

As presented in Table 2, all the CLPMs indicated satisfac-
tory model fits.

As shown in Fig. 1, there were significant bidirectional 
relations between sleep problems and ERD, and between 
ERD and NSSI. However, no bidirectional relations 
existed between sleep problems and NSSI. As shown in 
Fig. 2, there were bidirectional relationships between sleep 
problems and ERD, ERD and suicidal behavior, as well 
as sleep problems and suicidal behavior, respectively. As 
shown in Fig. 3, there were significant bidirectional rela-
tions between sleep problems and externalizing problems. 
However, no bidirectional relations existed between exter-
nalizing problems and NSSI, sleep problems and NSSI, 
respectively. As shown in Fig. 4, there were significant 
bidirectional relations between sleep problems and exter-
nalizing problems, sleep problems and suicidal behavior, 
respectively. However, no bidirectional relations existed 
between externalizing problems and suicidal behavior.

The indirect paths

As presented in Table 3, results revealed that: (1) The indi-
rect path from T1 sleep problems to T3 NSSI via T2 ERD 
was significant, and the indirect path from T1 NSSI to T3 
sleep problems via T2 ERD was significant; (2) The indi-
rect path from T1 suicidal behavior to T3 sleep problems 
via T2 ERD was significant; (3) The indirect path from T1 
suicidal behavior to T3 sleep problems via T2 external-
izing problems was significant. All the remaining indirect 
paths were not statistically significant.

Table 2  Model fit statistics for cross-lagged panel models

Model 1 refers to the CLPM for sleep problems, ERD, and NSSI; 
Model 2 refers to the CLPM for sleep problems, ERD, and SB; 
Model 3 refers to the CLPM for sleep problems, externalizing prob-
lems, and NSSI; Model 4 refers to the CLPM for sleep problems, 
externalizing problems, and SB
ERD emotion regulation difficulties, NSSI non-suicidal self-injury, 
SB suicidal behavior
**p < 0.01

Model tested χ2 (df) CFI TLI RMSEA [90% 
CI]

SRMR

Model 1 9.761(6) 0.999 0.998 0.020 [0.000, 
0.042]

0.006

Model 2 4.906(6) 1.000 0.998 0.001 [0.000, 
0.030]

0.004

Model 3 17.931(6)** 0.998 0.977 0.036 [0.018, 
0.056]

0.007

Model 4 8.088(6) 1.000 0.997 0.015 [0.000, 
0.039]

0.005

Fig. 1  Cross-lagged panel 
model for sleep problems, 
ERD, and NSSI. SP = sleep 
problems, ERD = emo-
tion regulation difficulties, 
NSSI = non-suicidal self-injury. 
Only significant paths are 
displayed in the model. For 
simplicity, the covarites are not 
pictured. *p < 0.05, **p < 0.01, 
***p < 0.001
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Gender differences

As shown in Section 2 of the Supplementary Materials, 
gender invariance analyses revealed non-significant dif-
ferences in the focal longitudinal associations.

Discussion

The links between sleep problems, ERD/externaliz-
ing problems, NSSI/suicidal behavior already got some 
research attention. The present study went a step further 

Fig. 2  Cross-lagged panel model for sleep problems, ERD, and SB. SP = sleep problems, ERD = emotion regulation difficulties, SB = suicidal 
behavior. Only significant paths are displayed in the model. For simplicity, the covarites are not pictured. *p < 0.05, **p < 0.01, ***p < 0.001

Fig. 3  Cross-lagged panel 
model for sleep problems, 
externalizing problems, and 
NSSI. SP = sleep problems, 
EP = externalizing problems, 
NSSI = non-suicidal self-injury. 
Only significant paths are 
displayed in the model. For 
simplicity, the covarites are not 
pictured. *p < 0.05, **p < 0.01, 
***p < 0.001
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and investigated whether sleep problems and NSSI/sui-
cidal behavior promoted each other directly or indirectly 
through the mediating roles of ERD and externalizing 
problems. The current findings elucidated the nature of 
focal longitudinal associations by revealing the differential 

mediating roles of ERD and externalizing problems in 
the relations between sleep problems and NSSI/suicidal 
behavior in adolescents.

Relations between sleep problems and NSSI/
suicidal behavior

As regards to the direction of effects between sleep problems 
and NSSI/suicidal behavior, the current findings were partly 
consistent with our hypothesis. Specifically, on one hand, a 
direct predictive effect of sleep problems on NSSI/suicidal 
behavior was revealed. On the other hand, suicidal behavior 
exerted a negative impact on sleep problems, while NSSI did 
not show a significant effect on sleep problems in this study. 
Overall, these findings were in line with the results from 
the existing literature and further supported the close links 
between sleep problems and NSSI/suicidal behavior, which 
could be comprehended through the lens of “overarousal” 
dimension proposed by Ribeiro et al. [54] according to the 
interpersonal theory [55]. Specifically, most individuals are 
discouraged from engaging in self-destructive behavior due 
to its inherently aversive nature. Self-destructive behavior 
necessitates the suppression of powerful self-preservation 

Fig. 4  Cross-lagged panel model for sleep problems, externalizing 
problems, and SB. SP = sleep problems, EP = externalizing prob-
lems, SB = suicidal behavior. Only significant paths are displayed in 

the model. For simplicity, the covarites are not pictured. *p < 0.05, 
**p < 0.01, ***p < 0.001

Table 3  The indirect paths of the CLPMs (standardized coefficients)

SP sleep problems, ERD emotion regulation difficulties, EP external-
izing problems, NSSI non-suicidal self-injury, SB suicidal behavior, T 
time
*p < 0.05, ***p < 0.01, ***p < 0.001

Indirect effects β SE Bootstrapped 
95% CI

Lower Upper

T1 SP → T2 ERD → T3 NSSI 0.020* 0.010 0.003 0.037
T1 NSSI → T2 ERD → T3 SP 0.031*** 0.009 0.015 0.045
T1 SP → T2 ERD → T3 SB 0.014 0.008 0.000 0.029
T1 SB → T2 ERD → T3 SP 0.034*** 0.009 0.016 0.051
T1 SP → T2 EP → T3 NSSI 0.004 0.004  − 0.002 0.012
T1 NSSI → T2 EP → T3 SP 0.011 0.006  − 0.001 0.023
T1 SP → T2 EP → T3 SB 0.004 0.003  − 0.001 0.011
T1 SB → T2 EP → T3 SP 0.012* 0.005 0.004 0.022
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instincts, a feat that the majority of individuals are not 
naturally inclined to accomplish. Humans have evolved to 
experience increased arousal when confronted with potential 
dangers to survival, which equips them to either confront 
or evade the threat. Indeed, prior to a near-lethal or lethal 
attempt, individuals may frequently encounter behavioral 
and psychological overarousal—manifesting as restlessness, 
unease, preoccupation, and inner turmoil [56]. Especially, 
sleep disturbances are deemed as a symptom of acute states 
of heightened arousal, and have been consistently linked 
to self-destructive behavior. Considered within this frame-
work, the findings of this study may suggest that as a facet 
of overarousal, sleep problems could manifest as a function 
of seriously strategizing and fixating on the possibility of 
engaging in self-destructive behavior, such as NSSI/sui-
cidal behaviour. More importantly, not only does the risk of 
self-harm and suicide increase with the emergence of sleep 
problems, but conversely, when individuals are contem-
plating ending their lives, it further intensifies the state of 
heightened arousal, that is, the continuous deterioration of 
sleep problems. Therefore, this finding provides a notewor-
thy new perspective on the link between overarousal and 
suicide, suggesting that the state of overarousal and self-
destruction may simultaneously arise and develop, giving 
rise to a vicious cycle connecting the two. Such insights are 
crucial for professionals dealing with sleep problems and 
NSSI/suicidal behaviors among adolescents.

Additionally, inconsistent with the results from the study 
of Latina et al. [9], NSSI did not exert a significant predictive 
effect on sleep problems in this study, which may imply that 
the passive impact of suicidal behavior on sleep problems is 
more profound than that of NSSI. For one thing, in compari-
son to NSSI, suicidal behavior exposed adolescents to anxi-
ety and fear directly related to death [57], which may cause 
more intense arousal in both their physical and psychological 
condition, resulting in greater vulnerability to sleep distur-
bances. For another, previous research has demonstrated that 
adolescents with suicidal behavior experienced higher levels 
of depression, lower self-esteem, and less parental support 
compared to those who only engaged in NSSI [58]. Thus, 
greater psychological distress and less social support may 
also render adolescents with suicidal behavior more sus-
ceptible to developing sleep problems than those engaging 
in NSSI. Nevertheless, discrepancies in measurement may 
also contribute to inconsistencies among research findings, 
including the selection of assessment instruments, duration 
of tracking measurements, and intervals between measure-
ments. Therefore, future studies could employ alternative 
measurement tools and investigate the relations between 
sleep problems and NSSI/suicidal behaviors across diverse 
temporal frameworks, while also comparing the differences 
between the research results.

Overall, the present findings shed new light on the con-
tinuous unfolding of transactions between sleep problems 
and NSSI/suicidal behavior in adolescents. The vicious cycle 
between sleep problems and suicidal behavior highlighted 
the significance of applying a developmental and transac-
tional perspective to the prevention and interventions for 
adolescents sleep problems and suicidal behavior.

The mediating roles of ERD 
and externalizing problems

Regarding the mechanisms behind the links between sleep 
problems and NSSI/suicidal behavior, this study revealed 
differential mediating roles of ERD and externalizing prob-
lems in the longitudinal associations between sleep problems 
and NSSI/suicidal behavior.

In the first sequence, sleep problems exerted an indirect 
effect on NSSI via ERD, and vice versa. Moreover, ERD 
functioned as a mediator in the pathway from suicidal behav-
ior to sleep problems, but not vice versa. Previous studies 
have revealed that sleep problems may render individuals 
more susceptible to emotional problems due to the intri-
cate negative impacts it has on emotional brain networks, 
mechanisms related to REM sleep, and the processing of 
emotional information [18, 59]. Moreover, in line with the 
cognitive-energy model proposed by Zohar et al. [60], sleep 
problems, particularly sleep loss, exhaust energy levels, 
thereby disrupting the ability to respond adaptively to emo-
tions and leading to difficulties in emotion regulation. Fur-
thermore, individuals with inadequate abilities to regulate 
their emotions may encounter heightened negative emotions 
and became thoroughly immersed in them for longer periods 
[61], and finally are more likely to resort to NSSI as a strat-
egy to alleviate intense emotions [62, 63].

Conversely, individuals who engage in NSSI will find it 
a quick and rewarding way to cope with distress [64]. As a 
result, they may become less tolerant of distress over time 
and rely on NSSI as a “quick fix” for overwhelming emo-
tions. This decreased exposure to prolonged distress may 
increase sensitivity to challenging emotions and make the 
same event more distressing. Engaging in emotional avoid-
ance behaviors, such as NSSI, leads to negative beliefs about 
one’s ability to regulate emotions [65]. NSSI can decrease 
self-efficacy in tolerating distress and utilizing other effec-
tive emotion regulation strategies, thereby damaging emo-
tion regulation abilities [63]. Moreover, individuals with 
difficulties in emotion regulation may experience increased 
challenges in managing negative emotions and cognitive 
reactions resulting from NSSI, which can have serious 
influences on sleep [18]. Therefore, NSSI may exacerbate 
sleep disturbances in adolescents through intensifying their 
emotional regulation difficulties. Additionally, it was worth 
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noting that in this study, ERD mediated the effect of suicidal 
behavior on sleep problems, but not the other way around. 
This finding was unexpected and contradicted previous stud-
ies that focused on adult participants [21, 66]. Given that this 
discrepancy may be attributed to differences in the study 
samples, future research should further investigate these 
relations using diverse study samples from various cultural 
contexts. To sum up, the aforementioned finding suggests 
that sleep problems directly impact suicidal behavior rather 
through the mediation of ERD; while suicidal behavior can 
facilitate sleep problems both directly and indirectly through 
exacerbating ERD.

In the second sequence, sleep problems did not exert an 
indirect effect on NSSI/suicidal behavior through externaliz-
ing problems in this study. However, externalizing problems 
functioned as a mediator in the path from suicidal behavior 
to sleep problems. Although our study failed to identify the 
proposed mediating role of externalizing problems in the 
effects of sleep problems on NSSI/suicidal behavior, it was 
important to note that hyperactivity/inattention and conduct 
problems examined in this study only reflected two aspects 
of the construct of externalizing problems. Moreover, previ-
ous research has shown that hyperactivity/inattention is not 
consistently associated with suicidal behavior [67], while 
this study utilized composite scores of the hyperactivity/
inattention and conduct problems subscales to represent the 
broader dimension of externalizing problems, without sepa-
rately analyzing these two dimensions in relations to sleep 
problems and NSSI/suicidal behavior. Thus, further exami-
nation of the roles of other facets of externalizing problems 
(e.g., aggression) in the associations between sleep and 
NSSI/suicidal behavior is warranted. For instance, previous 
research has shown that sleep problems are a risk factor for 
aggression [68], and aggression has been found to be linked 
with suicidal behaviors [69]. Future research could explore 
whether aggression could account for the longitudinal effect 
of sleep problems on NSSI/suicidal behavior in adolescents.

On the other hand, our study provided novel insights 
into the focal associaiton by revealing the indirect effect 
of suicidal behavior on sleep problems through externaliz-
ing problems. Previous research has indicated that suicidal 
individuals often experience both behavioral and psycho-
logical unrest. Specifically, these individuals are frequently 
observed engaging in restless and repetitive behaviors, such 
as wringing their hands or pacing. Moreover, they report 
a subjective sense of restlessness and unease [54]. These 
behavioral and psychological unrest may contribute to the 
manifestation of externalizing problems. Furthermore, exter-
nalizing problems have been found to be associated with 
increased rumination, emotional distress, and fear, all of 
which can disrupt sleep [70]. Additionally, there may be 
biological factors associated with externalizing problems, 

such as altered cortisol levels [71] that may further contrib-
ute to sleep problems [72].

Collectively, the above-mentioned findings highlighted 
the mediating role of ERD in the vicious cycle between 
sleep problems and NSSI; and the mediating roles of ERD 
and externalizing problems in the pathway from suicidal 
behavior to sleep problems, thus shedding new light on the 
mechanisms underlying the bidirectional relations between 
sleep problems and NSSI/suicidal behavior in adolescents.

Strengths, limitations and future directions

This study displayed several major strengths. First, previous 
studies on the links between sleep problems, ERD/external-
izing problems, NSSI/suicidal behavior have primarily been 
limited to cross-sectional design and evaluating unidirec-
tional effects. The present study extended the current linear, 
unidirectional focus predominantly taken to unravel bidirec-
tional effects between sleep problems, ERD/externalizing 
problems, and NSSI/suicidal behavior. Second, this study 
expanded the exploration of mechanisms underlying the 
relations between sleep problems and NSSI/suicidal behav-
ior, and disentangled the differential mediating roles of ERD 
and externalizing problems in these longitudinal associa-
tions. Such knowledge would provide valuable information 
to inform the focus and timing of interventions aiming to 
decrease sleep problems and NSSI/suicidal behavior during 
adolescence. Third, the theoretical model of insomnia and 
NSSI [9] is a recently proposed model based on the study 
on Swedish adolescents, this study employed a new research 
sample by including Chinese adolescents as participants and 
uncovered the mechanism of relations between sleep prob-
lems and NSSI/suicidal behavior more comprehensively. 
Therefore, the current findings enriched the existing litera-
ture by evaluating the applicability of this model to the ado-
lescent population within the Chinese cultural context and 
contributed to the enrichment and refinement of this model.

This study also displayed limitations. First, the research 
data relied on self-reports. Although self-reports are 
regarded as an “individual-focused” measure, future 
researchers should use multiple informants (e.g., parents) 
to decrease social desirability responding effects. Second, 
given that this study aimed to investigate sleep problems as a 
comprehensive concept, including both the quality and quan-
tity of sleep, the two aspects of sleep were not analyzed sep-
arately in relation to other variables. Future research should 
explore potential differences in the results between this study 
and studies that examine the quality and quantity of sleep 
as separate components. Third, this study only examined 
the mediating effects of ERD and externalizing problems in 
the reciprocal relations between sleep problems and NSSI/
suicidal behavior, thus, other potential mediating variables 
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that have been proposed as mechanisms explaining the links 
between sleep problems and NSSI/suicidal behavior, such 
as aggression [73], negative situational and self-appraisals 
[12], impaired decision-making and problem-solving [74], 
remain to be examined in future longitudinal research. Addi-
tionally, this study focused on the potential mediating role 
of externalizing problems underlying the longitudinal asso-
ciations between sleep problems and NSSI/suicidal behav-
ior, without considering internalizing problems. Therefore, 
future research should simultaneously examine the mediat-
ing roles of internalizing and externalizing problems in the 
focal associations.

Conclusion

This study theoretically investigated the reciprocal influ-
ences between sleep problems and NSSI/suicidal behavior, 
as well as the mechanisms that could explain these associa-
tions in adolescents.

The findings underscored the cyclical relationship 
between sleep problems and suicidal behavior. Moreover, 
sleep problems exerted an indirect effect on NSSI through 
ERD, and vice versa; while ERD/externalizing problems 
functioned as mediators in the pathway from suicidal behav-
ior to sleep problems.

Overall, the current study has important implications 
for the prevention and intervention of sleep problems, and 
NSSI/suicidal behavior in adolescents. First, since sleep 
problems exerted a significant predictive effect on adoles-
cents’ subsequent engagement in NSSI/suicidal behavior, 
early evaluation and screening of sleep problems in ado-
lescents could potentially help identify a subgroup of vul-
nerable individuals, specifically those who engage in NSSI/
suicidal behavior. Moreover, parents should assist their chil-
dren in cultivating healthy sleep habits, such as establishing 
a consistent sleep routine, reducing electronic device usage, 
and limiting caffeine consumption in the evening. Addition-
ally, school educators can develop sleep health education 
programs, including initiatives such as adjusting school 
schedules, organizing lectures on sleep hygiene, and inviting 
pediatricians to conduct screenings on sleep hygiene. Sec-
ond, given that suicidal behavior also had an adverse impact 
on sleep problems, in the clinical treatment of adolescents 
with suicidal tendencies, it is also important to assess their 
sleep problems and provide timely intervention to prevent a 
vicious cycle between sleep problems and suicidal behavior. 
Third, considering the differential mediating effects of ERD 
and externalizing problems in the longitudinal associations 
between sleep problems and NSSI/suicidal behavior, preven-
tion and intervention strategies aimed at addressing the two 
mediators may be helpful in disrupting the indirect influ-
ential pathways between sleep problems and NSSI/suicidal 

behavior. Specifically, for youth with potential risks of self-
injury or suicide, it is necessary to incorporate a specific 
aspect into their treatment aimed at enhancing their ability 
to regulate emotions, so as to develop an alternative range of 
adaptive behaviors for effectively managing emotions. These 
skills can be acquired through Dialectical Behavior Therapy 
[75] as well as Emotion Regulation Group Therapy [76]. 
Additionally, interventions targeting externalizing problems 
should also be implemented to help reduce sleep problems.
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