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Sleep and mental health among Chinese
adolescents: the chain-mediating role

of physical health perception and school
adjustment
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Abstract

Objective Sleep problems and their detrimental effects on adolescents’ physical and mental health have received
substantial attention. Prior studies have focused mainly on the direct association between sleep and mental

health; however, little is known about the underlying mediating mechanism. To address this gap, the present study
constructed a chain mediation model to examine the association between sleep deficiency and mental health status
in adolescents, by introducing two mediating variables-physical health perception and school adjustment.

Methods A sample of 7530 senior high school students completed a battery of self-report questionnaires measuring
their sleep duration, mental health status, physical health perception, and school adjustment. Data were collected
from the Database of Youth Health at Shandong University. All the measures showed good reliability and validity in
the present study. Data were analyzed using SPSS 25.0 and the SPSS PROCESS.

Results The results were as follows: (1) Sleep duration was significantly associated with physical health perception
and mental health. (2) Physical health perception partially mediated the association between sleep and mental
health. (3) Physical health perception and school adjustment played a chain mediating role between sleep and
mental health. In conclusion, sleep not only directly associated with mental health among adolescents, but also
influences mental health by the chain mediating effect of perception of physical health and school adjustment.

Conclusion These findings in the present study contribute to understanding the mechanisms underlying the
association between sleep and mental health and have important implications for interventions aimed at improving
mental health status among adolescents in China. Our results indicated that promoting adequate sleep duration and
improving sleep quality are possible key mental health promotion strategies for adolescents.
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Introduction

Sleep is a fundamental operating state of the central ner-
vous system, consuming up to a third of the human life
span. Recent and emerging data indicate a key role of
sleep in supporting cognitive function and mental well-
being [1]. Driven by delays in the circadian timing system
and changes to the homeostatic sleep regulating system
[2], bedtimes become later during adolescence. By con-
trast, rise times when adolescents wake up are more
often determined by school start times and thus remain
unchanged or move earlier [1]. Whether using self-report
or objectively recorded sleep, studies showed that sleep
restriction has become a main health problem among
adolescents in China. The average school-night total
sleep time for adolescents aged 15-17 years was about
7.9 h, and about 37%of them (13—17 years old) slept<8 h
per night, lower than the socially recommended 8-9 h
[3]. Compared to a decade ago, the average sleep dura-
tion of Chinese adolescents has decreased [4, 5]. The
trend of inadequate sleep and affected health problems
represents a major public health concern [6, 7].

Sleep and mental health

The detrimental impact of insufficient sleep has been
found in adolescents targeting several domains: learn-
ing and memory, emotion regulation, behavioral prob-
lems, etc [8].., particularly prominent with mental health
outcomes [9-11]. As a result of that, sleep deficiency is
always associated with poor emotional functioning and
symptoms of unfavorable mental health conditions, such
as depressive symptoms [12, 13], and feelings of increased
irritability and anxiety [14—16]. According to the evi-
dence from animal models and/or pharmacological
work, a plethora of neurotransmitter and neuromodula-
tor systems orchestrates sleep and emotional regulation,
including but not limited to norepinephrine, acetylcho-
line, y-aminobutyric acid (GABA), dopamine, gluta-
mate, serotonin [17, 18]. Moreover, sleep is reported to
optimize the functioning of the prefrontal cortex (PFC),
sleep deprivation could interfere the cognitive modula-
tion of impulses, drives, and emotions governed by PFC
[19, 20]. Therefore, in the current study we also speculate
that sleep duration is significantly correlated with mental
health. For all mental health conditions, depression and
anxiety disorders are main mental problems, and confer
a significant public health concern for youth and lead
youth at a higher risk for poorer psychosocial outcomes
[21, 22]. Meanwhile, we also conducted specialized dis-
cussions on the relationship between sleep restriction
and depressive symptoms and anxiety, respectively.

Mediating role of perception of physical health
Physical health perception refers to an individual’s per-
ception of his or her current health [23]. It is generally
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used as a reliable and valid measure of assessing individu-
als’ subjective and objective health [24]. Extant evidence
indicated that physical health perception significantly
associated with mental health problems, such as insom-
nia, anxiety, depression, and distress, alongside a study
conducted among the undergraduate found that students
dissatisfied with their physical health status had higher
changes from depression and anxiety [25]. Addition-
ally, perceived health conditions could further influence
social regular activities, for those who do not cope with
the problem aggressively may show a social decline, like
emotional unstable or difficulty with self-esteem or self-
determination. Therefore, based on empirical evidence,
we infer that the impact of sleep on mental health may be
mediated by the perception of physical health.

Mediating role of school adjustment

Adolescence is a time of increased independence and the
emergence of new social roles. School adjustment refers
to the ability to adapt to school, and suggests the inter-
fusion of cognition, attitude, and behavior [26]. School
adjustment includes variables such as academic perfor-
mance, adaptation to school rules, respect for the teacher
as an authority figure, a positive attitude toward school,
and participation in school activities [27]. Studies have
highlighted that better school adjustment has a positive
relationship with mental health [28]. Thus, school adap-
tion was also seen as significantly associated with men-
tal health [29]. Therefore, based on this evidence, we can
infer that sleep may influence mental health through
school adjustment.

Chain-mediating role of perception of physical health and
school adjustment

To our knowledge, the relationship between perceived
physical health and school adjustment and its mediat-
ing effects on sleep and mental health remains unknown.
Numbers of existing studies indicated that poor and
inadequate sleep negatively impacts cognitive and physi-
cal functioning, and sleep has a critical role in promot-
ing health and health perception [30-32]. The existing
evidence suggests school adjustment is a multi-causal
construct that is manifested, it is associated with social,
emotional, and physical aspects [33]. It was supported
by a previous study that perceived physical health condi-
tions and school adjustment is positively correlated [34].
Moreover, prior research has found that poor sleep has a
negative influence on school adjustment and motivation
for school activities [35].

Above all, the relationship between sleep and men-
tal health overlaps due to the neurobiological centers
of sleep and the neurobehavioral systems underlying
arousal and emotions [36]. We propose a mechanism
where during adolescence, the responsibility for
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individual judgment increases and the emergence of new
social roles, while adult supervision gradually decreases
over time, further affecting mental health through sleep
affecting individual perceived physical health and poor
school adaptation. Therefore, we inferred that both per-
ceived physical health and school adjustment have a
chain-mediating effect on the relationship between sleep
and mental health. Based on exploring the relationship
between sleep and overall mental health status, our study
also aims to further explore the relationship between
sleep and sub-dimensional psychological problems of
depression and anxiety by adopting multivariate hier-
archical regression analysis, as for which are prominent
psychological problems in adolescents.

Methods

Subjects and procedure

Data were drawn from the Database of Youth Health
(2021) from National Population Health Data Cen-
ter (https://www.ncmi.cn/phda/dataDetails.
do?id=CSTR:17970.11.A0031.202107.209.V1.0). The
dataset provides information on Chinese youth on physi-
cal fitness, social interaction, nutrition and diet, school
adaption, quality of life, psychological cognition, men-
tal health, spare-time physical activity, and risk behav-
jor. The dataset was a muti-wave survey conducted
annually in the academic year of 2015/2016, 2016/2017,
2017/2018, and 2020/2021. A total of 99,327 students
from 186 schools in all 17 cities of Shandong province
participated in this survey [37].

In this study, we used the data of high school students’
information collated from the 2020/2021 semester. We
merged the Nutritional & Dietary dataset, School Adap-
tion dataset, and Mental Health dataset of subjects.
Inclusion criteria were: the participants were high school
students at the time of measurement. Participants who
had missing values in sleep duration and perceived physi-
cal health status were excluded. It was well-noted by all
participants that all data was collected voluntarily, anon-
ymously, and confidentially, reserved on a password-pro-
tected website, and accessible only to direct researchers.
Both parents and students completed informed consent
forms before beginning this survey. This study has been
approved by the Ethics Committee of Shandong Univer-
sity (20,180,517). Written informed consent was obtained
from each participant.

Measures

Sleep outcomes

In the current study, we focus on an important measure
of sleep, sleep duration, which typically refers to the total
amount of sleep obtained, either during the nocturnal
sleep episode or across 24 h [38]. Participants were asked,
“How many hours of sleep do you get on most nights?”.
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In this paper, we use “sleep duration” as the descriptor,
where a high sleep duration indicates a large number of
hours of sleep [39].

Perception of physical health

The participant’s perception of the condition of their
physical health was assessed by using a one-item ques-
tion covering information related to self-rated health.
Students were asked to rate their physical health, “What
do you think about your health status?” The question is
on a five-point scale (1=very good, 2=good, 3=moder-
ate, 4=poor, and 5=very poor) [25], with lower scores
indicating higher subjective health levels.

School adjustment

School adjustment was measured by the School Social
Behavior Scales (SSBS-2), which was originally developed
by Merrell in 1993 for screening and assessing social
competence and antisocial behavior of students from
grades 1 to 12. The scale of SSBS-2 (Social Competence
and Antisocial Behavior) consist of 65 items rated on a
5-point Likert-type scale. Each item was graded from 1
(never happen) to 5 (often happen), details are shown in
Supplemental Table 1. A higher total score means better
adaptive ability. In this study, Cronbach a was 0.88.

Mental health

The self-assessment Symptom Checklist, also known as
the Symptom Checklist 90 (SCL-90), was used to assess
participants’ mental problems. The SCL-90 contains 90
self-assessment items, including 9 subscales of somati-
zation, obsessive symptoms, interpersonal sensitivity,
depression, anxiety, hostility, paranoia, and psychosis,
which reflect psychological symptoms from the perspec-
tives of feeling, emotion, thinking, consciousness, behav-
ior, living habits, interpersonal relationship, diet, and
sleep, respectively. Each item was evaluated on a 5-point
scale (1=never, 2=mild, 3=moderate, 4=fairly severe,
and 5=severe), with a higher score indicating a severer
level of psychological symptoms, details are shown in
Supplemental Table 2. In this study, Cronbach a was 0.94.
In the analysis, we first used the total score to represent
the overall mental health status, exploring the relation-
ship between sleep and whole mental health condition.
Based on that, we calculate the sub-dimensional scores
of “depression” and “anxiety’, which are considered two
common mental disorders in adolescents, and we further
explored the relationship between sleep, depression &
anxiety symptoms.

Statistical analysis

SPSS25.0 and the PROCESS program complied by Hayes
(2013) were used for data processing. We used sleep
duration (hours) to represent sleep condition, adopted


https://www.ncmi.cn/phda/dataDetails.do?id=CSTR:17970.11.A0031.202107.209.V1.0
https://www.ncmi.cn/phda/dataDetails.do?id=CSTR:17970.11.A0031.202107.209.V1.0

Li et al. BMC Psychology (2024) 12:228

self-rated health to indicate perceived physical health,
used scores of school adaption items, and SCL-90 to
represent school adjustment and mental health status
respectively. First, Pearson’s correlations were found to
determine the associations between sleep, perception of
physical health, school adjustment, and mental health.
Hayes’ SPSS Process Macro Model 6 was employed to
obtain quantitative evidence on the serial multiple medi-
ation effects of physical health perception and school
adjustment. Specifically, this model was used for evalu-
ating mediated models of physical health perception and
school adjustment, by adopting multivariate hierarchi-
cal regression analysis. A statistically significant p-value
of 0.05 was used. The bootstrap confidence interval (CI)
was set at 95%, and there were 5000 bootstrap samples.

Results

Sociodemographic characteristics of subjects

A total of 7530 participants were included in the analysis
herein, after sorting out and deleting regular answers and
missing questionnaires (Fig. 1). Frequency analysis was
conducted to identify the general characteristics of study
participants. According to the analysis, 4103 (54.5%) boys
and 3427 (45.5%) girls were included in this study, and
the age was from 15 to 18 years old (M=17.21, SD=2.36).

Descriptive statistics and correlation analysis of variables
A correlation analysis between mental health, sleep dura-
tion, perception of physical health, and school adjust-
ment is shown in Table 1. Sleep duration has a significant
negative correlation with mental health problems (r=-
0.196, p<0.001), but a positive correlation with school
adjustment (r=0.031, p=0.007). Physical health percep-
tion was significantly and positively associated with men-
tal health (r=0.343, p<0.001). School adjustment was
correlated with mental health problems negatively (r=-
0.370, p<0.001).

The relationship between sleep and mental health: chain
mediation effect test
Regression analysis for evaluating mediated models of
physical health perception and school adjustment is
shown in Table 2. Insufficient sleep negatively associated
with physical health perception (f=-0.249, t=-22.280,
p<0.001). Perceived physical health problems had a sig-
nificant negative association with school adjustment
(B=-0.235, t=-20.247, p<0.001). Sleep duration (f=-0.065,
t=-12.094, p<0.001) and school adjustment (f=-0.362,
t=-29.847, p<0.001) were significant in negatively rela-
tionship with mental health problems, and physical
health perception can positively link with mental health
(B=0.127, t=22.370, p<0.001).

The non-parametric percentile Bootstrap method of
bias correction provided by Hayes (2013) was used to test
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the mediation effect, and the 95% confidence interval was
calculated for 5,000 repeated samples. If the confidence
interval does not contain a value of 0, it means statisti-
cal significance. The results (Table 3) showed that: the
bootstrap 95% confidence interval for the total indirect
effect (-0.0358) of perceived physical health and school
adjustment did not contain a value of 0, indicating the
two mediators had a significant mediating effect between
sleep and mental health. The total indirect effect is com-
posed of three indirect effects: (1) indirect effects caused
by sleep duration— perception of physical health— mental
health (-0.0309); (2) indirect effects of sleep duration—
perception of physical health— school adjustment—
mental health (-0.0094); (3) indirect effects of sleep
duration— school adjustment— mental health (0.0044).
The indirect effect 3 is not significant for the confidence
interval containing zero. In contrast, indirect effects gen-
erated by path 1 and path 2 reach significant levels, with
a confidence interval not containing zero. Based on the
above analysis, the chain mediation model is shown in
Fig. 2.

Moreover, the results between sleep and depression
& anxiety symptoms are consistent with the overall pat-
tern of the above results. Sleep duration also significantly
associated with depression and anxiety problems (B=-
0.082, t=-15.066, p<0.001; p=-0.074, t=-14.132, p<0.001),
and can have indirect effects through physical health
perception and school adjustment. Specific results are
shown in Supplemental Table 3.

Discussion
In the present study, we focused on the mental health of
adolescents who lack sleep. We sought to provide new
evidence on the underpinning process and conceptualize
mechanisms that can explain the negative link between
sleep duration and adolescents’ mental health problems.
The empirical evidence strongly supported our hypoth-
esized chain mediation model, which highlights how
insufficient sleep might affect adolescents’ mental health
by reinforcing their perception of physical health and
subsequently facilitating a successful school adjustment.
Sleep restriction negatively impacted adolescents’ men-
tal health. Our findings are consistent with past stud-
ies that reported a negative link between sleep loss and
mental health [40, 41]. One possible reason is that suf-
ficient sleep, especially REM sleep, facilitates the brain’s
processing of emotional information, and it appears that
a lack of sleep is especially harmful to the consolidation
of positive emotional content [42]. Subsequently, sleep
loss can influence mood and emotional reactivity and is
tied to mental health disorders and their severity, includ-
ing the risk of suicidal ideas or behaviors [43]. Therefore,
this research has significant ramifications for educational
practices, for sleep is a modifiable behavior for many
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Nutritional & Dietary School Adaption Mental Health
Dataset Dataset Dataset
(n =37,435) (n =56,523) (n =29,094)
A4 4 A4

Merged dataset (n = 25,640)

Participants who were not high
> school students in 2021
(n=10,813)

Y

Participants who were high
school students (n = 14,827)

Participants who lost record of
sleep duration (n = 2261)

h 4

Participants who had sleeprecord

(n=12,566)
Participants who have missing
» value in perceived physical health
(n=2138)
A 4

Participants who had physical
condition score (n = 10,428)

Participants who have missing
»  values in school adaption and
mental health (n = 2898)

h 4

Participants included in the
analysis (n = 7530)

Fig. 1 Inclusion process of participants
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Table 1 Descriptive statistics and correlation coefficient of variables(n=7530
Variables M SD 1 2 3 4
1 Mental health 149 0.56 1
2 Sleep duration 6.97 1.09 0196 1
3 Physical health perception 2.51 1.06 0343™ -0.249™ 1
4 School Adjustment 426 048 -0370" 0031” -0.228" 1
Note. *p<0.05,**p<0.01,***p<0.001
r=0.031 p=0.007
Table 2 Regression analysis of the association between study variables
Variables PPH SA MH

B SE t B SE t B SE t
Constant 4210 0.077 54628 4607 0.041 111391 3.169 0.071 44692
SD -0.249 0011 22280 -0.028 0.005 -2.380" -0.065 0.005 12004
PPH -0.235 0.005 20247 0.127 0.006 22370™"
SA -0.362 0012 29847
R? 0.062 0.053 0.223
F 496.408™ 208730 720265

Note. Sleep duration=SD, Perception of physical health=PPH, School adjustment=SA, Mental health=MH. *p<0.05,**p<0.01,***p<0.001. For the association

between SD and SA: t=-2.380, p=0.017

Table 3 Mediating effect analysis of the chain mediating model

Items Effect size Boot BootCl The Pro-
SE Lower Upper portion

of Effect
Size

Total indirect -0.036 0.004 -0043 -0.029 3541%

effects

Indirect effect 1 -0.031 0.002 -0036 -0.027 30.56%

Indirect effect 2 -0.009 0001 -0011 -0.008  9.30%

Indirect effect 3 0.004 0.003 -0.001 0.010

Note. Indirect effect 1: sleep duration- perception of physical health- mental
health; Indirect effect 2: sleep duration- perception of physical health-
school adjustment- mental health; Indirect effect 3: sleep duration- school
adjustment- mental health

Perception of

-0.234"

teens and effective interventions exist. At a basic level,
the practice of good “sleep hygiene” protects sleep [44],
such as limiting napping, establishing a nightly routine,
avoiding caffeine or stimuli too close to bedtime, etc.
Furthermore, the findings of this study established
the hypothesis validity of perceived physical health that
played a mediating role between sleep and mental health
problems. The effect of sleep restriction can be explained
from two aspects: on the one hand, it has a physiological
impact, such as the level of mental activity and attention
concentration; on the other hand, it affects the cogni-
tive beliefs about the assessment of the physical state,
and negative beliefs will have an impact on emotions and
behaviors, which effectively supported Dozois and Beck’s

School

Physical Health

KAk -
. -
—

-
—"
-

Total effect:-0.101**

Adjustment

0.241 -0.312

Mental Health

Sleep Duration

Fig. 2 Diagram for the study variables association. ”"p < 0.001

Direct effect:-0.065*

Problems
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(2008) cognitive model of depression. Combined with
the cognitive model, past studies confirmed that percep-
tion of physical health is related to mental health, such as
poor self-rated health status had a significant association
with depressive and anxiety symptoms among university
students in some regions [45—47].

Additionally, a significant path of sleep duration— per-
ception of physical health— school adjustment— mental
health was found. The results between sleep and depres-
sion & anxiety symptoms are consistent with the overall
pattern of the above results. This model illustrates that
perceived physical health acts as a mediator between
sleep and mental health, while school adjustment medi-
ates the relationship between the perception of physi-
cal health and mental health. Previous studies have
supported the finding that school adaption negatively
associated with mental health problems [48]. In other
words, the chain-mediating effect of perceived physical
health and school adjustment suggests that adolescents
with a lack of sleep would report that they have a poor
perception of health conditions, which may influence
their daily emotions and behaviors, as a result affecting
school adaption, eventually end with mental health prob-
lems. Meanwhile, the study also found that insufficient
sleep has no direct impact on school adjustment, which is
probably because the physical changes brought by sleep
deficiency are still within the range of students’ daily
adapting ability. Therefore, there is no significant impact
from sleep restriction but affects school adjustment in
the way of psychological perception.

This study highlights the importance of focusing on
improving adolescents’ mental health by increasing sleep
duration, improving their perception of physical health,
and school adjustment. This study may be able to inform
future practices because little is known about the rela-
tionship between perceived physical health and school
adjustment with sleep and mental health, as well as inter-
actions between them. Therefore, the results of this study
can be used to guide policies and strategies to improve
adolescents’ mental health. For example, educational
administrators can advocate delaying school start times
resulting in longer weeknight sleep and producing cas-
cading positive effects [49]. In addition, cognitive-behav-
ioral therapy (CBT) can be used in adolescents who have
struggled with poor self-rated health conditions [50].
Furthermore, students can be given full support, espe-
cially social support to improve their school adjustment,
for reaching a state of mental well-being.

Strengths and limitations

The study has several strengths and limitations that
point to directions for future research. One strength of
our study is that we included a large sample size of high
school students and analyzed their mental health status
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and sleep condition at present. Another strength is that
this study identified the mediators that explain how sleep
influences mental health. Future studies aiming at inter-
vening in adolescents’ mental health could consider the
effects of sleep outcomes and provide a new method to
improve adolescents’ mental health.

Despite its strengths, this study has some limitations
that need to be acknowledged. To begin with, it had a
cross-sectional design, which does not allow for estab-
lishing the causality of mediation. Research suggests
that the relationship between sleep and mental health is
complex. While lack of sleep has long been known to be
a consequence of many psychiatric conditions [51], more
recent views suggest insufficient sleep can also play a
causal role in both the development and maintenance of
different mental health problems [40, 52, 53]. Although
we are aware that the database we used conducted sev-
eral longitudinal surveys at different time points. To our
knowledge, this database only published data on mental
health for the semester 2020/2021. Hence, longitudi-
nal studies should be conducted using the factors of this
study to determine how and why the factors change over
time. Second, due to the limitations of database sam-
pling, the measurement of independent variable sleep
mainly depends on the self-report sleep duration, which
is difficult to comprehensively reflect the sleep conditions
in real life. Therefore, varieties of scientific sleep mea-
surement indexes can be considered in future research,
like actigraphy and polysomnography (PSG). Finally,
our study has focused on the influence of school adjust-
ment on mental health status. However, adolescents’
school adjustment develops dynamically with different
characteristics and rules in different stages, such as the
transition period into senior high school and the exam
preparation period. Students in these stages often pro-
duce more prominent adaption problems, therefore, the
effects of school adjustment can be further explored.

Conclusion

Our study concluded that the mental health of high
school students is closely related to sleep, perception of
physical health, and school adjustment. Our research
findings indicated that promoting adequate sleep dura-
tion and improving sleep quality has a positive effect
on building a good perception of physical health and
enhancing school adjustment, which may be a key strat-
egy for promoting mental health, especially depression
and anxiety, in adolescents.
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