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a b s t r a c t

Depression is one of the most prevalent psychiatric disorders and the leading cause of disability among
adolescents, with sleep duration as its vital influential factor. Adolescents might be mentally sensitive to
the stress caused by the COVID-19 pandemic. Yet, the alteration of adolescents' sleep duration,
depression, and their associations within the context of the COVID-19 pandemic have not been well
documented. We conducted a longitudinal study, recruiting 2496 adolescents from 3 junior high schools
to examine the alteration of their sleep duration and depressive symptoms before and during the
pandemic, and to explore their potential association(s). Data were collected before (December 2019) and
during the pandemic (July 2020). Paired samples t-test revealed a significant decrease in sleep duration
and a significant increase in depressive symptoms during the COVID-19 pandemic. Higher grades, COVID-
19 infection history, higher CES-DC score, and the COVID-19 pandemic itself might contribute to
decreased sleep duration, while longer exercise duration during the pandemic might be a protective
factor. According to the cross-lagged analysis, the existence of depressive symptoms before the pandemic
was significantly associated with a shorter sleep duration during the pandemic (b ¼ �0.106, p < 0.001).
Previously shortened sleep duration was significantly associated with a greater likelihood of depressive
symptoms during the pandemic (b ¼ �0.082, p < 0.001). Our findings revealed that the COVID-19
pandemic has a negative influence on adolescents’ mental health and sleep. Mental preparedness
should be highlighted to mitigate the psychosocial influences of any possible public emergencies in the
future. Sleep duration represents a viable home-based intervention for depressive symptoms.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

Depression is a commonmental health disorder [1], affecting an
estimated 300 million people worldwide [2]. Its main symptoms
include lack of interest, insomnia, inability to enjoy life, and suicidal
licy and Management, West
ospital, Sichuan University,

this work.
thoughts [3]. Depression is associated with a series of somatic
consequences, including Alzheimer's disease [4], hypertension [5],
stroke [6], obesity [7], cancer [8], and increased overall mortality
[9]. Depression is recognized as the leading cause of disability
worldwide and a major contributor to the global burden of disease
by the World Health Organization. Adolescence is a critical transi-
tional developmental period to adulthood [10], and hormonal
fluctuation, physical development, and social adaptation stress
could all contribute to the high incidence of depression in adoles-
cents [11]. Adolescent depression is associated with a myriad of
adult psychological outcomes, such as lower educational level,
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early pregnancy, unemployment [12], and higher risk of depression
and suicidality in adulthood [13].

Sleep duration is a vital and modifiable influential factor of
depression [14]. According to the National Sleep Foundation, teen-
agers are encouraged to sleep 8e10 h per day [15]. It was reported
that shorter sleep duration is directly related with depressive
symptoms among adolescents [16]. Sleep duration of fewer than 8 h
onweekdays andmore than 9 h onweekends were both reported to
be significantly associated with depressive symptoms compared
with 8 h [17]. Moreover, a longitudinal study revealed bilateral re-
lations between sleep duration and depression among 10,704
community-dwelling adults [18]. Participants who slept less than
6 h per day had a higher risk of depression onset, while participants
with depression were more likely to have shorter sleep duration
[18]. However, the interconnectedness between sleep duration and
depression among adolescents is not well documented.

Coronavirus disease 2019 (COVID-19), which is a contagious dis-
ease caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has been declared a pandemic in March 2020 by the
WorldHealthOrganization. Ever since the SecondWorldWarand the
1918 influenza pandemic, the world has not faced such unprece-
dented unrest like the COVID-19 pandemic due to its contagion, lack
of community immunization, and uncertainty. Adolescents could be
mentally sensitive to sustained stressors such as the COVID-19
pandemic [19]. A previous meta-analysis revealed that trauma
exposurewas significantly associatedwith higher odds of depression
among adolescents [20]. Several recent studies focused on the
prevalence of depressive symptoms among adolescents within the
context of the COVID-19 pandemic [21,22]; however, longitudinal
studies were rare. The current study adopted a longitudinal design
aimed at examining the alteration of sleep duration and depressive
symptoms among Chinese adolescents under the context of the
COVID-19 pandemic and exploring their bilateral associations.

2. Methods

2.1. Design and subjects

We carried out a longitudinal study, exploring the change of
sleep duration and depressive symptoms among adolescents, before
and during the COVID-19 pandemic, in Sichuan Province, China, and
examining the bilateral relationships between them.A total of 3080
students from 3 junior high schools in Sichuan Province were
recruited through cluster randomization in the Chengdu Survey of
Positive Child Development. 2496 participants completed thewhole
study, amounting to a response rate of 81.0%. Data were collected in
two waves: Wave 1 was carried out in December 2019 (before the
pandemic), and Wave 2 was conducted in July 2020 (during the
pandemic). Participants completed the questionnaire independently
and returned it to the researcher immediately; the average data
collection session for each participant was about 10 min.

2.2. Ethical consideration

Our study was approved by the Medical Ethical Committee of
Sichuan University, with the registration number K2020025. All
participants volunteered for the study with their written informed
consent, and confidentiality was strictly assured. Participants were
aware of their rights to withdraw at any point of the study.

2.3. Measurement tools

2.3.1. Depressive symptoms
The Center of Epidemiological Studies Depression Scale for

Children (CES-DC) was used to assess depressive symptoms [23]. It
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is a 20-item self-reporting tool for depression-related symptoms
experienced in the past week, scoring each item on a four-point
Likert scale of 0e3, with 0 indicating ‘not at all’ and 3 indicating
‘a lot’. The maximum score of CES-DC is 60, with a higher score
indicating greater depressive symptoms. Satisfactory reliability and
validity of CES-DC have been demonstrated in the Chinese popu-
lation with the test and retest alpha coefficient of 0.82 and 0.85,
respectively [24].

2.3.2. Sleep duration
Sleep duration was measured using two items, the first one

asked participants the average hours they slept per night in the
past week, and the other asked about the additional average mi-
nutes. The total sleep duration was converted into minutes while
analyzing.

2.3.3. Demographics and COVID-19 infection history
Demographic information includes eight items: age (years), grade

(7, 8, and 9), gender (boy and girl), nationality (The Hans and Mi-
norities), dwelling (urban and suburban), only child (yes and no),
exercise duration during the pandemic, and COVID-19 infection
history (Did you or your familymembers get infected by COVID-19?).

2.4. Data analysis

Data were analyzed using SPSS software, version 26.0, and
Mplus software, version 7.3. Descriptive statistics, including mean
with standard deviation (SD) and proportion with percentages in
parentheses, were used to summarize the characteristics of the
participants, sleep duration, and the CES-DC scores. Paired samples
t-test (using SPSS software, version 26.0) was adopted to compare
sleep duration and CES-DC score before and during the pandemic.
Generalized Estimating Equationsmodel (GEE, using SPSS software,
version 26.0) was used to identify variables that contributed to the
alteration of sleep duration. A cross-lagged analysis (using Mplus
software, version 7.3) was used to explore the bilateral relations
between sleep duration and depressive symptoms. All statistical
tests used were two-sided, and a P value of less than 0.05 was
considered statistically significant.

3. Results

3.1. Demographics

Among 2496 participating students included in the final anal-
ysis, 1085 (43.5%) were in Grade 7, 1057 (42.3%) in Grade 8, and 354
(14.2%) in Grade 9. The average age of the participants was 13.4
(0.9) (ranging from 11 to 16), and the average daily exercise dura-
tion during the pandemic was 1.2 (0.8) hours. Nearly three-fifths of
the participants (59.9%) were from the urban area, 1698 students
(68.0%) were from only-child families. More than half of themwere
girls (50.2%), only 20 (0.8%) were Minorities, and 69 (2.8%) reported
COVID-19 infection history.

3.2. The alteration of sleep duration and depressive symptoms
before and during the COVID-19 pandemic

Paired samples t-test was used to compare the adolescents’
sleep duration and depressive symptoms before (Wave 1) and
during (Wave 2) the COVID-19 pandemic. There was a significant
decrease in sleep duration from 516.7 (71.4) minutes before to 497.0
(79.0) during the pandemic (p < 0.001). A significant increase in
depressive symptoms from 15.1 (10.5) before to 15.9 (11.1) during
the pandemic (p < 0.001) was detected as well. Table 1 summarized



Table 1
The alteration of sleep duration and depressive symptoms before and during the
COVID-19 pandemic (N ¼ 2496).

Variables Wave 1 Wave 2 P

Mean SD Mean SD

Sleep duration 516.7 71.4 497.0 79.0 <0.001
Depressive symptoms 15.1 10.5 15.9 11.1 <0.001

Note: SD ¼ Standard Deviation.

Fig. 1. Cross-lagged model between sleep duration and depressive symptoms. Note:
The two-way arrow in the chart indicates the result of correlation analysis, with the
data of correlation coefficient; the one-way arrow indicates the result of path analysis,
with the data of standardized regression coefficient (b). ***: P < 0.001, **: P < 0.01, *:
P < 0.05. Depression W1: depressive symptoms before the COVID-19 pandemic;
Depression W2: depressive symptoms during the COVID-19 pandemic; Sleep W1:
sleep duration before the COVID-19 pandemic; Sleep W2: sleep duration during the
COVID-19 pandemic.
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the alteration of sleep duration and depressive symptoms before
and during the COVID-19 pandemic.

3.3. Variables associated with the alteration of sleep duration based
on Generalized Estimating Equations

Concretely speaking, 1063 participants (42.6%) experienced
decreased sleep duration, 918 of them (36.8%) maintained their
sleep duration, while only 515 (20.6%) experienced increased sleep
duration. We adopted GEE model, with exchangeable working
correlation matrix, linear regression, and main effect model, to
explore the variables that might have contributed to the alteration
of sleep duration. Participants’ demographics, COVID-19 infection
history, time point, exercise duration, and CES-DC score were
entered into the GEE model as factors (ordinal data) and covariates
(numerical data), respectively; sleep duration was entered as the
dependent variable. According to the results of the GEE model,
higher grades (Grade 9: b¼�0.333, P¼ 0.001; Grade 8: b¼�0.212,
P ¼ 0.001), COVID-19 infection history (b ¼ �2.480, P < 0.001),
higher CES-DC score (b ¼ �0.006, P ¼ 0.001), and time point Wave
2 (b ¼ �0.323, P < 0.001) were risk variables which might
contribute to decreased sleep duration. Longer exercise duration
during the pandemic (b ¼ 0.067, P ¼ 0.022) was the potential
protective factor of sleep duration (Table 2).

3.4. Longitudinal, bilateral relations between sleep duration and
depressive symptoms

The existence of depressive symptoms at Wave 1 was signifi-
cantly associated with shorter sleep duration at Wave 2
(b ¼ �0.106, p < 0.001) (Fig. 1). Shorter sleep duration at Wave 1
was also significantly associated with a greater likelihood of
depressive symptoms at Wave 2 (b¼�0.082, p < 0.001). Depressed
adolescents were prone to have shorter sleep duration during
the COVID-19 pandemic. Similarly, adolescents who used to have
shorter sleep duration were more likely to report depressive
symptoms during the pandemic. The cross-lagged model also
Table 2
Variables associated with the alteration of sleep duration based on Generalized
Estimating Equations (N ¼ 2496).

Variables b SE Wald c2 P OR

Gender ¼ girl �0.021 0.039 0.294 0.588 0.979
Infection history ¼ yes �2.480 0.132 353.917 <0.001 0.084
Nationality ¼ Minority 0.212 0.219 0.943 0.331 1.236
Dwelling ¼ suburban 0.052 0.040 1.678 0.195 1.054
Only child ¼ yes 0.023 0.043 0.289 0.591 1.024
Time point ¼ Wave 2 �0.323 0.027 146.133 <0.001 0.724
Grade
9 �0.333 0.100 11.204 0.001 0.717
8 �0.212 0.061 12.008 0.001 0.809
7 e e e e e

Age 0.043 0.036 1.479 0.224 1.044
CES-DC score �0.006 0.002 10.533 0.001 0.994
Exercise duration 0.067 0.029 5.250 0.022 1.069
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presented other structural paths. Previous depressive symptoms
were likely to increase during the COVID-19 pandemic (b ¼ 0.530,
p < 0.001). Previous sleep duration was positively related to sleep
duration during the COVID-19 pandemic (b ¼ 0.436, p < 0.001).
Depressive symptoms were negatively associated with sleep
duration both before and during the pandemic, with correlation
coefficients of �0.50 (p < 0.05) and �0.056 (p < 0.01), respectively.

4. Discussion

The current study found a significant increase in depressive
symptoms and a decrease in sleep duration under the context of
the COVID-19 pandemic, which enriched the extant knowledge
pertaining to the alteration of adolescents' mental health and
sleep associated with the COVID-19 pandemic. The current study
confirmed the bilateral relations between adolescents’ sleep
duration and depressive symptoms for the first time, under the
extreme context of the COVID-19 crisis.

The increase in the presentation of depressive symptoms among
Chinese adolescents during the COVID-19 pandemic is in line with
previous longitudinal studies [25,26]. For example, the increase of
depressive symptoms was reported among 248 out of 467 Austra-
lian adolescents who had completed the survey before and during
the COVID-19 pandemic [25]. Another study reported an increase in
depressive symptoms among 24 American adolescents experi-
encing the COVID-19 pandemic as well [26]. Besides the immediate
medical consequence of infection, the strict social confinement
measures to contain COVID-19 might contribute to depressive
symptoms as well [27]. On one hand, adolescents might lose the
rhythm, meaning, and structure of their daily lives during
confinement and school closure due to the lack of peer interaction
and physical activities [28]. On the other hand, because of the on-
line learning request and the unique culture, Chinese adolescents
were more likely to be monitored and supervised by their parents
in a 24/7 manner; this resulted not only in parent-teen challenges
and negotiations but also the experience of lost autonomy [29,30].

The decrease in adolescents' sleep duration during the COVID-
19 pandemic contradicted previous findings of other studies
[31,32]. For example, an increase of sleep duration from 9.1 h before
to 9.3 h during the COVID-19 pandemic was found among 611
Spanish adolescents and children who were under strict confine-
ment [31]. Similarly, an increase of sleep duration from 9.11 h
before to 9.51 h during the pandemic was found among 1480
children and adolescents from three European countries [32].
Moreover, participants in a qualitative study reported better and
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longer sleep following the pandemic [33]. Though there was one
study that found no significant change in adolescents’ sleep dura-
tion during the confinement [34], its small sample size of only 9
adolescents with Autism Spectrum Disorder had limited its repre-
sentativeness. Our finding has added different information to the
extant literature, indirectly supported by a previous study that re-
ported 18.0% of junior high adolescents had insomnia during the
COVID-19 pandemic [35]. The reason underlying the decrease in
sleep duration might be the increased screen time [36], the worry
related to the pandemic [37], and extra time spent on debugging
equipment for online learning every day. Moreover, we had dis-
closed variables associated with decreased sleep duration via GEE
model, including higher grades, COVID-19 infection history, higher
CES-DC score, and the COVID-19 pandemic itself. Meanwhile,
longer exercise duration during the pandemicmight be a protective
factor of sleep (Table 2), which may contribute to explaining the
differences in findings.

According to our findings, adolescents who had depressive
symptoms before the pandemic were prone to sleep less during the
pandemic, whereas those who slept less before the pandemic were
more likely to report depressive symptoms during it. These findings
were similar to previous findings. For example, a recent meta-
analysis including 50 studies found out shorter sleep duration
was associated with more severe depressive symptoms among
adolescents [38]. It was also reported that a sleep duration of fewer
than 6 h was significantly associated with depressive symptoms in
a sample of 4805 Chinese female adolescents [16]. A longitudinal
study revealed the bilateral relations between sleep duration and
depression among 10,704 community-dwelling adults [18]. Par-
ticipants who slept fewer than 6 h per day had a higher risk of
depression onset, and participants with depression were more
likely to have shorter sleep duration [18]. Digging deeper, more
clinically depressed adolescents were found to have a higher risk of
experiencing rapid eye movement sleep fragmentation in a Finnish
study [39]. Moreover, traumatic events such as the COVID-19
pandemic often lead to hyperarousal and hypervigilance, which
might be the reasons underlying the relation between sleep dura-
tion and depressive symptoms [40].

Our findings are convincing, by its relatively larger sample size
of 2,496, strict paired sampling, and longitudinal study design. The
offline data collection guaranteed a satisfactory response rate as
well. Our findings have practical implications to individual, family,
school, and public policy levels by highlighting the mental health
well-being of adolescents under social crisis like the COVID-19
pandemic and offering a potential viable home-based intervention.

5. Limitations

There are some limitations to this study. Firstly, in spite of the
cluster randomization and multicenter sampling, the current study
was carried out in Sichuan Province only, which may weaken its
representativeness. Participants from other regions of China should
be considered in further studies. Secondly, although the study
achieved a satisfactory response rate by onsite data collection,
reporting bias cannot be completely ruled out. Lastly, although a
longitudinal study design was adopted, it may be difficult to draw
clear causal associations from such an observational study. There
may be some other confounding factors that could modify the as-
sociations we found or create ‘fake’ correlations. More confounding
variables, such as season, weather, physical conditions, parents'
education, economic status, and living arrangements, may need to
be considered to strengthen the robustness of the longitudinal
associations found in this study, which are also expected to be
extended into the longer-term effects by continuous follow-ups
[41].
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6. Conclusions

The COVID-19 pandemic has a negative influence on adoles-
cents' mental health and sleep. Mental preparedness should be
highlighted to mitigate the psychosocial influences of any possible
public emergencies in the future. There are longitudinal, bilateral
associations between adolescents' depressive symptoms and sleep
duration under the context of the COVID-19 pandemic. Sleep
duration is an inherently modifiable influential factor for depres-
sive symptoms. Its potential economic viability and ‘natural’ image
make it an attractive targeted intervention for adolescents' well-
being now and in the long run.
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