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Purpose: This study aimed to investigate associations of physical activity time (PAT) and 
sitting time (ST) independently and jointly with insomnia, depressive and anxiety symptoms 
among Chinese adolescents in the context of COVID-19.
Methods: A cross-sectional study including 965 adolescents (mean age = 15.26, SD = 0.46) 
was conducted in May 2020. PAT, ST and the symptoms of insomnia, depression and anxiety 
were assessed with the International Physical Activity Questionnaire Short Form, the Youth 
Self-Rating Insomnia Scales, the 9-item Patient Health Questionnaire and the Generalized 
Anxiety Disorder scale via an online survey platform. Logistic regression was used to 
analyze the association between COVID-19-related fear, PAT, ST and combinations of PAT 
and ST with insomnia, depressive and anxiety symptoms.
Results: COVID-19-related fear was associated with higher odds of insomnia, depressive 
and anxiety symptoms. PAT was associated with lower odds of insomnia and depressive 
symptoms, while ST was associated with higher odds of these three symptoms. After 
combining PAT and ST, the group with both low PAT and high ST was set as the referent. 
For insomnia, groups with low ST reported significantly lower odds of symptoms. For 
depression, groups with high PAT and/or low ST reported lower odds of symptoms. 
Regarding anxiety, only the group with both high PAT and low ST reported lower odds of 
symptoms. Generally, group with both high PAT and low ST reported lower odds of the three 
symptoms than the referent.
Conclusion: COVID-19-related fear was a risk factor for developing insomnia, depressive 
and anxiety symptoms among Chinese adolescents. Fortunately, moving more and sitting less 
were good for sleep and mental health in Chinese adolescents during the pandemic. 
Educators should help adolescents to be more physically active in their daily life in the 
primary prevention of adolescent insomnia, depression and anxiety.
Keywords: exercise, physical activity, sedentary behavior, sleep, mental health

Introduction
Since the novel coronavirus disease (COVID-19) swept the world extensively, there 
have been over 51 million confirmed cases of COVID-19, including more than 
1 million deaths globally as of November 13, 2020.1 As a result, social distancing 
measures that were implemented to slow the transmission of the COVID-19, 
together with fear of being infected with the COVID-19, are both linked with 
mental health problems (MHP) across different age groups including vulnerable 
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adolescents.2,3 Such problems seem to have gotten worse 
since the COVID-19 period started, particularly when 
indirectly comparing to the pre-COVID-19 prevalence 
because of their unprecedentedly altered lifestyle.4 For 
example, results of a cross-sectional study during part of 
the COVID-19 epidemic period revealed a high prevalence 
of insomnia symptoms (21.9%), depressive symptoms 
(44.9%) and anxiety symptoms (38.3%) among Chinese 
middle school students5 relative to results in previous non- 
COVID-19 studies.6–8 Of note, insomnia does not only 
negatively affect daytime function, but also may cause 
MHP in adolescents.9 Additionally, adolescents with 
MHP tend to be more susceptible to debilitating psychia-
tric illness in later life.10 Given the high prevalence of 
insomnia, depressive and anxiety symptoms among ado-
lescents during such a stressful life-threatening event (the 
COVID-19 pandemic), it is essential to assess the preva-
lence of insomnia, depressive and anxiety symptoms and 
understand the key modifiable risk/protective factors so 
that health professionals can timely design effective inter-
ventions for the populations at risk of developing these 
symptoms.

Accumulating evidence has shown that mental health 
among adolescents can be improved by modifiable life-
style behaviors, such as physical activity (PA) and seden-
tary behavior (SB).11,12 It is found that physical inactivity 
was associated with poor mental health during the 
pandemic.13 In contrast, more PA may help decrease the 
prevalence of depressive and anxiety symptoms.14,15 

Regular PA during adolescence is not only of great ben-
efit for physical health,16 but also has the potential to 
maintain mental well-being,17 while excessive time 
spent in sitting has been shown to have harmful effects 
on adolescent mental health.18 Thus, promoting PA and 
limiting SB concurrently might be promising to prevent 
adolescent mental problems during the COVID-19 and 
even post-pandemic.19 Previous empirical studies have 
provided the evidence base, for example, in 
a representative survey of Brazilian adolescents (n = 
100,839, mean age = 14.28 years) where researchers 
found that less time spent sitting and more time spent 
physically active was associated with less insomnia.20 

Such beneficial effects of increased PA and reduced SB 
were consistently observed in terms of depression and 
anxiety.21,22 While the benefits of PA and problems asso-
ciated with excessive SB are well documented in the 
absence of a pandemic, remaining active during the pan-
demic may be particularly important.17,21 Indeed, many 

researchers have taken the potential role of PA into con-
sideration when it comes to the impact of COVID-19 on 
MHP.14,23–25 For example, a study on Chinese general 
population found that not exercising was a common risk 
factor for sleep disorder, depression and anxiety.23 

Nevertheless, a recent study published in May 2020 
found that irregular PA was associated with both higher 
odds of depression and anxiety and showed some protec-
tive effect for adolescent mental health during this global 
public health emergency.26

Despite that valuable information linking PA/SB and 
mental health before the pandemic, as well as some 
empirical research conducted during the COVID-19 mea-
suring PA, research about the associations between con-
current PA and SB with mental health among Chinese 
adolescent during this special period is still limited. 
Additionally, COVID-19-related fear as a unique variable 
was observed to associate with increased risks of devel-
oping MHP.27,28 A recent study showed that fear of 
COVID-19 causes anxiety, insomnia, and even suicide, 
reflecting the extreme psychological impacts related to 
COVID-19.29 Although significant associations between 
fear and the negative mental outcomes have been well 
documented among adults,48 literatures in terms of 
COVID-19-related fear among adolescents are limited. 
Thus, such fear perception should be considered as an 
important factor of symptoms concerned in this study, 
also an indispensable covariate when examining the rela-
tionships between PA/SB and MHP in the context of 
COVID-19. Moreover, researchers have begun to realize 
that various lifestyle behaviors are codependent and 
should be investigated simultaneously.30 However, most 
previous studies have separately investigated the 
relationship(s) of PA or SB with health benefits, espe-
cially physical outcome measures.31 To fill this void, we 
therefore aimed to further explore the independent and 
joint role of PA and/or SB in insomnia, depressive and 
anxiety symptoms among Chinese adolescents in the con-
text of COVID-19. Collectively, we conducted the pre-
sent study with three specific aims: (1) to determine the 
prevalence of insomnia, depressive and anxiety symp-
toms in a Chinese adolescent sample during the 
COVID-19; (2) to explore associations between 
COVID-19-related fear with insomnia, depressive and 
anxiety symptoms; (3) to investigate associations 
between PA/SB with insomnia, depressive and anxiety 
symptoms.
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Methods
Participant Recruitment
A cross-sectional study on junior middle school students 
was conducted between May 13 and 20 in 2020, shortly 
after reopening schools in Yizhou district, Hechi city, 
Guangxi province, Southern China. Guangxi province is 
an economically underdeveloped province in southern 
China, while Hechi city is one of the poorest areas in 
Guangxi. The rural population accounts for about 77% in 
Hechi.32 Many studies have found that adolescents living 
in underdeveloped rural areas are prone to MHP.33,34 

Hence, it is very important to carry out the psychological 
survey of middle school students in rural areas (eg, Hechi 
city) during the COVID-19 pandemic. With a permission 
from the local educational department (Yizhou district; 
accounting for 15% of the population of Hechi city), the 
survey was conducted on junior middle school students in 
this district during the pandemic.35 There are 30 public 
middle schools with 38,407 students in Yizhou.35 Among 
all the possible schools in Yizhou, ten schools were ran-
domly selected for our sample recruitment.

Of note, to meet the age requirement of the PA ques-
tionnaire and ensure that participants were able to under-
stand the questionnaire content (it is detailed in 
measurement), only students aged over 15 years in these 
schools were invited to attend this study, leading to an 
initial sample size of 1054 students. After removing parti-
cipants with incomplete and missing data, information of 
965 adolescents finally were valid. Based on previous 
studies on similar topic during the COVID-19 pandemic, 
the sample was calculated using G*Power 3.1 with the 
following assumptions: an expected prevalence (40.0%) of 
symptoms among Chinese adolescents, 1.5 odds ratio 
(OR) of symptoms among low PAT or high ST, margin 
of error of 5% and power of 80%.36–39 This gives a total 
sample size 778. The finally recruited sample (n = 965) 
goes beyond this, which is sufficient for formal analysis 
(eg, be sufficient to meet the statistical requirements).

Procedure
With the assistance of the local education authority, official 
approvals were obtained from the selected schools. In con-
sideration of safety during the pandemic, all participants 
completed the questionnaires via an online survey platform 
in which instructions were described. The questionnaires 
contained scales of PAT, ST, insomnia symptoms, depressive 
symptoms, anxiety symptoms, and COVID-19-related fear, 

as well as some socio-demographic information. Prior to 
data collection, head teachers of the participants have 
informed participants’ guardians regarding the investigation. 
Subsequently, the informed consent forms were delivered to 
the participants and their parents. After obtaining their con-
sent, the survey was started. The purpose of this study was 
explained to all participants and it was highlighted that all 
the collected data would be analyzed in an aggregated man-
ner with personal information being kept in strict confidenti-
ality. This study was conducted in accordance with the 
Declaration of Helsinki and approved by both the adminis-
tration committees of the surveyed schools and the Human 
Research Ethics Committee of Shenzhen University (Code 
number: 2,020,005).

Measurements
Physical Activity and Sitting Time
Daily PA time and sitting time were self-reported using the 
International Physical Activity Questionnaire Short Form 
(IPAQ-SF), which was developed as a surveillance instru-
ment to measure multiple domains of PA.40,41 Of note, it has 
widely been recommended to measure PA of individuals 
aged between 15 and 65 years.40 The IPAQ-SF asks respon-
dents to report the frequency and duration in each PA (vigor-
ous-intensity activities, moderate-intensity activities and 
walking), as well as the duration of daily sitting during the 
last 7 days. The Chinese version of the IPAQ-SF has been 
confirmed adequately reliable and valid in previous studies.41

Insomnia Symptoms
Insomnia symptoms were measured using the Chinese 
version of the Youth Self-Rating Insomnia Scales 
(YSIS).42 The YSIS consisted of 8 items with each item 
that is rated on a 5-point scale. A total YSIS score that 
ranged from 8 to 40 can be obtained, with a higher total 
score indicating a greater severity over the past month. 
Participants who scored 22 and above were identified as 
having insomnia symptoms, whereas participants with 
score of less than 22 had no insomnia symptoms. The 
psychometric properties of the YSIS were assessed in 
a large sample of Chinese adolescents with an internal 
consistency reliability coefficient of 0.80 and 2-week 
test–retest reliability coefficient of 0.82.42 In the current 
study, the Cronbach’s α coefficient was 0.90.

Depressive Symptoms
The Chinese version of the 9-item Patient Health 
Questionnaire (PHQ-9) was used to measure level of 
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depressive symptoms.43 Each item that can earn 0 to 3 
points (0 = “not at all” to 3 = “nearly every day”), and 
a total score ranged from 0 to 27 (higher points indicat-
ing more severe depressive symptoms). Total scores of 5, 
10, 15, and 20 were identified as the cut-off of mild, 
moderate, moderately severe and severe symptoms of 
depression, respectively. Thus, a total score of 5 was 
set as a cut-off point to categorize participants into two 
groups: no depressive symptoms (PHQ-9 score <5) and 
depressive symptoms (PHQ-9 score ≥5). The Chinese 
version of PHQ-9 has been widely used and well vali-
dated in Chinese adolescents, possessing adequate inter-
nal consistency of 0.84,5,44 which is further supported by 
the current study, with a Cronbach’s α coefficient 
of 0.90.

Anxiety Symptoms
Anxiety symptoms were measured using the Chinese ver-
sion of the Generalized Anxiety Disorder scale (GAD-7), 
which is an appropriate measure of anxiety symptoms in 
general.45,46 Each item has four response options (0 = 
“Not at all” to 3 = “Nearly every day”). Each participant 
can obtain a total score that ranged from 0 to 21, with 
higher score indicating more severe anxiety. Total scores 
of greater than or equal to 5, 10, 15, and 20 were identified 
as mild, moderate, moderately severe and severe anxiety, 
respectively. Thus, with the cut-off point set at 5, partici-
pants were categorized into two groups: no anxiety symp-
toms (GAD-7 score <5) and anxiety symptoms (GAD-7 
score ≥5). The psychometric properties of the GAD-7 have 
been validated in Chinese adolescents,5,33,45 which is 
further supported by the current study with a good internal 
consistency (Cronbach’s α coefficient = 0.93).

COVID-19-Related Fear
Fear was measured using the Chinese version of the 
Fear of COVID-19 Scale (FCV-19S).47,48 It consisted 
of 7 items, with each item that can be responded on 
a 5-point Likert scale (strongly disagree = 1 to strongly 
agree = 5). Its total score (summation of individual 
response items) ranged from 7 to 35, with higher scores 
indicating greater COVID-19-related fear. The psycho-
metric properties of the FCV-19S have been confirmed 
in a Chinese population with a good internal consistency 
reliability (α = 0.92), composite reliability (CR = 0.92) 
and good structural validity.47 Good internal consistency 
was also presented in this study with a Cronbach’s α 
coefficient of 0.94.

Socio-Demographic Information
Socio-demographic information was collected via a self- 
reported questionnaire, including age, gender (male/ 
female). Their family economic status was also collected, 
indicated by household monthly income per person 
(Chinese currency [Yuan as unit] - RMB: <2000/2000– 
3000/≥3000) in this study. Additionally, they reported their 
left-behind status (left-behind/non-left-behind; left-behind 
children are prevalent in modern China, referring to the 
children who are under 18 years old and left at rural 
residences for at least 6 months by either one or both of 
parents migrating to work in cities). Studies have indicated 
high risk of mental problems among Chinese left-behind 
children.34,49

Statistical Analyses
Descriptive analyses were performed for participant char-
acteristics. Descriptive data are presented as mean with 
standard deviation (SD) for continuous variables and fre-
quency with percentage for categorical variables.

Here, according to the median values in this sample, 
participants were categorized based on the cut-off points 
of 1.5h/d for PAT and 4h/d for ST, respectively. Thus, the 
participants were divided into two categories for PAT (low 
PAT or high PAT). Similarly, the participants were classi-
fied into two categories for ST (low ST or high ST). Then, 
the participants were cross-tabulated into 4 (2×2) groups 
(ie, Group Ⅰ: low PAT + high ST; Group Ⅱ: low PAT + 
low ST; Group III: high PAT + high ST; Group Ⅳ: high 
PAT + low ST).

Logistic regressions were used to examine the associa-
tions between COVID-19-related fear, PAT, ST and combi-
nation of PAT and ST with the symptoms of insomnia, 
depression and anxiety. Socio-demographic factors (ie, age, 
gender, left-behind status, and household monthly income 
per person) and COVID-19-related fear were included as 
confounding variables when examining the independent and 
joint associations between PAT and ST with these symptoms. 
To examine the independent associations between PA/SB 
with the symptoms of insomnia, depression and anxiety, 
we also mutually adjusted exposures (PAT and ST) for 
each other (ie, when PAT was modeled as the main exposure, 
the analysis was adjusted for ST, and when ST was modeled 
as the main exposure, the analysis was adjusted for PAT). 
Next, the joint associations between PAT and ST with the 
symptoms of insomnia, depression and anxiety were exam-
ined. Using Group Ⅰ (low PAT + high ST) as the referent, 
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we compared the odds ratios (OR) of symptoms between 
Group Ⅰ and other groups after adjusting for controlled 
variables. All analyses were performed using SPSS for 
Windows, version 26.0. The statistical significance was set 
at p < 0.05 (two-tailed) for interpretation of the results.

Results
The final sample in this study consisted of 965 adolescents 
aged 15–17 years (mean age: 15.26 ± 0.46), of which 
females accounted for 42.4%. Of all participants, 49.9% 
of participants were categorized to low PAT while 54.0% 
of participants were recognized as high ST. Meanwhile, 
34.9%, 45.7% and 34.4% participants reported insomnia, 
depressive and anxiety symptoms in this study, 

respectively. More detailed descriptive characteristics of 
the participants are shown in Table 1.

Table 2 presents the independent associations between 
COVID-19-related fear, PAT and ST with insomnia, depressive 
and anxiety symptoms. Higher COVID-19-related fear was 
significantly related with the occurrence of insomnia symp-
toms (OR = 1.03 [1.01–1.05], p < 0.01), depressive symptoms 
(OR = 1.03 [1.01–1.05], p = 0.001) and anxiety symptoms (OR 
= 1.06 [1.04–1.08], p < 0.001). Regarding the independent 
associations of PAT and ST with insomnia, depressive and 
anxiety symptoms, participants with high PAT reported less 
opportunities to develop insomnia symptoms (OR = 0.71 [0.-
54–0.95], p < 0.05) and depressive symptoms (OR = 0.71 
[0.54–0.93], p < 0.05) than those with low PAT after adjusting 
for age, gender, left-behind status, household monthly income 
per person, COVID-19-related fear and ST. In contrast, parti-
cipants with high ST were more likely to develop 
insomnia symptoms (OR = 1.79 [1.36–2.37], p < 0.001), 
depressive symptoms (OR = 1.65 [1.26–2.16], p < 0.001) and 
anxiety symptoms (OR = 1.47 [1.11–1.94], p < 0.01) than those 
with low ST after adjusting for age, gender, left-behind status, 
household monthly income per person, COVID-19-related 
fear and PAT.

Table 3 shows the joint associations of PA and SB with 
the symptoms of insomnia, depression and anxiety. For 
insomnia, Group Ⅱ (OR = 0.56 [0.38–0.83], p < 0.01) and 
Group Ⅳ (OR = 0.40 [0.27–0.59], p < 0.001), namely the 
two groups with low SB, reported significantly lower odds 
than the reference group (ie, Group Ⅰ). For depression, 
Group Ⅱ (OR = 0.55 [0.38–0.80], p < 0.01), Group III 
(OR = 0.65 [0.45–0.93], p < 0.05) and Group Ⅳ (OR = 
0.43 [0.30–0.63], p < 0.001), namely the groups with high 
PA and/or low SB, were all significantly associated with 
lower odds of symptoms than the reference group. For 
anxiety, only the group with high PAT and low ST con-
currently (ie, Group Ⅳ) was associated with lower odds of 
symptoms than reference group (OR = 0.65 [0.43–0.97], 
p < 0.05). Generally, compared to the reference group with 
both unhealthy behaviors (ie, low PAT + high ST), parti-
cipants with both healthy behaviors (ie, high PAT + low 
ST) demonstrated significantly lower prevalence of insom-
nia symptoms (OR = 0.40 [0.27–0.59], p < 0.001), depres-
sive symptoms (OR = 0.43 [0.30–0.63], p < 0.001) and 
anxiety symptoms (OR = 0.65 [0.43–0.97], p < 0.05).

Discussion
Using a sample of Chinese adolescents during the 
COVID-19, this study aimed to investigate the 

Table 1 Descriptive Characteristics of the Participants

Variables n (%) or Mean ± 
SD

Age 15.26 ± 0.46

Gender
Male 556 (57.6)

Female 409 (42.4)

Left-behind status
Left-behind 305 (31.6)

Non-left-behind 660 (68.4)

Household monthly income per person 
(yuan)

<2000 334 (34.6)

2000–3999 416 (43.1)
≥4000 215 (22.3)

COVID-19-related fear 17.41 ± 7.29

Physical activity time (PAT) (h/d)

<1.5h/d (low PAT) 482 (49.9)
≥1.5h/d (high PAT) 483 (50.1)

Sitting time (ST) (h/d)
<4h/d (low ST) 444 (46.0)

≥4h/d (high ST) 521 (54.0)

Insomnia symptoms
With insomnia symptoms 337 (34.9)

Without insomnia symptoms 628 (65.1)

Depression symptoms
With depressive symptoms 441 (45.7)
Without depressive symptoms 524 (54.3)

Anxiety symptoms
With anxiety symptoms 332 (34.4)

Without anxiety symptoms 633 (65.6)
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prevalence of insomnia, depressive and anxiety symp-
toms, independent and joint associations between PAT 
and ST with these symptoms, as well as the associations 
between COVID-19-related fear with these symptoms. 
The prevalence of insomnia, depressive and anxiety 
symptoms in this sample was 34.9%, 45.7% and 
34.4%, respectively. More COVID-19-related fear was 
correlated with higher odds of insomnia, depressive and 
anxiety symptoms, while high PAT and low ST were 
associated with lower odds of insomnia and depressive 
symptoms. Compared to the reference group with 
unhealthy behaviors (low PAT and high ST), the group 
with both healthy lifestyle behaviors (high PAT and low 
ST) was significantly associated with lower odds of 

insomnia, depressive and anxiety symptoms. 
Additionally, only the group with concurrent high PAT 
and low ST presented significantly lower odds than the 
reference group. Possible explanations for these results 
are presented in detail below.

Prevalence of insomnia, depressive and anxiety symp-
toms in this study was generally high, which reflects the 
psychological impact of the pandemic to some extent. One 
reason for such a high prevalence may be because all the 
participants were junior high school students over 15 years 
old; thus, a large proportion of our participants were stu-
dents in Grade 3, who were facing the pressure of senior 
middle school entrance examination (the most important 
examination for junior middle school students). Besides, 

Table 2 Independent Associations of Physical Activity Time (PAT) and Sitting Time (ST) with the Odds Ratios of Insomnia, Depressive 
and Anxiety Symptoms

Insomnia 
Symptoms

Depressive 
Symptoms

Anxiety 
Symptoms

Age 1.30(0.97–1.75) 0.97 (0.72–1.29) 1.25 (0.93–1.69)

Gender Male 1 (ref) 1 (ref) 1 (ref)
Female 1.37 (1.03–1.82)* 1.66 (1.26–2.19)*** 1.60 (1.20–2.13)**

Left-behind status Non-Left-behind 1 (ref) 1 (ref) 1 (ref)
Left-behind 1.27 (1.03–1.46) 1.43 (1.24–1.57)*** 1.32 (1.09–1.49)*

Household monthly income per person (yuan) <2000 1 (ref) 1 (ref) 1 (ref)
2000–3999 0.99 (0.72–1.35) 0.93 (0.68–1.25) 0.87 (0.63–1.18)

≥4000 0.77 (0.53–1.13) 0.82 (0.57–1.18) 0.75 (0.51–1.10)

COVID-19-related fear 1.03 (1.01–1.05)** 1.03 (1.01–1.05)** 1.06 (1.04–1.08)***

PA Low PAT 1 (ref) 1 (ref) 1 (ref)
High PAT 0.71 (0.54–0.95)* 0.71 (0.54–0.93)* 0.97 (0.73–1.29)

Sitting Low ST 1 (ref) 1 (ref) 1 (ref)

High ST 1.80 (0.54–0.95)*** 1.65 (1.26–2.16)*** 1.47 (1.11–1.94)**

Notes: Data are presented as OR (95% CI). *p < 0.05, **p < 0.01, ***p < 0.001. PAT or ST was mutually adjusted according to the independent variable (ie, when PAT was 
modeled as the main independent variable, the analysis was adjusted for ST, and when ST was modeled as the main independent variable, the analysis was adjusted for PAT).

Table 3 Joint Associations of Physical Activity (PAT) and Sitting Time (ST) with the Odds Ratios of Insomnia, Depressive and Anxiety 
Symptoms

Insomnia Symptoms Depressive Symptoms Anxiety Symptoms

Group Ⅰ 1 (ref) 1 (ref) 1 (ref)

Group Ⅱ 0.56 (0.38–0.83)** 0.55 (0.38–0.80)** 0.73 (0.50–1.10)

Group III 0.72 (0.50–1.03) 0.65 (0.45–0.93)* 1.05 (0.72–1.52)

Group Ⅳ 0.40 (0.27–0.59)*** 0.43 (0.30–0.63)*** 0.65 (0.43–0.97)*

Notes: Data are presented as OR (95% CI). *p < 0.05, **p < 0.01, ***p < 0.001. Group Ⅰ: low PAT + high ST; Group Ⅱ: low PAT + low ST; GroupIII: high PAT + high ST; 
Group Ⅳ: high PAT + low ST. Using Group Ⅰ as the referent, the odds ratios of the three symptoms between Group Ⅰ and other groups were compared after adjusting 
for age, gender, household monthly income per person, left-behind status, COVID-19-related fear.
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our sampling process was conducted in Guangxi province, 
one of the economically backward areas in China, nearly 
a third of the students were left-behind children. Previous 
research has found that left-behind children were more 
likely to develop mental health problems as they experi-
ence separation from harmonious parent–child 
interactions.49 A relatively low cut-off point of 5 of the 
PHQ-9 and GAD-7 may also explain the high prevalence. 
Nevertheless, our results were similar to a large-scale 
study with 11,835 Chinese adolescents conducted in 
March 2020 (two months earlier than this study), which 
assessed depressive and anxiety symptoms by the PHQ-9 
and GAD-7 and adopted the same cut-off point as our 
study. This is a warning that negative impact of the pan-
demic on adolescent mental health, may be continuous and 
long term despite that COVID-19 situation has been better 
in China.

Results in the current study indicated that greater 
COVID-19-related fear was significantly associated with 
higher levels of insomnia, depressive and anxiety symp-
toms. This is consistent with a pre-COVID-19 study indi-
cating that people who suffered from fear tended to 
develop insomnia symptoms.50 Recent studies conducted 
during the COVID-19 also suggested that fear of COVID- 
19 was associated with psychological distress and life 
dissatisfaction.28 Aggregated fear of COVID-19 may 
even lead to suicide.29 Taken together, fear caused by life- 
threatening event like COVID-19- would increase the 
probability of developing mental health problems, indir-
ectly reflecting the psychological impact of the COVID- 
19. The fear and psychological distress related to the 
pandemic has been found to be associated with the stres-
sors such as frustration, inadequate information, and pro-
blematical media exposure.51 Thus, parents and educators 
should pay attention to adolescents’ fear to COVID-19 and 
their consumption of pandemic-related media coverage, 
and help adolescents with proper knowledge on the 
COVID-19.

Since the pandemic has been such a great threat to the 
mental health of adolescents, it is very important to figure 
out the protective factors to prevent or intervene the poten-
tial MHP. Generally, it is considered that either high PA or 
low SB is healthy for adolescents.52–54 This study con-
ducted during the COVID-19 also supported this idea. 
Specifically, participants with high PAT were less likely to 
develop insomnia and depressive symptoms than counter-
parts with low PAT, while high ST group was more likely to 
develop insomnia, depressive and anxiety than those with 

low ST even after mutually adjusting for each other of PAT 
and ST. Although our data cannot render a causal inference 
about the association, previous research can provide some 
indications of a potentially causal relationship, which would 
underpin our assertions. In terms of PA, for example, 
a randomized controlled trial indicated that 30-minute 
morning running during weekdays for three consecutive 
weeks had positive impact on sleep quality and psycholo-
gical functioning among healthy adolescents relative to 
a control group.55 In addition, a prospective cohort study 
found that increasing ST (measured by anti-graph) was 
associated with greater level of depression at age 18 years 
relative to its baseline assessment of children aged 12–16 
years.12 Besides, it was reported that a one-week sedentary 
behavior-inducing intervention had deleterious effects on 
anxiety among an active youth population as compared 
with a control group.56

Despite extensive research on the efficacy of PA/SB, 
the potential mechanism through which they produce men-
tal health benefits among adolescents remains unclear. 
Nevertheless, biological, psychological and behavioral 
mechanisms have been suggested for the relationships 
between PA with mental health of young people.57 

Biological mechanism hypothesis suggests that PA 
improves mental health via structural and functional 
changes in the brain, such as improving levels of mood- 
regulating neurotransmitters in the brain or the production 
of cortisol.58–60 PA was also found to be a mediator in the 
relationship between inflammation and depression in 
adults, but relevant evidence from adolescents is 
limited.61,62 Psychological mechanism hypothesis suggests 
that PA makes it more accessible for social interaction and 
social support, improving the self-esteem, self-efficacy and 
perceived competence and improvements in body 
image.63,64 Behavioral mechanism hypothesis suggested 
that PA may improve self-regulation and coping skills 
which may help effectively stay positive mentally.57 

Regarding the positive impact on sleep, it is expected 
that by energy consumption, PA would increase the need 
for sleep at night to reduce metabolic requirements for 
energy conservation and body restoration.65 Moreover, 
physically active individuals tend to maintain other 
healthy behaviors, such as favorable diet patterns which 
are associated with better sleep quality and mental 
health.66,67 Regarding the undesirable influence of SB, 
previous research has suggested that it is also associated 
with inflammation, which is a core feature of major 
depression.68,69 A meta-analysis suggested that high levels 
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of SB are associated with higher levels of anxiety symp-
toms, and the associations remain largely similar, regard-
less of age, health status and measurements.70 There is 
some provisional evidence to suggest that standing or 
breaking up prolonged periods of sitting might help alle-
viate the harmful effect of SB on metabolism in 
adolescents,71 but more research to clarify the mechanism 
of SB on sleep and mental health are needed.

Taken together, owing to the independent impact of 
increased PA or limited SB, it is expected that increasing PA 
and limiting SB concurrently would be a better protective 
factor to improve sleep and mental health than only focusing 
on PA or SB among adolescents. This expectation is supported 
by the main findings of the joint roles of PA and SB in this 
study: combinations with healthy behaviors (high PAT + low 
ST) were all significantly associated with lower odds of insom-
nia, depression and anxiety symptoms than the combinations 
with unhealthy behaviors (low PAT + high SB). The presence 
of health-promoting behaviors may produce a cumulative 
effect on mental health outcomes.31 Most current research 
findings have suggested that meeting behavior recommenda-
tions (eg, adolescents aged 14–17 years need to engage in at 
least 60 min per day of moderate-to-vigorous PA) may aid in 
attaining better physical and mental health in adolescents.30,72 

In fact, as mentioned before, many researchers have expressed 
their interest in modifiable lifestyle behaviors when the psy-
chologists seek to figure out ways to combat the burden on 
mental health caused by the pandemic.26,73 Therefore, in the 
follow-up work, more research should look into the related 
factors with the time distribution on PA and SB among ado-
lescents as the pandemic is still going on.

Another interesting finding in this study was found in the 
association between PA and anxiety symptoms: no significant 
difference on anxiety existed between high PAT and low PAT. 
This may implicate the weak association between PA and 
anxiety, which is consistent with a conclusion given in 
a review paper that PA only has a small beneficial effect for 
alleviating anxiety symptoms.74 Moreover, after combining 
PA and SB, as compared to the reference group (ie, low PAT 
+ high ST), only the group with high PAT and low ST concur-
rently was associated with lower odds of anxiety symptoms, 
while only the groups with low ST were associated with lower 
odds of insomnia symptoms. Our results suggest that a high 
level of PA may not alleviate the effect of excessive SB on 
mental health outcomes. Findings in the present study partially 
agrees with a previous study, which found that adolescents 
with concurrent high PA and high SB might be also experien-
cing poor mental health.75 Besides, a cross-sectional study 

demonstrated that screen time, closely related with sitting 
time, had greater impact on mental health than PA.76 

However, compared with the attention paid to PA, information 
on the relationships between SB and mental health is less 
available, which highlights the importance to investigate the 
underlying mechanism of SB on mental health in future 
research. More importantly, these findings reaffirm that when 
non-health-promoting behaviors coexist with health- 
promoting behaviors, the benefit of healthy behaviors may be 
eliminated.31 Thus, future interventions should consider how 
behaviors cluster and interact with each other. Rather than 
putting too much emphasis on one single lifestyle behavior, 
especially in the context of public health emergency, our find-
ings reinforce the importance of promoting PA and limiting SB 
concurrently in preventing symptoms of insomnia, depression 
and anxiety in Chinese adolescents during the COVID-19 
pandemic.

Some limitations in our study should be mentioned. First, 
the study involved only junior middle school students in 
Yizhou district, Hechi city. Even though we have included 
left-behind status and household income as confounding fac-
tors, one should be cautious in generalizing our findings to all 
Chinese adolescents. Future studies are encouraged to replicate 
or negate our research findings based on young population with 
a wider range of ages and socioeconomic status. Second, the 
nature of cross-sectional design allows no inferences on the 
causality of any associated factor. More comprehensive long-
itudinal studies are needed to better understand the complex 
and potentially reciprocal relationship between the variables 
(ie, PA, SB, insomnia, depressive and anxiety symptoms). 
Third, the self-reported information may cause bias due to 
the social desirability effect and memory error. Studies with 
larger sample size and objective measure are highly recom-
mended in future studies.77 Fourth, although the presence of 
mental problems was assessed by the standardized question-
naires, these measures are not completely equivalent to clinical 
diagnoses; thus, future studies with diagnostic interviews 
should be used.

Conclusion
The present study found that COVID-19-related fear is sig-
nificantly associated with the prevalence of insomnia, depres-
sive and anxiety symptoms. Besides, it provided further 
evidence that high PA and low SB contributed to better sleep 
and related mental outcomes, while the co-existence of these 
two behaviors could confer a greater benefit in adolescents. 
This study suggested that moving more and sitting less is good 
for sleep quality and mental health for Chinese adolescents 
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during COVID-19 pandemic. For the prevention and interven-
tion of insomnia, depression and anxiety, it is worthwhile to 
pay attention to the joint roles of PA promotion and SB reduc-
tion in adolescents, by encouraging adolescents to be physi-
cally active and decrease sedentary behavior. Future studies 
with longitudinal design and objective measures are encour-
aged to provide more information on this topic.
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