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1.  INTRODUCTION

The novel Coronavirus Disease (COVID-19), as a public health 
emergency of international concern, outbroke in Wuhan, China 
in 2019. To date, the disease has spread worldwide and infected 
7,796,517 patients globally (84,730 in China) by 14 June 2020 [1]. 
The World Health Organization (WHO) declared COVID-19 
a pandemic, and the epidemic disease was a global physical and 
mental health threat [2].

During emergencies, emotional problems are one of the most 
prominent social concerns, [3], and people are more likely to have 
negative emotions such as worry, panic, and confusion [4]. Mental 
health problems are difficult to address in pandemic and may have 
devastating consequence if remains untreated [5]. Long periods of 
social isolation, anxiety, and mental disorders increase the risk of 
mental illness [6,7]. In the COVID-19 outbreak, studies reported 
that there has been a high prevalence of mental health problems 

[8,9], and caused major psychological problems in common people 
[10], including emotional stress, anxiety, depression and other 
symptoms [11,12]. However, research focusing on the physical and 
mental health impact of large-scale emergencies like COVID-19 
was still limited.

Since the outbreak of the COVID-19, nationwide school closures 
have been one of the most important policy interventions adopted 
by the Chinese government. Due to a long time of home isolation, 
and repeated delays in the start of school, there existed a great 
threat on the daily life routines, as well as physical and mental 
health of adolescents in middle schools. Additionally, the sched-
ule of the Chinese National College Entrance Examination (Gao 
Kao) has been the focus of people’s attention. Students in Grade 3 
Senior High school were under big study pressure during the isola-
tion caused by COVID-19. Adolescents were in a high-risk period 
of depression [13], and excessive life events and pressure may 
induce difficult-to-adjust emotions and psychological health prob-
lems [14]. With reductions in daily movement and huge academic 
learning pressure in an isolated environment, it is very necessary to 
investigate the PA levels and emotional state of adolescents during 
the epidemic to promote their healthy growth and study efficiency.
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A B S T R AC T
Background:  Restricted outdoor activities and online learning during COVID-19 pandemic may pose threats on the physical 
and mental health of Chinese adolescents in middle schools. The study was to explore the relationship of Physical Activity (PA) 
and Sedentary Time (SED) with mood states among Chinese adolescents during the pandemic.
Methods:  A total of 4898 adolescents (16.3 ± 1.3 years old) from 49 middle schools in 13 urban and rural areas in Yan’an, China 
volunteered to participate in this study and completed online questionnaires. International Physical Activity Questionnaire 
(IPAQ) were used to measure PA and SED, and Profile of Mood States were used to evaluate mood states. We used Mann–
Whitney U-test and Kruskal–Wallis test to assess differences in PA and SED in different sex and grade group, respectively. Mixed 
linear regression was used to analyze the relationship between PA/SED and mood states.
Results:  Participants in our study accumulated 23.4 ± 52.5 min of moderate-to-vigorous PA and 363.6 ± 148.4 min of SED per 
day. The mood states of boys were better than that of girls (p < 0.01). The mood states of the students in Senior High School Grade 3 
were at the highest level of mood disturbance. Higher levels of PA were significantly associated with lower levels of total mood 
disturbance in this population (High PA group according to IPAQ: B = −3.22, SE = 0.40, p < 0.001; Moderate: B = −1.47, SE = 
0.37, p < 0.001, compared to Low PA group).
Conclusion:  Chinese adolescents maintained a sedentary lifestyle during the COVID-19 pandemic. Girls and students in 
Grade 3 Senior High School had higher level of mood disturbance. More PA was associate with improving mood state among 
adolescents in the pandemic. The present study may assist policymakers and healthcare professionals understand PA and mood 
states of Chinese adolescents during the epidemic and take targeted actions in case of emergencies in future.
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At present, the world prevalence of physical inactivity in children 
and youth was at a concerning level [15]. A large number of studies 
suggest that young people accumulate at least 60 min of Moderate-
to-Vigorous intensity Physical Activity (MVPA) per day, while lim-
iting Sedentary Time (SED) to <120 min per day [16,17]. However, 
in a survey covering 105 countries, 80.3% of 13–15-year-olds doing 
fewer than 60 min of MVPA per day [18]. In the context of the 
COVID-19 pandemic, daily transportation PA and leisure-time 
exercise were very limited. Most people spent longer time on sed-
entary behaviors at home, resulting in reduced Physical Activity 
(PA) [19]. In particular, long-term online academic learning was 
the major study method for adolescents during the COVID-19 
pandemic. It inevitably led to lower levels of PA, and prolonged 
sedentary screen time. Insufficient PA level of adolescents was asso-
ciated with increased anxiety level, decreased learning efficiency 
and increased risk of depression [20]. Research has approved that 
increase in SED resulted in poor mental health [21,22]. High levels 
of regular PA can reduce students’ anxiety and stress and improve 
their on academic performance [23]. Physical exercise have a favor-
able effect on various mood profiles, regardless of exercise types, 
duration (between 10 and 60 min) and recovery period (between 
5 and 30 min) [24,25]. Young people with severe mental illness 
showed reductions in anxiety and depression after the exercise 
intervention [26]. During the epidemic, adolescents maintaining 
moderate-intensity PA was associated with better immune func-
tion and better health conditions [27].

Countries and areas all around the world have launched home 
PA guides for adolescents, and many foreign websites have also 
launched youth physical exercise methods. Experts and scholars 
in public health and exercise science have put forward suggestions 
for at-home PA during the epidemic [28,29], and provide scien-
tific guidance for maintaining healthy. In April 2020, the General 
Administration of Sport in China issued a guidance document on 
the physical health of young people during the epidemic. Exercise 
was recommended to improve wellbeing and learning efficiency 
and keep a good emotional state during COVID-19 epidemic. 
However, no study has reported the association between PA and 
mental health in Chinese adolescents during the COVID-19  
pandemic.

This study was to investigate whether PA and SED of adolescents 
were related to their mood states and mental health during the iso-
lation period caused by COVID-19 pandemic. We hypothesized 
that PA was negatively associated with mood disturbances among 
Chinese adolescents during the COVID pandemic, and higher PA 
was related with low levels of mood disturbances. The finding will 
help develop methods and strategies to support people to overcome 
the outbreak of pandemics or social isolation and provides advices 
for policymakers and health care professionals to enhance the prac-
tice of PA in future public health emergencies.

2.  MATERIALS AND METHODS

2.1.  Sample and Study Design

This study was a cross-sectional study conducted in the period 
between March 8th and 15th, 2020 after the Director‑General of 
WHO declared the COVID-19 outbreak a public health emergency. 
A total of 4898 students (16.3 ± 1.3 years old) participated in the 

survey, which was from 49 middle schools in Yan’an City. Yan’an City 
is a prefecture-level city located in the north of Shaanxi Province. It 
is a holy place for Chinese revolution and the first batch of national 
historical and cultural cities announced by the State Council. This 
survey included a total of 11 counties (Huangling, Huanglong, 
Yichuan, Luochuan, Fuxian, Yanxian, Ganquan, Yanchuan, Wuqi, 
Zichang, and Zhidan) and two districts (Pagoda and Ansai), 
including urban and rural areas. In China, middle schools include 
Junior High Schools and Senior High Schools. Specifically, Junior 
High Schools include Junior High School Grade 1–3, while Senior 
High Schools include Senior High School Grade 1–3. In our study, 
participants were divided into four groups: Junior Grade 1 and 2, 
Junior Grade 3, Senior Grade 1 and 2, Senior Grade 3, depending 
on whether they were in the graduating grade or not. The question-
naires were filled out by students with the guidance of their teachers 
through the google forms platform Questionnaires included three 
domains: demographic information (age, sex, grades, living areas, 
wake up time, bed time, etc.), PA/SED and mood states. A total 
of 5500 questionnaires were issued and 5319 questionnaires were 
received (response rate: 96.7%), with 4898 having complete and 
valid data of demographic information, PA/SED and mood states. 
Participants has signed written consents to participate. The study 
was approved by the ethics committee of Shaanxi Normal University.

2.2.  Measures

The International Physical Activity Questionnaire Short Form 
(IPAQ-SF) – Chinese version were used to measure the PA levels 
among adolescents in the present study. The IPAQ-SF was trans-
lated by Macfarlane et al. [30] and can be considered adequately 
reliable instrument to assess the total amount of MVPA obtained 
in common people. The IPAQ-SF consists of vigorous-intensity 
activities, moderate-intensity activities, and walking. Participants 
were required to recall the number of days they performed 
each activity (frequency) and the length of time (duration) they 
were involved daily in each activity during the last 7 days [31]. 
According to the official IPAQ-SF scoring protocol, the PA level 
was divided into three PA groups, including high, moderate and 
low PA group (see www.ipaq.ki.se). The average time spent on 
sedentary behaviors in each of the last 7 days was also asked in the 
survey. Participants were divided by the order of SED from low 
to high into three groups (high, moderate, and low SED group) 
according to the SED tertiles.

The mood states of those adolescents were measured through the 
simplified Chinese Profile of Mood States (POMS) revised by Zhu 
[32]. The POMS scale is a self-rating questionnaire consisting of 
seven mood dimensions, which was a reliable and valid method 
of assessing a variety of mood states (r = 0.65, −0.93; Cronbach% = 
0.87–0.95) [33,34]. Participants were indicated to “describe how 
they have been feeling during the past week, including today” on 
5-point scales (anchors: 0 = not at all, 1 = a bit less, 2 = inter-
mediate, 3 = more, 4 = extremely) [22]. The test described the 
current state experienced by the individuals. The equation of the 
Total Mood Disturbance (TMD) score was: TMD = negative mood 
scales score (tension, depression, anger, fatigue, and confusion) – 
positive mood scales score (vigor and self-esteem) + 100. Higher 
TMD scores indicated a greater degree of mood disturbance, 
depressed, or disordered (Low: TMD ≤ 207, Moderate: 207–287, 
High: ≥ 288) [35].
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2.3.  Statistical Analysis

All statistical analyses were performed using the version 21.0 SPSS 
(Chicago, IL, USA). Descriptive statistical analyses were conducted to 
calculate the means and standard deviations for PA, SED and POMS 
variables. As the PA and SED variables were not normally distributed, 
non-parametric tests (Mann–Whitney U-test and Kruskal–Wallis 
test) were conducted to assess differences in PA and SED among dif-
ferent sex and grade groups. Similarly, nonparametric tests (Mann–
Whitney U-test and Kruskal–Wallis test) were used to analyze the 
scores of different sex and grade groups. As the PA and SED were 
significantly skewed (p < 0.01), PA/SED categories (high, moderate, 
and low) were used in mixed liner regression models to analyze the 
association of PA/SED with mood states, with PA or SED groups as 
the independent variables, mood states as the dependent variable, and 
sex, grades and residential area as the covariates. Statistical signifi-
cance was set at p < 0.05.

3.  RESULTS

Participants (16.3 ± 1.3 years old) in this study included 2359 boys 
(48%) and 2539 girls (52%), with 2943 Junior High School students 
and 1955 Senior High School students (Table 1). Descriptive char-
acteristics of the population sample are shown in Table 1. During 
the epidemic period most students (75%) got up at 6:00–8:00 a.m. 
and went to sleep before 23:00 (88%) at night.

In Table 2, the total MVPA of adolescents was 23.4 ± 52.5 min/day. 
For boys, the total MVPA was 27.8 ± 65.0 min/day, and vigorous 
PA accounted for the largest proportion. In the girl group, the total 
MVPA was 19.2 ± 36.8 min/day, with vigorous PA accounting for the 
largest proportion. Boys accumulated significantly more vigorous 
PA than girls, while girls had more moderate PA (p < 0.01). The SED  
of boys and girls were 340.2 ± 149.4 and 346.8 ± 147.4 min/day,  
respectively. The SED levels of girls were significantly higher than 

Table 1 | Descriptive characteristics of participants (N = 4898)

Variables n %

Sex
  Boys 2359 48
  Girls 2539 52
Grade
  Junior High School Grade 1 and 2 1652 34
  Junior High School Grade 3 1291 26
  Senior High School Grade 1 and 2 1117 23
  Senior High School Grade 3 838 17
Residential area
  Rural 2652 54.1
  Urban 2246 45.8
Wake-up time
  Before 6:00 103 2
  6:00–8:00 3667 75
  8:00–10:00 1009 21
  After 10:00 119 2
Bed time
  20:00–21:00 471 10
  21:00–22:00 1774 36
  22:00–23:00 2075 42
  After 23:00 578 12

Table 2 | Comparison of physical activity and mood state of adolescents 
of different genders (N = 4898)

Total  
(n = 4898)

Boys  
(n = 2359)

Girls  
(n = 2539)

Physical activity
  Moderate and vigorous 

(min/day)
23.4 ± 52.5 27.8 ± 65.0 19.2 ± 36.8**

  Vigorous (min/day) 10.6 ± 24.2 13.6 ± 28.8 7.9 ± 18.5**

  Moderate (min/day) 14.4 ± 27.5 13.6 ± 26.8 15.1 ± 28.2**

  Walking (min/day) 12.8 ± 42.6 14.2 ± 53.5 11.4 ± 28.8
  Sedentary time (min/day) 363.6 ± 148.4 340.2 ± 149.4 346.8 ± 147.4**

Profile of mood states
  Tension 3.4 ± 2.7 3.3 ± 2.8 3.5 ± 2.7**

  Anger 3.0 ± 2.6 2.9 ± 2.7 3.0 ± 2.6**

  Fatigue 4.5 ± 3.9 4.4 ± 4.0 4.6 ± 4.0*

  Depression 2.5 ± 2.4 2.5 ± 2.4 2.6 ± 2.5
  Confusion 2.5 ± 1.8 2.4 ± 1.9 2.5 ± 1.8**

  Vigor 5.6 ± 2.4 5.5 ± 2.6 5.5 ± 2.4**

  Self-esteem 4.4 ± 1.9 5.0 ± 2.1 4.9 ± 1.9
  Total mood disturbance 102.7 ± 10.6 102.4 ± 10.9 103.3 ± 10.3**

The statistical significance between sex groups is marked with “*”. *Indicates p < 0.05, 
**indicates p < 0.01.

boys (p < 0.01). The scores of tension, anger, and confusion were 
significantly higher in girls than those in boys (p < 0.01). The score 
of vigor was higher in girls than that in boys. TMD of girls was also 
significantly higher than boys (p < 0.01). There was no significant 
difference in PA and mood state between rural and urban adoles-
cents (p > 0.05, not included in the tables).

Table 3 has shown that the total PA, moderate PA, and walking PA 
were significantly different in different grade groups (p < 0.01). The 
total PA of the Junior Grade 1 and 2 was the lowest, and the Senior 
Grade 3 was the highest. Significant difference existed in the SED  
among grades (p < 0.01), with Junior Grade 3 was the shortest, 
while the Senior Grade 3 group was the longest. For mood states, 
significant differences existed across different grade groups in the 
scores of tension, anger, fatigue, depression, confusion and total 
mood disturbance (p < 0.01), with the scores were lowest in Junior 
Grade 1 and 2, and highest in Senior Grade 3.

Table 4 showed higher PA level were significantly related to 
lower negative mood scores and higher positive mood scores  
(p < 0.01). By comparing the mood states of different SED 
groups, there was no significant association between SED and 
the mood state in this population (p > 0.05).

Figure 1 showed significant differences existed in the total nega-
tive mood scores across different sex, grade and PA groups, respec-
tively. Boys, adolescents in lower grades, and those with higher PA 
indicated significantly lower levels of total negative mood scores 
(p < 0.01). Also, significant difference existed in the total positive 
mood scores across different PA groups (p < 0.01). No significant 
differences have been found in the total positive scores in different 
sex or grade groups, respectively (p > 0.05).

4.  DISCUSSION

This study was one of the first to examine the association between 
PA and mood state of adolescents of different sexes and grades 
in the context of the COVID-19 outbreak. The study found boys, 
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Table 3 | Comparison of physical activity and state of mind among adolescents of different grades (N = 4898) (Mean ± SD)

Junior Grade 1  
(n = 1652)

Junior Grade 3  
(n = 1291)

Senior Grade 1 and 2 
(n = 1117)

Senior Grade 3  
(n = 838)

Physical activity
  Moderate and vigorous (min/day) 20.3 ± 43.4 22.8 ± 70.6 25.6 ± 45.0 27.3 ± 44.6**

  Vigorous (min/day) 9.7 ± 22.5 10.8 ± 25.7 11.1 ± 25.0 11.5 ± 23.9
  Moderate (min/day) 12.2 ± 26.8 13.4 ± 25.2 16.6 ± 28.8 17.3 ± 30.1**

  Walking (min/day) 10.6 ± 32.1 12.0 ± 63.0 14.6 ± 32.5 15.8 ± 32.1**

  Sedentary time (min/day) 340.0 ± 143.2 331.8 ± 141.4 339.4 ± 149.0 374.7 ± 163.8**

Profile of mood states
  Tension 3.2 ± 2.7 3.5 ± 2.7 3.2 ± 2.6 4.1 ± 2.8**

  Anger 2.7 ± 2.6 2.9 ± 2.6 3.0 ± 2.6 3.6 ± 2.7**

  Fatigue 4.1 ± 3.5 4.4 ± 3.9 4.6 ± 4.0 5.5 ± 4.3**

  Depression 2.3 ± 2.1 2.4 ± 2.4 2.5 ± 2.5 3.0 ± 2.7**

  Confusion 2.2 ± 1.8 2.3 ± 1.8 2.7 ± 1.80 3.0 ± 1.9**

  Vigor 5.6 ± 2.6 5.7 ± 2.5 5.5 ± 2.4 5.5 ± 2.2
  Self-esteem 4.9 ± 2.0 5.0 ± 1.9 5.0 ± 1.7 4.9 ± 1.7
  Total mood disturbance 101.6 ± 9.9 102.4 ± 10.7 103.1 ± 10.6 105.8 ± 11.2**

The statistical significance among grade groups is marked with “*”. *Indicates p < 0.05, **indicates p < 0.01.

adolescents in lower grades, and those with higher PA indicated 
significantly lower levels of negative mood states. PA was related 
to the mood state of adolescents, and higher levels of PA was asso-
ciated with better mood states. Our study provided a realistic basis 
for support young people to cope with emergencies and social iso-
lation and promote their physical and mental health during the 
COVID-19 pandemic.

Adolescents in our study spent an average of 23.4 ± 52.5 min/
day on MVPA and 363.6 ± 148.4 min/day on sedentary behaviors 
per day, and they were less active than those in previous research 
[36,37]. For example, the Mielgo-Ayuso et al. [38] survey found 
that the weekly total PA of adolescents (13–17 years) was 936.8 ± 
762.5 min/week, a total of 55.4% of children and adolescents 

performed <60 min/day of MVPA [36]. Rääsk et al. [37] studied 
the PA of adolescent boys using an accelerometer (average age  
14 years) and found their MVPA was 56.4 ± 25.0 (min/day). 
Additionally, recent studies have found PA levels of common people 
have declined during the COVID-19 epidemic [39–41]. Long-term 
home isolation during the outbreak and online learning or working 
may be the reason for less PA and more SED.

During the epidemic period, the total mood disturbance of adoles-
cents was at a relatively low level, and their mood state was stable 
in this study. Since the survey was conducted in a steady growth 
phase of the epidemic in March 2020, most students have already 
adapted to the isolation environment and their feelings of uneasi-
ness decreased. By comparing the differences in the mood state of 

Table 4 | Relationshipa between physical activity level, sedentary time and state of mood of adolescents

Low
Moderate High

B SE p-value B SE p-value

Physical activity levelsb

  Tension Ref. −0.07 0.09 0.45 −0.15 0.10 0.16
  Anger Ref. −0.27 0.09 <0.001** −0.42 0.10 <0.001**

  Fatigue Ref. −0.34 0.14 0.01* −0.72 0.15 <0.001**

  Depression Ref. −0.21 0.08 0.01* −0.42 0.09 <0.001**

  Confusion Ref. −0.15 0.06 0.02* −0.41 0.07 <0.001**

  Vigor Ref. 0.59 0.08 <0.001** 0.95 0.09 <0.001**

  Self-esteem Ref. 0.31 0.06 <0.001** 0.57 0.07 <0.001**

  Total mood disturbance Ref. −1.47 0.37 <0.001** −3.22 0.40 <0.001**

Sedentary time levelsc

  Tension Ref. 1.40 2.80 0.62 1.50 2.98 0.61
  Anger Ref. 3.60 2.82 0.20 1.50 3.00 0.61
  Fatigue Ref. 5.40 4.01 0.18 1.50 4.27 0.72
  Depression Ref. 2.60 2.52 0.30 1.00 2.68 0.71
  Confusion Ref. 2.90 2.04 0.15 1.75 2.17 0.80
  Vigor Ref. 4.40 2.70 0.10 3.25 2.87 0.26
  Self-esteem Ref. 3.10 2.12 0.79 4.00 2.12 0.14
  Total mood disturbance Ref. 5.80 11.11 0.60 1.00 11.84 0.93
aAdjusted for sex, grade, residential location. bAccording the official International Physical Activity Questionnaire Short Form scoring protocol, Low group,  
n = 2863; Moderate, n = 1150; High, n = 885. cSedentary time level, it was based on the tertiles of sedentary time, Low group, n = 1633; Moderate, n = 1633;  
High, n = 1632; The statistical significance is marked with “*”. *Indicates p < 0.05, **indicates p < 0.01.
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Figure 1 | Total positive and negative mood scores in different groups (a. Scores in different sex groups, b. Scores in different grade groups, c. Scores in 
different physical activity groups). The statistical significance in different groups is marked with “*”, respectively. *Indicates p < 0.05, **indicates p < 0.01.

students of different sexes, we found the mood state of boys and 
girls were significantly different, and the value of girls’ total mood 
disturbance was higher than boys. The reason may be that the psy-
chological and physical characteristics of girls in middle-school 
were more sensitive to various things than boys, and girls were 
more likely to produce tension and confusion in the face of emer-
gencies. This was consistent with previous studies [42]. The total 
mood disturbance of the Senior Grade 3 was the highest, and 
significant differences existed in the mood states across different 
grade groups. The reason may be that the school study of the Junior 
Grade 3 group and Senior High Grade 3 group have been delayed 
for nearly 3 months, and their study efficiency and environment 
were very limited. More specifically, the pressure of the high school 
entrance examination and National College Entrance Examinations 
has caused students to be emotionally unstable and psychologically 
anxious. The students in the Junior Grade 1 and 2 have just entered 
the middle-school and the learning pressure was relatively small, 
so their state of mood was a stable level. A survey of general public 
(12–59 years) at the initial phase of COVID-19 outbreak in China 
indicated about one-third people had moderate-to-severe anxiety, 
and students and women were more prone to have higher stress 
and anxiety [43]. Affected by the epidemic, the start of school was 

postponed, and online learning became the main learning method 
for students. A survey found that online learning for more than 
2.5 h per week can cause severe mood disturbance. Research has 
approved that the longer time students spent in front of the screen, 
the lower levels of psychological well-being [44,45]. Therefore, 
in future pandemic, relevant departments should control online 
learning time and pay attention to the physical and mental health 
of adolescents.

Significant association has been found between PA and mood states 
in this population. Higher levels PA was related to better perfor-
mance in mood states tests, which was consistent with previous 
studies [46,47]. For example, survey of Chinese college students’ 
emotions and physical exercise after the outbreak found that physi-
cal exercise helped to alleviate negative emotions, and when weekly 
PA was 2500 Metabolic Equivalent of Energy (METs), it could more 
significantly alleviate negative emotions [41]. Li [48] found that 
moderate-intensity PA can help reduce the negative emotions of col-
lege students and produce positive mood states. Xu et al. [49] inves-
tigated the PA and mood state of the 18–69-year-old population 
and found PA was significantly related to the mood state of the resi-
dents, and physical exercise helped to reduce panic and depression. 

a b

c
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Another study among 2678 (18–65 years) individuals with mood 
and/or anxiety disorders found that a large proportion of patients 
with mood and/or anxiety disorders did not exercise regularly, and 
those who exercise regularly had a low level of anxiety and higher 
levels of satisfaction with life [50]. In a review article covering 73 
articles on the effects of PA on the mental health of children aged 
3–18, it was reported that exercise had a small to moderate positive 
effect on the mental health of children, especially for children who 
were diagnosed as cognitively impaired or emotionally disturbed 
[47]. Compared to lower level PA, individuals engaging in higher 
PA had lower odds of experiencing anxiety, while there was no sig-
nificant difference for moderate levels of PA [51]. In the context of 
the COVID-19 epidemic, research has found a significant positive 
correlation existed between PA and mental well-being, and main-
taining higher levels of MVPA was an important strategy for mental 
health [52]. People who accumulated exercise for more than 30 min 
during the epidemic were less likely to experience symptoms such 
as anxiety and depression, while those who were sedentary for more 
than 10 h a day had higher levels of depression [53,54].

In this study, we found that SED was not significantly associated 
with mood state. The reason may be that sedentary behaviors were 
not specifically classified in our study. Research has shown that the 
depression level of adolescents with an average of more than 2 h 
a day in front of the screen was significantly higher than that of 
adolescents who have not [55–57]. Adolescents with longer time 
of screen behaviors were at higher levels of anxious [57]. However, 
some other studies have also found SED was not associated with 
depression [58,59], since mental health are influenced by many 
other factors, such as education, income and history of other dis-
ease. Longitudinal investigation is needed to further discuss the 
relationship between SED and mood state. Intervention activities 
such as the online exercise teaching and training should be used to 
further explore the impact of exercise on mood states of different 
population during emergencies.

The strengths of our study included: first, the sample size of the 
study was large, and including adolescents of different sexes, 
grades and areas (rural and urban). During the COVID-19 epi-
demic, the National College Entrance Examination has been the 
focus of public attention, and the population in our study was 
very representative and the results can provide some suggestions 
for students resume their daily PA and help to protect them from 
the negative mood during the COVID-19 crisis. Second, the 
IPAQ-SF and POMS were internationally recognized and have 
high reliability and validity, which can effectively provide the data 
needed for this survey, Third, the study was conducted during 
the outbreak of COVID-19, which was a public pandemic with 
global health threats. The results in such a unique social model 
was valuable for policymakers, schools, communities and fam-
ilies to design and implement strategies to ensure the PA and 
mental health in Chinese adolescents. The present study had sev-
eral limitations. First, both PA and mood states were measured 
by self-reported tools, which may suffer from the same source of 
bias in this study. However, this may be the only method to eval-
uate the PA and mood states of adolescents during the COVID-19 
isolation. Second, due to lack of supervision and patience, the data 
collected by online questionnaires may not be very accurate and 
reliable. Third, the online survey was conducted from March 8th to 
15th, which was in a period of slow growth. Students have adapted 
to home isolation and online learning, and their mood state was 

relatively stable. In the future, further study can be conducted to 
investigate the objectively measured PA and sedentary behaviors 
of adolescents during emergencies and explore the exact relation-
ship between PA/sedentary behaviors and emotional state.

5.  CONCLUSION

The PA level was relatively low in Chinese adolescents during the 
COVID-19 pandemic. The TMD of the Senior Grade 3 students was 
relatively higher than those in other grades. PA were significantly 
associated with mood states, with higher levels of PA during home 
isolation were related to more stable mood states. Maintaining an 
active lifestyle can help to reduce students’ anger, fatigue, depres-
sion and produce positive emotional states during the COVID-19 
pandemic. PA and exercise are important components of interven-
tion programs for future study aiming to help children and ado-
lescents protect their mental health from adverse impact of public 
health emergencies like the COVID-19 pandemic.
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