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Abstract:

Purpose: This study was to estimate the impact of COVID-19 pandemic restrictions on sedentary behavior (SB)
for Chinese university students during the pandemic period, as well as explore how sedentary behavior changed as

a function of sex.

Methods: We conducted an online questionnaire (the Sedentary Behavior Questionnaire) on students from one
university in China during the pandemic period (March 29- April 15, 2020) and students retrospectively recalled
pre-pandemic physical activity levels (before January 26, 2020). Sedentary behavior was measured using the short
version of the Sedentary Behavior Questionnaire (SBQ). SB in a typical week during the COVID-19 pandemic
period and before the COVID-19 pandemic restrictions were measured based on SBQ. The data was analyzed

using a paired-samples t-test. Chi-square tests were to compare categorical variables.

Results: A total of 1487 (947 males & 513 females; Age 19.72+ 1.32yr., BMI = 21.12 + 4.50) participated in this
study. Before the COVID-19-associated lockdown restriction, on weekdays, survey participants averaged engaged
in 11.41 (SD =3.93) hours of SB, 10.97 (SD = 3.85) hours of SB in males, 12.25 (SD =3.94) hours of SB in
females; on weekends, survey participants averaged engaged in 13.18 (SD =4.06) hours of SB, 12.74 (SD = 3.96)
hours of SB in males, 14.04 (SD =4.11) hours of SB in females. During the COVID-19-associated lockdown
restriction, on weekdays, survey participants averaged engaged in 13.34 (SD =3.78) hours of SB, 12.90 (SD =
3.67) hours of SB in males, 14.19 (SD =3.83) hours of SB in females; on weekends, survey participants averaged
engaged in 14.48 (SD =3.93) hours of SB, 14.10 (SD = 3.81) hours of SB in males, 15.22 (SD =4.04) hours of SB
in females. Overall, on weekdays, The COVID-19-associated lockdown restriction on average appeared to increase
SB by 1.93 (16.91% 1, 95% CI = 1.74, 2.12) hours, an increase in daily total SB by 1.92 (17.50% 1, 95% CI =
1.92, 2.15) hours for males, and an increase 1.94 (15.84% T, 95% CI = 1.62, 2.27) hours in females. On weekends,
The COVID-19-associated lockdown restriction on average appeared to increase SB by 1.30 (9.86% 1, 95% CI =
1.12, 1.48) hours, an increase in daily total SB by 1.36 (10.68% T, 95% CI = 1.13, 1.58) hours for males, and an
increase 1.18 (8.40% 1, 95% CI = 0.87, 1.50) hours in females.

Conclusions: The COVID-19 restriction may lead to an increase in SB of Chinese university students. The total
sedentary time of female students per week was higher than that of male students. Public policy action might be

urgently needed to decrease the sedentary behavior of Chinese university students.
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At the beginning of 2020, the coronavirus disease
2019 (COVID-19) spread rapidly in many countries.
World Health Organization (WHO) announced that
the pandemic of pneumonia caused by New
Coronavirus has become a public health emergency of
international concern and declared the pandemic of
New Coronavirus pneumonia a "pandemic"(Li et al.,
2021). The spread of New Coronavirus pneumonia is
infectious, and population movements will accelerate
the spread of the pandemic, which is a serious threat
to human life and health. Therefore, in order to
effectively stop the spread of the pandemic throughout
the country, the Chinese government has timely taken
isolation and prevention and control measures. Home
quarantine refers to a health action aimed at protecting
public health and restricting individual action (Drazen
et al., 2014). Home quarantine is considered an
effective means to block the spread of New

Coronavirus pneumonia (Anderson et al., 2020).

After the outbreak of the COVID-19, as of
January 26, 2020, 30 provinces in China have
activated the first-level response to public health
emergencies. In order to stop the spread of the virus,
the Chinese government has taken a series of social
isolation measures, such as locking down cities where
major pandemics have occurred, canceling all mass
gatherings, and closing restaurants, cinemas,
gymnasiums, shopping malls and other public places
(Kraemer et al., 2020; Wang & Wang, 2020). Schools
are places where New Coronavirus pneumonia is easy
to break out. Therefore, many colleges and
universities in China have suspended the opening of
school and adopted the teaching method of online
teaching (Xiang et al., 2020). The change of learning
style will also change university students' living habits
and behavior. Previous studies have reported that
during the blockade of the pandemic, adults from
South Africa, the United States, Brazil and China
experienced significant changes in their physical and
mental health compared with pre-pandemic
conditions, such as a significant reduction in physical
activity, an increase in weight gain and so on (Lewis
etal., 2021; Meyer et al., 2020; Pereira da Silva et al.,
2021; Wang et al., 2020). The online teaching method

of home quarantine also has a negative impact on the
health behavior of university students in Canada,
Saudi Arabia, Italy, the United Kingdom and China
(Bertrand et al., 2021; Jalal et al., 2021; Luciano et al.,
2021; Savage et al., 2020; Zhou et al., 2021). For
instance, a study of 407 Pakistani university students
showed that about 48.2% of the participants were
physically inactive and 2.5 times more likely to report
sedentary behaviors than their more active
counterparts during the lockdown (Ullah et al., 2021).
A cross-sectional survey showed that the sedentary
time of American university students increased from 4
h per day before the COVID-19 pandemic restrictions
to 7 h per day (Sidebottom et al., 2021). Another study
from Italy shows that during COVID-19 pandemic
restrictions, university students spend more time using
electronic devices, and their sedentary time increases
significantly, while their physical activity decreases
significantly (Galle et al., 2020). The COVID-19
pandemic restrictions have caused unprecedented
damage, restrictions and concerns about physical and
mental health. Previous studies from Britain, Spain,
Italy, Canada and other countries showed that
university students' SB increased significantly during
COVID-19 pandemic restrictions (Bertrand et al.,
2021; Luciano et al., 2021; Rodriguez-Larrad et al.,
2021; Savage et al., 2021). A recent report based on
Chinese youths shows that during the lockdown,
participants' sedentary time on working days and
weekends increased significantly, and the prevalence
of obesity increased, while the physical activity time

decreased significantly (Jia et al., 2021).

Sedentary behavior (SB) is a conscious activity
characterized by low energy expenditure and
performed in a sitting or reclining position, such as
watching TV, reading, or driving (Tremblay et al.,
2017). There is evidence of an association between
sedentary behavior and cancer mortality, and that high
levels of sedentary increase the risk of premature
death as well as chronic disease (Castro et al., 2020;
Ekelund et al., 2016). Previous research has also
shown that sedentary behavior reduces health-related
quality of life and increases the risk of depression
(Boberska et al., 2018; Teychenne et al., 2010). A
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study of Korean college students showed that with
increasing sitting time, university students' stress,
anxiety and depression increased significantly (Lee &
Kim, 2019). And research by Wu et al. shows that
high screen time increases the risk of mental health
problems and poor sleep quality among university
students (2015).Since the outbreak of New
Coronavirus pneumonia, students have been forced to
make a big change in their life and work arrangements
to adapt to the practice of online learning. University
students spend less time on transportation and
physical education. These changes increase the risk of
university students' SB. The increase of SB may have
serious consequences for students' long-term health
(Deliens et al., 2015). University is a critical period
for developing healthy habits, and it is also a special
period for a person's physical, psychological and
social adaptation. Furthermore, China is one of the
countries most affected by the pandemic, the SB of
Chinese university students may be greatly affected,
however, less attention has been paid to the SB of
Chinese university students during the pandemic.
Therefore, there is an urgent need to investigate how
the outbreak of the pandemic affects the lifestyle of
university students in order to help public health

guidance and future suggestions.

Despite the aforementioned work, three major
gaps in the previous studies remain. Firstly, a cross-
sectional study design was used to analyze the SB of
university students during the COVID-19 pandemic
restrictions (Rahman et al., 2021). However, few
studies have used retrospective matched cohort studies
to study the impact of the COVID-19 pandemic
restrictions on SB of university students. Second,
although the previous literature reports researched for
the public health impact of SB for the COVID-19
pandemic restrictions (from January 26, 2020, to April
15, 2020), to our best knowledge, no research has
been conducted to investigate the impact of the
COVID-19 pandemic restrictions on Chinese
university Students' SB under the strict control
strategy of China. Third, previous studies mainly used
the international physical activity questionnaire

(IPAQ) to evaluate the impact of the pandemic

restrictions on university students' SB. However, the
IPAQ only assesses sitting in general and
driving/riding in motor vehicles and provides no

information on other types of sedentary behavior.

Therefore, the purpose of this study was to
comprehensively estimate the impact of the COVID-
19 pandemic restrictions on sedentary behavior for
Chinese university students during the pandemic
period using an individual-level retrospectively
matched cohort study. Understanding SB of Chinese
university students during the COVID-19 confinement
will help public health authorities implement future
policies on recommendations when new pandemics
arrive, and confinement policies are implemented. We
hypothesized that the SB of Chinese university
students increased significantly during the COVID-19
lockdown. In addition, male students prefer sports to
female students (Lores & Murcia, 2008), we assume
that female students spend more sedentary time than

male students.

Materials and Methods

Participants

A total of 1500 online surveys were collected
from March 29, 2020, to April 15, 2020. Participants
were university students at Tsinghua University
(Tsinghua University is large university in China, and
the campus of Tsinghua University is situated in
northwest Beijing). Among them, 99.1% were valid,
which included 974 males and 513 females.
Participants who didn’t complete the survey (n = 13)

were excluded from the analyses.

Procedures

Participants were recruited in Tsinghua
University online course by faculty. Survey
participation was voluntary. All participants gave their
consent to the survey. Participants completed a survey
using online software (the WeChat Subscription
WeChat and online questionnaire—Sojump
Wenjuanxing platform: https://www.wjx.cn/) from
March 29, 2020, to April 15, 2020, during the strictest
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social isolation in China. The survey includes
questions regarding participants’ sociodemographic,
physical and mental health conditions, and sedentary
behavior and other health behaviors. Participants
reported sedentary behavior during the pandemic
period (current sedentary behavior), and they
retrospectively recalled pre-pandemic sedentary
behavior (report time per day spent on a typical
weekday and weekend day in sedentary behaviors in
past one semester from September 29, 2019, to
December 29, 2019).

Sedentary behavior measurements

The Sedentary Behavior Questionnaire (SBQ)
was used to measure the sedentary behavior of the
participants. Previous studies have confirmed the
reliability and validity of The Sedentary Behavior
Questionnaire (Rosenberg et al., 2010). It gave
information about the time spent watching television,
using computer, sitting and reading, sitting and talking
on the phone, doing arts and crafts, sitting and
driving/riding in a car, and other sedentary activities.
The 7 items were completed separately for weekdays

and weekend days.

During the pandemic period

Total hours of sedentary behavior in a typical
week/weekend day (from March 29, 2020, to April 15,
2020) were constructed based on the answers to the
seven questions adapted from The Sedentary Behavior
Questionnaire (SBQ) (Rosenberg et al., 2010; Sallis et
al., 2020) —“On a typical WEEK DAY, how much
time do you spend (from when you wake up until you
go to bed) doing the following?”, and “On a typical
WEEKEND DAY, how much time do you spend
(from when you wake up until you go to bed) doing
the following?” a) Watching TV; b) Playing computer
or video games; c¢) Reading; d) Sit talk on telephone;
e) Driving or riding in a car; f) Arts and crafts; g)
Other sedentary activities (doing paperwork or sitting
listening to music or playing a musical instrument).
Total hours of sedentary behavior in a typical

week/weekend day were calculated by summing the

hours per day separately for weekday and weekend

items.

Pre-pandemic sedentary behavior

Retrospectively recalled pre-pandemic sedentary
behavior about the time participants spend doing
different types of sedentary behavior in a typical week
(in past one semester from September 29, 2019, to
December 29, 2019). The content of sedentary
behavior questionnaire is the same as that of the above
questionnaire. We only modified “during a typical
week/weekend day” as “a typical week/weekend day
during pre-pandemic period.” Other questions are the
same as during the pandemic period about the time
spent watching television, using computer, sitting and
reading, sitting and talking on the phone, doing arts
and crafts, sitting and driving/riding in a car, and other

sedentary activities.

Statistical analyses

Descriptive statistics (sex, age, BMI, smoking
and drinking behavior), including means, standard
deviations and percentages, were used to analyze and
compare characteristics of the participant by sex. Chi-
square tests were to compare categorical variables.
Paired sample T-test were conducted to measure the
difference of sedentary behavior in the typical week
during the COVID-19 pandemic restrictions period
and before the COVID-19 pandemic outbreak. All
statistical procedures were performed in SPSS-26.0
(SPSS Inc., Chicago, IL, USA) and significance was
set at p <0.05.

Results

Table 1 presents baseline characteristics of the
survey participants. Males accounted for almost two-
thirds (n = 974; 65.50%) of the total sample (n =
1,487). The mean age of participants was 19.72 (SD =
1.32), and the mean BMI was 22.12 kg/m? (SD =
4.50). There are just 1.3% of participants were current

smokers and 4% were current drinkers.
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Table 1. Baseline characteristics of survey participants

Characteristics male female p
N 974 513
Age (yr), mean (SD) 19.72 (1.32) 19.53 (1.28) 20.09 (1.31) <0.001
Body mass index, mean (SD)
BMI (kg/m?) 22.12(4.50) 22.74(4.50) 20.94(4.26) <0.001
Smoking, n (%)
Current smoker 20 (1.30) 10 (1.00) 10 (1.90) 0.142
Current nonsmoker 1467 (98.70) 964 (99.00) 503 (98.10)
Drinking n (%)
Current drinker 59 (4.00) 33 (3.40) 26 (5.10) 0.115
Current nondrinker 1428 (96.00) 941 (96.60) 487 (94.90)

Table 2 shows the average sedentary behavior of
the participants before and during the pandemic on
weekdays. Before the COVID-19 pandemic
restrictions, on weekdays, survey participants
averaged engaged in 0.63 (SD =1.17) hours of
watching TV, 5.65 (SD = 3.30) hours of using
computer, 1.91 (SD = 1.95) hours of reading, 0.74
(SD = 0.65) hours of siting talking on telephone, 0.18
(SD = 0.45) hours of driving or riding in a car, 1.02
(SD = 1.03) hours of doing arts and crafts, 1.28 (SD =
0.75) hours of other sedentary activities. Participants
on averaged engaged in 11.41 (SD =3.93) hours of
sedentary behavior in weekday. During the COVID-19

pandemic restrictions, survey participants averaged

engaged in 1.07 (SD =1.53) hours of watching TV,
7.23 (SD = 2.89) hours of using computer or video
games, 1.42 (SD = 1.54) hours of reading, 1.06 (SD =
0.77) hours of siting talking on telephone, 0.08 (SD =
0.29) hours of driving or riding in a car, 1.21 (SD =
1.14) hours of doing arts and crafts, 1.28 (SD = 0.79)
hours of other sedentary activities. Participants on
averaged engaged in 13.34 (SD =3.78) hours of total
sedentary behavior in weekday. Before and during the
pandemic period, besides arts and crafts, female
students spend more time on other types of SB than
male students. In our analysis, there was no significant
difference in the time spent in arts and crafts between

male and female students.
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Table 2. Sedentary behavior on weekdays before and during the pandemic period

Before the COVID-19 PANDEMIC

During the COVID-19 PANDEMIC

RESTRICTIONS RESTRICTIONS
Sedentary behavior Measure
Male Female Total Male Female Total p
0.57 0.75 0.63 0.91 1.37 1.07
Watching TV (hours/day), mean (SD) <0.001 <0.001
(1.09 (1.28) (117D (1.3 (1.78) (1.53)
5.27 6.37 5.65 7.10 7.48 7.23
Using computer (hours/day), mean (SD) <0.001 0.023
(3.22) (3.32) (3.30) (2.98) (2.95) (2.98)
1.97 1.80 1.91 1.36 1.52 1.42
Reading (hours/day), mean (SD) 0.123 0.052
(2.03) (1.78) (1.95 (1.50) (1.61) (1.54)
0.70 0.82 0.74 1.00 1.18 1.06
Sit talk on telephone (hours/day), mean (SD) <0.001 <0.001
(0.64) (0.65) (0.65) (0.76) (0.78) 0.77)
0.15 0.24 0.18 0.06 0.10 0.08
Driving or riding in a car (hours/day), mean (SD) <0.001 0.054
(0.41) (0.52) (0.45) (027 (0.34) (029
1.07 0.91 1.02 1.23 1.17 1.21
Arts and crafts (hours/day), mean (SD) 0.003 0.362
(1.03) (1.04) (1.03) (1.15 (1.12) (114
1.25 1.36 1.28 1.24 1.37 1.28
Other sedentary activities (hours/day), mean (SD) 0.006 0.003
(0.7 (0.83) (0.75) (0.73) (0.89) (0.79)
10.97 12.25 11.41 12.90 14.19 13.34
Total weekday (hours/day), mean (SD) <0.001 <0.001
(3.85) (3.94) (3.93) (3.67) (3.83) (3.78)
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Table 3 shows the average sedentary behavior of
the participants before and during the pandemic on
weekend. Before the COVID-19 pandemic
restrictions, on weekends, survey participants
averaged engaged in 1.04 (SD =1.30) hours of
watching TV, 6.05 (SD = 3.14) hours of using
computer, 1.85 (SD = 1.84) hours of reading, 0.98
(SD =0.77) hours of siting talking on telephone, 0.38
(SD = 0.62) hours of driving or riding in a car, 1.54
(SD = 1.36) hours of doing arts and crafts, 1.34 (SD =
0.77) hours of other sedentary activities. Participants
on averaged engaged in 13.18 (SD =4.06) hours of
sedentary behavior in weekday. During the COVID-19

pandemic restrictions, survey participants averaged
engaged in 1.55 (SD =1.63) hours of watching TV,
7.05 (SD = 3.00) hours of using computer, 1.41 (SD =
1.50) hours of reading, 1.31 (SD = 0.95) hours of
siting talking on telephone, 0.17 (SD = 0.50) hours of
driving or riding in a car, 1.68 (SD = 1.43) hours of
doing arts and crafts, 1.33 (SD = 0.78) hours of other
sedentary activities. Participants on averaged engaged
in 14.48 (SD =3.93) hours of total sedentary behavior
on weekend. Before and during the pandemic period,
besides arts and crafts, female students spend more

time on other types of SB than male students.
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Table 3. Sedentary behavior on weekends before and during the pandemic period

Before the COVID-19 PANDEMIC

During the COVID-19 PANDEMIC

RESTRICTIONS RESTRICTIONS
Sedentary behavior Measure
Male Female Total p Male Female Total p
0.92 1.29 1.04 1.32 1.99 1.55
Watching TV (hours/day), mean (SD) <0.001 >0.001
(1.23) (139 (1.30) (1.54) (1.84) (1.63)
) 5.82 6.51 6.05 7.08 7.01 7.05
Using computer (hours/day), mean (SD) <0.001 0.701
(3.1 (3.18) (314 (3.02) (2.95) (3.000
1.89 1.75 1.85 1.35 1.54 1.41
Reading (hours/day), mean (SD) 0.249 0.019
(19D (1.70) (1.84) (1.43) (1.60) (1.50)
0.91 1.13 0.98 1.21 1.49 1.31
Sit talk on telephone (hours/day), mean (SD) <0.001 <0.001
(0.72) (0.83) 0.77) (0.93) (0.96) (0.95)
o 0.31 0.52 0.38 0.15 0.20 0.17
Driving or riding in a car (hours/day), mean (SD) <0.001 0.069
(0.57) (0.70) (0.62) (0.50) (0.49) (0.50)
1.62 1.40 1.54 1.72 1.60 1.68
Arts and crafts (hours/day), mean (SD) 0.003 0.156
(1.38) (1.32) (1.36) (1.43) (1.43) (1.43)
1.28 1.45 1.34 1.28 1.41 1.33
Other sedentary activities (hours/day), mean (SD) <0.001 0.003
(0.73) (0.83) 0.77) 0.77> (0.79 (0.78>
12.74 14.04 13.18 14.10 15.22 14.48
Total weekend (hours/day), mean (SD) <0.001 <0.001
(3.96) (41D (4.06) (3.8 (4.04) (3.93)
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Table 4 reports the paired t-test outcomes for
sedentary behavior on weekdays before and during the
pandemic restrictions period by sex. During the
COVID-19 pandemic restrictions, in the sedentary
behavior on weekdays, male students reported
increased in daily hours of watching TV by 0.35
(61.40% T, 95% CI = 0.27, 0.43), increased in daily
hours of using computer by 1.83 (34.72% 1, 95% CI
=1.64, 2.02), decreased in daily hours of reading by
0.61 (30.96% 1,95% CI=-0.73, -0.50), increased in
daily hours of siting talking on telephone by 0.29
(41.43% 1, 95% CI =0.24, 0.34), decreased in daily
hours of driving or riding in a car by 0.08 (53.33% | ,
95% CI=-0.01, -0.06), increased in daily hours of
doing arts and crafts by 0.16 (14.95% 1, 95% CI
=0.09, 0.22), respectively. Male students reported had
no statistically significant differences in time spent on
other sedentary activities when we compared before

and during the pandemic restrictions period.

The total sedentary time of male students
increased by 1.92 (17.50% 1, 95% CI = 1.92, 2.15)
hours during weekdays. During the pandemic

restrictions period, female students reported increased

in daily hours of watching TV by 0.63 (84.00% 1,
95% CI=0.47, 0.78), increased in daily hours of
using computer by 1.11 (17.43% 1, 95% CI = 0.86,
1.36), decreased in daily hours of reading by 0.28
(15.56% | , 95% CI=-0.42, -0.14), increased in daily
hours of siting and talking on telephone by 0.36
(43.90% T, 95% CI =0.29, 0.43), increased in daily
hours of doing arts and crafts by 0.26 (28.57% 1,
95% CI=0.19, 0.34), respectively. Female students
reported had no statistically significant differences in
time spent on driving or riding in a car and other
sedentary activities when we compared before and

during the pandemic restrictions period.

The total sedentary time of female students
increased by 1.94 (15.84% 1, 95% CI = 1.62, 2.27)
hours. The total sedentary time of male students
increased by 1.92 (17.50% 1, 95% CI = 1.92, 2.15)
hours during weekdays. As shown in Table 4,
excepting other sedentary activities, paired t-tests
revealed a statistically significant difference in SB
hours for each dimension and total SB hours per day
before versus after the COVID-19 pandemic

restrictions among male and female students.
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Table 4. Paired t test outcomes for Sedentary behavior on weekdays before and during the pandemic period by sex

Sedentary
behavior

(hours/day)

Watching TV

Using

computer

Reading

Sit talk on

telephone

Driving or
riding in a car
Arts and crafts

Other
sedentary

activities

Total weekday

Male Female Total
Paired Performanc Paired Performanc Paired
Effect size Effect size Performance  Effect size
difference e difference e difference t
(95% CI) (95% CI) (%) (95% CI)
mean (95% CI) (%) mean (95% CI) (%) mean (95% CI)
0.35 0.28 0.63 0.37 0.44 0.31
61.40 ¢ 8.66%** 84.00 ¢ 8.18*** 69.84 1 11.87*%*
(0.27,0.43) (0.21, 0.34) (0.47,0.78) (0.27, 0.46) (0.37,0.52) (0.26, 0.36)
1.83 0.60 1.11 0.39 1.58 0.52
34724 18.51*%* 17.43 1 8.69%** 27.96 1 20.08***
(1.64,2.02) (0.53,0.67) (0.86, 1.36) (0.30, 0.48) (1.43,1.74) (0.47, 0.58)
-0.28 -0.50
-0.61 -0.34 -0.17 -0.28
30.96 | -10.56*** (-0.42, - 15.56 | -3.83%** (-0.59, - 26.18 | -10.89***
(-0.73,-0.50) (-0.41, -0.28) (-0.26, -0.08) (-0.34, -0.23)
0.14) 041>
0.29 0.37 0.36 0.47 0.32 0.41
41431 11.53*%* 43.90 1 10.57*%* 43.24 1 15.50%**
(0.24, 0.34) (0.31, 0.44) (0.29, 0.43) (0.38, 0.56) (0.28, 0.36) (0.35, 0.46)
-0.10
-0.08 -0.19 -0.14 -0.30 -0.23
53.33 -5.98%** 58.33 -6.62%** (-0.13, - 55.56 | -8.80%**
(-0.11,-0.06) (-0.26, -0.13) (-0.19,0.10) (-0.39, -0.21) (-0.28,- 0.18)
0.08)
0.16 0.15 0.26 0.31 0.19 0.20
14.95 1 4.63%** 28.57 1 7.04%*%* 18.63 1 7.51%**
(0.09, 0.22) (0.09,0.21) (0.19, 0.34) (0.22, 0.40) (0.14, 0.24) (0.14, 0.25)
0.00
-0.01 -0.01 0.01 0.02 -0.00
0.80 { -0.35 0.74 0.40 (-0.04, 0.00 -0.08
(-0.06, 0.04) (-0.08, 0.05) (-0.05, 0.08) (-0.07, 0.11) (-0.05, 0.05)
0.04)
1.92 0.53 1.94 0.53 1.93 0.53
17.50 1 16.45%%* 15.84 1 11.83*%* 16.91 1 20.26%**
(1.69,2.15) (0.46, 0.60) (1.62,2.27) (0.44, 0.62) (1.74,2.12) (0.48, 0.58)

Notes: *P<0.05; **P<0.01; ***P<0.0
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Table S reports the paired t-test outcomes for
sedentary behavior on weekends before and during the
pandemic period by gender. During the COVID-19
restrictions sedentary behavior on weekends, male
students reported increased in daily hours of watching
TV by 0.41 (44.57% T, 95% CI = 0.33, 0.49),
increased in daily hours of using computer by 1.26
(21.65% 1,95% CI=1.08, 1.44), decreased in daily
hours of reading by 0.55 (29.10% | , 95% CI =-0.65,
-0.44), increased in daily hours of siting talking on
telephone by 0.30 (32.97% 1, 95% CI =0.25, 0.36),
decreased in daily hours of driving or riding in a car
by 0.16 (9.88% | , 95% CI =-0.21, -0.12), no
statistically significant differences in daily hours of
doing arts and crafts and in daily hours of other
sedentary activities, respectively. The total sedentary
time of male students increased by 1.36 (10.68% 1,
95% CI = 1.13, 1.58) hours. During the pandemic

period, female students reported increased in daily
hours of watching TV by 0.70 (54.26% 1, 95% CI =
0.55, 0.86), increased in daily hours of using computer
by 0.49 (7.53% 1,95% CI=0.25, 0.74), decreased
in daily hours of reading by 0.21 (12.00% | , 95% CI
=-0.35, -0.07), increased in daily hours of siting
talking on telephone by 0.36 (31.86% T, 95% CI
=0.28, 0.44), increased in daily hours of doing arts
and crafts by 0.21 (15.00% 1, 95% CI=0.11, 0.30),
no statistically significant differences in daily hours of
driving or riding in a car and in daily hours of other
sedentary activities, respectively. The total sedentary
time of female students increased by 1.18 (8.40% 1,
95% CI=0.87, 1.50) hours. As shown in Table 5,
excepting other sedentary activities, paired t-tests
revealed a statistically significant difference in daily
hours of SB before versus after the outbreak of
COVID-19 for male and female students.

152



Journal of Healthy Eating and Active Living
2022, Vol. 2, No. 3, pgs. 142-165

Table 5. Paired t test outcomes for Sedentary behavior on weekends before and during the pandemic period by sex

Sedentary
behavior

(hours/day)

Watching TV

Using

computer

Reading

Sit talk on

telephone

Driving or

riding in a car

Arts and crafts

Other sedentary

activities

Total weekend

Male Female Total
Paired difference Paired Paired
Performance Effect size Performance  Effect size Performance Effect size
mean (95% CI) t difference difference t
(%) (95% CI) (%) (95% CI) (%) (95% CI)
mean (95% CI) mean (95% CI)
0.41 0.32 0.70 0.41 0.51 0.35
44.57 1 9 .85%** 5426 1 9. 15%** 49.04 1 13.38%**
(0.33,0.49) (0.25,0.38) (0.55, 0.86) (0.32,0.50) (0.43, 0.58) (0.30, 0.40)
1.26 0.44 0.49 0.18 1.00 0.35
21.651 13.57%** 7.53 % 4.00%** 16.53 1 13.34%**
(1.08, 1.44) (0.37,0.51) (0.25,0.74) (0.09,0.27) (0.85, 1.15) (0.30, 0.40)
-0.55 -0.33 -0.21 -0.13 -0.43 -0.26
29.10 | -10.12%** 12.00 { -2.98** 2324 -10.00%***
(-0.65, -0.44) (-0.39, -0.26) (-0.35,-0.07) (-0.22, -0.05) (-0.52,-0.35) (-0.32,-0.21)
0.30 0.33 0.36 0.39 0.32 0.35
3297 1% 10.23*%** 31.86 1 8.70%** 32.651 13.38%**
(0.250.36) (0.27, 0.40) (0.28, 0.44) (0.30, 0.48) (0.28,0.37) (0.30, 0.41)
-0.16 -0.25 -0.32 -0.43 -0.22 -0.31
9.88 | -7.64%%* 61.54 | -0.52%** 57.89 | -11.84%**
(-0.21,-0.12) (-0.31, -0.18) (-0.38,0.25) (-0.52,-0.34) (-0.25,-0.18) (-0.36,- 0.26)
0.00 0.08 0.21 0.20 0.14 0.12
0.00 2.48%* 15.00 t 4 37%%* 9.09 ¢ 4 37***
(0.02,0.18) (0.01, 0.14) (0.11, 0.30) (0.11, 0.29) (0.08, 0.20) (0.06, 0.17)
-0.01 0.00 -0.03 -0.04 -0.01 -0.01
0.78 { 0.02 2.07 4 -0.97 0754 -0.51
(-0.05,0.05) (-0.06, 0.06) (-0.10, 0.03) (-0.13, 0.05) (-0.05,0.03) (-0.07, 0.04)
1.36 0.38 1.18 0.33 1.30 0.37
10.68 1 11.78*%* 8.40 1 7.36%** 9.86 1 13.87*%*
(1.13, 1.58) (0.32,0.45) (0.87, 1.50) (0.24,0.43) (1.12, 1.48) (0.31, 0.42)

Notes: *P<0.05; **P<0.01; ***P<(0.001
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Discussion

The purpose of this study was to estimate the
impact of COVID-19 restrictions on sedentary
behavior for Chinese university students during the
pandemic period as well as explore how sedentary
behavior changed by gender. Our study found that the
sedentary time of Chinese university students
increased significantly during the COVID-19
restrictions, and the sedentary time of female students
per week was significantly higher than that of male
students. To our knowledge, this is the first study that
examined the impact of COVID-19 restrictions on
sedentary behavior for Chinese university students

using a retrospectively matched cohort study.

In our study, we have provided some evidence of
the negative impact of a university closure, due to the
COVID-19 pandemic restrictions, upon sedentary
behavior in a sample of Chinese university students.
An increase of SB in each of the participants was
observed in our study. It is important to note that the
proportional increase in total SB for the male students
was large, then the increase in total SB for the female
students was less. This is similar to past research,
which showed that during the pandemic period, the
university student population increased their SB
(Galle et al., 2020; Romero-Blanco et al., 2020). An
online cross-sectional survey showed that due to the
outbreak of New Coronavirus pneumonia, university
students' walking and physical activity decreased
significantly and SB increased significantly during
home isolation (Rahman et al., 2021). Similarly, a
study on first-year university students showed that
their health habits are seriously affected during the
COVID-19 lockdown, such as increasing sedentary
time and reducing physical activities (LaCaille et al.,
2021).

However, a systematic review of seven studies
showed that most studies reported a significant
increase in sedentary time among undergraduates, but
not among postgraduates (Rivera et al., 2021). In
addition, a study based on university students

majoring in sports and medicine shows that during the

pandemic, the sedentary time of medical students is
significantly more than that of university students
majoring in sports (de Souza et al., 2021). Based on
previous reports, we can find that COVID-19
restrictions may have different effects on the health
behaviors of different student groups in universities.
All of our research participants are undergraduates,
and all of them are from the same university. Our
findings also suggest that COVID-19 restrictions have
a negative impact on the SB among the Chinese

university students.

At present, many studies show that the level of
physical activity of university students decreases
significantly during the pandemic (Acs et al., 2020;
Coakley et al., 2021; Coughenour et al., 2021; Osipov
et al., 2021; Zhang et al., 2021). The increase of SB of
university students may be related to the decrease of
physical activity level. This may be because under the
influence of the home isolation policy, university
students can only stay at home, reducing the
opportunities for outdoor exercise, but increasing the
screen time for watching TV and online learning. Our
results also show that during the COVID-19
restrictions, university students spend more time
sitting watching TV and using computer. Moreover,
this study presents those students have a significant
increase in SB during the pandemic restrictions, which
may also affect their weight change. There is
increasing evidence that increased SB is associated
with a higher risk of obesity (Hu, 2003; Must &
Tybor, 2005). A Meta-analysis showed that the longer
the total sitting time per day, the greater the risk of all-
cause mortality, and medium and high intensity
physical activity seemed to weaken this risk link
(Chau et al., 2013). Inactivity and SB have many
negative effects on human health at muscular,
cardiovascular, metabolic and endocrine levels, as
well as mental health (Mazza et al., 2020; Tremblay et
al., 2017). Furthermore, in the early New Coronavirus
pneumonia, previous studies reported that the mental
health of university students was negatively affected
(Copeland et al., 2021; Saraswathi et al., 2020).
Previous longitudinal studies have also shown that the

increase of SB of adults living in France and
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Switzerland during the pandemic is associated with
poor mental health and poor physical health (Cheval
et al., 2021). In addition, there is evidence that
unhealthy diet is associated with increased SB during
COVID-19 pandemic (Ammar et al., 2020). If we do
not put forward relevant intervention measures for
decreasing sedentary behavior after the pandemic, it
will further increase the risk of the mental health

among university students.

A previous report showed that 41.5% of adults
around the world sit for 4 hours or more a day (Hallal
et al., 2012). Due to the COVID-19 restrictions, this
proportion may significantly increase. Moreover,
undergraduate students are in the early stage of
adulthood. The cultivation of healthy habits at this
time is of great significance to the development of
mental and physical health in the future (Services,
2000). A recent meta-analytic data highlights that
university students are an at-risk subgroup due to high
levels of accumulated SB (Castro et al., 2020).
Therefore, it is necessary to take intervention
measures to reduce SB and improve physical activity.
A South Korean study found that the cognitive
structure of health awareness and self-efficacy has a
significant impact on university Students' physical
exercise attitude, behavior intention and behavior.
Health awareness has a great impact on physical
activity attitude, while self-efficacy has a great impact
on behavior intention and behavior (Hong & Chung,
2020). This suggests that enhancing university
students' awareness of physical exercise may reduce
their SB. Some researchers suggest that during the
COVID-19 pandemic, simple measures, such as
alternating between sitting and standing for 30
minutes, can break the state of sitting for a long time,
so as to reduce the long-term sedentary (Narici et al.,
2021).

Previous studies have reported that the
environment will affect university students' SB
(Molina-Garcia et al., 2019). Therefore, in order to
reduce their SB, we can provide exercise online
course at home during the lockdown and offer

sufficient fitness facilities and fitness equipment in the

community and build a good fitness environment for
university students after the restrictions. Moreover, the
research suggests that physical activity is very
important to prevent and alleviate the complications
of virus infection (Cheval et al., 2021). Maintaining
regular physical activity during self-isolation is
important for the prevention of future chronic health
conditions due to a sedentary lifestyle (Jakobsson et
al., 2020). University students should follow the
recommendations of the WHO, that is, at least 150
minutes of moderate physical activity, 75 minutes of
vigorous exercise, or both and reduce sedentary
behaviors across different settings (World Health

Organization, 2020) .

In this research, we found more sex-related
differences from the confinement effects. Whether on
weekdays or weekends, female students spend more
time on SB than male students before the pandemic,
but the increase proportion of male students' total SB
is higher than that of female students due to the
pandemic. The results showed that male students had
more sedentary time than female students during the
pandemic period. The results showed that male
students had more sedentary time during the COVID-
19 restrictions. In addition, the SB with the largest
increase in the proportion of male and female students
is the time spent sitting and watching TV behavior.
Based on the findings of this study, the results suggest
that we should actively formulate measures to reduce
the SB of university students, especially to reduce the
screen-based sedentary time of university students.
Male students seem to need more intervention
measures than female students to decrease the

increase in the proportion of sedentary time.

The strength of this study is that this is a survey
on the SB of Chinese university students during the
COVID-19 pandemic using a retrospectively matched
cohort study. Moreover, although many studies have
reported the SB of university students, the SB of
Chinese university students is less understood. We
used SBQ to evaluate the SB of university students.
This may provide effective information for relevant

departments to formulate interventions to reduce the
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SB of university students. However, there are several
limitations in our study. First of all, the SB was self-
reported by participants, which may be potentially
subject to overreporting SB under social desirability
or recall bias. The use of objective measuring tools
such as pedometers, or accelerometers might have
allowed more accurate quantification of time spent in
SB. In addition, the purpose of this study was to
investigate the SB of a sample of students from only
one Chinese university who represent a specific
population group. Therefore, the findings cannot be
extended to the whole population of Chinese young
adults. We didn’t collect the information on
participants’ majors. Furthermore, there might as well
be a seasonal effect in SB among the participants.
Future studies need to consider the replication of the

study findings in other universities.

Conclusion

This study examined the impact of the COVID-
19 restrictions on sedentary behavior for Chinese
university students during the pandemic period. The
results showed that COVID-19 restrictions may
encourage to an increase in sedentary behavior of
Chinese university students. Our study addresses that
it is necessary to take measures to intervene in
decreasing sedentary behavior for Chinese university
students after the COVID-19 pandemic. This finding
should be highly considered by the public health
system and higher education institutions, and effective
intervention measures should be formulated to reduce
sedentary behavior of university students after the

pandemic restrictions.

Correspondence should be addressed to
Hongjun Yu, Ph.D.

Department of Physical Education, Tsinghua
University, Tsinghua Yuan Str.

Beijing, China, 100084

Work: (+86)1062795363

Fax: (+86)1062795363

Email: yuhj12@mail.tsinghua.edu.cn

Hongjun Yu: 0000-0003-1687-934X

Xiaoxin Wang: 0000-0003-3381-8805
Xiaolu Feng: 0000-0003-3947-2817

Acknowledgments

We are grateful for the support of all of the
participants in the study.

Conflict of Interest

We have no conflict of interest to disclose at this time.

Authors’ contribution

HY designed and conceived the study. HY, LS, FX
and YW wrote the manuscript. WX, CP, ZZ, WX, CF
and were involved collected data. HY and YW
analyzed data. All authors read and approved the final

manuscript.

Creative Commons License

This work is licensed under a Creative Commons

Attribution-Noncommercial 4.0 International
License (CC BY-NC 4.0).

Ethics approval and consent to participate

This study was approved by the Tsinghua University
Institutional Review Board (IRB #2012534001). All
the participants gave written informed consent during

the survey.

Consent for publication

Not applicable

Competing interested

The author declare that they have no competing

interests.

Funding: The research was supported by the National
Social Science Fund of China (19ZDA353,
20BTY004), by The National Key Research and
Development Project (2018 YFF0300901,
2018YFF0300902), by the Social Science Fund of
Beijing (21YTA009), by the “Shuang Gao” Plan of

156



Journal of Healthy Eating and Active Living
2022, Vol. 2, No. 3, pgs. 142-165

Humanity and Social Science Fund of Tsinghua (2019THZW) and by the Tsinghua University
University (2021TSG08208), by the Tsinghua Teaching Innovation Program (ZY01_01).

University Initiative Scientific Research Program

157



Journal of Healthy Eating and Active Living
2022, Vol. 2, No. 3, pgs. 142-165

References

Acs, P, Premusz, V., Morvay-Sey, K., Palvolgyi, A., Trpkovici, M., Elbert, G., Melczer, C., & Makai, A. (2020).

Effects of Covid-19 on Physical Activity Behavior among University Students: Results of a Hungarian

Online Survey. Health Problems of Civilization, 14(3), 174-182. https://doi.org/10.5114/hpc.2020.98472

Ammar, A., Brach, M., Trabelsi, K., Chtourou, H., Boukhris, O., Masmoudi, L., Bouaziz, B., Bentlage, E., How,
D., Ahmed, M., Muller, P., Muller, N., Aloui, A., Hammouda, O., Paineiras-Domingos, L. L., Braakman-
Jansen, A., Wrede, C., Bastoni, S., Pernambuco, C. S., . . . Hoekelmann, A. (2020). Effects of COVID-19
Home Confinement on Eating Behaviour and Physical Activity: Results of the ECLB-COVID19

International Online Survey. Nutrients, 12(6). https://doi.org/10.3390/nu12061583

Anderson, R. M., Heesterbeek, H., Klinkenberg, D., & Hollingsworth, T. D. (2020). How will country-based
mitigation measures influence the course of the COVID-19 epidemic? [Journal Article]. Lancet,

395(10228), 931-934. https://doi.org/10.1016/s0140-6736(20)30567-5

Bertrand, L., Shaw, K. A., Ko, J., Deprez, D., Chilibeck, P. D., & Zello, G. A. (2021). The impact of the
coronavirus disease 2019 (COVID-19) pandemic on university students' dietary intake, physical activity,

and sedentary behaviour. Appl Physiol Nutr Metab, 46(3), 265-272. https://doi.org/10.1139/apnm-2020-

0990

Boberska, M., Szczuka, Z., Kruk, M., Knoll, N., Keller, J., Hohl, D. H., & Luszczynska, A. (2018). Sedentary
behaviours and health-related quality of life. A systematic review and meta-analysis. Health Psychology

Review, 12(2), 195-210. https://doi.org/10.1080/17437199.2017.1396191

Castro, O., Bennie, J., Vergeer, 1., Bosselut, G., & Biddle, S. J. H. (2020). How Sedentary Are University Students?

A Systematic Review and Meta-Analysis. Prev Sci, 21(3), 332-343. https://doi.org/10.1007/s11121-020-

01093-8

Chau, J. Y., Grunseit, A. C., Chey, T., Stamatakis, E., Brown, W. J., Matthews, C. E., Bauman, A. E., & van der
Ploeg, H. P. (2013). Daily sitting time and all-cause mortality: a meta-analysis. Plos One, 8(11), e80000.

https://doi.org/10.1371/journal.pone.0080000

158



Journal of Healthy Eating and Active Living
2022, Vol. 2, No. 3, pgs. 142-165

Cheval, B., Sivaramakrishnan, H., Maltagliati, S., Fessler, L., Forestier, C., Sarrazin, P., Orsholits, D., Chalabaev,
A., Sander, D., Ntoumanis, N., & Boisgontier, M. P. (2021). Relationships between changes in self-
reported physical activity, sedentary behaviour and health during the coronavirus (COVID-19) pandemic
in France and Switzerland. Journal Of Sports Sciences, 39(6), 699-704.

https://doi.org/10.1080/02640414.2020.1841396

Coakley, K. E., Lardier, D. T., Holladay, K. R., Amorim, F. T., & Zuhl, M. N. (2021). Physical Activity Behavior
and Mental Health Among University Students During COVID-19 Lockdown. Front Sports Act Living,

3. https://doi.org/10.1080/07347324.2021.1917325

Copeland, W. E., McGinnis, E., Bai, Y., Adams, Z., Nardone, H., Devadanam, V., Rettew, J., & Hudziak, J. J.
(2021). Impact of COVID-19 Pandemic on College Student Mental Health and Wellness. J Am Acad

Child Adolesc Psychiatry, 60(1), 134-141 e132. https://doi.org/10.1016/j.jaac.2020.08.466

Coughenour, C., Gakh, M., Pharr, J. R., Bungum, T., & Jalene, S. (2021). Changes in Depression and Physical
Activity Among College Students on a Diverse Campus After a COVID-19 Stay-at-Home Order. Journal

Of Community Health, 46(4), 758-766. https://doi.org/10.1007/s10900-020-00918-5

de Souza, K. C., Mendes, T. B., Gomes, T. H. S., da Silva, A. A., Nali, L., Bachi, A. L. L., Rossi, F. E., Gil, S.,
Franca, C. N., & Neves, L. M. (2021). Medical Students Show Lower Physical Activity Levels and
Higher Anxiety Than Physical Education Students: A Cross-Sectional Study During the COVID-19

Pandemic. Front Psychiatry, 12, 804967. https://doi.org/10.3389/fpsyt.2021.804967

Deliens, T., Deforche, B., De Bourdeaudhuij, I., & Clarys, P. (2015). Determinants of physical activity and
sedentary behaviour in university students: a qualitative study using focus group discussions. BMC

Public Health, 15. https://doi.org/10.1186/1471-2458-14-53

Drazen, J. M., Kanapathipillai, R., Campion, E. W., Rubin, E. J., Hammer, S. M., Morrissey, S., & Baden, L. R.
(2014). Ebola and quarantine. N Engl J Med, 371(21), 2029-2030.

https://doi.org/10.1056/NEJMel1413139

Ekelund, U., Steene-Johannessen, J., Brown, W. J., Fagerland, M. W., Owen, N., Powell, K. E., Bauman, A., &

Lee, I. M. (2016). Does physical activity attenuate, or even eliminate, the detrimental association of

159



Journal of Healthy Eating and Active Living
2022, Vol. 2, No. 3, pgs. 142-165

sitting time with mortality? A harmonised meta-analysis of data from more than 1 million men and

women. Lancet, 388(10051), 1302-1310. https://doi.org/10.1016/s0140-6736(16)30370-1

Galle, F., Sabella, E. A., Ferracuti, S., De Giglio, O., Caggiano, G., Protano, C., Valeriani, F., Parisi, E. A., Valerio,
G., Liguori, G., Montagna, M. T., Spica, V. R., Da Molin, G., Orsi, G. B., & Napoli, C. (2020).
Sedentary Behaviors and Physical Activity of Italian Undergraduate Students during Lockdown at the
Time of CoViD-19 Pandemic. International Journal of Environmental Research and Public Health,

17(17), Article 6171. https://doi.org/10.3390/ijerph17176171

Hallal, P. C., Andersen, L. B., Bull, F. C., Guthold, R., Haskell, W., Ekelund, U., & Lancet Physical Activity Series
Working, G. (2012). Global physical activity levels: surveillance progress, pitfalls, and prospects.

Lancet, 380(9838), 247-257. https://doi.org/10.1016/S0140-6736(12)60646-1

Hong, H., & Chung, W. (2020). Integrating health consciousness, self-efficacy, and habituation into the attitude-
intention-behavior relationship for physical activity in college students. Psychology Health & Medicine.

https://doi.org/10.1080/13548506.2020.1822533

Hu, F. B. (2003). Sedentary lifestyle and risk of obesity and type 2 diabetes. Lipids, 38(2), 103-108.

https://doi.org/DOI 10.1007/s11745-003-1038-4

Jakobsson, J., Malm, C., Furberg, M., Ekelund, U., & Svensson, M. (2020). Physical Activity During the
Coronavirus (COVID-19) Pandemic: Prevention of a Decline in Metabolic and Immunological

Functions. Frontiers in Sports and Active Living, 2. https://doi.org/10.3389/fspor.2020.00057

Jalal, S. M., Beth, M. R. M., Al-Hassan, H. J. M., & Alshealah, N. M. J. (2021). Body Mass Index, Practice of
Physical Activity and Lifestyle of Students During COVID-19 Lockdown. Journal of Multidisciplinary

Healthcare, 14, 1901-1910. https://doi.org/10.2147/imdh.S325269

Jia, P, Zhang, L., Yu, W., Yu, B., Liu, M., Zhang, D., & Yang, S. (2021). Impact of COVID-19 lockdown on
activity patterns and weight status among youths in China: the COVID-19 Impact on Lifestyle Change

Survey (COINLICS). International Journal of Obesity, 45(3), 695-699. https://doi.org/10.1038/s41366-

020-00710-4

160



Journal of Healthy Eating and Active Living
2022, Vol. 2, No. 3, pgs. 142-165

Kraemer, M. U. G., Yang, C. H., Gutierrez, B., Wu, C. H., Klein, B., Pigott, D. M., du Plessis, L., Faria, N. R., Li,
R. R., Hanage, W. P., Brownstein, J. S., Layan, M., Vespignani, A., Tian, H. Y., Dye, C., Pybus, O. G.,

Scarpino, S. V., & Grp, O. C.-D. W. (2020). The effect of human mobility and control measures on the

COVID-19 epidemic in China. Science, 368(6490), 493-+. https://doi.org/10.1126/science.abb4218

LacCaille, L. J., Hooker, S. A., Marshall, E., LaCaille, R. A., & Owens, R. (2021). Change in Perceived Stress and
Health Behaviors of Emerging Adults in the Midst of the COVID-19 Pandemic. Ann Behav Med, 55(11),

1080-1088. https://doi.org/10.1093/abm/kaab074

Lee, E., & Kim, Y. (2019). Effect of university students' sedentary behavior on stress, anxiety, and depression.

Perspect Psychiatr Care, 55(2), 164-169. https://doi.org/10.1111/ppc.12296

Lewis, R., Roden, L. C., Scheuermaier, K., Gomez-Olive, F. X., Rae, D. E., Iacovides, S., Bentley, A., Davy, J. P.,
Christie, C. J., Zschernack, S., Roche, J., & Lipinska, G. (2021). The impact of sleep, physical activity
and sedentary behaviour on symptoms of depression and anxiety before and during the COVID-19
pandemic in a sample of South African participants. Sci Rep, 11(1), 24059.

https://doi.org/10.1038/s41598-021-02021-8

Li, J., Huang, D. Q., Zou, B., Yang, H., Hui, W. Z., Rui, F., Yee, N., Liu, C., Nerurkar, S. N., Kai, J., Teng, M., Li,
X., Zeng, H., Borghi, J. A., Henry, L., Cheung, R., & Nguyen, M. H. (2021). Epidemiology of COVID-
19: A systematic review and meta-analysis of clinical characteristics, risk factors, and outcomes [Journal
Article; Meta-Analysis; Systematic Review]. J Med Virol, 93(3), 1449-1458.

https://doi.org/10.1002/jmv.26424 %/ (c) 2020 Wiley Periodicals LLC.

Lores, A. P., & Murcia, J. (2008). University student's attitude to physical exercise and sport: Gender differences.

Revista De Psicologia Del Deporte, 17(1), 7-23.

Luciano, F., Cenacchi, V., Vegro, V., & Pavei, G. (2021). COVID-19 lockdown: Physical activity, sedentary
behaviour and sleep in Italian medicine students. Eur J Sport Sci, 21(10), 1459-1468.

https://doi.org/10.1080/17461391.2020.1842910

Mazza, C., Ricci, E., Biondi, S., Colasanti, M., Ferracuti, S., Napoli, C., & Roma, P. (2020). A Nationwide Survey

of Psychological Distress among Italian People during the COVID-19 Pandemic: Immediate

161



Journal of Healthy Eating and Active Living
2022, Vol. 2, No. 3, pgs. 142-165

Psychological Responses and Associated Factors. International Journal of Environmental Research and

Public Health, 17(9). <Go to ISI>://W0S:000535745400189

Meyer, J., McDowell, C., Lansing, J., Brower, C., Smith, L., Tully, M., & Herring, M. (2020). Changes in Physical
Activity and Sedentary Behavior in Response to COVID-19 and Their Associations with Mental Health
in 3052 US Adults. International Journal Of Environmental Research And Public Health, 17(18).

https://doi.org/10.3390/ijerph17186469

Molina-Garcia, J., Menescardi, C., Estevan, 1., Martinez-Bello, V., & Queralt, A. (2019). Neighborhood Built
Environment and Socioeconomic Status are Associated with Active Commuting and Sedentary Behavior,
but not with Leisure-Time Physical Activity, in University Students. Int J Environ Res Public Health,

16(17). https://doi.org/10.3390/ijerph16173176

Must, A., & Tybor, D. J. (2005). Physical activity and sedentary behavior: a review of longitudinal studies of
weight and adiposity in youth. Int J Obes (Lond), 29 Suppl 2, S84-96.

https://doi.org/10.1038/s1.1j0.0803064

Narici, M., De Vito, G., Franchi, M., Paoli, A., Moro, T., Marcolin, G., Grassi, B., Baldassarre, G., Zuccarelli, L.,
Biolo, G., Di Girolamo, F. G., Fiotti, N., Dela, F., Greenhaff, P., & Maganaris, C. (2021). Impact of
sedentarism due to the COVID-19 home confinement on neuromuscular, cardiovascular and metabolic
health: Physiological and pathophysiological implications and recommendations for physical and
nutritional countermeasures. European Journal of Sport Science, 21(4), 614-635.

https://doi.org/10.1080/17461391.2020.1761076

Osipov, A. Y., Ratmanskaya, T. 1., Zemba, E. A., Potop, V., Kudryavtsev, M. D., & Nagovitsyn, R. S. (2021). The
impact of the universities closure on physical activity and academic performance in physical education
in university students during the COVID-19 pandemic. Physical Education of Students, 25(1), 20-27.

https://doi.org/10.15561/20755279.2021.0103

Pereira da Silva, D. R., Werneck, A. O., Malta, D. C., Borges de Souza Junior, P. R., Azevedo, L. O., de Azevedo
Barros, M. B., & Szwarcwald, C. L. (2021). Changes in the prevalence of physical inactivity and

sedentary behavior during COVID-19 pandemic: a survey with 39,693 Brazilian adults. Cadernos De

162



Journal of Healthy Eating and Active Living
2022, Vol. 2, No. 3, pgs. 142-165

Saude Publica, 37(3), Article €00221920. https://doi.org/10.1590/0102-311x00221920

Rahman, K., Vandoni, M., Cheval, B., Asaduzzaman, M., Hasan, M. N., & Rahman, S. T. (2021). Exploring Two
Pandemics in Academic Arena: Physical Activity and Sedentary Behaviors Profile of University Students
in Bangladesh. European Journal of Investigation in Health Psychology and Education, 11(2), 358-371.

https://doi.org/10.3390/ejihpe 11020027

Rivera, P. A., Nys, B. L., & Fiestas, F. (2021). Impact of COVID-19 induced lockdown on physical activity and
sedentary behavior among university students: A systematic review. Medwave, 21(8), e8456.

https://doi.org/10.5867/medwave.2021.08.8456 (Impact of COVID-19 induced lockdown on physical

activity and sedentary behavior among university students: A systematic review.)

Rodriguez-Larrad, A., Mafias, A., Labayen, 1., Gonzalez-Gross, M., Espin, A., Aznar, S., Serrano-Sanchez, J. A.,
Vera-Garcia, F. J., Gonzalez-Lamuifio, D., Ara, 1., Carrasco-Paez, L., Castro-Pifiero, J., Gomez-Cabrera,
M. C.,, Marquez, S., Tur, J. A., Gusi, N., Benito, P. J., Moliner-Urdiales, D., Ruiz, J. R., . . . Irazusta, J.
(2021). Impact of COVID-19 Confinement on Physical Activity and Sedentary Behaviour in Spanish
University Students: Role of Gender. Int J Environ Res Public Health, 18(2).

https://doi.org/10.3390/ijerph 18020369

Romero-Blanco, C., Rodriguez-Almagro, J., Onieva-Zafra, M. D., Parra-Fernandez, M. L., Prado-Laguna, M. D.
C., & Hernandez-Martinez, A. (2020). Physical Activity and Sedentary Lifestyle in University Students:
Changes during Confinement Due to the COVID-19 Pandemic. Int J Environ Res Public Health, 17(18).

https://doi.org/10.3390/ijerph17186567

Rosenberg, D. E., Norman, G. J., Wagner, N., Patrick, K., Calfas, K. J., & Sallis, J. F. (2010). Reliability and
Validity of the Sedentary Behavior Questionnaire (SBQ) for Adults. Journal of Physical Activity &

Health, 7(6), 697-705. https://doi.org/DOI 10.1123/jpah.7.6.697

Sallis, J. F., Conway, T. L., Cain, K. L., Geremia, C., Bonilla, E., & Spoon, C. (2020). Electronic Devices as
Correlates of Sedentary Behavior and Screen Time Among Diverse LowIncome Adolescents During the

School Year and Summer Time. Journal of Healthy Eating and Active Living, 1(1), 17-30.

Saraswathi, 1., Saikarthik, J., Senthil Kumar, K., Madhan Srinivasan, K., Ardhanaari, M., & Gunapriya, R. (2020).

163



Journal of Healthy Eating and Active Living
2022, Vol. 2, No. 3, pgs. 142-165

Impact of COVID-19 outbreak on the mental health status of undergraduate medical students in a
COVID-19 treating medical college: a prospective longitudinal study. Peeryj, 8, €10164.

https://doi.org/10.7717/peerj.10164

Savage, M. J., Hennis, P. J., Magistro, D., Donaldson, J., Healy, L. C., & James, R. M. (2021). Nine Months into
the COVID-19 Pandemic: A Longitudinal Study Showing Mental Health and Movement Behaviours Are
Impaired in UK Students. International Journal of Environmental Research and Public Health, 18(6),

Article 2930. https://doi.org/10.3390/ijerph18062930

Savage, M. J., James, R., Magistro, D., Donaldson, J., Healy, L. C., Nevill, M., & Hennis, P. J. (2020). Mental
health and movement behaviour during the COVID-19 pandemic in UK university students: Prospective
cohort study. Mental Health and Physical Activity, 19, Article 100357.

https://doi.org/10.1016/;.mhpa.2020.100357

Services, U. D. o. H. a. H. (2000). Healthy People 2010: Understanding and Improving Health. U.S. Government
Printing Office, Superintendent of Documents, Mail Stop: SSOP, Washington, DC 20402-9328; Tel: 800-

367-4725; Web site: http://www.health.cov/healthypeople/.

Sidebottom, C., Ullevig, S., Cheever, K., & Zhang, T. (2021). Effects of COVID-19 pandemic and quarantine
period on physical activity and dietary habits of college-aged students. Sports Med Health Sci, 3(4), 228-

235. https://doi.org/10.1016/j.smhs.2021.08.005

Teychenne, M., Ball, K., & Salmon, J. (2010). Sedentary Behavior and Depression Among Adults: A Review.

International Journal of Behavioral Medicine, 17(4), 246-254.

Tremblay, M. S., Aubert, S., Barnes, J. D., Saunders, T. J., Carson, V., Latimer-Cheung, A. E., Chastin, S. F. M.,
Altenburg, T. M., Chinapaw, M. J. M., & Participants, S. T. C. P. (2017). Sedentary Behavior Research
Network (SBRN) - Terminology Consensus Project process and outcome. Int J Behav Nutr Phys Act,

14(1), 75. https://doi.org/10.1186/s12966-017-0525-8

Ullah, L., Islam, M. S., Ali, S., Jamil, H., Tahir, M. J., Arsh, A., Shah, J., & Islam, S. M. S. (2021). Insufficient
Physical Activity and Sedentary Behaviors among Medical Students during the COVID-19 Lockdown:

Findings from a Cross-Sectional Study in Pakistan. /nt J Environ Res Public Health, 18(19).

164



Journal of Healthy Eating and Active Living
2022, Vol. 2, No. 3, pgs. 142-165

https://doi.org/10.3390/ijerph 181910257

Wang, J., & Wang, Z. F. (2020). Strengths, Weaknesses, Opportunities and Threats (SWOT) Analysis of China's
Prevention and Control Strategy for the COVID-19 Epidemic. International Journal of Environmental

Research and Public Health, 17(7). https://doi.org/10.3390/ijerph17072235

Wang, X., Lei, S. M., Le, S., Yang, Y., Zhang, B., Yao, W., Gao, Z., & Cheng, S. (2020). Bidirectional Influence of
the COVID-19 Pandemic Lockdowns on Health Behaviors and Quality of Life among Chinese Adults.

Int J Environ Res Public Health, 17(15). https://doi.org/10.3390/ijerph 17155575

World Health Organization. (2020). WHO guidelines on physical activity and sedentary behaviour. World Health

Organization. https://www.who.int/publications/i/item/9789240015128

Wu, X., Tao, S., Zhang, Y., Zhang, S., & Tao, F. (2015). Low Physical Activity and High Screen Time Can Increase
the Risks of Mental Health Problems and Poor Sleep Quality among Chinese College Students. PLoS

ONE, 10(3), €0119607.

Xiang, M. Q., Tan, X. M., Sun, J., Yang, H. Y., Zhao, X. P,, Liu, L., Hou, X. H., & Hu, M. (2020). Relationship of
Physical Activity With Anxiety and Depression Symptoms in Chinese College Students During the

COVID-19 Outbreak. 71, 582436. https://doi.org/10.3389/fpsyg.2020.582436

Zhang, Y., Wu, X. Y., Tao, S. M., Li, S. Y., Ma, L., Yu, Y. Z., Sun, G. L., Li, T. T., & Tao, F. B. (2021). Associations
between screen time, physical activity, and depressive symptoms during the 2019 coronavirus disease
(COVID-19) outbreak among Chinese college students. J Med Virol, 26(1). doi: 10.1186/s12199-021-

01025-0.

Zhou, H., Dai, X., Lou, L., Zhou, C., & Zhang, W. (2021). Association of Sedentary Behavior and Physical
Activity with Depression in Sport University Students. Int J Environ Res Public Health, 18(18).

https://doi.org/10.3390/ijerph 18189881

165



