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Abstract: Higher education organizations have been influenced by the COVID-19 pandemic. During
school closures, online teaching and learning has become a new routine that may lead to changes in
lifestyles and adversely affect university students’ health. Therefore, this study was to understand
the potential impact of online learning on physical and mental health by investigating the differences
in physical activity, psychological distress, and student life stress in Taiwanese university students
between the in-class learning and online learning periods. A total of 181 students were recruited
from a local university. All participants were requested to complete an online survey and self-
report physical activity, psychological distress, and life stress in the in-class learning and online
learning periods, respectively. The results indicated a significant reduction in physical activity of
various intensities (p < 0.05). Specifically, male university students showed a greater decrease in
vigorous physical activity compared to their female peers. Yet, there was no significant increase in
psychological distress and life stress from the in-class learning period to the online learning period.
In summary, physical activity drastically reduces during the online learning period in Taiwanese
university students. Notably, male students may be at greater risk of insufficient participation in
vigorous physical activity.

Keywords: COVID-19; learning; physical activity; psychological distress; student life stress;
emerging adults

1. Introduction

The coronavirus disease 2019 (COVID-19) has become one of the most serious health
issues worldwide since the first case was confirmed in 2019 and the global outbreak
occurred in 2020 [1]. According to the World Health Organization (WHO), as of 1 September
2021, there have been more than 218 million confirmed cases, with more than 4 million
deaths reported by more than 200 countries [2]. In order to effectively control the spread
of COVID-19, many policies have been adopted, such as social distancing, border control,
and school closures [2,3]. In spite of the fact that vaccinations have been introduced to
tackle the COVID-19 pandemic [2], the pandemic has undoubtedly, significantly changed
our lives and behaviors in a variety of aspects, such as participation in physical activity,
social interactions with friends, and teaching and learning at education organizations [4–7].
Consequently, our physical and mental health might be influenced and deteriorated as a
result of these unusual changes.

Prior research has identified the adverse effect of COVID-19 on emerging adults’
physical and mental health due to social distancing and other measures [6,8]. A large-
scale cross-sectional study that analyzed data collected from 18 countries investigated the
global changes in exercise behaviors and mood and found that, during the COVID-19
pandemic between March and May 2020, 23.7% of respondents reported a decrease in
exercise frequency, and there was a nearly linear relationship between exercise frequency
and mood during the pandemic, indicating that individuals who exercised more frequently
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may have had a better mood [4]. Furthermore, a review on the epidemiology of mental
illness synthesized the existing evidence and identified greater risks for depression, anxiety,
or post-traumatic stress disorder in the general population, as well as in patients with
COVID-19 and health providers [9], whereas a systematic review of 12 articles found a
higher prevalence of depression or anxiety symptoms in children and adolescents aged
between 8 and 18 years [8]. Therefore, physical and psychological health in various
populations might be inevitably affected during a lockdown or school closure [10].

Lockdown and/or school closure may bring significant impacts on higher education,
as novel teaching and learning approaches, such as digital online learning or virtual
classroom, were introduced during these unprecedented situations [3,5]. Specifically, the
adaptation to these novel approaches may further increase university students’ anxiety and
decrease their motivation and confidence toward personalized learning due to technological
barriers during the online learning period [11]. In addition, as university students have
been found to be at greater risks for insufficient participation in physical activity [12], a
recent systematic review also found a further reduction in physical activity levels at any
intensity in this specific population during lockdown [13].

It is evident that there is an intertwined relationship between physical activity and
mental health [14]. Previous findings have shown that prolonged sitting periods or seden-
tary lifestyles are strongly associated with increased risks for non-communicable diseases,
such as obesity or diabetes, in adults [15,16]. These diseases may commonly coexist with or
lead to mental health problems [17,18]. This is also the case during the COVID-19 pandemic,
as a previous study identified a positive association between higher exercise frequency and
better mood in Taiwanese adults [19]. As a result of school closures, university students
may be more susceptible to physical inactivity and mental illness during the online learning
period [10,11,13]. Therefore, it is of particular urgency and importance to draw attention to
both physical and mental health in this population.

When the first COVID-19 case was confirmed on 21 January 2020, there was an
outbreak in Taiwan between January and April with 55 domestic cases [20]. By taking
strict and effective strategies [21], the outbreak was soon subsided, and there was no
confirmed domestic case for seven consecutive months from May to November of 2020 [20].
Most universities remained open during the first COVID-19 outbreak, even though some
courses were simultaneously delivered in the classroom and online; that is, the students
could either go to the classroom or stay home to learn online. However, when the second
COVID-19 outbreak occurred in May 2021, the Level 3 epidemic alert for the COVID-19 was
announced by the Taiwan government to reduce community transmission [22]. Meanwhile,
the Ministry of Education took a much stricter strategy to prevent the pandemic: all public
and private education organizations were requested to be shut down. Therefore, since 19
May, all schools and educational institutions have suspended in-person instruction, and
courses have been shifted to online [23].

Although school closures are a must-do measure in response to the COVID-19 pan-
demic, this may impose detrimental effects on individuals’ physical and mental health
along with other regulations, such as social distancing, no public gathering, and no dine-in
at restaurants [21–23]. However, limited research has been conducted to evaluate the
impact of the change in the teaching and learning approach on physical and mental health
in university students, and evidence is scarce regarding the differences in physical and
mental health between the in-class and online learning periods. To this end, this study
was conducted to better understand the impact of school closures during the COVID-19
pandemic and investigate the differences in physical activity, psychological distress, and
student life stress in university students between the in-class learning period and the online
learning period. Specifically, it was hypothesized that, when compared with the in-class
learning period, university students would be less likely to engage in physical activity and
experience more life stress and psychological distress during the online learning period.
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2. Materials and Methods
2.1. Participants and Procedures

This was a cross-sectional study approved by the China Medical University and
Hospital Research Ethics Committee (CMUH 110-REC3-108). Undergraduate and graduate
students at a medical university in central Taiwan were recruited through postings on
social media in July 2021. Any potentially eligible participants who saw the recruitment
advertisement could access the link of the anonymous web-based survey, which included a
consent form, demographic information, and questionnaires concerning physical activity,
psychological distress, and student life stress. Nevertheless, they were requested to confirm
their eligibility before answering any questions, including: (1) they are currently students
at the university, and (2) they are able to read the questions in Mandarin. In addition,
students in the final year of their program were excluded from this study, as most of them
had to complete an internship at off-campus medical institutes. A total of 742 students
accessed and anonymously completed the online survey. However, there were 48 students
who were ineligible and 413 students who did not complete all questions. Finally, there
were only 181 students (24.4%) who completed all the questions (124 females and 57 males;
mean age = 21.82 ± 3.14 years). It took approximately 15 to 20 min to complete the survey.
Notably, as this was a cross-sectional study that was conducted after the second outbreak
of the COVID-19, all participants completed the online survey only once with careful
instructions regarding their answers to health behaviors or status during the in-class
learning and online learning periods.

2.2. Measures
2.2.1. Physical Activity

The Taiwanese version of the International Physical Activity Questionnaire—Short
Form (IPAQ-SF, available at https://sites.google.com/site/theipaq/ (accessed on 1 July
2021)) was used in this study to collect data on physical activity at various intensities [24,25].
The IPAQ-SF has been validated to show acceptable repeatability (75% of Spearman’s
ρ > 0.65), reasonable agreement with the Long Form, and fair to moderate criterion validity
against accelerometers [25], while the Taiwanese version also showed good test-retest
reliability (Spearman’s ρ = 0.67) and good agreement with the Taiwan version of the Long
Form (Spearman’s ρ = 0.86) [26]. Participants were requested to recall and report their time
spent in light physical activity (LPA; i.e., walk), moderate physical activity (MPA), and
vigorous physical activity (VPA) in the past 7 days before the day when online learning
had begun (i.e., in-class learning period) and in the past 7 days (i.e., online learning period),
respectively. The times of total physical activity (TPA) and moderate-to-vigorous physical
activity (MVPA) were also calculated and recorded for each period. Compliance with WHO
recommendations for adults (i.e., at least 150 min per week) was then calculated based on
their MVPA [27].

2.2.2. Psychological Distress

The Mandarin version of the Kessler-6 (K6) scale (available at https://www.hcp.
med.harvard.edu/ncs/k6_scales.php (accessed on 1 July 2021)) was used to measure
psychological distress of undergraduate and graduate students in this study [28]. The K6
scale has been validated to show excellent internal consistency (Cronbach’s α = 0.89 to 0.92)
and discriminative validity [28], and the Mandarin version has also been validated in an
international survey study [29]. It includes six items measuring different emotional status
(e.g., nervous, hopeless, and depressed) during the past 30 days. Participants were asked
to answer each question using a 5-point Likert scale, ranging from 0 (none of the time) to 4
(all of the time) and yielding a total score of 0 to 24, with a higher score indicating a higher
level of psychological distress. A score of 12 was usually used as the cut-off for serious
mental illness [28]. Similarly, they needed to recall their psychological status and complete
the questionnaire for the in-class and online learning periods, respectively.

https://sites.google.com/site/theipaq/
https://www.hcp.med.harvard.edu/ncs/k6_scales.php
https://www.hcp.med.harvard.edu/ncs/k6_scales.php
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2.2.3. Student Life Stress

The Student Stress Inventory (SSI) was developed to assess stress in university students
and was used in this study with permission obtained from the authors. The SSI has been
validated to show moderate to good content validity, which was approved by nine experts,
and good internal consistency (Cronbach’s α = 0.62 to 0.86) [30]. In spite of the insufficient
sample size, our preliminary analysis showed excellent internal consistency in this study
(Cronbach’s α = 0.93 for both the in-class and online learning periods). The SSI consisted
of 40 questions that were divided into four subscales with 10 items in each subscale,
including physical stress, interpersonal relationship, academic stress, and environmental
stress. Participants were asked to read each question and report how often they experienced
the symptom, situation, or problem using a four-point Likert scale (1 = never, 2 = somewhat
frequent, 3 = frequent, and 4 = always). The original version did not require the respondents
to answer the questions based on their experience within a specific time frame. However,
in order to better help our participants recall their experience, this study asked them to
consider their situation in the past 7 days before online learning had begun and in the past
7 days when they responded to the questionnaire. Based on the manual, the total score,
ranging between 40 and 160, was calculated by summing the item scores, whereas the
subscale scores were calculated by averaging the item scores in each subscale. A higher
score indicated a higher level of life stress.

2.3. Data Analysis

Data were first visually inspected to identify any potential outliers. While large varia-
tions were specifically found for variables with respect to physical activity, those outliers
(|z| score ≥ 3) were further excluded from data analysis [31]. SPSS 22.0 for Windows (Ar-
monk, NY, USA: IBM Corp) was used to conduct the statistical analyses. Descriptive
statistics were expressed as mean ± standard deviation (SD) or a percentage to describe the
demographic information of our participants. Furthermore, a repeated-measures ANCOVA
with sex as the fixed factor was conducted to assess the difference in psychological distress
between the in-class and online learning periods, whereas two repeated-measures MANCO-
VAs with sex as the fixed factor were conducted to assess the differences in physical activity
and student life stress, respectively. Taking into account the potential confounding effect [9],
the school of study, the year of study, and the medical diagnosis regarding physical or
mental health were entered as covariates in all analyses. Statistical significance was set at
α < 0.05.

3. Results
3.1. Sample Characteristics

A total of 181 university students participated in this study. As shown in Table 1, the
majority of them were second-year undergraduate students (n = 58, 32.04%) and studied at
the School of Health Promotion (e.g., nursing or physical therapy; n = 60, 33.15%). More
than 50% of the participants had a normal weight status (n = 119). In addition, there
were 20 participants (11.05%) who reported a medical diagnosis of physical or psychiatric
problems that may impact their physical (e.g., physical fitness or physical activity) or
mental health (e.g., anxiety or depression).

During the in-class period (Table 2), there were 86 participants (55 females, 63.95%)
who reported meeting physical activity recommendations, while compliance decreased to
24.31% (n = 44; 35 females, 79.55%) during the online learning period. In addition, 56 partic-
ipants (39 females, 69.64%) were identified as having a serious mental illness based on the
results of the K6 during the in-class learning period; however, there were 49 participants
with a serious mental illness (33 females, 67.35%) during the online learning period.
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Table 1. Demographic information of the participants.

Mean ± SD or n (%) Range

Age (years) a 21.82 ± 3.14 18.89–39.16
Sex (female) 124 (68.51%)
School

Medicine 27 (14.92%)
Chinese medicine 27 (14.92%)

Pharmacy 24 (13.26%)
Public health 31 (17.12%)
Health promotion 60 (33.15%)
Others 12 (6.63%)

Year of studying
1st year 47 (25.97%)
2nd year 58 (32.04%)
3rd year 54 (29.83%)
4th year and higher 14 (7.73%)
Graduate 8 (4.42%)

Medical diagnosis (yes) 20 (11.05%)
a Data were missed in five participants.

Table 2. Physical and mental health during the in-class and online learning periods.

In-Class Learning Online Learning

Physical activity (min/week) a

Light 138.33 ± 142.18 46.42 ±56.02
Moderate 81.27 ± 98.58 35.10 ± 52.64
Vigorous 133.86 ± 178.62 65.20 ± 102.32
Total 353.46 ± 295.97 146.72 ± 143.73
Compliance b 86 (47.51%) 44 (24.31%)

Psychological distress
Total score 11.21 ± 4.63 10.81 ± 4.89
Serious mental illness 56 (30.94%) 49 (27.07%)

Student life stress
Average subdomain score

Physical stress 1.48 ± 0.39 1.47 ± 0.40
Interpersonal relationship 1.39 ± 0.40 1.39 ± 0.42
Academic stress 1.97 ± 0.55 1.87 ± 0.58
Environmental stress 1.86 ± 0.53 1.72 ± 0.57

Total score 67.08 ± 15.17 64.47 ± 16.22
a Nineteen outliers were excluded from data analysis; b indicates the number of participants who met the WHO
recommendations for physical activity.

3.2. Physical Activity

The results show a statistically significant period effect on physical activity at different
intensities (p < 0.05) and total physical activity (p < 0.001, Table 3), indicating that physical
activity levels were lower during the online learning period. No sex effect was found on
any physical activity variables; however, a significant interaction of period by sex was
found on VPA (F(1, 157) = 4.83, p < 0.05, η2

p = 0.03). The result is graphed in Figure 1 that VPA
was found to decrease from the in-class learning period to the online learning period in
both male and female students, but the extent to which VPA declined was larger in males
than in females.
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Table 3. Within- and between-subject effects on physical activity.

LPA MVP VPA TPA

F(1, 157) η2
p F(1, 157) η2

p F(1, 157) η2
p F(1, 157) η2

p

Period 17.73 *** 0.10 10.47 ** 0.06 5.40 * 0.03 19.81 *** 0.11
Sex 0.91 0.01 0.38 <0.01 0.13 <0.01 0.23 <0.01

Period by Sex 1.32 0.01 1.54 0.01 4.83 * 0.03 1.86 0.01

* p < 0.05, ** p < 0.01, *** p < 0.001. LPA, light physical activity; MPA, moderate physical activity; MVPA,
moderate-to-vigorous physical activity; PA, physical activity; TPA, total physical activity; VPA, vigorous physical
activity.

Figure 1. Vigorous physical activity in males and females during in-class and online learning periods.

3.3. Psychological Distress

The result did not show statistically significant period (F(1, 176) = 0.01, p > 0.05, η2
p < 0.01)

and sex effects (F(1, 176) = 0.28, p > 0.05, η2
p < 0.01) on psychological distress. In addition,

there was no significant interaction of period by sex on psychological distress (F(1, 176) = 1.06,
p > 0.05, η2

p = 0.01).

3.4. Student Life Stress

The same as to the result of psychological distress (Table 4): neither period effect
nor sex effect was found on the subdomains of student life stress and overall life stress
(p > 0.05). In addition, there was no significant period by sex interaction on student life
stress (p > 0.05).

Table 4. Within- and between-subject effects on student life distress.

Physical Stress Interpersonal
Relationship Academic Stress Environmental

Stress
Student Life

Stress

F(1, 176) η2
p F(1, 176) η2

p F(1, 176) η2
p F(1, 176) η2

p F(1, 176) η2
p

Period 65 <0.01 0.01 <0.01 0.44 <0.01 3.00 0.02 1.29 0.01
Sex 0.88 0.01 0.02 <0.01 0.03 <0.01 0.02 <0.01 0.13 <0.01

Period by Sex 0.23 <0.01 0.09 <0.01 1.08 0.01 0.10 <0.01 0.53 <0.01
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4. Discussion

The present study investigated the potential impact of school closures on physical and
mental health in university students by comparing physical activity levels, psychological
distress, and student life stress between the in-class learning period and online learning
period during the COVID-19 pandemic. To the best of our knowledge, this study may
be the first to investigate this issue in Taiwanese university students. Our hypotheses
were partly supported, showing that university students participated in physical activity
significantly less in the online learning period compared with the in-class learning period.
Nevertheless, their mental health was not influenced.

As the COVID-19 pandemic may significantly change our health behaviors [32], this
study specifically identified that university students’ physical activity levels were more
affected during the online learning period. While previous studies have shown that
64.6–79.6% of university students could maintain a level of health-enhanced physical
activity during lockdown [33,34], there were only 24% of Taiwanese students in this study
who could accumulate at least 150 min of MVPA per week during the online learning period.
Furthermore, consistent with a recent systematic review showing a reduction in physical
activity in university students during lockdown [13], our participants were significantly
physically inactive and only engaged in physical activity for less than 50% of the time
that they previously spent during the in-class learning period. As all classroom-based
courses had been moved online and accessibility to exercise facilities at universities had
become impossible during school closures, this may have hindered university students
from maintaining their physical activity routines and regularly participating in exercise
or sports [3,35]. Instead, their time spent in physical activity may have been replaced by
sedentary behaviors, as online learning may request a large amount of time using electronic
devices [36,37]. Furthermore, other measures taken during the online learning period (i.e.,
the Level 3 Control Stage) could simultaneously and significantly reduce their opportunities
to engage in daily physical activities, including closure of all places of entertainment and
leisure, social distancing, and domestic travel restrictions [38,39].

While prior research has consistently found a decline in total physical activity during
the COVID-19 pandemic or school closures, little attention has been drawn to its impact on
different intensities of physical activity [10,36,37,40]. In line with prior research [36,37,40,41],
our finding showed that the decline in physical activity was more remarkable in those
activities with lower intensity (i.e., walking in this study). Evidence consistently indicates
that a decline in physical activity during a lockdown or school closure would enlarge with
a decrease in the intensity. This finding may not be surprising, as university students
may commute to and from the university by walking or public transportation. Due to
the cancellation of in-class courses, this may deprive their walking time [37,40], thereby
leading to a drastic decrease in LPA.

It is also worth noting that sex may play an important role in the change in physical
activity from the in-class learning period to the online learning period during the COVID-19
pandemic [41]. Rodriguez-Larrad and colleagues found that there was a greater reduction
in higher intensity physical activity (i.e., MVPA) in male university students during the
confinement in 2020. This is also the case in our study. Specifically, a greater decrease was
found in VPA in males (74%) compared to their female peers (39%). Furthermore, while
males spent more time on VPA during the in-class learning period (male: 150.62 min/week;
female: 126.17 min/week), their VPA time became even lower than females during the
online learning period (male: 38.46 min/week; female: 77.48 min/week). This finding
implies that the types of VPA in which male students choose to participate may be more
directly affected by school closures, such as exercising at university gyms or playing
intramural sports [41]. Therefore, when these activities or facilities may be inaccessible
or unavailable during the online learning period, male students are less likely to engage
in these vigorous physical activities. On the other hand, female students may participate
in different types of VPA that are less affected by school closures, such as computer
applications or exergames [41]. However, as this study did not investigate the types of
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physical activity in both periods, further research is warranted to better understand the
underlying mechanisms.

On the contrary, while the majority of research has identified higher levels of psycho-
logical distress and/or life stress in university students during a lockdown or school closure
in a similar cultural context [42,43], this study did not find a difference in psychological
distress and student life stress between the in-class learning and online learning periods.
We argue that this discrepancy in findings may be due to the timing when the study had
been undertaken. The existing evidence showing mental illness in university students
during a lockdown or school closure was obtained in studies that were completed in 2020
when the COVID-19 pandemic first occurred and overwhelmingly spread around the world.
As this was a new disease that has not been observed in human history, individuals may
have felt anxious and depressed toward the huge changes in their lives caused by this
uncertain situation and, consequently, suffered from mental health problems. Nevertheless,
when this study was conducted during the second outbreak in Taiwan in 2021, students
may have been mentally ready for any change in teaching and learning approaches, as they
had experienced such changes during the first outbreak in 2020. Therefore, no deterioration
in mental health was found in this study. However, as physical inactivity could exert an
adverse effect on mental health [44–46], this calls for the need for longitudinal research that
could track the long-term impact of insufficient participation in physical activity on mental
illness in this population.

One of the limitations of this study is the small sample size due to the low completion
rate of the online survey. As this study was conducted during the online learning period,
face-to-face recruitment was not possible. This, in turn, limited our ability to ensure the
quality of participants’ responses. For instance, some students completed part of the survey
or only missed a few items of the questionnaire. This led us to exclude some data for
further analysis. Another limitation is the representation of our sample. As a majority of
the participants were recruited from the School of Health Promotion, there may be difficulty
in generalizing the results. A more balanced, stratified sampling is needed for further
research. Third, even though we initiated this study soon after school closures (May 2021),
we waited for a longer time to receive approval from the Research Ethics Board. This delay
may have caused measurement errors due to recall bias when the participants were asked
to report their physical activity and the status of mental health. It is strongly recommended
that educational institutions should regularly record students’ physical and mental health
during this unprecedented period. By doing so, we could more accurately evaluate the
long-term impact of the COVID-19 on physical and mental health.

5. Conclusions

To sum up, when physical activity significantly reduces during the online learning
period in both male and female university students, their mental health is not affected by
school closures. Furthermore, much attention should be drawn toward the male population,
as their participation in higher intensity physical activity (i.e., VPA) is specifically impacted
compared to females. These insights provide health professionals and universities with
valuable information for developing preventive strategies targeting improvement in physi-
cal activity, specifically for male university students. Taking into account the association
between physical inactivity and mental illness, in spite of no difference in both life stress
and psychological distress between two learning periods, it is recommended to carefully
monitor the over-time change in mental health.

Author Contributions: Conceptualization, Y.-H.C. and Y.-C.L.; methodology, Y.-H.C. and Y.-C.L.;
software and formal analysis, Y.-C.L.; investigation, Y.-H.C. and Y.-C.L.; data curation, Y.-C.L.;
writing—original draft preparation, Y.-H.C.; writing—review and editing, Y.-H.C. and Y.-C.L.; project
administration, Y.-C.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Int. J. Environ. Res. Public Health 2022, 19, 2966 9 of 10

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of China Medical University
Hospital (CMUH110-REC3-108).

Informed Consent Statement: Online informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data are available on request from the corresponding author.

Acknowledgments: We would like to thank all participants for their time and support.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Zhu, N.; Zhang, D.; Wang, W.; Li, X.; Yang, B.; Song, J.; Zhao, X.; Huang, B.; Shi, W.; Lu, R.; et al. A novel coronavirus from

patients with pneumonia in China, 2019. N. Engl. J. Med. 2020, 382, 727–733. [CrossRef] [PubMed]
2. World Health Organization. Coronavirus Disease (COVID-19) Pandemic. Available online: https://www.who.int/emergencies/

diseases/novel-coronavirus-2019 (accessed on 14 September 2021).
3. De Oliveira Araújo, F.J.; de Lima, L.S.A.; Cidade, P.I.M.; Nobre, C.B.; Neto, M.L.R. Impact of Sars-Cov-2 and its reverberation in

global higher education and mental health. Psychiatry Res. 2020, 288, 112977. [CrossRef] [PubMed]
4. Brand, R.; Timme, S.; Nosrat, S. When pandemic hits: Exercise frequency and subjective well-being during COVID-19 pandemic.

Front. Psychol. 2020, 11, 2391. [CrossRef] [PubMed]
5. Almarzooq, Z.I.; Lopes, M.; Kochar, A. Virtual learning during the COVID-19 pandemic: A disruptive technology in graduate

medical education. J. Am. Coll. Cardiol. 2020, 75, 2635–2638. [CrossRef]
6. Papaioannou, A.G.; Schinke, R.J.; Chang, Y.K.; Kim, Y.H.; Duda, J.L. Physical activity, health and well-being in an imposed social

distanced world. Int. J. Sport Exerc. Psychol. 2020, 18, 414–419. [CrossRef]
7. Nassr, R.M.; Aborujilah, A.; Aldossary, D.A.; Aldossary, A.A.A. Understanding education difficulty during COVID-19 lockdown:

Reports on Malaysian university students’ experience. IEEE Access 2020, 8, 186939–186950. [CrossRef]
8. Nearchou, F.; Flinn, C.; Niland, R.; Subramaniam, S.S.; Hennessy, E. Exploring the impact of COVID-19 on mental health outcomes

in children and adolescents: A systematic review. Int. J. Environ. Res. Public Health 2020, 17, 8479. [CrossRef]
9. Hossain, M.M.; Tasnim, S.; Sultana, A.; Faizah, F.; Mazumder, H.; Zou, L.; McKyer, E.L.; Ahmed, H.; Ma, P. Epidemiology of

mental health problems in COVID-19: A review. F1000Research 2020, 9, 636. [CrossRef]
10. Stockwell, S.; Trott, M.; Tully, M.; Shin, J.; Barnett, Y.; Butler, L.; McDermott, D.; Schuch, F.; Smith, L. Changes in physical activity

and sedentary behaviours from before to during the COVID-19 pandemic lockdown: A systematic review. BMJ Open Sport Exerc.
Med. 2021, 7, e000960. [CrossRef]

11. Cahyadi, A. Anxiety barriers in joining digital online learning during COVID19 pandemic outbreaks. El-Buhuth Borneo J. Islamic
Stud. 2021, 4, 1–12. [CrossRef]

12. Bray, S.R.; Born, H.A. Transition to university and vigorous physical activity: Implications for health and psychological well-being.
J. Am. Coll. Health 2004, 52, 181–188. [CrossRef]

13. López-Valenciano, A.; Suárez-Iglesias, D.; Sanchez-Lastra, M.A.; Ayán, C. Impact of COVID-19 pandemic on university students’
physical activity levels: An early systematic review. Front. Psychol. 2021, 11. [CrossRef]

14. Pedersen, B.K.; Saltin, B. Exercise as medicine-Evidence for prescribing exercise as therapy in 26 different chronic diseases. Scand.
J. Med. Sci. Sports 2015, 25, 1–72. [CrossRef]

15. Biddle, S.; García Bengoechea, E.; Pedisic, Z.; Bennie, J.; Vergeer, I.; Wiesner, G. Screen time, other sedentary behaviours, and
obesity risk in adults: A review of reviews. Curr. Obes. Rep. 2017, 6, 134–147. [CrossRef]

16. Cleven, L.; Krell-Roesch, J.; Nigg, C.R.; Woll, A. The association between physical activity with incident obesity, coronary heart
disease, diabetes and hypertension in adults: A systematic review of longitudinal studies published after 2012. BMC Public Health
2020, 20, 726. [CrossRef]

17. Tomiyama, A.J. Stress and Obesity. Annu. Rev. Psychol. 2019, 70, 703–718. [CrossRef]
18. Stein, D.J.; Benjet, C.; Gureje, O.; Lund, C.; Scott, K.M.; Poznyak, V.; van Ommeren, M. Integrating mental health with other

non-communicable diseases. BMJ 2019, 364, l295. [CrossRef]
19. Chang, Y.K.; Hung, C.L.; Timme, S.; Nosrat, S.; Chu, C.H. Exercise behavior and mood during the COVID-19 pandemic in Taiwan:

Lessons for the future. Int. J. Environ. Res. Public Health 2020, 17, 7092. [CrossRef]
20. Taiwan Centers for Disease Control. Taiwan National Infectious Disease Statistics System. Available online: https://nidss.cdc.

gov.tw/en/nndss/disease?id=19CoV (accessed on 17 September 2021).
21. Wang, C.J.; Ng, C.Y.; Brook, R.H. Response to COVID-19 in Taiwan: Big data analytics, new technology, and proactive testing.

JAMA 2020, 323, 1341–1342. [CrossRef]
22. Taiwan Centers for Disease Control. CECC Raises Epidemic Warning to Level 3 Nationwide from May 19 to May 28; Strengthened

Measures and restrictions Introduced across Taiwan to reduce Community Transmission. Available online: https://www.cdc.gov.
tw/En/Bulletin/Detail/VN_6yeoBTKhRKoSy2d0hJQ?typeid=158 (accessed on 17 September 2021).

23. Hsiao, S. COVID-19: Schools suspend in-person teaching. Taipei Times, 19 May 2021.

http://doi.org/10.1056/NEJMoa2001017
http://www.ncbi.nlm.nih.gov/pubmed/31978945
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
http://doi.org/10.1016/j.psychres.2020.112977
http://www.ncbi.nlm.nih.gov/pubmed/32302818
http://doi.org/10.3389/fpsyg.2020.570567
http://www.ncbi.nlm.nih.gov/pubmed/33071902
http://doi.org/10.1016/j.jacc.2020.04.015
http://doi.org/10.1080/1612197X.2020.1773195
http://doi.org/10.1109/ACCESS.2020.3029967
http://doi.org/10.3390/ijerph17228479
http://doi.org/10.12688/f1000research.24457.1
http://doi.org/10.1136/bmjsem-2020-000960
http://doi.org/10.21093/el-buhuth.v4i1.3554
http://doi.org/10.3200/JACH.52.4.181-188
http://doi.org/10.3389/fpsyg.2020.624567
http://doi.org/10.1111/sms.12581
http://doi.org/10.1007/s13679-017-0256-9
http://doi.org/10.1186/s12889-020-08715-4
http://doi.org/10.1146/annurev-psych-010418-102936
http://doi.org/10.1136/bmj.l295
http://doi.org/10.3390/ijerph17197092
https://nidss.cdc.gov.tw/en/nndss/disease?id=19CoV
https://nidss.cdc.gov.tw/en/nndss/disease?id=19CoV
http://doi.org/10.1001/jama.2020.3151
https://www.cdc.gov.tw/En/Bulletin/Detail/VN_6yeoBTKhRKoSy2d0hJQ?typeid=158
https://www.cdc.gov.tw/En/Bulletin/Detail/VN_6yeoBTKhRKoSy2d0hJQ?typeid=158


Int. J. Environ. Res. Public Health 2022, 19, 2966 10 of 10

24. Booth, M.L. Assessment of Physical Activity: An International Perspective. Res. Q. Exerc. Sport 2000, 71, s114–s120. [CrossRef]
25. Craig, C.L.; Marshall, A.L.; Sjöström, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.; Yngve, A.; Sallis,

J.F.; et al. International Physical Activity Questionnaire: 12-Country Reliability and Validity. Med. Sci. Sports Exerc. 2003, 35,
1381–1395. [CrossRef] [PubMed]

26. Liou, Y.M. Development and Verification of Validity and Reliability of the International Physical Activity Questionnaire Taiwan
Version. Ph.D. Dissertation, National Taiwan University, Taipei, Taiwan, 2004.

27. World Health Organization. WHO Guidelines on Physical Activity and Sedentary Behaviour; World Health Organization: Geneva,
Switzerland, 2020.

28. Kessler, R.C.; Andrews, G.; Colpe, L.J.; Hiripi, E.; Mroczek, D.K.; Normand, S.L.; Walters, E.E.; Zaslavsky, A.M. Short screening
scales to monitor population prevalences and trends in non-specific psychological distress. Psychol. Med. 2002, 32, 959–976.
[CrossRef] [PubMed]

29. Kessler, R.C.; Green, J.G.; Gruber, M.J.; Sampson, N.A.; Bromet, E.; Cuitan, M.; Furukawa, T.A.; Gureje, O.; Hinkov, H.; Hu, C.-Y.;
et al. Screening for serious mental illness in the general population with the K6 screening scale: Results from the WHO World
Mental Health (WMH) survey initiative. Int. J. Methods Psychiatr. Res. 2010, 19, 4–22. [CrossRef] [PubMed]

30. Mohamed Arip, M.A.S.; Kamaruzaman, D.N.; Roslan, A.; Ahmad, A. Student Stress Inventory (SSI) Edition 2019: Development,
Validity and Reliability of Student Stress Inventory (SSI); Sultan Idris Education University Perak: Perak, Malaysia, 2019.

31. Kline, R.B. Principles and Practice of Structural Equation Modeling, 4th ed.; The Guilford Press: New York, NY, USA, 2015.
32. Du, C.; Zan, M.C.H.; Cho, M.J.; Fenton, J.I.; Hsiao, P.Y.; Hsiao, R.; Keaver, L.; Lai, C.C.; Lee, H.; Ludy, M.J.; et al. Health behaviors

of higher education students from 7 countries: Poorer sleep quality during the COVID-19 pandemic predicts higher dietary risk.
Clocks Sleep 2021, 3, 12–30. [CrossRef]

33. Taeymans, J.; Luijckx, E.; Rogan, S.; Haas, K.; Baur, H. Physical activity, nutritional habits, and sleeping behavior in students and
employees of a Swiss university during the COVID-19 lockdown period: Questionnaire survey study. JMIR Public Health Surveill.
2021, 7, e26330. [CrossRef]

34. Tan, S.T.; Tan, C.X.; Tan, S.S. Physical activity, sedentary behavior, and weight status of university students during the COVID-19
lockdown: A cross-national comparative study. Int. J. Environ. Res. Public Health 2021, 18, 7125. [CrossRef]

35. Meiring, R.M.; Gusso, S.; McCullough, E.; Bradnam, L. The effect of the COVID-19 pandemic movement restrictions on self-
reported physical activity and health in New Zealand: A cross-sectional survey. Int. J. Environ. Res. Public Health 2021, 18, 1719.
[CrossRef]

36. Sañudo, B.; Fennell, C.; Sánchez-Oliver, A.J. Objectively-assessed physical activity, sedentary behavior, smartphone use, and sleep
patterns pre- and during-COVID-19 quarantine in young adults from Spain. Sustainability 2020, 12, 5890. [CrossRef]

37. Gallè, F.; Sabella, E.A.; Ferracuti, S.; De Giglio, O.; Caggiano, G.; Protano, C.; Valeriani, F.; Parisi, E.A.; Valerio, G.; Liguori, G.;
et al. Sedentary behaviors and physical activity of Italian undergraduate students during lockdown at the time of COVID−19
pandemic. Int. J. Environ. Res. Public Health 2020, 17, 6171. [CrossRef]

38. Cheng, Y.W.; Chen, C.F.; Cheng, S.C.; Hu, F.Y.; Huang, K.E.; Lei, T.L.; Yeh, C.Y. COVID-19: Guidelines for Social Distancing.
Available online: https://www.cdc.gov.tw/En/File/Get/reB429_3fV4GulfumH9Vcg (accessed on 11 February 2022).

39. Chen, Y.C.; Cheng, S.C.; Chen, C.F.; Cheng, C.Y.; Yang, T.; Yeh, C.Y. Strategies for Preventing COVID-19 Spread in Communities.
Available online: https://www.cdc.gov.tw/En/File/Get/aB2nqW9GI38btZ6a7J6Aeg (accessed on 11 February 2022).

40. Barkley, J.E.; Lepp, A.; Glickman, E.; Farnell, G.S.; Beiting, J.; Wiet, R.; Dowdell, B. The acute effects of the COVID-19 pandemic
on physical activity and sedentary behavior in university students and employees. Int. J. Exerc. Sci. 2020, 13, 1326–1339.

41. Rodríguez-Larrad, A.; Mañas, A.; Labayen, I.; González-Gross, M.; Espin, A.; Aznar, S.; Serrano-Sánchez, J.A.; Vera-Garcia, F.J.;
González-Lamuño, D.; Ara, I.; et al. Impact of COVID-19 confinement on physical activity and sedentary behaviour in Spanish
university students: Role of gender. Int. J. Environ. Res. Public Health 2021, 18, 369. [CrossRef]

42. Luo, W.; Zhong, B.L.; Chiu, H.F. Prevalence of depressive symptoms among Chinese university students amid the COVID-19
pandemic: A systematic review and meta-analysis. Epidemiol. Psychiatr. Sci. 2021, 30, e31. [CrossRef]

43. Li, Y.; Wang, A.; Wu, Y.; Han, N.; Huang, H. Impact of the COVID-19 pandemic on the mental health of college students: A
systematic review and meta-analysis. Front. Psychol. 2021, 12, 669119. [CrossRef]

44. Morse, K.F.; Fine, P.A.; Friedlander, K.J. Creativity and leisure during COVID-19: Examining the relationship between leisure
activities, motivations, and psychological well-being. Front. Psychol. 2021, 12, 609967. [CrossRef]

45. Biddle, S. Physical activity and mental health: Evidence is growing. World Psychiatry 2016, 15, 176–177. [CrossRef]
46. Violant-Holz, V.; Gallego-Jiménez, M.G.; González-González, C.S.; Muñoz-Violant, S.; Rodríguez, M.J.; Sansano-Nadal, O.;

Guerra-Balic, M. Psychological health and physical activity levels during the COVID-19 pandemic: A systematic review. Int. J.
Environ. Res. Public Health 2020, 17, 9419. [CrossRef]

http://doi.org/10.1080/02701367.2000.11082794
http://doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/pubmed/12900694
http://doi.org/10.1017/S0033291702006074
http://www.ncbi.nlm.nih.gov/pubmed/12214795
http://doi.org/10.1002/mpr.310
http://www.ncbi.nlm.nih.gov/pubmed/20527002
http://doi.org/10.3390/clockssleep3010002
http://doi.org/10.2196/26330
http://doi.org/10.3390/ijerph18137125
http://doi.org/10.3390/ijerph18041719
http://doi.org/10.3390/su12155890
http://doi.org/10.3390/ijerph17176171
https://www.cdc.gov.tw/En/File/Get/reB429_3fV4GulfumH9Vcg
https://www.cdc.gov.tw/En/File/Get/aB2nqW9GI38btZ6a7J6Aeg
http://doi.org/10.3390/ijerph18020369
http://doi.org/10.1017/S2045796021000202
http://doi.org/10.3389/fpsyg.2021.669119
http://doi.org/10.3389/fpsyg.2021.609967
http://doi.org/10.1002/wps.20331
http://doi.org/10.3390/ijerph17249419

	Introduction 
	Materials and Methods 
	Participants and Procedures 
	Measures 
	Physical Activity 
	Psychological Distress 
	Student Life Stress 

	Data Analysis 

	Results 
	Sample Characteristics 
	Physical Activity 
	Psychological Distress 
	Student Life Stress 

	Discussion 
	Conclusions 
	References

