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Abstract

Existing research shows COVID-19 pandemic restrictions led to widespread disruptions in health-
related behaviors, including physical activity (PA) and sleep patterns among university students,
faculty and staff. The specific impact of pandemic restrictions and the lack of crisis preparedness at
educational institutions are not well documented. This cross-sectional pilot study (n = 48) used a self-
administered questionnaire to investigate the impact of restrictions on PA and sleep to identify the
health impact, possible modifiable behaviors, and policies to target for change in future crises to
improve health, academic, and work outcomes, especially for institutions with natural green spaces.
It was hypothesized the restrictions reduced adults’ PA levels and negatively impacted sleep.
Statistical analyses revealed significant differences (p < .05) in the time spent doing medium- and high-
intensity PA, walking, length of time to fall asleep, and hours slept before and during the pandemic.
Concentration on infection prevention and spread rather than on health maintenance for those not
acutely ill inadvertently discouraged using outdoor spaces for exercise while gym and sports facilities
remained closed. These findings indicate the negative impact lockdown restrictions may have on
general health, and how organizations can promote behaviors to maintain basic physical and sleep
health.
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Introduction and Literature Review

The global pandemic due to COVID-19 had widespread implications for people’s health. Many
aspects of life were impacted, including education. Lui and colleagues (2020) stated that the COVID-
19 virus had become a great challenge and was a growing public health concern. As the number of
confirmed cases continued to increase, restrictions and other measures were implemented to limit
infections and the spread of the virus at the national, local, and institutional levels which included
social distancing, quarantines, and lockdowns. Though these measures proved effective in controlling
the spread of the disease, they had negative impacts on daily lives including reducing physical activity
(Lopez-Valenciano, 2021), increasing sedentary behaviors (Romero-Blanco, 2020), and disrupting
sleep (Marelli, 2021).

Physical activity (PA) is one of the most important health factors for human beings (Sygit et al.,
2019). According to Dasso (2019), physical activity is defined as “any bodily movement produced by
skeletal muscles that require energy expenditure”. Adults are encouraged to participate in at least 150
minutes of moderate PA or 75 minutes of vigorous PA every week to maintain general health (Bull et
al., 2020). Despite the positive effects associated with PA, in the last 20 years PA has declined
significantly among adults during normal circumstances (Marques et al., 2018; Liangruenrom et al.,
2019). Recent results from Thailand’s National Health and Welfare Survey indicated that only 42.4%
of Thai adults met the World Health Organization’s recommended levels of PA (Liangruenrom et al.,
2017). However, a public awakening of health consciousness has led to increased interest in ways to
improve health. One accessible and easy PA is walking. Studies have shown that walking is a suitable
activity for people who do not want to engage in vigorous or costly exercise to improve their health
(Ungvari et al., 2023) and reduce all-cause mortality, especially for those who engage for the first time
(Kelly et al., 2014; Inoue et al., 2023). Studies in the UK also showed that brisk walking was associated
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with reduced risk of respiratory disease (Celis-Morales et al., 2019), including chronic obstructive
pulmonary disease and pneumonia-related mortality (Ukawa et al., 2019) among elderly people.
Walking, particularly in groups, has also been shown to improve mental and behavioral health (Kritz
et al., 2021). Walking in forested areas with natural surroundings was shown to help participants gain
confidence in coping and acting on planned activities (Freeman et al., 2017). Walking was one of the
activities not restricted in Thailand during the pandemic.

Another area significantly impacted by the pandemic and accompanying restrictions was sleep. A
minimum of 7 hours of sleep per day is recommended for an adult between the ages of 18-60 (Watson
et al., 2015). Canadian guidelines provide evidence-based recommendations in which a healthy 24-
hour day includes 7-9 hours of sleep, reallocating more time for moderate-to-vigorous-intensity PA,
and also allocating time to light-intensity PA (Ross et al., 2020). Numerous studies have analyzed the
impact of COVID-19 on levels of PA and sleep of adults. Maugeri et al. (2020) studied the changes in
PA levels during quarantine and how exercise impacted psychological health in Italy; Castaneda-
Babarro et al. (2020) studied how self-reported PA and sedentary time changed during lockdown in
Spain. Stanton et al. (2020) studied the association between psychological distress and specific health
behaviours, including PA and sleep in Australia, during the pandemic-induced restrictions. Didriksen
et al. (2021) studied a large national cohort in Denmark looking at sleep among other factors;
Stockwell et al. (2021) summarized reported studies on the differences in PA and sedentary behaviour
before and during lockdowns. The studies generally found that PA levels decreased, and sleep patterns
changed. These results seem to have been widespread, with an international survey from the
Americas, Asia, Europe, and North Africa comparing “before” and “after” confinement conditions,
revealing that all forms of PA had declined, while the daily sitting time had increased from five to eight
hours per day (Ammar et al., 2020).

A cross-sectional study conducted in Russia by Konstevaya et al. (2021) aimed to evaluate the
changes in sleep and PA that resulted from pandemic restrictions imposed on adults over the age of
18. Between April 26 and June 6, 2020, the period of tightest restrictions, data were gathered online:
participants described their sleep habits, frequency and length of walking, moderate and vigorous-
intensity PA, and muscle strengthening exercises before the pandemic and for the previous seven
days. Access to outdoor green space and exercise centers, Internet resources, self-isolation advice,
and other preventive measures were also self-reported. The findings revealed that the number of
individuals getting enough sleep decreased significantly, and policies, such as not being permitted to
leave the house for PA and the closing of fitness centers, were linked to lower PA levels. Thus, in
comparison to the pre-COVID era, the PA and sleep hygiene were adversely affected during the
pandemic restrictions.

Martinez-de-Quel et al. (2020) conducted a longitudinal study in a Spanish sample to find out how
obligatory confinement affected PA, the risk of eating disorder, sleep quality, and well-being of the
target population. They found confinement significantly decreased the PA levels (p = .001) and sleep
quality (p <.001). Physically active participants experienced a greater and significant differential effect
with respect to PA, quality of sleep, and wellbeing when compared to the physically inactive
participants (p = .05). In a cross-sectional investigation by Luciano et al. (2021), Italian medical
students described their behaviors during lockdowns, comparing them to pre-lockdown data and
current recommendations by completing the International Physical Activity Questionnaire Short Form
and items from the Pittsburgh Sleep Quality Index. During lockdowns, their PA levels decreased while
the number of hours sitting and sleeping increased; even those who did report an increase in PA also
reported increased sitting time. Sitting time also went up for students who slept less than seven hours
each night. Sitting up may also have been due to increased time spent doing schoolwork; however,
many developed habits of binge-watching television series and movies on streaming networks such as
Netflix®, Disney+ Hotstar®, and unregulated sites. This led to significant changes in sleep patterns
(Siraj, 2023).

Educational institutions managed the pandemic’s challenges in different ways. Many closed
(Donohue & Miller, 2020) or went completely online. Residential institutions, especially those with
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international students who could not return home, faced unique challenges. Reflecting on this time
can provide management lessons that promote better health outcomes and consequently better
educational outcomes for students and work outcomes for faculty and staff.

The purpose of this study was to examine the impact of the COVID-19 pandemic on PA and sleep
among university adults. Furthermore, the study aimed to understand what modifiable behaviors
could be targeted as points of intervention and management for future crises to improve health,
academic, and work outcomes, especially for institutions that have access to natural green spaces. It
was hypothesized that the pandemic reduced adults’ level of PA and negatively impacted sleep.

Methodology

This study was a cross-sectional study that included adults of Asia-Pacific International University
(a Seventh-day Adventist institution in Muak Lek, Thailand) selected through convenience sampling
method who lived on campus, either in the dormitories or faculty housing. The participants were
invited to answer a 35-item questionnaire after a consent form had been completed.

Individuals were eligible to participate if they were above 18 years of age and residing on campus
during the first semester of the 2021-2022 academic school. While a sample size of 197 participants
was recommended (with a confidence level of 95%), 50 participants responded to the questionnaire,
of whom 48 provided sufficient answers for use in the data analysis.

The questionnaire used was adapted from the study by Kontsevaya et al. (2021). The first seven
items related to demographics; respondents also indicated the extent to which they followed self-
isolation recommendations and their access to outdoor space. The next 20 items evaluated the PA of
adults before the pandemic and during the seven days immediately preceding the time the survey was
completed.

Statistical Analysis

Demographic characteristics were categorized by sex, participant status, and residential type, and
summarized using descriptive statistics. To analyze PA and sleeping behaviors, associated with the
impact of the pandemic, paired t-tests were used. All statistical analyses were computed using a
statistical software package, with significance set at the p < .05 level.

Results and Discussion
Participants

A total of 48 participants completed the questionnaires; the response rate was low as many
people struggled with online learning and the lethargy associated with many assignments. Of the
respondents, 26 (54.1%) were female, 38 (79.2%) were students, and 34 (70.8%) lived in a dormitory.

During the lockdown in Thailand, this university had many restrictions in place following the
DMHTT acronym-—distancing, masking wearing, hand hygiene, and testing for COVID-19. On-campus
restrictions rigidly enforced social distancing (especially in closed spaces like classrooms, the cafeteria,
and assembly places), wearing masks, hand hygiene and COVID-19 testing; the university tested 15%
of students every other week. Community members were encouraged to walk to stay active and
healthy, but it was unclear if masks had to be worn while walking. Many people disliked wearing masks
because they made breathing difficult, especially for strenuous activities. However, walking at a
moderate pace was not so difficult, so people could walk together in groups with masks on, or they
could walk alone without masks.

The study revealed the amount of time participants spent walking before and during the
pandemic; please see Table 1 below for details.
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Table 1 Comparison of Time Per Day Spent Walking Before and During COVID-19

Minutes Spent Walking On a Normal RespondentsL 7D

Day Before COVID-19 Pre-COVID-19 (Dur;sgt c o\fl‘g‘_ 19) Change

None 5 7 +42%

<30 12 - -100%

31-60 23 21 -8.7%
61-120 4 17 +325%

>120 2 3 +50%

No response 2 - -100

The results showed that pre-COVID, more than 60% of respondents spent at least 30 minutes a
day walking, and 85% spent some time walking per day. The UK National Health Service recommends
walking as a useful form of exercise where pace can replace duration, suggesting that a short (10
minute) brisk walk can count towards the recommended 150 minutes of exercise per week, and
provides numerous health benefits (NHS, 2022). A reduction in walking time would be particularly
detrimental to general health, and this would be exacerbated by morose attitudes resulting from
restrictions and lockdown stress (Sundarasen et al., 2020; Odriozola-Gonzdlez et al., 2020) and online
learning (Raj & Fatima, 2020).

The average time the respondents spent walking in the seven days prior to completing the survey
was 1.30 hours, or 1 hour and 18 minutes. Respondents who did not walk at all increased from 5 to 7
people (10.4% to 14.6%). However, a general increase in the time spent walking during the lockdown
was observed, with 41 people walking more than 30 minutes during the pandemic compared to 29
before it. Walking may have taken the place of meeting up with friends, going to the gym, or playing
team sports. There was no difference in the time spent walking when males and females were
compared up to one hour; however, more males walked 60-120 minutes (3 versus 1) and more than
120 minutes (2 versus 0) than females. Restrictions on leaving campus and using the gym applied to
both students and faculty/staff. Approximately 60% of both groups walked at least 30 minutes per
day, but only students walked for more than 120 minutes, suggesting students were more likely to
achieve the recommended daily PA goal.

Overall, the restrictions had a significant impact on respondents’ PA as shown in Table 2, which
summarizes paired a two-tailed t-test analysis of questions focusing on the amount of time spent
walking before and during COVID-19.

Table 2 The Impact of COVID-19 on Respondents’ Physical Activity and Sleep

Change from pre-COVID-19 compared to the last seven days prior to pvalue

taking the survey... Combined Male Female
Days not getting enough sleep .020 .059 .358
Days having trouble falling asleep .067 .090 .576
Days per week engaged in high-intensity physical activity .015 .664 .016
Time spent per day doing high-intensity physical activity .169 .025 .929
Days per week engaged in moderate-intensity physical activity .030 417 .055
Time spent per day on moderate-intensity physical activity .001 .073 .013
Days per week spent strength training .244 439 .329
Days per week performing exercises .330 .328 .330
Days per week spent walking more than 10 minutes .002 .161 .005
Time spent walking on a normal day <.001 .067 .017

Note: the p value is significant at < .05

Results showed a significant difference between respondents’ ability to get enough sleep before
and during COVID-19 restrictions (p = .020), days per week spent in high-intensity or moderate
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intensity PA (p =.015 and p = .030, respectively), time spent daily on moderate-intensity PA (p = .001),
days per week spent walking 10+ minutes (p = .002), and time spent walking on a normal day (p = <
.001).

A closer analysis showed that when divided by gender, a significant difference for males was noted
in time spent per day doing high-intensity PA (p = .025) before and during COVID-19, though the
difference was not significant for the whole group. For females, a significant difference in the time per
day doing moderate-intensity PA (p = .013) was noted, along with a significant difference in the days
per week spent walking more than 10 minutes (p = .005). These results suggest that the restrictions
had a greater impact on the PA of females, while males experienced a greater, though not significant,
impact on falling asleep and getting enough sleep. Overall, the number of days that respondents were
not getting enough sleep or had trouble falling asleep increased. Decreases were seen in the number
of days they engaged in high- or low-intensity PA, the time spend doing moderate PA, and days on
which the respondent walked more than 10 minutes Surprisingly, the number of days per week spent
on strength training also increased.

A study by Bisson et al. (2019) reported that sleep quality was positively related to number of
steps taken, and that women who took more steps reported higher quality sleep than those who were
less active. Our study showed no significant difference between males and females with regards to
walking before the pandemic restrictions, but significant results when the time spent walking before
and after the restrictions were compared (p < .001). Although an increase in the number of days with
inadequate sleep was reported, the increase was not significant (p = .067).

In a study of 54 young adults over a 12-week period, Wang and Boros (2021) reported that daily
walking had a significant impact on sleep quality and sleep components. Physical activity generally
improved sleep quality (Lang et al., 2015). Thus, changes in sleeping patterns and quality may have
directly resulted from reduction of PA levels during lockdown restrictions. Recent studies showed that
problems falling asleep were more prevalent during, than before the pandemic (Marelli et al., 2021);
this may be attributed to less PA. In a report by Watson et al. (2015), The American Academy of Sleep
Medicine and Sleep Research Society recommended that adults should sleep seven or more hours per
night on a regular basis to help prevent “impaired immune function, increased pain, impaired
performance, increased errors, and greater risk of accidents.” In encouraging more sleep, it is
important to note that studies have shown a U-shaped relationship between all-cause mortality and
number of hours of sleep. Following a meta-analysis of sleep studies, Shen et al. (2016) reported that
7 hours/day of sleep were recommended to prevent death among adults. This sleep duration was
supported by a large study in the US. Yang et al. (2020) used available data from the National Health
Interview Survey (2004-2014), including over 280,000 participants, with a median follow-up period of
5.25 years. They found that sleeping less than 6 hours per day or more than 8 hours per day increased
the risk of mortality compared with sleeping 7 hours per day. Alternatively, a study from East Asia with
over 300,000 adult participants found sleep duration either longer or shorter than 7 hours was
associated with all-cause mortality; the greatest association for all-cause mortality was sleep durations
of longer than 10 hours for both women and men (Svensson et al., 2021).

Alternatively, the surge in online gaming (DiFrancisco-Donoghue et al., 2023) and watching online
content (Siraj, 2023) may have been an important factor in sleep disruption. Resident hall deans and
resident assistants have previously reported widespread use of online gaming sites by male students
during the semester even prior to the pandemic lockdown. With the lockdown, it is likely that students
spent more time on online games and other forms of entertainment.

When restrictions on other forms of exercise and entertainment are considered, it makes sense
that respondents, especially students, would spend more time outside walking rather than cooped up
in their rooms for a change of scenery. Pre-pandemic, the university sports grounds were used most
evenings for football, volleyball, racket games, and basketball. Many more campus residents used the
gym for exercise and the track for aerobic exercises, including running and jogging. Interestingly, this
study’s data (Table 1) showed an increase in the number of people walking 60—120 minutes. Further
study is needed to understand why short walks were replaced by longer walks. This could be because
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short walks were in addition to other forms of exercise or entertainment. Since other forms of exercise
and entertainment were curtailed, respondents switched to having longer walks. Contrary to a study
by Bisson et al. (2019), this study’s respondents still reported an increase in days with inadequate
sleep (p =.020). However, this result must be viewed cautiously since the sample size was quite small.

Most respondents (75%) used digital or online sources to provide instruction and guidance on
physical activities, with females using this resource slightly more (77.3%) than males (73.1%). A study
by Pramono et al. (2024) compared fitness and exercise levels of university student users and non-
users of fitness apps. They reported a significant difference between the exercise intensity of the two
groups, as well as differences by gender. Non-users of the fitness app had significantly higher intensity
exercise than users in the Pramono et al. (2024) study, but not in this one; this may have been due to
the small sample size.

When asked how the pandemic had affected their PA, common responses were that it had no
effect (12 respondents), they could not leave their house for sports, and the gym was closed. These
results were interesting because the two highest responses were contradictory. Furthermore, the
university did not restrict campus dwellers from leaving their residences to carry out general exercise,
and even organized some “new normal” small group activities in harmony with closed spaces
regulations, limited time for activities, and the requirement that participants wear an approved face
mask.

A greater proportion of females than males indicated that restrictions had no effect on their PA;
this supported data which showed that males were generally more active prior to the restrictions. The
campus has easy access from housing areas to green spaces; many walking trails and paved roads pass
through wooded and landscaped areas. Walking through natural zones has been reported to help
improve coping mechanisms and prompt action from those who walk (Freeman et al., 2017).

Exercise improves general health and protects against hospitalization with COVID-19 (Cho et al.,
2021; Rahmati et al., 2022). Health outcomes for residents may have been improved by encouraging
walking as a form of exercise, even if masks needed to be worn in line with the strict campus
regulations. Wearing a mask during moderate to high intensity exercise is suitable for healthy young
adults without underlying health conditions (Jones et al., 2023; Shaw et al., 2021). Systemic reviews
by Asin-lzquierdo et al. (2022) and Zheng et al. (2023) reported exercising while wearing face masks
did not cause significant negative physiological or cardiorespiratory effects. This included wearing
cloth face masks, where negative effects were experienced at higher exercise intensities (Driver et al.,
2022). Changes in physiological measures (heart rate, respiratory rate, blood pressure, oxygen
saturation, and time to exhaustion) were dependent on the intensity of exercise (Epstein et al., 2020).
Furthermore, training outside and in less crowded places reduced the perceived negative effects of
training while wearing face masks (Das et al., 2023).

Finally, the study revealed that most respondents adhered relatively well to protective measures;
common responses to “wash hands more often” and “keep social distance” were 22 (46%) and 19
(40%), respectively. This suggests that signage campaign and regular online reminders helped change
residents’ behavior. Perhaps the university should have done more to encourage people to walk
outdoors, whether leisurely, moderately, or fast-paced. During the lockdown, wearing facemasks was
strictly enforced, and many people also wore them outdoors while in small groups. Wearing masks
was an important tool in preventing transmission of the virus; however, the masks discouraged
physical activity due to their discomfort and awkward breathing, especially while exerting oneself.
Walking with a mask may be inconvenient, but walking leisurely or even moderately is possible with a
mask and does not cause undue hardship. Therefore, walking should have been more strongly
encouraged by the university.

Walking in the sunlight fosters synthesis of Vitamin D; Angelidi et al. (2021) reported that Vitamin
D helped reduce COVID-19 mortality and invasive mechanical intervention through its
immunomodulatory function. This is another reason for walking, especially during the daylight hours.

Study results indicated that restrictions imposed during the pandemic significantly affected
campus residents’ sleep and PA. However, data also showed that many respondents maintained their
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levels of PA. Recent studies have revealed a strong inverse correlation between exercise and
hospitalization with COVID-19 (Ezzatvar et al., 2022; Sallis et al., 2021; Sittichai et al., 2022; Castoldi et
al., 2023; Young et al., 2023). Simple changes to campus restrictions may have helped improve PA
levels, which in turn could have helped to reduce the impact of the restrictions on residents’ sleep
habits. In hindsight, the university could have done more to encourage physical activity to boost
general health and complement the preventative measures designed to keep the virus from entering
the campus community.

Several limitations existed in this study. First, a small sample size (48) compromised statistical
power. Second, only a few questions addressed sleep. More questions would have provided greater
insight on how inactivity, diet, sleep cycles, bedtime and wake times, and screen time affected sleep.
Third, the sample was limited to international students, so findings were not representative of the
whole university, nor could they be generalized to general populations. Future studies should be
conducted with larger and more representative sample sizes, and includes more questions about sleep
to achieve better results.

Conclusion

This study revealed that pandemic restrictions and lockdowns had a significant impact on the PA
and sleep habits of campus residents. Since the restrictions faced by respondents were similar to those
in many locations, unsurprisingly, negative impacts mirrored findings of other researchers such as
Chouchou et al. (2021), Diniz et al. (2022), and Konstevaya et al. (2021). Consequently, some campus
residents reduced their physical activities even though walking or jogging were not restricted. The
university administration could have encouraged residents to maintain or increase their physical
activity through education and announcements about how walking or jogging improves general health
and sleep quality.

These findings highlight directions for future interventions. These include reminding the
community to remain active, especially by walking along the wooded natural areas where getting
Vitamin D improves immune function and protects against infection and disease. Current
recommendations by sleep experts of the need for at least seven to nine hours per night should also
be pointed out and emphasized.
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