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A B S T R A C T

This research investigated the overall and domain-specific physical activity (PA) of university students in the
coronavirus disease 2019 (COVID-19) pandemic. A cross-sectional study was applied to socioeconomic (SE) and
PA online data collected from 15,366 students across 17 universities in seven Association of Southeast Asian
Nations (ASEAN) countries. Statistical analyses using logistic regressions established SE–PA relationships. Over
half (60.3%) of ASEAN university students met age-span specific PA guidelines. Students participated in recre-
ational PA the most, followed by study-related activities and 44.1% of students engaged in >8 hrs/day of
sedentary time (ST). Compared to students with a normal body mass index (BMI), students who were underweight
(UW), overweight (OW), and obese (OB) respectively, had a 14% (UW odds ratio (OR) ¼ 1.14, p ¼ 0.005), 25%
(OW OR ¼ 1.25, p < 0.001), and 24% (OB OR ¼ 1.24, p ¼ 0.005) greater probability of meeting PA guidelines.
Those who engaged in active transport and belonged to a sports club (SC) had 42% (SC OR ¼ 0.58, p < 0.001, for
both) less probability of meeting the PA guidelines, compared with those who travelled inactively and did not
belong to a sports club, respectively. Students who participated in 4–6 sport or exercise activities had ten times
more likelihood of meeting PA guidelines (OR ¼ 10.15, p < 0.001), compared with those who did not play any
sport or do any exercise. Students who spent >8 hrs/day of ST had 32% (ST OR ¼ 0.68, p < 0.001) less prob-
ability of meeting PA guidelines, compared with those who spent <3 hrs of ST. These data showed that over half
of ASEAN university students achieved PA guidelines and were highly sedentary during the COVID-19 pandemic.
Recreational and study-related activities were important for students to maintain sufficient PA and should be
actively promoted within the restrictions imposed during periods of the COVID-19 pandemic lockdowns.
1. Introduction

In 2019, the World Health Organization (WHO) reported that 40.8
million out of 55.4 million (73.6%) deaths worldwide were due to non-
communicable diseases (NCDs) [1]. Physical inactivity (i.e. not
meeting age-span specific PA guidelines) is a modifiable risk factor for
NCDs besides tobacco smoking, alcohol consumption, unhealthy diet,
and air pollution. Globally, the economic costs of physical inactivity
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contributed to INT$ (international dollars) 54 billion/year for direct
health care and INT$ 14 billion attributable for productivity loss [2]. In
Southeast Asia, NCDs caused an estimated 9 million (68.6%) of the 13.2
million regional deaths in 2016 [1]. Insufficient physical activity (PA)
caused almost 300,000 deaths in the Southeast Asia region annually [2].
The direct and indirect economic burden of physical inactivity in the
region was estimated at INT$ 1,500 million in 2013 [2]. The WHO
adopted the NCD Global Monitoring Framework with an aim to achieve a
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Table 1. ASEAN University Network – Health Promotion Network (AUN–HPN)
member universities participating in the study.

Countries (Number of participating
universities)

Name of participating universities

Brunei Darussalam (1) 1. Universiti Brunei Darussalam

Indonesia (3) 2. Universitas Airlangga
3. Universitas Gadjah Mada
4. Universitas Indonesia

Malaysia (2) 5. University of Malaya
6. Universiti Putra Malaysia

The Philippines (1) 7. Ateneo de Manila University

Singapore (1) 8. Nanyang Technological University

Thailand (8) 9. Burapha University
10. Chiang Mai University
11. King Mongkut's University of Technology
North Bangkok
12. Naresuan University
13. Mahasarakham University
14. Mahidol University
15. Thammasat University
16. Walailak University

Vietnam (1) 17. Vietnam National University Ho Chi Minh
City
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15% relative reduction in physical inactivity levels by 2030 [3]. Never-
theless, based on worldwide trends of increasing levels of insufficient PA
over time, it was forecasted that the global physical inactivity target
would be difficult to achieve unless effective policies are seriously
implemented, and multisectoral collaborations take place [4].

The ten member countries of the Association of Southeast Asian Na-
tions (ASEAN) have been collaborating in many aspects, including on
education and health. The ASEAN University Network – Health Promo-
tion Network (AUN–HPN) has promoted healthy behaviors including PA
among students based on its Healthy University Policy or Framework [5].
In ASEAN, there are more than 100 million people aged 15–24 years, and
approximately 20 million of this population are university students [6].
Health behaviors that students establish during their university life can
have a long-term impact on their PA habits and incidence of NCDs in
their adulthood [7]. Thus, university is an important setting to promote a
healthy active lifestyle. However, since the establishment of the
AUN–HPN in 2014, the baseline information about PA levels among
ASEAN university students has been unknown. A study conducted in
2015 in low- and middle-income countries included five ASEAN coun-
tries (Indonesia, Laos, the Philippines, Singapore, and Thailand), showed
that 46% of young adults aged 18–25 years met the WHO PA guidelines
of at least 150 min/week of moderate-intensity or 75 min/week of
vigorous-intensity PA (or any equivalent combination of the two) [8].
Other studies conducted in Malaysia and Thailand showed the preva-
lence of meeting the PA guidelines among university students at 58.6%
and 49.5% respectively [9, 10]. Typically, the prevalence of university
students’ overall PA levels is presented with limited information about
participation in domain-specific PA (e.g., transportation and recreation)
[11, 12, 13].

Understanding domain-specific PA among university students is
helpful for developing interventions to promote PA. Furthermore, the
information about sociodemographic factors associated with PA in
ASEAN university students is also scarce with only a few factors
confirmed as correlates of PA, such as gender and age [8, 14, 15, 16].
Body mass index (BMI), year of study, grade point average (GPA), and
living arrangements have been examined, but their associations with
meeting the PA guidelines were mixed and inconclusive [9, 11, 16]. The
evidence drawn from Western or developed countries might be different
evidence from less developed or Asian countries due to cultural and so-
cial contexts. Although there is growing evidence from these countries,
the evidence from the ASEAN countries is still limited. With this limited
information, the development of well-informed PA promotion policies
and strategies for the AUN–HPN is challenging. In an effort to address
this gap, the present research investigated the overall and
domain-specific PA participation, and sedentary time (ST) among uni-
versity students in seven ASEAN countries. Results of this research pro-
vide important evidence on the current state of PA and ST to promoters of
PA among university students, particularly to AUN–HPN and its member
universities.

2. Methods

2.1. Study design and participants

This study is part of a larger multinational cross-sectional research
project, called “AUN–HPN health behavioral survey”. All AUN–HPN
member universities were invited to participate in the research project,
and their participation was based on a voluntary basis. Eventually, 17
member universities from seven ASEAN countries, namely Brunei Dar-
ussalam, Indonesia, Malaysia, Philippines, Singapore, Thailand, and
Vietnam accepted the invitation (Table 1). Participants were under-
graduate students aged 18–22 years. All eligible undergraduate students
in participating universities were invited to complete the online survey.
Student recruitment and the online survey distribution were coordinated
by representatives of each university and was tailored to the culture and
practices of each university. Students were invited to participate through
2

several media, including public relations posters, university-wide email
circulation, official university social media channels such as group LINE
(Line Corporation, Tokyo, Japan), Instagram, Facebook, and WhatsApp
(WhatsApp LLC, CA, USA). Participants accessed the survey through a
link or a QR code provided in the media. Students were encouraged to
participate in the study by being eligible for a prize draw for fifty smart
watches. All participating universities collected data during March to
June 2021, when movement and social gathering restrictions were
imposed in different forms in all participating universities due to the
coronavirus disease 2019 (COVID-19) pandemic.

2.2. Instruments and measurement

The AUN–HPN health behavioral survey comprised seven sections: 1)
Physical activity (PA), 2) Social support for PA, 3) University's environ-
ment, 4) Health-related behaviors, 5) Mental wellbeing, 6) Opinion
regarding university support, and 7) Sociodemographic information. PA
and sociodemographic data of students reported in this present study
were retrieved from this online survey. The survey was developed based
on previously tested instruments [17]. The online survey and all
recruitment materials, originally developed in English, were translated
into four languages that included Bahasa Indonesia, Malay, Thai, and
Vietnamese. The translations were back translated into English according
to the World Health Organization (WHO) guidelines [18] to ensure
comprehension and understanding of the questionnaire items, and to
check for any inaccuracies in the translated versions. The online survey
was pilot-tested with university students for comprehension of the survey
and functionality of the online Qualtrics survey platform (Qualtrics In-
ternational Inc., WA, USA). The online survey was revised based on
student feedback from the pilot test.

Participation in PA was measured using the 16-item Global Physical
Activity Questionnaire (GPAQ) version 2.0 developed by WHO [19]. The
GPAQ had an acceptable concurrent validity (r ¼ 0.54) and high level of
repeatability (0.67–0.81) [19,20]. In essence, university students’ PA
participation in three contexts were collected: in study, transportation,
and recreation. According to the WHO PA guidelines [21] and GPAQ
analysis guides [22], students were categorized as “meeting the PA
guidelines” when they achieved �150 min/week of moderate-intensity
PA or �75 min/week of vigorous-intensity PA or an equivalent combi-
nation of moderate- and vigorous-intensity PA achieving�600 metabolic
equivalent (MET)-mins/week (a measure of energy expenditure of 1 MET
equals 1 kcal/kg/h) [23]. Students were categorized into “not meeting
the PA guidelines” when they failed to comply with these conditions.
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Hours of sedentary behavior were also collected by the GPAQ and cate-
gorized into low (�3 hrs), moderate (4–8 hrs), and high (>8 hrs). Data on
amount of sleep hours were collected and grouped into <7 hrs and �7
hrs.

Sociodemographic and other associated student data included age,
gender, year of study, country of residence, GPA, living arrangement,
type of commute to/from university, type of housing, sports club mem-
bership, and number of sport/exercise activities engaged. Height and
weight were used to calculate BMI and results were classified into 4
groups: underweight (<18.5 kg/m2), normal (18.5–22.9 kg/m2), over-
weight (23.0–24.9 kg/m2), and obese (�25 kg/m2), according to the
WHO Asian cut-off for BMI [24]. GPA was standardized into a scale of
1–5, and categorized into low (�3.2), moderate (3.3–3.9), and high
(>3.9). Type of commute to/from university was assessed by asking how
students usually commuted to/from university. A list of possible means of
transportation were provided, and responses were categorized into
“inactive” when students traveled by motorized vehicles, and “active”
when they walked/biked. For the number of sport/exercise activities
students engaged in, they were asked if they did any sport/exercise ac-
tivities over the past seven days. A list of the activities was provided.
Responses were computed and classified into four categories (0, 1–3, 4–6,
and >6 activities).

2.3. Statistical analysis

Data cleaning procedures such as removal of ineligible cases, dupli-
cate responses, invalid questionnaire responses, and responses with more
than 50% missing values (listwise deletion), were employed to minimize
errors before conducting statistical analysis. Missing data in valid cases
were handled using multiple imputation techniques set at 10 multiple
imputations to replace missing with predicted values [25], using R
package MICE (Multivariate Imputation by Chained Equations). All sta-
tistical analyses were computed using RStudio v.1.4.1717 (RStudio, MA,
USA).

Descriptive statistics were used to describe the participant character-
istics, PA, ST, and sleep time stratified by gender as well as prevalence of
those who met the PA guidelines stratified by gender and age. Chi-square
tests for independence were performed to investigate associations of
gender with explanatory and outcome variables. The independent t-test
was used to compare ST and gender where normal distribution of data is
assumed according to the central limit theorem. However, for variables
with large standard deviation, the alternative independent t-test without
accounting for equal variance was used. Binary multiple logistic re-
gressions were computed to investigate salient factors associated with PA
levels. The binary multiple logistic regressions were adopted as they were
helpful in differentiating and interpreting the results. Firstly, simple lo-
gistic regression was calculated to explore bivariate association between
explanatory variables and meeting PA guidelines. Automatic stepwise
variable selection was used to determine factors for the preliminary
model, where lower Akaike information criterion (AIC) indicated better
model selection. Variable selection was also checkedmanually to confirm
the significance of selected variables. The variance inflation factor (VIF)
was used to ensuremulticollinearitywas not present. All possible two-way
interaction effectswere also checked to ensure themain effectsmodelwas
true. A Cook's distance graph was used to determine any outliers where
distance of more than 1 indicated the presence of an outlier. Finally, the
Hosmer-Lemeshow goodness of fit test was conducted to ensure that the
data fitted well with the final model. Two-sided p-values of less than 0.05
were considered statistically significant.

2.4. Ethical approval and consent to participate

The study protocols were undertaken in accordance to relevant inter-
national (i.e. Declaration of Helsinki) and local ethical guidelines and
regulations. The ethical approval for the whole study protocol was ob-
tained from Mahidol University Central Institutional Review Board (MU-
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CIRB 2020/089.0704). Ethical approval for the research were also ob-
tained from all participating universities prior to conducting the research.
All participants in the research provided informed consent online by
clicking “I agree to participate” before participating in the survey.

3. Results

The final sample comprised 15,366 university students. One third of
the respondents (33.2%) were from Vietnam, followed by Indonesia
(28.8%) and Thailand (25.6%). The distribution by gender was almost
equal (female at 52.6% vs. male at 47.4%), and 58.9% of the respondents
belonged to a sports club. About two-thirds of respondents were 19–21
years old (66.3%), in year 1 of university studies (64.7%), achieved a
GPA of 3.3–3.9 (69.2%), and lived off-campus (65.2%). Nearly half were
underweight (48.2%). Themajority of respondents lived in a single house
(73.7%) and commuted to/from university inactively (82.9%) (Table 4).

Overall, 60.3% (95% confidence interval (CI): 52.9, 67.0) of the re-
spondents met the PA guidelines in the COVID-19 pandemic (Table 2).
The lowest proportion of students who met the PA guidelines were from
Indonesia (45%) with the highest proportion coming from Thailand
(71.7%). A significantly higher proportion of female university students
(54.3%, 95% CI: 53.3, 55.4) met the PA guidelines than males (45.7%,
95% CI: 44.6, 46.6). These results were also similar for students from
Brunei, Indonesia, Thailand, and Vietnam. A significantly higher pro-
portion of students between 19–21 years old achieved the PA guidelines
than students from other age categories for all of the countries.

The prevalence of university students’ participation in domain-
specific physical activities stratified by gender is presented in Table 3.
Female students had a significantly higher average energy expenditure in
study-related PA (p< 0.001) but also had significantly higher amounts of
time spent on sedentary activities (p ¼ 0.002) than male students. Male
students spent a significantly higher average time in recreational PA (p<

0.001). A majority of students slept �7 hrs with a significantly higher
proportion of females (71.4%) compared with males (65.8%) (p <

0.001). There was no significant difference in ST spent between males
and females (Male: 7.84 hrs/day vs. Female: 8.05 hrs/day).

The associations between sociodemographic factors and meeting the
PA guidelines are presented in Table 4. The results from multiple logistic
regression revealed that BMI, country of residence, type of commute to/
from university, belonging to any sports club, number of sport/exercise
activities, and ST were significantly associated with meeting the PA
guidelines. After adjusting for confounders, students who were under-
weight, overweight and obese were 14%–25% more likely to achieve the
PA guidelines in the COVID-19 pandemic, compared to those classified
with having a normal BMI. Students from the Philippines and Vietnam
were 32%–70% more likely to achieve the PA guidelines than students
from Brunei, whereas students from Indonesia and Singapore were less
likely to achieve them. Students who travelled actively to/from the
university, alongside students who travelled inactively and belonged to
sports clubs, and students who did not belong to any sports clubs, were
42% less likely to meet the PA guidelines.

Students, who participated in 1–3 sport/exercise activities/week, had
more than four times the odds of meeting the PA guidelines, compared to
those who did not participated in any sport/exercise activities. The odds
rose to 10 times when students participated in 4–6 sport or exercise ac-
tivities per week. However, the odds dropped to approximately 3 times
when students participated in more than 6 sport/exercise activities/
week, compared with those who did not participate in any sport/exercise
activities. University students who spent >8 hrs/day of ST had 32%
lower odds of achieving the PA guideline than those who spent �3 hrs/
day of ST.

4. Discussion

The present research investigated participation in overall and domain-
specific physical activity (PA) among university students across seven



Table 2. Prevalence of ASEAN university students who met physical activity guidelines (�600 MET-min/week) by country, gender, and age (n ¼ 15,366).

Country

Total Gendera Agea

Male Female 18 years 19–21 years >21 years

n (%) (95% CI) n (%) (95% CI) n (%) (95% CI) n (%) (95% CI) n (%) (95% CI) n (%) (95% CI)

Brunei (n¼ 1020) 583
(57.2)

(54.0,
60.2)

231
(39.6)

(35.6,
43.7)

352
(60.4)

(56.3,
64.4)*

54 (9.3) (9.1,
13.0)

312
(55.5)

(47.9,
63.1)

199
(34.1)

(32.4,
38.3)

Indonesia (n ¼
4430)

1993
(45.0)

(43.5,
46.5)

1205
(60.5)

(58.3,
62.6)

788
(39.5)

(37.4,
41.7)**

509
(25.5)

(24.2,
26.3)

1238
(62.1)

(60.2,
63.1)

110 (6.8) (3.3,
10.3)**

Malaysia (n ¼
289)

174
(60.2)

(54.3,
65.8)

114
(65.5)

(57.9,
72.4)

60 (34.5) (27.6,
42.1)

154
(88.5)

(83.8,
91.6)

4 (2.3) (0.8, 4.7) 0 (0.0) (0.0, 0.0)#

Philippines (n ¼
322)

204
(63.4)

(57.8,
68.6)

64 (31.3) (25.2,
38.3)

140
(68.6)

(61.7,
74.8)

19 (9.3) (6.5,
13.2)

152
(74.5)

(69.3,
79.1)

30 (14.7) (10.7,
18.7)

Singapore (n ¼
259)

131
(50.6)

(44.3,
56.8)

88 (67.2) (58.4,
75.0)

43 (32.8) (25.0,
41.6)

1 (0.8) (0.3, 3.6) 18 (13.7) (12.7,
22.2)

66 (50.4) (47.8,
60.2)

Thailand (n ¼
3940)

2825
(71.7)

(70.3,
73.1)

846
(29.9)

(28.3,
31.7)

1979
(70.1)

(68.3,
71.7)**

158 (5.6) (4.4, 5.8) 1647
(58.3)

(57.9,
61.0)

485
(18.9)

(16.0,
20.4)*

Vietnam (n ¼
5106)

3359
(65.8)

(64.4,
67.1)

1684
(50.1)

(48.4,
51.8)

1675
(49.9)

(48.2,
51.6)**

477
(14.2)

(12.3,
16.2)

2043
(60.8)

(59.9,
62.6)

441
(13.1)

(12.6,
14.5)*

Overall (n ¼
15,366)

9269
(60.3)

(52.9,
67.0)

4232
(45.7)

(44.6,
46.6)

5037
(54.3)

(53.3,
55.4)**

1372
(14.8)

(14.1,
15.5)

5414
(58.4)

(57.4,
59.4)

1331
(14.4)

(13.6,
15.1)**

95% CI: 95% Confidence interval; MET: metabolic equivalent; n: number.
*p < 0.05, **p < 0.001.

a Chi-square test for independence.
# Insufficient power to detect significant difference between groups, due to a small sample size.

Table 3. Participation in overall and domain-specific physical activity, sedentary
and sleep time among ASEAN university students (n ¼ 15,366).

Total Male Female P-
valuea

n (%) n (%) n (%)

Meeting PA guidelines <0.001

Yes 9269 (60.3) 4232 (58.1) 5037 (62.4)

No 6097 (39.7) 3057 (41.9) 3040 (37.6)

Sleep time (hrs/day) <0.001

�7 10566 (68.8) 4798 (65.8) 5768 (71.4)

>7 4800 (31.2) 2491 (34.2) 2309 (28.6)

Mean (SD) Mean (SD) Mean (SD)

Overall METs-min/
week

5290.5
(3572.0)

5325.1
(3635.4)

5260.2
(3515.4)

0.286b

PA by domain (MET-min/week)

Study-related 860.3
(2152.5)

762.0
(2041.3)

949.0
(2244.5)

<0.001

Recreation 2212.9
(2609.4)

2305.5
(2685.1)

2129.3
(2536.4)

<0.001

Transportation 1553.1
(1778.6)

1578.8
(1776.3)

1530.0
(1780.4)

0.089

Sedentary time (hrs/
day)

8.0 (4.1) 7.84 (4.0) 8.05 (4.1) 0.002b

hrs: hours; MET: metabolic equivalent; n: number; PA: physical activity; SD:
standard deviation.

a Chi-square test for independence.
b Independent t test (equal variance not assumed).
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ASEAN countries in the COVID-19 pandemicwhere various combinations
of movement restrictions, mask-wearing, and social gathering size re-
strictions were operational. On average, 60.3% of university students
across the seven ASEAN countries met the global PA guidelines. This is
consistent with the 59.6% estimated prevalence identified in a previous
study that featured university students from 23 low- and middle-income
countries in 2015 before the COVID-19 pandemic [8].

The relatively high proportion of ASEAN university students
achieving the PA guidelines in the COVID-19 pandemic is somewhat
unexpected but plausible. Students might engage in recreational exercise
4

at home and outdoors to keep themselves healthy, albeit with consider-
able government restrictions on their social interactions and travel
movements [26]. A recent systematic review showed that university
students who met PA guidelines before the pandemic generally met the
guidelines during the pandemic lockdown [13]. Similarly, a multicenter
study among adults aged 18–74 years from six European countries
showed that exercise practice during the COVID-19 pandemic remained
over 65% in all participating countries [27]. In several cases, there is
evidence that people participated more in PA during the COVID-19
pandemic. For instance, in a Brazilian study, the proportion of Brazil-
ian adults who engaged in exercise once a week or every day before the
COVID-19 pandemic increased significantly during the pandemic [27]. In
the US, one-third of adults reported decreased PA, while 20% of them
reported increased PA [28]. Furthermore, Belgian research showed that
58% of people who had low PA levels reported higher exercise levels,
while 36% of people who had high PA levels exercised even more in the
COVID-19 lockdown [26]. The absence of PA data prior to the COVID-19
pandemic among the participants in the present research precluded
before, and in COVID-19, pandemic comparison of PA levels. It is rec-
ommended that a regular collection of PA data of university students
from ASEAN countries should be made so that changes in PA behaviors
over time can be reviewed, and for evidence-based PA to better inform
health promotion policies in the future.

This present research is apparently the first to explore ASEAN uni-
versity students' participation in specific PA domains. These results
showed that recreational and study-related activities were dominant
lifestyle habits among university students. Activities of recreation were
the most common PA domain among male students, but they were less
active than female students in the study-related domain. The present
results are similar to other studies conducted in Croatia [29] and India
[30] where recreational PA was a major contributor to the total PA levels
among university students, and where males had greater recreational PA
than female students. Students' participation in active transportation in
the present research however contrasted with findings of the studies
cited [28, 29] where active transport contributed more to overall PA. The
difference in findings could be explained by the variety of travel and
movement restrictions, online learning and work from home arrange-
ments across the seven ASEAN countries imposed during the early period
of the COVID-19 pandemic. Many might also have chosen not to use



Table 4. Logistic regression results of sociodemographic variables associated with meeting physical activity guidelines (�600 MET-min/week) (n ¼ 15,366).

Total Meeting PA Guidelines Crude ORa 95% CI P-value Adj. ORb 95% CI P-value

n (%) n (%) Lower Upper Lower Upper

Age (Years)

18 2496 (18.4) 1372 (16.9) 1.00 - - -

19-21 9016 (66.3) 5414 (66.7) 1.23 1.13 1.35 <0.001**

>21 2085 (15.3) 1331 (16.4) 1.45 1.28 1.62 <0.001**

Gender

Male 7289 (47.4) 4232 (45.7) 1.00 - - -

Female 8077 (52.6) 5037 (54.3) 1.19 1.12 1.27 <0.001**

Year of study

1st year 9940 (64.7) 5859 (63.2) 1.00 - - -

2nd year 2895 (18.8) 1780 (19.2) 1.11 1.02 1.21 0.014*

3rd year 1800 (11.7) 1176 (12.7) 1.31 1.18 1.46 <0.001**

4th year 731 (4.8) 454 (4.9) 1.18 0.99 1.41 0.055

BMI

Normal 2917 (21.3) 1631 (19.9) 1.00 - - - 1.00 - - -

Underweight 6619 (48.2) 3987 (48.6) 1.19 1.09 1.30 <0.001** 1.14 1.04 1.26 0.005*

Overweight 2983 (21.7) 1866 (22.7) 1.32 1.19 1.46 <0.001** 1.25 1.11 1.40 <0.001**

Obese 1202 (8.8) 721 (8.8) 1.18 1.03 1.36 0.017* 1.24 1.06 1.44 0.005*

Country

Brunei 1020 (6.6) 583 (6.3) 1.00 - - - 1.00 - - -

Indonesia 4430 (28.8) 1993 (21.5) 0.61 0.53 0.70 <0.001** 0.68 0.59 0.80 <0.001**

Malaysia 289 (1.9) 174 (1.9) 1.13 0.87 1.48 0.354 0.94 0.69 1.28 0.715

Philippines 322 (2.1) 204 (2.2) 1.29 1.00 1.68 0.049* 1.70 1.26 2.30 <0.001**

Singapore 259 (1.7) 131 (1.4) 0.77 0.58 1.01 0.057 0.70 0.50 0.99 0.043*

Thailand 3940 (25.6) 2825 (30.5) 1.90 1.64 2.19 <0.001** 0.96 0.79 1.18 0.755

Vietnam 5106 (33.2) 3359 (36.2) 1.44 1.26 1.65 <0.001** 1.32 1.13 1.54 <0.001**

GPA

�3.2 2443 (20.1) 1541 (21.3) 1.00 - - -

3.3–3.9 8406 (69.2) 4837 (66.9) 0.79 0.72 0.87 <0.001**

>3.9 1302 (10.7) 857 (11.8) 1.13 0.98 1.30 0.096

Living arrangement

On campus 5345 (34.8) 3698 (39.9) 1.00 - - -

Off campus 10021 (65.2) 5571 (60.1) 0.56 0.52 0.60 <0.001**

Type of commute to/from university

Inactive (by vehicles) 12727 (82.9) 1774 (19.1) 1.00 - - - 1.00 - - -

Active (Walk/bike) 2639 (17.1) 7495 (80.9) 0.70 0.64 0.76 <0.001** 0.58 0.52 0.64 <0.001**

Type of housing

Single house 11319 (73.7) 6553 (70.7) 1.00 - - -

Town house 2773 (18.1) 1899 (20.5) 1.58 1.45 1.73 <0.001**

Flat/Apartments/Hostel 1201 (7.8) 771 (8.3) 1.30 1.15 1.48 <0.001**

High rise condo 73 (0.5) 46 (0.5) 1.24 0.78 2.02 0.378

Belong to any sports clubs

No 9054 (58.9) 4455 (48.1) 1.00 - - - 1.00 - - -

Yes 6312 (41.1) 4814 (51.9) 0.47 0.44 0.51 <0.001** 0.58 0.51 0.65 <0.001**

No. of sport/exercise activities/week

0 2131 (13.9) 554 (6) 1.00 - - - 1.00 - - -

1–3 8081 (52.6) 4922 (53.1) 4.44 4.00 4.94 <0.001** 4.26 3.47 4.38 <0.001**

4–6 2937 (19.1) 2443 (26.4) 14.08 12.29 16.16 <0.001** 10.15 8.22 11.44 <0.001**

>6 2217 (14.4) 1350 (14.6) 4.43 3.90 5.04 <0.001** 2.86 2.21 3.17 <0.001**

Sedentary time (hours/day)

�3 2376 (15.5) 1577 (17) 1.00 - - - 1.00 - - -

4-8 6213 (40.4) 3934 (42.4) 0.87 0.79 0.97 0.008* 0.90 0.82 1.02 0.115

>8 6777 (44.1) 3758 (40.5) 0.63 0.57 0.70 <0.001** 0.68 0.58 0.72 <0.001**

Sleep time (hours/day)

�7 10566 (68.8) 6453 (69.6) 1.00 - - -

>7 4800 (31.2) 2816 (30.4) 0.90 0.84 0.97 0.005*

*p < 0.05 **p < 0.001.
95% CI: 95% confidence interval; Adj. OR: adjusted odds ratio; BMI: body mass index; GPA: grade point average; MET: metabolic equivalent; OR: odds ratio; PA:
physical activity.

a Simple logistic regression (bivariate).
b Binomial logistic regression (multivariable).
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public transport for fear of getting infected. There are few studies on the
impact of COVID-19 prevention measures on university students’ active
commute such as walking and biking. Some evidence shows that the
COVID-19 pandemic had a negative impact on travel behaviors of people,
with decreased passenger volume, frequency of use and ridership of
public transport as people viewed as unsafe [31, 32, 33]. The results of
the present study suggest that engaging in recreational activities may be a
helpful strategy for students to achieve the PA guidelines during the
COVID-19 restrictions.

The present research showed interesting counterintuitive results for
BMI, type of commute to/from university, and belonging to a sports club
against achieving recommended levels of PA. Students who were under
and overweight, and obese had greater odds of meeting the PA guide-
lines, than those who had a normal weight. These results contrasted with
the findings of Pengpid et al. (2015) which highlighted that university
students who had a BMI outside a normal range were more likely to have
insufficient PA, at a time when COVID-19 did not exist [8]. Current
literature suggests that the association between BMI and PA is incon-
clusive, and BMI and PA have the bidirectional impacts on each other
[34]. However, the positive associations identified in the present
research were also observed in Chinese (>50 years old) and Malaysian
(�18 years old) women who had an unhealthy body weight, but met the
PA guidelines, more so compared to those who had normal weight [35,
36]. Some research showed that having a better physical appearance and
health consciousness are primary reasons for increasing PA participation
in students [35]. These similar reasons might apply to university students
who had an unhealthy body weight. These students might have more
worries and motives compared to classmates with a normal body weight,
and might have taken the COVID-19 pandemic and associated disrup-
tions to normal life as a good opportunity to improve and increase PA
levels [37]. Nonetheless, the information to support our assumption is
unavailable and we welcome further research to verify or dispute the
assumption. Despite the contrary, our findings reinforce efforts to pro-
mote PA among ASEAN university students, regardless of their BMI.

The COVID-19 related restrictions were reflected in the results of the
current study where students engaged in active transportation had lower
odds ofmeeting thePAguidelines than thosewho travelled inactively. The
contribution of active transportation to meeting the PA guidelines were
well documented prior to COVID-19 restrictions [38, 39]. Monitoring
university students’ active transport behaviors under different restrictions
would contribute to a better understanding of the overall impact of the
movement and travel restrictions. Engagement in sports clubs can
contribute significantly to obtaining higher exercise levels and achieving
the PA guidelines among the population [40, 41, 42]. However, ASEAN
university students who engaged in a sports club had lower odds of
meeting the PA guidelines during the COVID-19 pandemic. Although
counterintuitive, our results are in agreement with research on Belgian
university students who belonged to a sports club who had relatively less
opportunity to engage in higher intensity exercise during the COVID-19
lockdown, than students who were not engaged in a sports club [26].
ASEAN university students might have struggled to maintain their PA
participation as they had limited access to the clubs during the restrictive
COVID-19 measures. Our results plausibly indicated that participation in
PA amongASEANuniversity studentswho belonged to a sports clubmight
be extrinsically motivated (e.g., socialization and social support) rather
than intrinsicallymotivated (e.g., health andfitness) [43]. Future research
anchored on behavioral theory frameworks may provide greater clarity
and enable a deeper understanding on how to better incentivize and
encourage ASEAN university students to sustain sufficient PA levels dur-
ing periods of movement and travel restrictions and beyond.

The present research revealed a strong and positive relationship be-
tween the number of sport/exercise activities students engaged in (albeit,
up to a maximum of six) and meeting the PA guidelines, a finding that is
supported by research evidence from a younger population [44]. A va-
riety of sport/exercise activities, especially individual activities, might be
considered when promoting PA when people are in isolation or under
6

confinement restrictions in the COVID-19 pandemic. The present
research indicated that many ASEAN university students were highly
sedentary during the COVID-19 pandemic. Their ST was negatively
associated with meeting the PA guidelines. Although these results are
consistent with existing research, the relationship between PA and ST is
complicated and inconclusive [34, 45]. For instance, some evidence
showed that people could be highly sedentary and physically active
concurrently [26, 46]. Despite an absence of clear guidelines on ST,
university students are encouraged to reduce ST as much as they can and
replace it with PA at any intensity (light, moderate, and vigorous) [21].

Residential country also influenced the probability of meeting the PA
guidelines among university students in ASEAN. There is a paucity of
data on university students’ PA participation in ASEAN countries, making
it difficult to interpret the results, although we suspect that different
economic, social, and environmental contexts might be behind the dif-
ferences identified in the present results. The present research indicated
that university students in Indonesia and Singapore were particularly
physically inactive and further research as to why this is so is needed to
better address the relatively lower levels of PA in the COVID-19
pandemic in these two countries.

Several strengths and limitations were apparent in the present
research. A key strength was that the research was a large-scale multiple-
site study that used a valid and reliable self-report questionnaire to
collect PA and socioeconomic data from university students across seven
ASEAN countries. This provided the AUN–HPN with important and
useful data that could seed future research collaborations within and
outside the network countries. Nonetheless, the large sample of univer-
sity students might not be representatives of all students across the
ASEAN countries, and caution was advised when interpreting the find-
ings. The cross-sectional design of this research limited the conclusions of
the causal relationships, and targeted longitudinal studies on the PA and
ST of university students living in ASEAN countries in the future might
help address this limitation. Recall ability was a potential weakness of the
self-reported instruments used to collected data. Finally, the seven
ASEAN countries involved in the research were in different situations
regarding the COVID-19 pandemic and prevention measures varied
during the data collection period. This could also account for some of the
disparate results obtained in the present research.

5. Conclusions

The present research provided important information about overall
and domain-specific PA participation among university students in seven
ASEAN countries during the COVID-19 pandemic. The results indicated
that almost two-thirds of the students achieved the PA guidelines.
Participation in recreational and study-related PA played a vital role in
keeping ASEAN university students sufficiently active, while participa-
tion in active transportation might not be high during periods of mobility
restrictions. Several sociodemographic and associated factors, including
BMI, residential country, type of commute to/from university, belonging
to a sports club, the number of sport/exercise activities engaged, and ST
had a significant impact on students’ meeting the PA guidelines. Further
investigation is recommended to unpack details of some of the counter-
intuitive results (i.e., type of commute, and belonging to a sports club)
that differed from other research in the COVID-19 pandemic. Regular
monitoring of PA in ASEAN university students is strongly encouraged to
identify trends and better intervene where possible so that a greater
proportion of ASEAN university students can reap the health benefits of
meeting PA guidelines.

Declarations

Author contribution statement

Areekul Amornsriwatanakul, Hanif Abdul Rahman: Conceived and
designed the experiments; Performed the experiments; Analyzed and



A. Amornsriwatanakul et al. Heliyon 8 (2022) e12466
interpreted the data; Contributed reagents; materials, analysis tools or
data; Wrote the paper.

Apichai Wattanapisit, Ira Nurmala, Ma. Henrietta Teresa O. de la
Cruz, Josip Car, Michael Chia: Performed the experiments; Analyzed and
interpreted the data; Contributed reagents; materials, analysis tools or
data; Wrote the paper.

Funding statement

Areekul Amornsriwatanakul was supported by Thai Health Promo-
tion Foundation (Children and Youth Physical Activity Studies (61-00-
1814)).

Hanif Abdul Rahman was supported by Universiti Brunei Darussalam
[UBD/RSCH/1.10/FICBF(b)/2019/005] and NIH training grant [T32
GM141746].

Data availability statement

Data will be made available on request.

Declaration of interests statement

The authors declare no competing interests.

Additional information

No additional information is available for this paper.

Acknowledgements

Authors thank administrative staff of all participating universities for
their assistance during sampling recruitment and data collection. We feel
gratitude to all students who participated in the survey. Authors appre-
ciate institutional support and advice from the ASEAN University
Network – Health Promotion Network International Advisory Committee
with special thanks to Dr. Wiwat Rojanapithayakorn and Dr. Vijj
Kasemsab during development of this project.

References

[1] World Health Organization, Global Health Estimates: Leading Causes of Death,
2019 [cited 2022 January 12]. Available from: https://www.who.int/data/gho/dat
a/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death.

[2] D. Ding, K.D. Lawson, T.L. Kolbe-Alexander, E.A. Finkelstein, P.T. Katzmarzyk,
W. van Mechelen, et al., The economic burden of physical inactivity: a global
analysis of major non-communicable diseases, Lancet 388 (10051) (2016)
1311–1324.

[3] World Health Organization, Global Action Plan on Physical Activity 2018–2030:
More Active People for a Healthier World, World Health Organization, Geneva,
2018.

[4] R. Guthold, G.A. Stevens, L.M. Riley, F.C. Bull, Worldwide trends in insufficient
physical activity from 2001 to 2016: a pooled analysis of 358 population-based
surveys with 1.9 million participants, Lancet Global Health 6 (10) (2018)
e1077–e1086.

[5] ASEAN University Network - Health Promotion Network, AUN-HPN Healthy
University Framework, Mahidol University, Bangkok, 2017.

[6] Association of Southeast Asian Nations, First ASEAN Youth Development Index,
Division of the ASEAN Secretariat, Jakarta, 2017.

[7] K. Corder, E. Winpenny, R. Love, H.E. Brown, M. White, E.V. Sluijs, Change in
physical activity from adolescence to early adulthood: a systematic review and
meta-analysis of longitudinal cohort studies, Br. J. Sports Med. 53 (8) (2019)
496–503.

[8] S. Pengpid, K. Peltzer, H.K. Kassean, J.P. Tsala Tsala, V. Sychareun, F. Müller-
Riemenschneider, Physical inactivity and associated factors among university
students in 23 low-, middle- and high-income countries, Int. J. Publ. Health 60 (5)
(2015) 539–549.

[9] M. Goje, M.S. Salmiah, A. Ahmad Azuhairi, K. Jusoff, Physical inactivity and its
associated factors among university students, IOSR J. Dent. Med. Sci. 13 (10)
(2014) 119–130.

[10] A. Wattanapisit, S. Vijitpongjinda, U. Saengow, W. Amaek, S. Thanamee,
P. Petchuay, Results from the medical school physical activity report card
(MSPARC) for a Thai medical school: a mixed methods study, BMC Med. Educ. 18
(1) (2018) 288.
7

[11] J.D. Irwin, Prevalence of university students' sufficient physical activity: a
systematic review, Percept. Mot. Skills 98 (3 Pt 1) (2004) 927–943.

[12] X.D. Keating, J. Guan, J.C. Pi~nero, D.M. Bridges, A meta-analysis of college students'
physical activity behaviors, J. Am. Coll. Health 54 (2) (2005) 116–125.

[13] A. L�opez-Valenciano, D. Su�arez-Iglesias, M.A. Sanchez-Lastra, C. Ay�an, Impact of
COVID-19 pandemic on university students' physical activity levels: an early
systematic review, Front. Psychol. 11 (2021), 624567.

[14] R. Uddin, A. Khan, N.W. Burton, Prevalence and sociodemographic patterns of
physical activity among Bangladeshi young adults, J. Health Popul. Nutr. 36 (1)
(2017) 31.

[15] S.F.S. Santos, I.F. Freitas Jr., A.M. Alvarenga, S.A. Fonseca, J.S. Virtuoso Jr.,
T.F. Sousa, Prevalence and factors associated with leisure-time physical activity:
survey repeated in university students, Rev. Bras. Cineantropom Desemp. Hum. 18
(5) (2016) 577–590.

[16] X.D. Keating, S.F. Ayers, J. Liu, K. Zhou, J. Guan, J. Castro-Pi~nero, et al., Physical
activity patterns, perceived health, and BMI among university students, Am. J.
Health Stud. 28 (4) (2013) 163–172.

[17] World Health Organization, WHO STEPS Surveillance Manual: the WHO STEPwise
Approach to Chronic Disease Risk Factor Surveillance, World Health Organization,
Geneva, 2008.

[18] World Health Organization, Translation and Linguistic Evaluation Protocol and
Supporting Material. Manual for WHO Disability Assessment Schedule WHODAS
2.0, World Health Organization, Geneva, 2010.

[19] F.C. Bull, T.S. Maslin, T. Armstrong, Global physical activity questionnaire (GPAQ):
nine country reliability and validity study, J. Phys. Activ. Health 6 (6) (2009)
790–804.

[20] X.D. Keating, K. Zhou, X. Liu, M. Hodges, J. Liu, J. Guan, et al., Reliability and
concurrent validity of global physical activity questionnaire (GPAQ): a systematic
review, Int. J. Environ. Res. Publ. Health 16 (21) (2019) 4128.

[21] World Health Organization, WHO Guidelines on Physical Activity and Sedentary
Behaviour, World Health Organization, Geneva, 2020.

[22] World Health Organization, Global Physical Activity Questionnaire (GPAQ)
Analysis Guide, 2005. https://www.academia.edu/32922327/Global_Physical_Acti
vity_Questionnaire_Analysis_Guide_Surveillance_and_Population-Based_Prevention_
Prevention_of_Noncommunicable_Diseases_Department_World_Health_Organization
. (Accessed 25 March 2022).

[23] B.E. Ainsworth, W.L. Haskell, S.D. Herrmann, N. Meckes, D.R. Bassett Jr., C. Tudor-
Locke, et al., Compendium of physical activities: a second update of codes and MET
values, Med. Sci. Sports Exerc. 43 (8) (2011) 1575–1581, 2011.

[24] WHO Expert Consultation, Appropriate body-mass index for Asian populations and
its implications for policy and intervention strategies, Lancet 363 (9403) (2004)
157–163.

[25] M.J. Azur, E.A. Stuart, C. Frangakis, P.J. Leaf, Multiple imputation by chained
equations: what is it and how does it work? Int. J. Methods Psychiatr. Res. 20 (1)
(2011) 40–49.

[26] B. Constandt, E. Thibaut, V. De Bosscher, J. Scheerder, M. Ricour, A. Willem,
Exercising in times of lockdown: an analysis of the impact of COVID-19 on levels
and patterns of exercise among adults in Belgium, Int. J. Environ. Res. Publ. Health
17 (11) (2020) 4144.

[27] A. Sonza, D. da Cunha de S�a-Caputo, A. Sartorio, S. Tamini, A. Seixas, B. Sanudo, et
al., COVID-19 lockdown and the behavior change on physical exercise, pain and
psychological well-being: an international multicentric study, Int. J. Environ. Res.
Publ. Health 18 (7) (2021) 3810.

[28] K.B. Watson, G.P. Whitfield, G. Huntzicker, J.D. Omura, E. Ussery, T.J. Chen,
R.N. Fanfair, Cross-sectional study of changes in physical activity behavior during
the COVID-19 pandemic among US adults, Int. J. Behav. Nutr. Phys. Activ. 18 (1)
(2021) 91.

[29] Z. Pedisic, M. Rakovac, J. Bennie, D. Jurakic, A. Bauman, Levels and correlates of
domain-specific physical activity in university students: cross-sectional findings
from Croatia, Kinesiology 46 (1) (2014) 12–22.

[30] H. Singh, S. Singh, Prevalence, patterns and associated factors of physical activity in
indian univesity students, Eur. J. Phys. Educ. 3 (10) (2017) 76–87.

[31] H. Tiikkaja, R. Viri, The effects of COVID-19 epidemic on public transport ridership
and frequencies. a case study from Tampere, Finland, Transp. Res. Interdiscip.
Perspect. 10 (2021), 100348.

[32] J. De Vos, The effect of COVID-19 and subsequent social distancing on travel
behavior, Transp. Res. Interdiscip. Perspect. 5 (2020), 100121.

[33] Transitapp, How Coronavirus Is Disrupting Public Transit, 2020 [cited 2020
December 2]. Available from: www.transitapp.com/coronavirus.

[34] A.E. Bauman, R.S. Reis, J.F. Sallis, J.C. Wells, R.J. Loos, B.W. Martin, et al.,
Correlates of physical activity: why are some people physically active and others
not? Lancet 380 (9838) (2012) 258–271.

[35] M. Fan, M. Su, Y. Tan, Q. Liu, Y. Ren, L. Li, et al., Gender, age, and education level
modify the association between body mass index and physical activity: a cross-
sectional study in Hangzhou, China, PLoS One 10 (5) (2015), e0125534.

[36] Y.Y. Chan, K.K. Lim, K.H. Lim, C.H. Teh, C.C. Kee, S.M. Cheong, et al., Physical
activity and overweight/obesity among Malaysian adults: findings from the 2015
National Health and morbidity survey (NHMS), BMC Publ. Health 17 (1) (2017)
733.

[37] C. Romero-Blanco, J. Rodríguez-Almagro, M.D. Onieva-Zafra, M.L. Parra-
Fern�andez, M.D.C. Prado-Laguna, A. Hern�andez-Martínez, Physical activity and
sedentary lifestyle in university students: changes during confinement due to the
COVID-19 pandemic, Int. J. Environ. Res. Publ. Health 17 (18) (2020) 6567.

[38] E. Fishman, L. B€ocker, M. Helbich, Adult active transport in The Netherlands: an
analysis of its contribution to physical activity requirements, PLoS One 10 (4) (2015
Apr 7), e0121871.

https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref2
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref2
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref2
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref2
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref2
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref3
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref3
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref3
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref3
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref4
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref4
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref4
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref4
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref4
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref5
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref5
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref6
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref6
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref7
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref7
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref7
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref7
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref7
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref8
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref8
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref8
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref8
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref8
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref9
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref9
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref9
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref9
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref10
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref10
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref10
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref10
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref11
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref11
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref11
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref12
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref12
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref12
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref12
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref13
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref13
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref13
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref13
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref13
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref13
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref14
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref14
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref14
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref15
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref15
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref15
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref15
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref15
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref16
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref16
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref16
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref16
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref16
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref17
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref17
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref17
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref18
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref18
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref18
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref19
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref19
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref19
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref19
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref20
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref20
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref20
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref21
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref21
https://www.academia.edu/32922327/Global_Physical_Activity_Questionnaire_Analysis_Guide_Surveillance_and_Population-Based_Prevention_Prevention_of_Noncommunicable_Diseases_Department_World_Health_Organization
https://www.academia.edu/32922327/Global_Physical_Activity_Questionnaire_Analysis_Guide_Surveillance_and_Population-Based_Prevention_Prevention_of_Noncommunicable_Diseases_Department_World_Health_Organization
https://www.academia.edu/32922327/Global_Physical_Activity_Questionnaire_Analysis_Guide_Surveillance_and_Population-Based_Prevention_Prevention_of_Noncommunicable_Diseases_Department_World_Health_Organization
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref23
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref23
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref23
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref23
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref24
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref24
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref24
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref24
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref25
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref25
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref25
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref25
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref26
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref26
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref26
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref26
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref27
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref27
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref27
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref27
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref27
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref28
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref28
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref28
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref28
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref29
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref29
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref29
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref29
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref30
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref30
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref30
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref31
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref31
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref31
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref32
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref32
http://www.transitapp.com/coronavirus
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref34
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref34
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref34
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref34
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref35
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref35
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref35
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref36
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref36
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref36
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref36
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref37
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref37
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref37
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref37
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref37
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref37
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref38
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref38
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref38
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref38


A. Amornsriwatanakul et al. Heliyon 8 (2022) e12466
[39] O.W.A. Wilson, L.D. Elliott, M. Duffey, Z. Papalia, M. Bopp, The contribution of
active travel to meeting physical activity recommendations among college students,
J. Transport Health 18 (2020), 100890.

[40] S. Kokko, L. Martin, S. Geidne, A. Van Hoye, A. Lane, J. Meganck, et al., Does sports
club participation contribute to physical activity among children and adolescents?
A comparison across six European countries, Scand. J. Publ. Health 47 (8) (2019)
851–858.

[41] D. Jekauc, A.K. Reimers, M.O. Wagner, A. Woll, Physical activity in sports clubs of
children and adolescents in Germany: results from a nationwide representative
survey, J. Public Health 21 (6) (2013) 505–513.

[42] R.M. Eime, J.A. Young, J.T. Harvey, M.J. Charity, W.R. Payne, A systematic review
of the psychological and social benefits of participation in sport for adults:
informing development of a conceptual model of health through sport, Int. J. Behav.
Nutr. Phys. Activ. 10 (2013) 135.
8

[43] D. Kwasnicka, S.U. Dombrowski, M. White, F. Sniehotta, Theoretical explanations
for maintenance of behaviour change: a systematic review of behaviour theories,
Health Psychol. Rev. 10 (3) (2016) 277–296.

[44] A. Amornsriwatanakul, L. Lester, F.C. Bull, M. Rosenberg, Are Thai children and
youth sufficiently active? prevalence and correlates of physical activity from a
nationally representative cross-sectional study, Int. J. Behav. Nutr. Phys. Activ. 14
(1) (2017) 72.

[45] C.C.M. Salazar, S. Feu, M. Vizuete Carrisoza, E. y de la Cruz-S�anchez, BMI and
physical activity of the Colima university students, Rev. Int. Med. Cienc. Act. Fís
Deporte. 13 (51) (2013) 569–584.

[46] A. Amornsriwatanakul, L. Lester, F.C. Bull, M. Rosenberg, Ecological correlates of
sport and exercise participation among Thai adolescents: a hierarchical examination
of a cross-sectional population survey, J. Sport Health Sci. S2095–2546 (20) (2020)
30059, 4.

http://refhub.elsevier.com/S2405-8440(22)03754-9/sref39
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref39
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref39
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref40
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref40
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref40
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref40
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref40
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref41
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref41
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref41
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref41
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref42
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref42
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref42
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref42
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref43
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref43
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref43
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref43
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref44
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref44
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref44
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref44
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref45
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref45
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref45
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref45
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref45
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref46
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref46
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref46
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref46
http://refhub.elsevier.com/S2405-8440(22)03754-9/sref46

	University students’ overall and domain-specific physical activity during COVID-19: A cross-sectional study in seven ASEAN  ...
	1. Introduction
	2. Methods
	2.1. Study design and participants
	2.2. Instruments and measurement
	2.3. Statistical analysis
	2.4. Ethical approval and consent to participate

	3. Results
	4. Discussion
	5. Conclusions
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	Acknowledgements
	References


