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Abstract: During the novel coronavirus (COVID-19) pandemic, physical activity (PA) behav-
iors were altered worldwide due to public health measures such as “lockdown.” This study
described PA among adults residing in 11 countries during COVID-19 lockdown and examined
factors associated with PA engagement. We conducted a cross-sectional anonymous survey
among adults (>18 years old) in 11 countries (Brazil, Bulgaria, China, India, Ireland, Malaysia,
North Macedonia, Singapore, Spain, Turkey, United States). Of 11,775 participants, 63.7% were
female and 52.8% were 18-34 years old. More than 40% of participants were insufficiently
active (43.9%) and reported a decrease in their PA during lockdown (44.8%). Statistically signif-
icant differences were observed in (1) proportions of participants being insufficiently active,
(2) level of PA, and (3) decrease in PA across the 11 countries. More stringent governmental
policy responses were associated with greater likelihood of being insufficiently active during
lockdown (adjusted odds ratio = 1.22, 95% confidence interval = 1.03, 1.45). Higher depres-
sion or anxiety scores were associated with greater likelihood of decreased level of PA during
lockdown.We found substantial reductions in PA levels during COVID-19 lockdown across
countries. Country-specific PA promotion interventions are needed during this and similar
global emergencies.
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1. Introduction

The novel coronavirus (COVID-19) outbreak resulted in governments worldwide
imposing “lockdown,” “stay-at-home,” or “social distancing” policies and restrictions for
a prolonged period [1,2]. While these public health measures have slowed the spread of
COVID-19 infections, these measures have confined people to their homes and forced them
to adapt to a “new normal” way of life [2,3]. This “new normal” had a significant negative
impact on the physical and mental health of individuals around the globe, largely due
to the uncertainty of exposure to COVID-19 as well as stress and loneliness from social
isolation [4-9]. Under such circumstances, engaging in daily physical activity (PA) becomes
more important than ever as PA is known to help maintain good physical and mental
health [10-12]. However, lockdown and stay-at-home policies, coupled with the closure of
recreation facilities, city parks, and playgrounds, have made it challenging to engage in the
recommended PA levels [13,14].

Existing evidence suggests that regular PA is a cornerstone of health promotion and
disease prevention as well as beneficial for helping people cope with difficult times and
to fend off infections [10-16]. The World Health Organization (WHO) guidelines on PA
recommend that adults 18 to 65 years old participate in at least 150 min of moderate-
intensity, or 75 min of vigorous-intensity aerobic PA, or an equivalent combination of both
each week [11]. However, with individual daily routines shifting dramatically during the
COVID-19 pandemic (i.e., working from home, homeschooling, and avoiding unneces-
sary trips outside homes), along with the closure of fitness and health centers, gyms, and
outdoor recreation facilities, meeting the WHO PA recommendations has become challeng-
ing [17-21]. Several prior studies, conducted in single and multiple countries, documented
PA levels during the COVID-19 lockdown using self-reported measures or wearable activity
trackers; the findings showed significant reductions in PA levels and increased sedentary
behavior among adults during the COVID-19 lockdown [18-24]. Furthermore, although
creative solutions for being active at home or in other physically distanced settings dur-
ing lockdown have been promoted by governments, public health officials, and sport
managers [11,13,14], little information is available on how the COVID-19 lockdown and
associated restrictions have influenced PA engagement across countries and what strategies
individuals residing in different countries have used to remain physically active during
the lockdown period.

To address this gap in the literature, the present study described PA undertaken by
adults >18 years residing in 11 countries during COVID-19 lockdown, and examined
the factors associated with levels of PA engagement. Specifically, we investigated the
associations of country-level COVID-19 risk (i.e., increase in confirmed cases per million
people and governmental policy responses to COVID-19), mental health symptoms (i.e.,
depression and anxiety symptoms), and demographic factors with PA engagement, includ-
ing physical inactivity (i.e., insufficiently active), level of PA (low, moderate, or high), and
change in PA (decrease, increase, or no change) during the COVID-19 lockdown. Addition-
ally, among participants who reported engaging in PA during lockdown, we examined the
location and mode of their PA engagement. The findings of this study contribute to the
current literature on the potential impact of the COVID-19 lockdown on PA levels among
adults from a global perspective [16,25,26].

2. Materials and Methods
2.1. Study Design and Participants

We conducted a cross-sectional, multicountry survey study among a convenience
sample of adults >18 years old who resided in 1 of 11 countries: Brazil, Bulgaria, China,
India, Ireland, Malaysia, North Macedonia, Singapore, Spain, Turkey, and the United
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States (US). We established a collaborative research group that comprised 11 research
teams (one team from each country), ranging in size from three to five members, with
one designated leader per country. The US team developed the study protocol which was
followed and carried out by each team in their respective country. The US team was also
responsible for coordinating research activities between countries. To ensure the study
procedures were implemented consistently across the 11 countries, we used the same
valid and reliable instruments in all participating countries and limited the data collection
period to 30 days for each country from start to end date of active study enrollment, and
between 1 June to 31 August 2020. More details about the study design and procedures are
described elsewhere [27]. The study first received ethical approval from the Institutional
Review Board at Nationwide Children’s Hospital (in the US, ID = STUDY00001110). Each
of the 10 remaining country teams also received ethical approval from their respective
Institutional Review Board. By completing the survey, participants agreed to participate in
the study.

2.2. Survey Instrument

The US team developed the initial survey instrument in English, based on exist-
ing validated instruments [28-30] and published studies on the impact of COVID-19 on
PA [6,11,13,17]. The US team then sent the initial instrument, along with written instruc-
tions, to each participating team for expert review. The survey instrument underwent an
iterative review process from each team and was continually revised until all teams agreed
on the draft of the English version of the survey. The instrument in English was then pilot
tested in the participating countries (n = 131 valid returned surveys) and modified based
on testing results. Following pilot testing, team leaders provided additional feedback prior
to finalizing the English version of the survey instrument. The final survey instrument
included 73 questions, including skip-pattern questions. The seven countries that used
non-English versions of the survey had the final survey translated and back translated
by independent bilingual professionals to ensure accuracy before use. In total, we used
surveys in eight languages: Bulgarian, Simplified Chinese, English, Macedonian, Malay,
Brazilian Portuguese, Spanish, and Turkish [27].

2.3. Procedures

Team leaders from each country sent an invitation for this study, including the link to
an anonymous online survey (i.e., Qualtrics), to potential participants via email and/or
posted the study flyer on their personal and/or institution’s social media accounts (e.g.,
Facebook, Twitter, WeChat). The first page of the survey included the study eligibility
criteria (>18 years old). After invited participants confirmed their eligibility, they were
directed to review additional information about the study before proceeding to the survey.
The survey took about 15 min to complete. Following completion of data collection, each
team downloaded their country’s survey data and securely sent data to the US team for
management and analysis [27]. We received 15,529 surveys from the 11 countries. Of
these 15,529 surveys, 1550 (10.0%) surveys were removed because 90% or more of the
data points were missing. An additional 2204 (14.2%) surveys were excluded, including
288 participants (1.9%) who rated their general health as either “poor” or “missing,” and
1916 participants (12.3%) who did not respond to any of the three questions asked about
their engagement in vigorous PA, moderate PA, or walking during the lockdown period.
The final sample for this study included 11,775 surveys.

2.4. Study Variables and Measures

PA was measured using the seven-item short form of the International Physical Activ-
ity Questionnaire (IPAQ). The IPAQ has been validated among individuals 15 to 69 years
old with established concurrent and criterion validity, in various languages, and has
a test-retest reliability of 0.80 or higher [29-32]. Participants were asked to report the
leisure time PA (e.g., recreation, exercise, or sport) that they had engaged in during lock-
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down. Specifically, participants were asked to report the frequency (measured in days
per week) and duration (time per day) for each of the three specific intensity levels: (1)
vigorous-intensity activities, (2) moderate-intensity activities, and (3) walking [29]. Par-
ticipants were instructed not to include activities related to their job, transportation, or
housework. To estimate total weekly metabolic equivalent of task (MET)-minutes, we
multiplied the total minutes of vigorous-intensity PA, moderate-intensity PA, and walking
per week with established corresponding average MET coefficients in IPAQ (8, 4, and 3.3,
respectively) [30,31]. We then classified the weekly PA level into four categories using the
combination of total days, minutes, and MET-minutes of PA per week based on the official
IPAQ short form guidelines: (1) none, (2) low-, (3) moderate-, or (4) high-level of PA [33].
We further classified participants who were in the none or low-level of PA category as
insufficiently active.

Change in PA during lockdown was assessed by asking participants to report changes in
their level of PA engagement during lockdown as compared to their level of PA before the
COVID-19 pandemic, with three response categories: increase, decrease, or no change. We
used a dichotomous variable (decrease vs. otherwise) in our regression models.

Location and mode of PA during lockdown was assessed among participants who reported
that they engaged in PA during lockdown, using five questions: (1) the location of their PA
(indoor vs. outdoor; home vs. public place), (2) with whom, if anyone, they engaged in PA,
(3) frequency of using online programs to assist their exercise, (4) frequency of using PA as a
coping strategy, and (5) frequency of encouraging others to engage in PA during lockdown.

Country-level COVID-19 risk was measured using two variables based on publicly
available data published by Our World in Data [34]. The first variable, increase in confirmed
cases per million people, was calculated for each participating country as the average
change in the cumulative number of confirmed COVID-19 cases per million people in a
country between the date the participating country reached its 100th case and August 31,
2020 (the last day of our study data collection) [27]. The second variable, governmental
policy responses to COVID-19, was determined for each country using the average daily
Government Stringency Index (GSI) score between the date the participating country
reached its 100th case and 31 August 2020 [27]. GSl is a daily composite score covering nine
policy areas (e.g., school closures, workplace closures, and travel bans), with a possible
score from 0 to 100 (0 = no policy response to 100 = the strictest policy response) [34]. Since
GSI scores were not available for North Macedonia, we used the average scores of its five
neighboring countries (Albania, Bulgaria, Greece, Kosovo, and Serbia) instead.

Anxiety and depression symptoms were measured using the valid Adult Patient-Reported
Outcomes Measurement Information System (PROMIS)® (PROMIS® Health Organization,
Evanston, IL, USA) Short Form v1.0-Anxiety 4a (Cronbach’s alpha of 0.93) and PROMIS®
Short Form v1.0-Depression 4a (Cronbach’s alpha of 0.95) in English and seven non-English
versions, all of which were provided by the PROMIS® Health Organization [28,35,36]. Each
scale included four questions on a five-point Likert-scale (range = 4 to 20), with higher
scores representing greater anxiety or depression symptoms. We asked participants to
respond to the questions based on their feelings and thoughts during their country’s
lockdown. For data analysis, we converted the original total raw scores to T-scores [28].

Demographic variables included sex, age group, highest level of education completed,
marital status, living with at least one person >65 years old during lockdown, having at
least one child in the household during lockdown, being required to go out of the home to
work during lockdown, and general health status before COVID-19.

2.5. Statistical Analysis

We examined the distributions of PA engagement, including PA level (low, moderate,
or high), being insufficiently active (yes vs. no), and change in PA (decrease, increase, or
no change) during lockdown by country using chi-square tests. We also described the
location and mode of PA engagement among individuals who reported that they engaged
in PA during lockdown. To examine factors associated with the proportions of participants
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being insufficiently active or reporting a decrease in their PA during lockdown, we used
Hierarchical Generalized Linear Models with dichotomous outcomes to estimate the odds
of being insufficiently active or odds of reporting a decrease in PA by country-level COVID-
19 risk, mental health symptoms, and demographic variables, using SAS PROC GLIMMIX
procedure. Our null models tested the outcome of being insufficiently active (or a reported
decrease in PA) as a dichotomous variable without fixed factors. Respondents were nested
to their respective countries as a random factor to estimate between country variations. We
used intralevel correlation coefficients (ICC) for this purpose. We then tested a full model
by including country-level COVID-19 risk, mental health symptoms, and demographic
variables as fixed factors. Akaike information criterion (AIC) and Bayesian information
criterion (BIC) were used to determine the model fit and improvement from the null
model to the full model [37]. We conducted data analyses between 1 December 2020, and
10 February 2021, using SAS version 9.4 (SAS Inst., Cary, NC, USA). We set the significance
level at « = 0.05.

3. Results
3.1. Characteristics of Study Participants

Of the 11,775 participants included, 63.7% were female (n = 7498,), 52.8% were 18—
34 years old (n = 6100), 62.9% had a bachelor’s degree or higher (n = 7392), and 49.1% were
single (n = 5783) (Table 1). China had the greatest number of participants (n = 1952, 16.6%)
followed by Brazil (n = 1432, 12.2%) and Turkey (n = 1360, 11.6%). The overall mean scores
(standard deviation (SD)) of anxiety and depression symptoms were 56.4 (9.7), and 52.2
(9.7), respectively.

Table 1. Demographic characteristics and mental health symptoms of participants from the 11 partic-
ipating countries (n = 11,775).

Characteristic N (%)
Brazil 1432 (12.2)
Bulgaria 933 (7.9)
China 1952 (16.6)
India 848 (7.2)
Ireland 930 (7.9)
Country Malaysia 766 (6.5)
North Macedonia 804 (6.8)
Singapore 800 (6.8)
Spain 962 (8.2)
Turkey 1360 (11.6)
United States 988 (8.4)
Female 7498 (63.7)
Sex Male 4170 (35.4)
Other 107 (0.9)
18-24 3560 (30.3)
25-34 2540 (21.6)
Age group 35-44 2369 (20.1)
45-54 1703 (14.5)
55-64 1111 (9.4)
65 years or older 480 (4.1)
Married 5179 (44.0)
Marital status Single 5783 (49.1)
Other 813 (6.9)
High school degree or lower 2679 (22.8)
Associate degree 1681 (14.3)

Education level Bachelor’s degree 4281 (36.4)

Graduate degree 3111 (26.5)
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Table 1. Cont.
Characteristic N (%)
Excellent 2927 (24.9)
Very Good 5083 (43.2)
General health before COVID-19 Good 3144 (26.7)
Fair 621 (5.3)
Living with person(s) >65 years old during Yes 2468 (21.0)
lockdown No 9307 (79.0)
Having a child in the household during Yes 3720 (31.6)
lockdown No 8055 (68.4)
. Full-time 2091 (17.8)
Required t(:i 1gl(ﬁiﬁutl gﬁ 1:1;?) V1'\1/(:119 to work Part-time 2202 (187)
& No 7482 (63.5)
Mental health symptoms during lockdown Anxiety score 56.4(9.7)
(mean, standard deviation) Depression score 52.2(9.7)

3.2. PA during Lockdown

More than 40% of participants (n = 5169, 43.9%) were insufficiently active during
lockdown; this included 23.6% of participants (n = 2780) who reported engagement in
no PA and 20.3% of participants (n = 2389) who reported a low level of PA (Table 2).
Approximately one-third of participants (n = 3814) engaged in a high level of PA during
lockdown, while about one-quarter of participants (n = 2792) engaged in a moderate level of
PA. More than 40% of participants (n = 5273, 44.8%) reported a decrease in their PA during
lockdown, while about one in five participants (n = 2522, 21.4%) reported an increase in
their PA during lockdown. Participants engaging in low PA level during lockdown were
more likely to report that their PA decreased from pre-COVID-19 to lockdown, whereas
participants who engaged in a high level of PA during lockdown were most likely to report
an increase in their PA from pre-COVID-19 to lockdown (p < 0.0001) (Figure 1).

100% — —— ——

90%

80%

70%

60%

50%

40%

Change in PA (%)

30%
20%
]
0%
None Low Moderate High
Level of PA Engagement

® [ncrease No change

Figure 1. Change in PA by current level of PA engagement (n = 11,775). Note: The denominators of
this figure are current level of PA engagement. A chi square test was conducted to test the association
between current level of PA engagement and the change in PA, with X? = 1848.6 and p < 0.0001.
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Table 2. Country-level COVID-19 risk factors and physical activity undertaken during lockdown, by 11 participating countries (n = 11,775).
Insufficiently Active Level of Physical Activity Change in Physical Activity Increase in
Confirmed Governmental
. No onfirme Policv R a

Yes No None Low Moderate High Increase Change Decrease Cases 2 olicy Response

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) Per million Standardized
population score
Brazil 834 (58.2) 598 (41.8) 481 (33.6) 353 (24.7) 270 (18.9) 328 (22.9) 239 (16.7) 343 (24.0) 800 (55.9) 106.3 75.6
Bulgaria 197 (21.1) 736 (78.9) 83 (8.9) 114 (12.2) 290 (31.1) 446 (47.8) 75 (8.0) 448 (48.0) 400 (42.9) 14.0 51.7
China 1064 (54.5) 888 (45.5) 618 (31.7) 446 (22.9) 405 (20.8) 483 (24.7) 329 (16.9) 844 (43.2) 779 (39.9) 0.3 73.3
India 435 (51.3) 413 (48.7) 362 (42.7) 73 (8.6) 178 (21.0) 235 (27.7) 172 (20.3) 265 (31.3) 348 (41.0) 15.7 82.9
Ireland 233 (25.1) 697 (75.0) 92 (9.9) 141 (15.2) 274 (29.5 423 (45.5) 336 (36.1) 238 (25.6) 314 (33.8) 34.2 67.6
Malaysia 423 (55.2) 343 (44.8) 265 (34.6) 158 (20.6) 123 (16.1) 220 (28.7) 129 (16.8) 258 (33.7) 379 (49.5) 1.6 61.6
North . 240 (29.9) 564 (70.2) 99 (12.3) 141 (17.5) 163 (20.3) 401 (49.9) 152 (18.9) 326 (40.6) 324 (40.3) 40.8 65.5

Macedonia

Singapore 342 (42.8) 458 (57.3) 140 (17.5) 202 (25.3) 188 (23.5) 270 (33.8) 241 (30.1) 352 (44.0) 207 (25.9) 52.9 60.5
Spain 411 (42.7) 551 (57.3) 213 (22.1) 198 (20.6) 252 (26.2) 299 (31.1) 198 (20.6) 202 (21.0) 524 (54.5) 54.4 65.3
Turkey 604 (44.4) 756 (55.6) 289 (21.3) 315 (23.2) 342 (25.2) 414 (30.4) 206 (15.2) 350 (25.7) 804 (59.1) 19.1 64.2
United States 386 (39.1) 602 (60.9) 138 (14.0) 248 (25.1) 307 (31.1) 295 (29.9) 222 (22.5) 328 (33.2) 394 (39.9) 100.1 66.8
Overall 5169 (43.9) T 6606 (56.1) 2780 (23.6) 2389 (20.3) 2792 (23.7) 3814 (324)T  2522(214) 3175(27.0) 5273 (44.8) " 39.4 67.7°8

t Chi-square tests were conducted for the associations between country and insufficiently active, (X*> = 270.8, p < 0.0001), level of physical activity (X?> = 356.21, p < 0.0001), and change in physical activity
(X2 = 675.02, p < 0.0001). § Pearson correlation coefficient was calculated between insufficiently active and an increase in confirmed cases (r = —0.017, p = 0.065), and governmental policy responses (r = —0.157,
p <0.0001). @ Data were based on Our World in Data. [34]
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3.3. PA during Lockdown by Country

Significant differences were observed in (1) proportions of participants who were
insufficiently active (p < 0.0001), (2) level of PA (p < 0.0001), and (3) decreased PA (p < 0.0001)
across countries (Table 2). More than half of participants in four of the 11 participating
countries were insufficiently active during lockdown (Table 2), including participants
residing in Brazil (58.2%), Malaysia (55.2%), China (54.4%), and India (51.3%). The highest
average GSI scores were observed in three of these four countries, with scores of 82.9
for India, 75.6 for Brazil, and 73.3 for China. The highest and lowest rate of confirmed
COVID-19 cases per million population during the study period were also observed in
these four countries, with Brazil having the highest rate (106.3 per million people) and
China having the lowest rate (0.3 per million people).

Bulgaria had the lowest proportion of participants who were insufficiently active
(21.1%) during lockdown, followed by Ireland (25.0%) and North Macedonia (29.8%).
Bulgaria also had the lowest average GSI score (51.7), and a relatively low rate of confirmed
COVID-19 cases (14.0 per million population) compared to other participating countries.

Forty percent or more of participants in nine countries (excluding Ireland and Sin-
gapore) reported a decrease in PA during lockdown, ranging from 39.9% of participants
residing in China or the US to 59.1% of participants residing in Turkey. Participants residing
in Ireland (36.1%) and Singapore (30.1%) reported the highest proportions of an increased
PA level engagement during lockdown.

3.4. Location and Mode of PA during Lockdown

Among the 8995 participants who reported engaging in PA during lockdown, 61.4%
(n = 5523) reported engaging in PA at home, with 38.5% (n = 3459) of participants engaging
in PA at home indoor only (Figure 2). Of the 8995 participants who engaged in PA
during lockdown, 55.7% engaged in outdoor PA either at home or at other public places,
60.5% engaged in PA by themselves, 63.8% used online programs, 46.0% often or always
encouraged others to participate in PA, and 71.9% reported that they used PA to cope with
COVID-19 (Figure 3).

0,
193% 13.4%
9.9%
13.1%
38.5%
1.8%/
Both indoor and outdoor, not home Both indoor and outdoor, home
Indoor only, home m Indoor only, not home
® Not reported Outdoor only, home

Outdoor only, not home

Figure 2. Location of PA among participants who reported engaging in PA during lockdown
(n = 8995).
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2.7%
5.4%

0,
29.5% 36.2%
30.5%

61.4%

34.3%

By myself
With family member(s) Never/Almost never
With family member(s) and others Occasionally/Sometimes
With others Often/Always
(@) ()
31.5% 28.1% 13228

46.6%

34.1%
40.4%

Never/Almost never

Never/Almost never
Occasionally/Sometimes
Often/Always

Occasionally/Sometimes
Often/Always

© ()

Figure 3. Mode of PA among participants who reported engaging in PA during lockdown (n = 8995):
(a) with whom PA was engaged, (b) frequency of using online programs, (c) frequency of using PA
as a coping strategy, and (d) frequency of encouraging others to engage in PA.

3.5. Factors Associated with PA Engagement during Lockdown

More stringent governmental policy responses were associated with greater odds of
being insufficiently active during lockdown after adjusting for participants” demographic
characteristics and mental health symptoms (Table 3). Every five unit increase in the
policy response index score was associated with a 22% increase in the odds of being
insufficiently active during lockdown (adjusted odds ratio (AOR) = 1.22, 95% confidence
interval (CI) = 1.03, 1.45). However, no associations were observed between country-level
COVID-19 risk and a decrease in level of PA engagement during lockdown.

Higher mean depression symptom scores (i.e., every 10-unit increase) were associated
with greater odds of being insufficiently active (AOR = 1.44, 95% CI = 1.07, 1.22) and
decreased PA level (AOR =1.15,95% CI = 1.08, 1.22) during lockdown. Higher mean anxiety
scores (i.e., every 10-unit increase) were associated with greater odds of decreased PA level
(AOR = 1.18, 95% CI = 1.11, 1.26) during lockdown, but not with being insufficiently active
during lockdown.

Participants who were female (AOR = 1.30, 95% CI = 1.19, 1.41), >65 years old
(AOR =1.50, 95% CI = 1.18, 1.91), married (AOR = 1.15, 95% CI = 1.02, 1.31), had at least
1 child in the household during lockdown (AOR =1.17, 95% CI = 1.05, 1.31), or had to go out
of the home to work full-time (AOR = 1.16, 95% CI = 1.04, 1.30) had greater odds of being
insufficiently active during lockdown compared to their respective counterparts (Table 3).
Participants who had a bachelor’s degree or higher education or who reported very good
to excellent general health prior to COVID-19 had lower odds of being insufficiently active
during lockdown than individuals who had a high school degree or lower education or
who reported fair general health prior to COVID-19.
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Table 3. Factors associated with physical activity during lockdown.

Decrease in Physical
Activity

OR (95% CI)

Factors Insufficiently Active

OR (95% CI)

: 10 i 10-unit change of confirmed cases 0.97 (0.90, 1.05) 0.98 (0.92, 1.04)
Country-level COVID-19 risk 5-unit change of policy response score 1.22 (1.03, 1.45) 1.01 (0.88, 1.15)
Mental health symptoms during 10-unit change of anxiety score 0.98 (0.92, 1.05) 1.18 (1.11, 1.26)
lockdown 10-unit change of depression score 1.44 (1.07,1.22) 1.15(1.08, 1.22)
Sex @ Female 1.30 (1.19, 1.42) 0.92 (0.85, 1.00)
ex Male Reference Reference
18-24 Reference Reference
25-34 1.15 (1.01, 1.30) 1.06 (0.93, 1.20)
Ave srou 35-44 1.16 (0.99, 1.36) 1.19 (1.03, 1.39)
ge group 4554 1.09 (0.92, 1.29) 1.24 (1.05, 1.46)
55-64 0.98 (0.81, 1.18) 1.37 (1.14, 1.64)
65 years or older 1.50 (1.18,1.91) 1.10 (0.87, 1.40)
Marital a Married 1.15(1.02, 1.31) 0.98 (0.87, 1.11)
arital status Single Reference Reference
High school degree or lower Reference Reference
Ed on level Associate degree 1.01 (0.88, 1.15) 1.06 (0.93,1.21)
ucation leve Bachelor’s degree 0.79 (0.71, 0.88) 1.20(1.08, 1.33)
Graduate degree 0.79 (0.70, 0.89) 1.30(1.16, 1.47)
Excellent 0.34 (0.28, 0.41) 1.00 (0.83, 1.20)
Very Good 0.47 (0.39, 0.56) 1.18 (0.99, 1.40)
General health before COVID-19 Good 0.72 (0.59, 0.86) 1.17 (0.97, 1.40)
Fair Reference Reference
Living with person(s) >65 years Yes 0.96 (0.86, 1.06) 0.93 (0.84, 1.03)
old during lockdown No Reference Reference
Having a child in the household Yes 1.17 (1.05, 1.31) 0.89 (0.80, 0.99)
during lockdown No Reference Reference
. Full-time 1.16 (1.04, 1.30) 0.91 (0.81, 1.01)
Required to go out of the home to Part-time 1.03 (0.93, 1.14) 1.00 (0.90, 1.11)
work during lockdown
No Reference Reference
ICC (null model) P 0.075 0.045
AIC (full model) b 14,798.77 15,369.79
BIC (full model) 14,808.72 15,379.73

Note: Results were based on two separate hierarchical generalized linear models with a dichotomous outcome variable that assessed the
factors associated with the outcomes of (1) insufficiently active, and (2) a decrease in physical activity during lockdown. Abbreviations:
ICC: intralevel correlation coefficient; AIC: Akaike information criterion; BIC: Bayesian information criterion; CI: confidence intervals.
2 Estimates for participants that reported “Other” on variables of sex and marital status were not listed. b Results from null model tests
were not listed, except for the ICC from null models. Null models were conducted without fixed factors but a random intercept of the
country variable. For insufficiently active outcome, null model n = 11,746, ICC Country = 0.075, AIC = 15,473.24, and BIC = 15,474.04; for
decrease in PA engagement outcome, null model n = 11,746, ICC Country = 0.045, AIC = 15,773.85, and BIC = 15,774.65.

Participants 35-64 years old, or who had a bachelor’s degree or higher education, had
greater odds of decreased PA engagement during lockdown than participants 18-24 years
old or who had a high school degree or lower education. Participants who had at least one
child in the household during lockdown had lower odds of decreased PA during lockdown
(Table 3).

4. Discussion

This study described PA engagement levels among adults residing in 11 countries
during the COVID-19 lockdown and examined the associations of country-level COVID-19
risk, mental health symptoms, and demographic factors with PA. The main findings show
that more than 40% of participants were insufficiently active and/or reported decreased
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PA during lockdown relative to pre-COVID-19. We also observed significant differences in
PA levels during lockdown across countries, with participants residing in countries with
more stringent lockdown policies having a greater likelihood of being insufficiently active.
Furthermore, higher depression or anxiety symptom scores were associated with a greater
likelihood of decreased PA. Greater depression symptoms were also associated with an
increased likelihood of being insufficiently active during lockdown. Our findings add to
existing literature on the potential impact of COVID-19 lockdown on reduced PA [18-24],
suggesting that PA levels during lockdown may have been influenced by the stringency of
governmental policy responses as well as participants’ mental health symptoms, although
the directionality of these associations cannot be determined in our cross-sectional study.
Given the health risks associated with physical inactivity, our findings have important
implications for the development and implementation of PA promotion programs during
public health emergencies when lockdown is initiated [25,26,38,39].

Although the WHO encouraged engagement in PA during lockdown [11,13,14], vari-
ous barriers to do so existed, including concerns of contracting the virus in outdoor and
indoor environments [4,5] the timing, length, and stringency of governmental restric-
tions [6,9,39—42], and confusing or inconsistent public health messages [43]. Our results
revealed that the proportion of insufficient PA during lockdown in the 11 participating
countries ranged from 21.1% in Bulgaria to 58.2% in Brazil. Seven of the 11 countries in our
study showed a higher prevalence of insufficient PA during the COVID-19 than that of the
2016 worldwide trends in PA levels reported by Guthold et al. [44]. Additionally, we also
found that participants from countries with more stringent governmental responses had
greater proportions of physical inactivity during lockdown. Specifically, more than half of
participants residing in Brazil, Malaysia, China, and India were insufficiently active during
lockdown, with three out of these four countries having the highest average governmental
policy response score among the 11 countries included in this study. These results, in line
with others [18-23], suggest that COVID-19 lockdown and associated restrictions substan-
tially reduced people’s opportunities to engage in PA by limiting access to usual places
to be physically active, such as fitness and health centers, gyms, and outdoor recreation
facilities [18-21,24]. However, our findings are not in agreement with some other studies
that found increased PA levels during lockdown [45,46]. WHO has recommended 150 min
of moderate-intensity or 75 min of vigorous-intensity PA per week, or a combination of
both during lockdown. Given the rise in mental health symptoms during lockdown and sig-
nificant mental and physical health benefits of PA [12-16], maintaining these recommended
levels of PA during this period is even more important than usual [11,47].

Consistent with prior studies [18-23], we found that 45% of participants reported a
decreased PA level during COVID-19 lockdown relative to pre-COVID-19. Interestingly,
our findings revealed that participants engaging in low PA level during lockdown were
more likely to report reductions in PA level from pre-COVID to lockdown. However, Meyer
et al. [19] found that US adults reporting being active before the pandemic experienced sig-
nificant PA level reductions during the pandemic. Castafieda-Babarro et al. [18] found that
individuals engaging in the most vigorous PA pre-COVID showed the greatest reductions
in vigorous activity time during lockdown. Although our study did not collect pre-COVID
PA data, our results could have been due to similar trends. A possibility is that some of our
participants who had engaged in high PA levels pre-COVID may have decreased their PA
and engaged in a low PA level during lockdown as the result of the closure of recreational
facilities or the lack of access to adequate spaces at home [25,26,40,47]. Another possibility
is that people who were already highly intrinsically motivated to be active continued to
do so creatively during the lockdown (e.g., online fitness classes, home-based physical
activities) while individuals with low motivation were more influenced by extrinsic lim-
itations [11,26,48]. Future PA promotion programs should include strategies to increase
intrinsic motivation and autonomy to engage in PA during difficult times [26,48].

The relationship between mental health and PA is bidirectional [49]. While anxi-
ety and depression may lead to decreased PA, regular PA improves mental health by
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reducing anxiety and depression [14-16]. Most existing studies examining the impacts of
COVID-19 public health measures have focused primarily on the effects of PA on mental
health symptoms [17,19,24,25,47] with few studies investigating the influence of mental
health symptoms on PA engagement. While our cross-sectional study cannot determine
the direction of the relationship, we found that higher depression and anxiety scores
during lockdown were associated with decreased PA engagement. These findings sup-
port the findings of other studies demonstrating an inverse association between mental
health symptoms and pandemic PA behaviors [19,21-25,50]. PA promotion programs
should consider screening individuals for mental health problems and tailor a PA program
accordingly [26,40]. Conversely, engaging in PA promotes physical and mental health
and supports social connectedness and stress management, which may help individuals
cope with difficulties experienced during stressful situations such as the COVID-19 pan-
demic [11-13]. Our results show more than 70% of participants reported using PA to cope
with the COVID-19 lockdown. These findings, in line with WHO PA recommendations,
highlight the importance of developing country-specific health communication and social
marketing campaigns that promote the mental health benefits of PA [51,52] and utility
of PA as a coping strategy to mitigate the psychological burden and negative emotions
associated with the disease outbreak and lockdown measures [18,47,50].

Among participants in this study who reported engaging in PA during lockdown,
more than 60% engaged in PA at home, nearly 40% doing so exclusively indoors, and
more than 60% did so by themselves. Many participants report using online PA programs.
These results are similar to the results of other studies showing that during COVID-19
lockdown, people engaged in easily practiced, home-based activities that did not require
large spaces or equipment, such as aerobic exercise using stationary bikes, dance-based
exercise (e.g., Zumba dancing, audio-visual-directed gymnastics), bodyweight strength
training (e.g., push-ups, sit-ups), or yoga [11,13,26]. Many alternatives to traditional
PA activities were also developed and implemented during the COVID-19 pandemic,
including online programs that aimed to help people remain active while avoiding the risk
of COVID-19 infection [13,14,38]. These online PA programs may increase PA accessibility
and therefore should be promoted after the COVID-19 pandemic [21,40,53]. Such online PA
programs should provide the groundwork for future PA initiatives and be disseminated
via the internet and social media platforms [38]. In this regard, there is a need to develop
online programs that are consistent with the United Nations Sustainable Development
Goal 3 (Health and Well-Being) and Goal 11 (Sustainable Cities and Communities) [54,55].
In the last decade, the “smart city” concept has evolved and is conceptualized as having
dimensions of smart technology, smart health, and smart institutions all working together
to improve well-being to maintain quality of life [56-58]. In the future, and in times of
global health crisis, smart cities that utilize technology with online PA programs must be in
place in order to maintain health and well-being. The results of this study do support the
need for country-specific PA interventions that are home-based and/or online to promote
PA during global health emergencies.

Limitations

There are several strengths of the present study, including the inclusion of 11 partic-
ipating countries, a large sample size, a well-designed and implemented study protocol
and measures, and examination of country-level COVID-19 factors for PA engagement.
However, this study has several limitations that warrant attention. The results of this
study should be interpreted with caution given the identified limitations of this study.
First, we collected data retrospectively using self-reported measures, therefore, our find-
ings on participants’ mental health status and PA levels were subject to recall and social
desirability bias. However, it is important to recognize that the COVID-19 lockdown is
an unprecedented event; people often remember their experiences, including how they
felt and behaviors they engaged in, during significant life events such as the COVID-19
lockdown. Second, our data were cross-sectional so causality cannot be inferred. Third,
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our data were not representative of the base population in each of the 11 countries due
to the use of convenience sampling; our sample included more females and younger age
groups than the base population from the 11 counties. This study was also limited by
the timing of data collection, with each country being in a different stage of lockdown
during data collection. Thus, the results of this study may not be generalizable to other
populations within or across countries; results should be interpreted within the context of
these identified limitations. Fourth, we used a conservative approach for individuals with
unit nonresponses to the PA questions by excluding them from analyses; thus, our results
may have underestimated the number of individuals who were insufficiently active during
lockdown. Finally, future prospective, longitudinal research is needed to corroborate our
findings regarding changes in PA over time and to assess the impact of changes in social
restrictions on PA levels.

5. Conclusions

The COVID-19 pandemic lockdown had a negative impact on population PA behav-
iors, leading to significant reductions in PA. >Our results indicate that more than 40% of
participants were not sufficiently active and/or reported decreased PA during lockdown.
Participants from countries with more stringent governmental policies were more likely to
be insufficiently active compared to participants from countries with less stringent govern-
mental responses. These results suggest that governmental policy responses to COVID-19
posed barriers to continuing PA. These findings emphasize the need for country-specific
PA promotion interventions and suggest that governments with more stringent restrictions
need to consider additional supports to promote PA engagement among their residents.
These interventions should utilize creative approaches (e.g., home-based exercise, online
programs) and evidence-based strategies to increase PA engagement. Public health cam-
paigns are needed to promote PA during this and other similar global emergencies. Future
research is needed on this topic, including population-based, multicountry longitudinal
studies to corroborate our study findings.

Author Contributions: K.D. and ].Y. conceptualized and designed the study, collected data, analyzed
data, and wrote the original draft of the manuscript. M.-K.C. and J.L.D. conceptualized and designed
the study. L.S. collected data and wrote the original draft of the manuscript. V.V.-H., G.D., N.R.C.O,,
B.P,GK,WK,]D., XX, ZM., G.B, and G.A.S. conducted investigation and collected data. All
authors interpreted the data and contributed to the writing, review, and editing of the manuscript.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study first received ethical approval on 22 May 2020
from the Institutional Review Board (IRB) at Nationwide Children’s Hospital (in the US, IRB
ID = STUDY00001110) and then received ethical approval from the respective IRB at each participat-
ing institution in the other countries.

Informed Consent Statement: Participants reviewed the study information before proceeding to the
anonymous survey. By completing the survey, they were agreeing to participate.

Data Availability Statement: Anonymized data used and/or analyzed during the current study,
along with detailed study protocol, are available from the corresponding authors on reasonable
request. The data are not publicly available due to privacy restrictions.

Acknowledgments: We would like to thank the Foundation for Global Community Health for
providing the 11-country research network involved in this project. We want to thank the PROMIS®
Health Organization for providing the seven non-English versions of the instruments free of charge.
We also want to acknowledge the invaluable contributions of the study participants who completed
the survey for this project.

Global Community Health-COVID-19 Collaborative Research Team: Brazil (Carolin Lusby, Roberto
V. Mossa, Larissa C. Pires, William F. Santana, Ricardo R. Uvinha), Bulgaria (Daniela S. Dasheva,
Alixander J. Rocha), China (Yuwei Cai, Jiaai Huang, Rashid Menhas, Xuehui Sang, Yu Weng), In-



Int. J. Environ. Res. Public Health 2021, 18, 7056 14 of 16

dia (Komal Chandiramani, Nudrat Jahan, Meena Osmany, Sonia), Ireland (Ursula Kenny), North
Macedonia (Mishko Djidrov, Gordana Miteva, Katerina Mitevska Petrusheva, Snezana Jovanova-
Mitkovska), Malaysia (Nur Syamsina Ahmad, Mohd Rahimi Che Jusoh, Yee Cheng Kueh, Ayu
Suzailiana Muhamad, Marilyn Li Yin Ong), Singapore (Peggy Boey, Taufiq I. Jamaludin, Yew Cheo
Ng, Edward J. Say, Chea Nuan Yow), Spain (Carina Soledad Gonzalez-Gonzélez, Myriam Guerra-
Balic, Sarah Mufioz-Violant, Manuel ] Rodriguez-Allue, Oriol Sansano-Nadal), Turkey (Bijen Filiz,
Bengu Guven, Ezel Nur Korur, Funda Coskun Ozyol, Yilmaz Yuksel), and United States (Laura M.
Dattner, Amanda K. Hautmann)

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

References

1.  Cucinotta, D.; Vanelli, M. WHO declares COVID-19 a pandemic. Acta. BioMed. 2020, 91, 157-160.

2. Anderson, R.M.; Heesterbeek, H.; Klinkenberg, D.; Hollingsworth, T.D. How will country-based mitigation measures influence
the course of the COVID-19 epidemic? Lancet 2020, 395, 931-934. [CrossRef]

3. Hsiang, S.; Allen, D.; Annan-Phan, S.; Bell, K.; Bolliger, I.; Chong, T.; Druckenmiller, H.; Huang, L.Y.; Hultgren, A.; Krasovich, E.;
et al. The effect of large-scale anti-contagion policies on the COVID-19 pandemic. Nat. Cell Biol. 2020, 584, 262-267. [CrossRef]

4. Brooks, S.K.; Webster, R.K.; Smith, L.E.; Woodland, L.; Wessely, S.; Greenberg, N.; Rubin, G.J. The psychological impact of
quarantine and how to reduce it: Rapid review of the evidence. Lancet 2020, 395, 912-920. [CrossRef]

5. Vindegaard, N.; Benros, M.E. COVID-19 pandemic and mental health consequences: Systematic review of the current evidence.
Brain Behav. Immun. 2020, 89, 531-542. [CrossRef]

6. Ahmad, A.; Mueller, C.; Tsamakis, K. COVID-19 pandemic: A public and global mental health opportunity for social transforma-
tion? BM]J 2020, 369, m1383. [CrossRef]

7. Torales, J.; O’'Higgins, M.; Castaldelli-Maia, ].M.; Ventriglio, A. The outbreak of COVID-19 coronavirus and its impact on global
mental health. Int. |. Soc. Psychiatry 2020, 6, 317-320. [CrossRef]

8.  Ettman, CK,; Abdalla, SM.; Cohen, G.H.; Sampson, L.; Vivier, PM.; Galea, S. Prevalence of depression symptoms in US adults
before and during the COVID-19 pandemic. JAMA Netw. Open 2020, 3, €2019686. [CrossRef] [PubMed]

9. Wang, C,; Pan, R;; Wan, X; Tan, Y.; Xu, L.; McIntyre, R.S.; Choo, EN,; Tran, B.; Ho, R.; Sharma, VK ; et al. A longitudinal study on
the mental health of general population during the COVID-19 epidemic in China. Brain Behav. Immun. 2020, 87, 40-48. [CrossRef]
[PubMed]

10. Ashdown-Franks, G.; Sabiston, C.M.; Stubbs, B. The evidence for physical activity in the management of major mental illnesses:
A concise overview to inform busy clinicians’ practice and guide policy. Curr. Opin. Psychiatry 2019, 32, 375-380. [CrossRef]
[PubMed]

11. World Health Organization. How to Stay Physically Active during COVID-19 Self-Quarantine. Available online:
http:/ /www.euro.who.int/en/health-topics/disease-prevention/physical-activity /news/news/2020/3 /how-to-stay-
physically-active-during-covid-19-self-quarantine (accessed on 25 March 2021).

12. Woods, J.A.; Hutchinson, N.T.; Powers, S.K.; Roberts, W.O.; Gomez-Cabrera, M.C.; Radak, Z.; Berkes, I.; Boros, A.; Boldogh,
I.; Leeuwenburgh, C.; et al. The COVID-19 pandemic and physical activity. Sports Med. Health Sci. 2020, 2, 55-64. [CrossRef]
[PubMed]

13. Shariat, A; Cleland, J.A.; Hakakzadeh, A. Home-based exercises during the COVID-19 quarantine situation for office workers: A
commentary. Work 2020, 66, 381-382. [CrossRef] [PubMed]

14. Rodriguez, M.A,; Crespo, I.; Olmedillas, H. Exercising in times of COVID-19: What do experts recommend doing within four
walls? Rev. Esp. Cardiol. 2020, 73, 527-529. [CrossRef] [PubMed]

15.  Khoury, S.R; Evans, N.S.; Ratchford, E.V. Exercise as medicine. Vasc. Med. 2019, 24, 371-374. [CrossRef] [PubMed]

16. The Regional Office for Europe of the World Health Organization. Motion for Your Mind: Physical Activity for Mental Health
Promotion, Protection and Care. Available online: https://www.euro.who.int/__data/assets/pdf_file/0018/403182/WHO-
Motion-for-your-mind-ENG.pdf (accessed on 25 March 2021).

17.  Zhang, Y.; Zhang, H.; Ma, X,; Di, Q. Mental health problems during the COVID-19 pandemics and the mitigation effects of
exercise: A longitudinal study of college students in China. Int. J. Environ. Res. Public Health 2020, 17, 3722. [CrossRef] [PubMed]

18. Castafieda-Babarro, A.; Arbillaga-Etxarri, A.; Gutiérrez-Santamaria, B.; Coca, A. Physical activity change during COVID-19
confinement. Int. . Environ. Res. Public Health 2020, 17, 6878. [CrossRef] [PubMed]

19. Meyer, J.; McDowell, C.; Lansing, J.; Brower, C.; Smith, L.; Tully, M.; Herring, M. Changes in physical activity and sedentary
behavior in response to COVID-19 and their associations with mental health in 3052 US adults. Int. ]. Environ. Res. Public Health
2020, 17, 6469. [CrossRef] [PubMed]

20. Pépin, J.L.; Bruno, RM.; Yang, R.Y.; Vercamer, V.; Jouhaud, P.; Escourrou, P.; Boutouyrie, P. Wearable Activity Trackers for

Monitoring Adherence to Home Confinement during the COVID-19 Pandemic Worldwide: Data Aggregation and Analysis. J.
Med. Internet Res. 2020, 22, €19787. [CrossRef]


http://doi.org/10.1016/S0140-6736(20)30567-5
http://doi.org/10.1038/s41586-020-2404-8
http://doi.org/10.1016/S0140-6736(20)30460-8
http://doi.org/10.1016/j.bbi.2020.05.048
http://doi.org/10.1136/bmj.m1383
http://doi.org/10.1177/0020764020915212
http://doi.org/10.1001/jamanetworkopen.2020.19686
http://www.ncbi.nlm.nih.gov/pubmed/32876685
http://doi.org/10.1016/j.bbi.2020.04.028
http://www.ncbi.nlm.nih.gov/pubmed/32298802
http://doi.org/10.1097/YCO.0000000000000526
http://www.ncbi.nlm.nih.gov/pubmed/31145143
http://www.euro.who.int/en/health-topics/disease-prevention/physical-activity/news/news/2020/3/how-to-stay-physically-active-during-covid-19-self-quarantine
http://www.euro.who.int/en/health-topics/disease-prevention/physical-activity/news/news/2020/3/how-to-stay-physically-active-during-covid-19-self-quarantine
http://doi.org/10.1016/j.smhs.2020.05.006
http://www.ncbi.nlm.nih.gov/pubmed/34189484
http://doi.org/10.3233/WOR-203190
http://www.ncbi.nlm.nih.gov/pubmed/32568164
http://doi.org/10.1016/j.recesp.2020.04.002
http://www.ncbi.nlm.nih.gov/pubmed/32414660
http://doi.org/10.1177/1358863X19850316
http://www.ncbi.nlm.nih.gov/pubmed/31144595
https://www.euro.who.int/__data/assets/pdf_file/0018/403182/WHO-Motion-for-your-mind-ENG.pdf
https://www.euro.who.int/__data/assets/pdf_file/0018/403182/WHO-Motion-for-your-mind-ENG.pdf
http://doi.org/10.3390/ijerph17103722
http://www.ncbi.nlm.nih.gov/pubmed/32466163
http://doi.org/10.3390/ijerph17186878
http://www.ncbi.nlm.nih.gov/pubmed/32967091
http://doi.org/10.3390/ijerph17186469
http://www.ncbi.nlm.nih.gov/pubmed/32899495
http://doi.org/10.2196/19787

Int. J. Environ. Res. Public Health 2021, 18, 7056 15 of 16

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ammar, A ; Brach, M,; Trabelsi, K.; Chtourou, H.; Boukhris, O.; Masmoudj, L.; Bouaziz, B.; Bentlage, E.; How, D.; Ahmed, M.; et al.
Effects of COVID-19 home confinement on eating behaviour and physical activity: Results of the ECLB-COVID19 international
online survey. Nutrients 2020, 12, 1583. [CrossRef]

Lesser, I.A.; Nienhuis, C.P. The impact of COVID-19 on physical activity behavior and well-being of Canadians. Int. J. Environ.
Res. Public Health 2020, 17, 3899. [CrossRef]

Smith, L.; Jacob, L.; Butler, L.; Schuch, F,; Barnett, Y.; Grabovac, I.; Veronese, N.; Caperchione, C.; Lopez-Sanchez, G.F,; Meyer, J.;
et al. Prevalence and correlates of physical activity in a sample of UK adults observing social distancing during the COVID-19
pandemic. BM] Open Sport Exerc. Med. 2020, 6, e000850. [CrossRef]

Faulkner, J.; O'Brien, W].; McGrane, B.; Wadsworth, D.; Batten, J.; Askew, C.D.; Badenhorst, C.; Byrd, E.; Coulter, M.; Draper, N.;
et al. Physical activity, mental health and well-being of adults during initial COVID-19 containment strategies: A multi-country
cross-sectional analysis. . Sci. Med. Sport 2021, 24, 320-326. [CrossRef] [PubMed]

Schuch, F.B.; Bulzing, R.A.; Meyer, J.; Vancampfort, D.; Firth, J.; Stubbs, B.; Grabovac, I.; Willeit, P,; Tavares, V.D.O.; Calegaro, V.C,;
et al. Associations of moderate to vigorous physical activity and sedentary behavior with depressive and anxiety symptoms
in self-isolating people during the COVID-19 pandemic: A cross-sectional survey in Brazil. Psychiatry Res. 2020, 292, 113339.
[CrossRef]

Stanton, R.; To, Q.G.; Khalesi, S.; Williams, S.L.; Alley, S.J.; Thwaite, T.L.; Fenning, A.S.; Vandelanotte, C. Depression, anxiety and
stress during COVID-19: Associations with changes in physical activity, sleep, tobacco and alcohol use in Australian adults. Int. ].
Environ. Res. Public Health 2020, 17, 4065. [CrossRef]

Ding, K.; Yang, J.Z.; Chin, M.K.; Sullivan, L.; Demirhan, G.; Violant-Holz, V.; Uvinha, R.R;; Dai, J.; Xu, X.; Popeksa, B.; et al.
Mental health among adults during the COVID-19 pandemic lockdown: A cross-sectional multi-country comparison. Int. J.
Environ. Res. Public Health 2021, 18, 2686. [CrossRef] [PubMed]

Pilkonis, P.A.; Choi, S.W,; Reise, S.P,; Stover, A.M.; Riley, W.T.; Cella, D. PROMIS cooperative group item banks for measuring
emotional distress from the Patient-Reported Outcomes Measurement Information System (PROMIS®): Depression, anxiety, and
anger. Assessment 2011, 18, 263-283. [CrossRef]

Lee, PH.; Macfarlane, D.J.; Lam, T.; Stewart, S.M. Validity of the international physical activity questionnaire short form (IPAQ-SF):
A systematic review. Int. ]. Behav. Nutr. Phys. Act. 2011, 8, 115. [CrossRef]

Ainsworth, B.E.; Haskell, W.L.; Whitt, M.C.; Irwin, M.L.; Swartz, A.M.; Strath, S.J.; O’Brien, W.L.; Bassett, D.R.; Schmitz, K.H., Jr.;
Emplaincourt, P.O,; et al. Compendium of physical activities: An update of activity codes and MET intensities. Med. Sci. Sports
Exerc. 2000, 32, S498-5516. [CrossRef]

Craig, C.L.; Marshall, A.L.; Sjostrom, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.; Yngve, A,; Sallis, ].E;
et al. International Physical Activity Questionnaire: 12-country reliability and validity. Med. Sci. Sports Exerc. 2003, 35, 1381-1395.
[CrossRef] [PubMed]

Sember, V.; Meh, K.; Sori¢, M; Starc, G.; Rocha, P; Jurak, G. Validity and reliability of international physical activity questionnaires
for adults across EU countries: Systematic review and meta analysis. Int. ]. Environ. Res. Public Health 2020, 17, 7161. [CrossRef]
[PubMed]

The IPAQ Group. IPAQ Scoring Protocol. Available online: https://sites.google.com/site/theipaq/scoring-protocol (accessed on
25 March 2021).

Our World in Data. COVID-19: Stringency Index. Available online: https://ourworldindata.org/grapher/covid-stringency-index
(accessed on 25 March 2021).

The PROMIS Health Organization. Obtain & Administer Measures. Available online: https:/ /www.healthmeasures.net/index.
php?option=com_content&view=category&layout=blog&id=71&Itemid=817 (accessed on 25 March 2021).

Anastasi, A. Psychological Testing; Macmillan Publishing Company: New York, NY, USA, 1988; pp. 122-127.

Merlo, J.; Yang, M.; Chaix, B.; Lynch, J.; Rastam, L. A brief conceptual tutorial on multilevel analysis in social epidemiology:
Investigating contextual phenomena indifferent groups of people. J. Epidemiol. Community Health 2005, 59, 729-736. [CrossRef]
[PubMed]

Khoramipour, K.; Basereh, A.; Hekmatikar, A.A.; Castell, L.; Ruhee, R.T.; Suzuki, K. Physical activity and nutrition guidelines to
help with the fight against COVID-19. J. Sports Sci. 2021, 39, 101-107. [CrossRef] [PubMed]

Holmes, E.A.; O’Connor, R.C.; Perry, V.H.; Tracey, I.; Wessely, S.; Arseneault, L.; Ballard, C.; Christensen, H.; Silver, R.C.; Everall,
L; et al. Multidisciplinary research priorities for the COVID-19 pandemic: A call for action for mental health science. Lancet
Psychiatry 2020, 7, 547-560. [CrossRef]

Constandt, B.; Thibaut, E.; De Bosscher, V.; Scheerder, J.; Ricour, M.; Willem, A. 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. Public Health 2020, 17,
4144. [CrossRef]

Lau, H.; Khosrawipour, V.; Kocbach, P.; Mikolajczyk, A.; Schubert, J.; Bania, J.; Khosrawipour, T. The positive impact of lockdown
in Wuhan on containing the COVID-19 outbreak in China. ]. Travel Med. 2020, 27, taaa037. [CrossRef]

Aquino, EM.L,; Silveira, I.H.; Pescarini, ] M.; Aquino, R.; Souza-Filho, J.A.; Rocha, A.S.; Ferreira, A.; Victor, A.; Teixeira, C.;
Machado, D.B.; et al. Social distancing measures to control the COVID-19 pandemic: Potential impacts and challenges in Brazil.
Cienc. Saude Coletiva 2020, 25, 2423-2446. [CrossRef]


http://doi.org/10.3390/nu12061583
http://doi.org/10.3390/ijerph17113899
http://doi.org/10.1136/bmjsem-2020-000850
http://doi.org/10.1016/j.jsams.2020.11.016
http://www.ncbi.nlm.nih.gov/pubmed/33341382
http://doi.org/10.1016/j.psychres.2020.113339
http://doi.org/10.3390/ijerph17114065
http://doi.org/10.3390/ijerph18052686
http://www.ncbi.nlm.nih.gov/pubmed/33800008
http://doi.org/10.1177/1073191111411667
http://doi.org/10.1186/1479-5868-8-115
http://doi.org/10.1097/00005768-200009001-00009
http://doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/pubmed/12900694
http://doi.org/10.3390/ijerph17197161
http://www.ncbi.nlm.nih.gov/pubmed/33007880
https://sites.google.com/site/theipaq/scoring-protocol
https://ourworldindata.org/grapher/covid-stringency-index
https://www.healthmeasures.net/index.php?option=com_content&view=category&layout=blog&id=71&Itemid=817
https://www.healthmeasures.net/index.php?option=com_content&view=category&layout=blog&id=71&Itemid=817
http://doi.org/10.1136/jech.2004.023929
http://www.ncbi.nlm.nih.gov/pubmed/16100308
http://doi.org/10.1080/02640414.2020.1807089
http://www.ncbi.nlm.nih.gov/pubmed/32842905
http://doi.org/10.1016/S2215-0366(20)30168-1
http://doi.org/10.3390/ijerph17114144
http://doi.org/10.1093/jtm/taaa037
http://doi.org/10.1590/1413-81232020256.1.10502020

Int. J. Environ. Res. Public Health 2021, 18, 7056 16 of 16

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Benham, ].L.; Lang, R.; Kovacs Burns, K.; MacKean, G.; Léveillé, T.; McCormack, B.; Sheikh, H.; Fullerton, M.M.; Tang, T.; Boucher,
J.C.; et al. Attitudes, current behaviours and barriers to public health measures that reduce COVID-19 transmission: A qualitative
study to inform public health messaging. PLoS ONE 2021, 16, €0246941. [CrossRef]

Guthold, R.; Stevens, G.A ; Riley, L.M.; Bull, EC. Worldwide trends in insufficient physical activity from 2001 to 2016: A pooled
analysis of 358 population-based surveys with 1-9 million participants. Lancet Glob. Health 2018, 6, e1077—-e1086. [CrossRef]
[PubMed]

Bivia-Roig, G.; La Rosa, V.L.; Gomez-Tébar, M.; Serrano-Raya, L.; Amer-Cuenca, ].J.; Caruso, S.; Commodari, E.; Barrasa-Shaw, A.;
Lisén, J.F. Analysis of the impact of the confinement resulting from COVID-19 on the lifestyle and psychological wellbeing of
Spanish pregnant women: An internet-based cross-sectional survey. Int. . Environ. Res. Public Health 2020, 17, 5933. [CrossRef]
Brand, R.; Timme, S.; Nosrat, S. When pandemic hits: Exercise frequency and subjective well-being during COVID-19 pandemic.
Front. Psychol. 2020, 11, 570567. [CrossRef]

Jacob, L.; Tully, M.A.; Barnett, Y.; Lopez-Sanchez, G.E,; Butler, L.; Schuch, F.; Lépez-Bueno, R.; McDermott, D.; Firth, J.; Grabovac,
I; et al. The relationship between physical activity and mental health in a sample of the UK public: A cross-sectional study during
the implementation of COVID-19 social distancing measures. Ment. Health Phys. Act. 2020, 19, 100345. [CrossRef] [PubMed]
Kwasnicka, D.; Dombrowski, S.U.; White, M.; Sniehotta, F. Theoretical explanations for maintenance of behaviour change: A
systematic review of behaviour theories. Health Psychol. Rev. 2016, 10, 277-296. [CrossRef]

Khosravi, M. COVID-19 quarantine: Two-way interaction between physical activity and mental health. Eur. J. Transl. Myol. 2021,
30, 9509. [CrossRef]

Violant-Holz, V.; Gallego-Jiménez, M.G.; Gonzalez-Gonzélez, C.S.; Mufioz-Violant, S.; Rodriguez, M.].; Sansano-Nadal, O.;
Guerra-Balic, M. Psychological health and physical activity levels during the COVID-19 pandemic: A systematic review. Int. |.
Environ. Res. Public Health 2020, 17, 9419. [CrossRef] [PubMed]

Faulkner, G.; Rhodes, R.E.; Vanderloo, L.M.; Chulak-Bozer, T.; O'Reilly, N.; Ferguson, L.; Spence, ].C. Physical activity as a coping
strategy for mental health due to the COVID-19 virus: A potential disconnect among Canadian adults? Front. Commun. 2020, 5,
74. [CrossRef]

Marashi, M.Y.; Nicholson, E.; Ogrodnik, M.; Fenesi, B.; Heisz, ].J. A mental health paradox: Mental health was both a motivator
and barrier to physical activity during the COVID-19 pandemic. PLoS ONE 2021, 16, €0239244. [CrossRef]

Dwyer, M.].; Pasini, M.; De Dominicis, S.; Righi, E. Physical activity: Benefits and challenges during the COVID-19 pandemic.
Scand. ]. Med. Sci. Sports 2020, 30, 1291-1294. [CrossRef] [PubMed]

World Health Organization. Sustainable Development Goals (SDGs). Available online: https://www.who.int/health-topics/
sustainable-development-goalsftab=tab_1 (accessed on 23 April 2021).

Dhingra, M.; Chattopadhyay, S. Advancing smartness of traditional settlements-case analysis of Indian and Arab old cities. Int. |.
Sustain. Built Environ. 2016, 5, 549-563. [CrossRef]

Nam, T.; Pardo, T.A. Conceptualizing Smart City with Dimensions of Technology, People, and Institutions. In Proceedings of
the 12th Annual International Digital Government Research Conference: Digital Government Innovation in Challenging Times,
New York, NY, USA, 12 June 2011; pp. 282-291. [CrossRef]

Cocchia, A. Smart and digital city: A systematic literature review. In Smart City; Dameri, R., Rosenthal-Sabroux, C., Eds.; Springer:
Cham, Switzerland, 2014. [CrossRef]

Lara, A.P; Da Costa, E.M.; Furlani, T.Z,; Yigitcanla, T. Smartness that matters: Towards a comprehensive and human-centred
characterisation of smart cities. J. Open Innov. Technol. Mark. Complex. 2016, 2, 8. [CrossRef]


http://doi.org/10.1371/journal.pone.0246941
http://doi.org/10.1016/S2214-109X(18)30357-7
http://www.ncbi.nlm.nih.gov/pubmed/30193830
http://doi.org/10.3390/ijerph17165933
http://doi.org/10.3389/fpsyg.2020.570567
http://doi.org/10.1016/j.mhpa.2020.100345
http://www.ncbi.nlm.nih.gov/pubmed/32834833
http://doi.org/10.1080/17437199.2016.1151372
http://doi.org/10.4081/ejtm.2020.9509
http://doi.org/10.3390/ijerph17249419
http://www.ncbi.nlm.nih.gov/pubmed/33334073
http://doi.org/10.3389/fcomm.2020.571833
http://doi.org/10.1371/journal.pone.0239244
http://doi.org/10.1111/sms.13710
http://www.ncbi.nlm.nih.gov/pubmed/32542719
https://www.who.int/health-topics/sustainable-development-goals#tab=tab_1
https://www.who.int/health-topics/sustainable-development-goals#tab=tab_1
http://doi.org/10.1016/j.ijsbe.2016.08.004
http://doi.org/10.1145/2037556.2037602
http://doi.org/10.1007/978-3-319-06160-3_2
http://doi.org/10.1186/s40852-016-0034-z

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Survey Instrument 
	Procedures 
	Study Variables and Measures 
	Statistical Analysis 

	Results 
	Characteristics of Study Participants 
	PA during Lockdown 
	PA during Lockdown by Country 
	Location and Mode of PA during Lockdown 
	Factors Associated with PA Engagement during Lockdown 

	Discussion 
	Conclusions 
	References

