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Abstract
Background: The COVID-19 pandemic has arguably facilitated a shift toward increased sedentariness and reduced physical
activity. Moreover, there is mounting evidence that mental health has also declined during the pandemic. However, it remains
unknown to what extent social distancing (SD) behaviors and mental health have affected the physical activity levels of the
general population.
Objective: The purpose of this study was to determine the influence of SD behaviors and prevailing mental health on the odds
of being physically active during the early COVID-19 pandemic response.
Methods: A total of 4819 adults (2474/4819, 51.3%, female) from the US population with a median age of 46 (IQR 35-59)
completed an online survey during the early pandemic response (April-June 2020). The survey included questions on adherence
to 11 SD behaviors, and validated questionnaires which assessed self-reported physical activity, depression, anxiety, and mental
well-being. Respondents were categorized into 2 physical activity groups: inactive (0-599 metabolic equivalent of task
[MET]-minutes/week) and active (≥600 MET-minutes/week). A logistic generalized additive model (GAM) was used to determine
which SD factors and mental health outcomes were associated with physical activity level.
Results: The GAM analysis revealed that wearing a facemask in public (odds ratio [OR] 1.46, 95% CI 1.14-1.79; P=.003),
limiting the use of public transport (OR 1.47, 95% CI 1.19-1.83; P=.001), and restricting travel outside the house (OR 1.56, 95%
CI 1.19-2.05; P=.002) were SD behaviors associated with higher odds of being more physically active. Conversely, avoiding
physical activity outside the house was associated with higher odds of being inactive (OR 0.52, 95% CI 0.46-0.63; P<.001).
Leaving the house more frequently, and a higher mental well-being were associated with increasing odds of being physically
active (P<.001). Engaging with a moderate number of SD behaviors (3-7 total) was positively associated with physical activity,
whereas a very high SD vigilance (ie, engaging with ≥10 total behaviors) decreased the odds of being active during the early
pandemic response.
Conclusions: Based on the findings of our study, we suggest that future public health messaging of SD guidelines should include
(1) a clear portrayal of the benefits of regular exercise on mental health; and (2) a specific focus on how to be physically active
outdoors in a COVID-safe manner.
(JMIR Public Health Surveill 2021;7(9):e31278) doi: 10.2196/31278
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Introduction
The COVID-19 outbreak was officially declared a pandemic
on March 11, 2020, by the World Health Organization (WHO).
During the first year of the COVID-19 pandemic response, no
effective pharmaceutical therapies existed to prevent or contain
the spread of the novel coronavirus. Consequently, many
countries around the world began to rapidly implement
nonpharmaceutical interventions to mitigate community
transmission of COVID-19. These public health interventions
included rules or guidelines for personal hygiene, respiratory
etiquette, and social distancing (SD) [1-4]. On this latter point,
SD is a broad term that encompasses many social behaviors
designed to minimize interpersonal contact within the
community, including but not limited to self-quarantine, working
from home, school closures, restrictions on mass gatherings and
travel outside the home, and minimum separation distance
between persons in public spaces. In some circumstances, these
public health measures have led governing authorities to enforce
closure of local gymnasiums, sporting and recreational facilities,
in addition to suspending organized team sports and other
physical activities that would otherwise incur close interpersonal
contact (dance classes, yoga, etc).
It follows from the above that SD guidelines and restrictions
have reduced the opportunities for the public to engage in
physical activity during the early COVID-19 pandemic. There
is mounting evidence to suggest that physical activity has
decreased since the beginning of the COVID-19 outbreak [5-10].
This shift toward sedentariness is especially alarming, seeing
that sedentariness and physical inactivity are both well-known
risk factors for long-term outcomes such as cardiovascular
disease and premature mortality [11,12]. Physical inactivity had
already been identified as a global pandemic itself prior to the
COVID-19 outbreak [13]. Physical inactivity is the fourth
leading risk factor for global mortality [14], and is perhaps of
greater importance for the older rather than younger population
during the current pandemic [15]. While SD is a necessary
measure to minimize community transmission of COVID-19,
it is important to also understand its collateral adverse effects
such as reduced engagement in physical activity. In so doing,
we may identify key areas for improving the messaging of SD
guidelines in a way that ensures public safety, yet facilitates
and encourages a healthy, active lifestyle as the pandemic
continues.
It is noteworthy that opportunities for socialization through
physical activity (eg, gym classes, team sports) have decreased
during the COVID-19 pandemic. Moreover, SD measures are,
by nature, a collection of behaviors specifically designed to
minimize interpersonal contact, further diminishing
opportunities for social interaction. Certainly, these fewer
interactions may contribute to growing feelings of social
isolation and loneliness during the pandemic [16]. The prolonged
experience of social isolation may precipitate a poor state of
mental health [17] which, in turn, may explain the increased
symptoms of depression, anxiety, or reduced mental well-being
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reported during the pandemic [18-21]. It must be remembered
that physical activity and mental health are related via a
bidirectionally causal relationship [22,23]. As such, it is
important that any investigation into the effects of SD behavior
on physical activity during the COVID-19 pandemic is
interpreted with consideration of the mental health status of the
population under study.
We conducted a large, online cohort study among US residents.
The principal aim of this study was to examine whether SD
behaviors were associated with physical activity participation
during the early phase of the COVID-19 pandemic (April to
June 2020). A secondary aim was to examine the independent
effects of mental health status on physical activity. We
hypothesized that engaging in more SD behaviors, and having
poorer mental health, would be associated with lower odds of
meeting the minimum WHO recommendations for physical
activity during the early COVID-19 pandemic response.

Methods
Study Design, Sampling, and Participant Recruitment
The data used in this study were drawn from a larger,
longitudinal cohort study that commenced in April 2020: the
COVID-19 Physical Activity and Well-being Survey (PAWS).
The primary aim of the broader PAWS project is to examine
temporal trends in physical activity and mental health throughout
the COVID-19 pandemic in the United States. Data for this
study were obtained from the first round of the PAWS.
Participants were invited to complete the first round of the
PAWS between April 27 and June 8, 2020. Survey responses
were collected via the Qualtrics online platform. Participants
were recruited via word of mouth, and social media campaigns
(Facebook and Twitter) that were targeted using paid
advertisements to recruit men and women across a wide range
of ages. Participants were eligible to participate if they were
aged 18 years or older, could read and understand English, and
were able to provide a valid zip code as evidence of residing in
the United States.

Ethical Approval and Informed Consent
This study was approved by the Mayo Clinic Institutional
Review Board (#20-003709). Participants were provided with
an information sheet on the landing page of the online survey.
Participants were only allowed to continue participating if they
acknowledged that they had read the information sheet, and
agreed to the following statement “I give consent to participate
in this study”.

Definition of Variables
Outcome
The outcome variable in this study was self-reported physical
activity. Moderate-to-vigorous physical activity (MVPA) was
determined using the Global Physical Activity Questionnaire
(GPAQ) [24]. The GPAQ assesses the weekly volume of MVPA
(minutes/week) in the domains of work, recreation, and
JMIR Public Health Surveill 2021 | vol. 7 | iss. 9 | e31278 | p. 2
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transport. Data obtained from the GPAQ were cleaned and
subsequently analyzed using the guidelines outlined by the
WHO [25]. Weekly MVPA was expressed as an
intensity-weighted volume (ie, metabolic equivalent of task
[MET]-minutes/week) by multiplying moderate and vigorous
activities by the corresponding metabolic equivalents of tasks
(METs) of 4.0 and 8.0, respectively [24,25]. Total weekly
MVPA (MET-minutes/week) was taken as the sum of all
domain-specific MVPA, and was used to categorize participants
into the following 2 groups: inactive (0-599 MET-minutes/week)
and active (≥600 MET-minutes/week). These demarcations are
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based on the lower threshold of the minimum requirement
outlined in the 2020 WHO physical activity guidelines [26].

Exposures
The 2 exposures of this study were linked to our primary and
secondary aims: SD behaviors and mental health.

Social Distancing
SD behavior was assessed by asking participants to indicate if
they were presently engaging in one (or any) SD behavior at
the time of the survey (11 different behaviors in total; Textbox
1). The total number of SD behaviors (sum of SD1–SD11) was
taken as an index of SD vigilance.

Textbox 1. Questions designed to assess participant engagement with social distancing behaviors at the time of the survey.
Social distancing behaviors
“Regardless of whether specific guidelines/rules for social distancing have been issued by authorities in the place where you live, please indicate
whether you are currently performing any of the following behaviors listed below. Please check all behaviors that apply.”
SD1: Wearing a face mask in public
SD2: Avoiding close contact with others in your social circle
SD3: Avoiding places where many people gather
SD4: Working from home
SD5: Limiting time spend outside of your residence
SD6: Limiting your use of public transport
SD7: Self-quarantine/isolation
SD8: Restricting your travel outside the house
SD9: Avoiding physical activity outside the house
SD10: Avoiding physical contact with others (ie, handshaking, hugging)
SD11: Reducing the time or number of trips to shop for food/supplies/etc

Mental health was evaluated by assessing participant’s
symptoms of depression, anxiety, and mental well-being using
the following tools: the 9-item Patient Health Questionnaire
(PHQ-9) [27], the 7-item Generalized Anxiety Disorder scale
(GAD-7) [28], and the 5-item World Health Organization
Well-Being (WHO-5) Index [29,30], respectively.

[32] of the participant’s state was greater than 0. The “stringency
index” is a novel score indicating the stringency with which a
local government is responding to the COVID-19 pandemic. It
is computed from a weighted average of 9 metrics used to
characterize the strictness of containment and closure policies
of the area. Participants were also asked to indicate their current
level of fear associated with being infected by, or unknowingly
spreading COVID-19.

Covariates

Sedentary and Self-Monitoring Behavior

Pandemic Burden and Fear

Data on sedentary behavior (minutes/day) were obtained directly
from the GPAQ [24,25]. These data were used to categorize
participants into 2 groups defined around an approximate
threshold associated with increased cardiovascular morbidity
(≥8 hours/day) in harmonized pooled studies [33]. Participants
were asked to indicate whether they currently used a wearable
device to track their physical activity.

Mental Health

We assessed the zip code–level burden of the COVID-19
pandemic by obtaining the number of deaths, and the confirmed
and recovered cases attributed to the disease. These data were
obtained from an up-to-date, online repository of
COVID-19–related information [31]. Using this repository, we
were able to obtain case numbers for each respondent’s US state
using zip code provided by the participant and the date the
survey was completed. The difference between confirmed and
recovered COVID-19 cases was taken as the number of active
cases in the area. Deaths and case numbers were expressed per
capita of the state in which the participant resided. Furthermore,
we calculated the duration of time that SD guidelines/restrictions
had been imposed by taking the difference between the survey
response date and the first date in which the “stringency index”
https://publichealth.jmir.org/2021/9/e31278
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Socioeconomic Status and Physical Health
Socioeconomic status [34,35], physical health [36-38], and
chronic disease [39,40] are known to influence physical activity.
Accordingly, sociodemographic variables, including age, gender,
height, weight, educational, and employment status were
collected, in addition to self-reported chronic disease and overall
health status. Breathlessness, a hallmark symptom of many
JMIR Public Health Surveill 2021 | vol. 7 | iss. 9 | e31278 | p. 3
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chronic diseases, was assessed using the Medical Research
Council (MRC) dyspnea scale [41].

Statistical Analyses
Differences in proportions between physical activity groups
(inactive vs. active) were assessed using the Fisher exact test.
The differences in means for count variables (eg, number of
chronic conditions, number of SD behaviors) between physical
activity groups were assessed using Tweedie regression. The
odds of scoring higher on an ordinal scale variable was assessed
using a cumulative link regression [42]. Post hoc comparisons
of proportions within a given ordinal level of these models were
evaluated using estimated marginal means [43]. A generalized
additive model (GAM) was used to determine the effect of
engaging with SD behaviors on the likelihood of performing a
sufficient amount of MVPA [26]. The dependent (outcome)

https://publichealth.jmir.org/2021/9/e31278

XSL• FO
RenderX

Cross et al
variable in our GAM was the binary variable indicating whether
a participant’s total MVPA was 600 or more MET-minutes/week
(eg, inactive vs. active). The covariates used in the GAM were
selected using a gradient boosting scheme as outlined in
Multimedia Appendix 1. All statistical comparisons were
considered significant if P<.05.

Results
Overall Sample Characteristics
The descriptive characteristics of survey respondents are
reported in Table 1. The descriptive characteristics of the entire
cohort indicate that our participants were a relatively healthy,
educated, and affluent sample of the general population. There
was a roughly equal distribution of male and female,
middle-aged respondents in both activity groups.
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Table 1. Descriptive characteristics by physical activity group.
Characteristics

Inactive (n=1864)

Active (n=2955)

Total (N=4819)

46 (36-59)

45 (34-59)

46 (35-59)

Female

947 (50.8)

1527 (51.7)

2474 (51.3)

Male

917 (49.2)

1428 (48.3)

2345 (48.7)

28.3 (24.8-33.4)

25.8 (23.1-29.8)a

26.7 (23.6-31.0)

Number of chronic health conditions

1 (0-2)

0 (0-1)a

1 (0-2)

Breathlessness (Medical Research Council score)

1 (1-2)

1 (1-1)a

1 (1-2)

Poor

8 (0.4)

4 (0.1)a

12 (0.2)

Fair

166 (8.9)

55 (1.9)a

207 (4.3)

Good

597 (32.0)

490 (16.6)a

1006 (20.9)

Very good

882 (47.3)

1579 (53.4)a

2319 (48.1)

Excellent

211 (11.3)

827 (28.0)a

1275 (26.5)

Less than high school

5 (0.3)

8 (0.3)a

13 (0.3)

High school

91 (4.9)

75 (2.5)a

166 (3.4)

Some college no degree

320 (17.2)

289 (9.8)a

609 (12.6)

Associate degree, n (%)

168 (9.0)

245 (8.3)a

413 (8.6)

Bachelor’s degree

639 (34.3)

1072 (36.3)a

1711 (35.5)

Master’s degree

444 (23.8)

827 (28.0)a

1271 (26.4)

Doctoral/professional degree

197 (10.6)

439 (14.9)a

636 (13.2)

Less than US $20,000

119 (6.4)

105 (3.6)a

224 (4.6)

US $20,000 to US $39,000

223 (12.0)

230 (7.8)a

453 (9.4)

US $40,000 to US $59,000

265 (14.2)

386 (13.1)a

651 (13.5)

US $60,000 to US $79,000

291 (15.6)

444 (15.0)a

735 (15.3)

US $80,000 to US $99,000

193 (10.4)

374 (12.7)

567 (11.8)

US $100,000 to US $149,000

325 (17.4)

632 (21.4)a

957 (19.9)

US $150,000 or more

240 (12.9)

548 (18.5)a

788 (16.4)

Prefer not to say

208 (11.2)

236 (8.0)a

444 (9.2)

Not working, n (%)

701 (37.6)

915 (31.0)a

1616 (33.5)

Working, n (%)

1163 (62.4)

2040 (69.0)a

3203 (66.5)

Household size (number of persons), median (IQR)

2 (2-4)

2 (2-4)

2 (2-4)

Demographics
Age (years), median (IQR)
Gender, n (%)

BMI (kg/m2), median (IQR)
Physical health, median (IQR)

Self-reported general health, n (%)

Socioeconomic status, n (%)
Educational attainment

Household income, n (%)

Employment status
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Significantly different from the corresponding value (or proportion) of the inactive group, P<.05.

Physical Activity
The self-reported levels of MVPA within the work, transport,
and recreational domains are reported in Table 2.
Unsurprisingly, respondents who were physically active reported
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higher amounts of recreational work and thus higher total MVPA
than their inactive counterparts (P<.001); 61.31% (2955/4819)
of our cohort were meeting the minimum WHO
recommendations for weekly MVPA at the time of the survey.
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Table 2. Physical activity and mental health during the early COVID-19 pandemic response.
Variable

Inactive (n=1864)

Active (n=2955)

Total (N=4819)

Recreation

0 (0-0)

2160 (960-4080)d

720 (0-2760)

Work

0 (0-0)

0 (0-120)d

0 (0-0)

Transport

0 (0-0)

0 (0-480)d

0 (0-0)

Total

0 (0-120)

3060 (1680-5040)d

1320 (0-3840)

Sitting time (minutes/day), median (IQR)

480 (360-660)

420 (300-600)d

420 (300-600)

At-risk sitting time (≥480 minutes/day), n (%)

1110 (59.5)

1429 (48.4)d

2539 (52.7)

403 (21.6)

1556 (52.7)d

1959 (40.7)

6 (3-11)

4 (2-8)d

5 (2-9)

None (0-4)

748 (40.1)

1533 (51.9)d

2281 (47.3)

Mild (5-9)

565 (30.3)

873 (29.5)d

1438 (29.8)

Moderate (10-14)

277 (14.9)

328 (11.1)d

605 (12.6)

Moderately severe (15-19)

159 (8.5)

146 (4.9)d

305 (6.3)

Severe (20-27)

115 (6.2)

75 (2.5)d

190 (3.9)

6 (2-10)

4 (1-8)d

5 (2-9)

None (0-4)

820 (44.0)

1502 (50.8)d

2322 (48.2)

Mild (5-9)

500 (26.8)

848 (28.7)d

1348 (28.0)

Moderate (10-14)

303 (16.3)

356 (12.0)d

659 (13.7)

Severe (15-21)

241 (12.9)

249 (8.4)d

190 (3.9)

10 (5-16)

14 (10-18)d

13 (8-17)

Okay (13-25)

727 (39.0)

1764 (59.7)d

2491 (51.7)

Poor (0-12)

1137 (61.0)

1191 (40.3)d

2328 (48.3)

Physical activity
MVPAa by GPAQb domain (METc-minutes/week), median (IQR)

Sedentary behavior

Self-monitoring behavior, n (%)
Wearable device
Mental health
Depression (PHQ-9e), median (IQR)
Score
Symptom category, n (%)

Anxiety (GAD-7f, median (IQR)
Score
Symptom category, n (%)

Well-being (WHO-5g), median (IQR)
Score
Symptom category, n (%)

a

MVPA: moderate-to-vigorous physical activity.

b

GPAQ: Global Physical Activity Questionnaire.

c

MET: metabolic equivalent of task.

d

Significantly different from the corresponding value (or proportion) of the inactive group, P<.05.

e

PHQ-9: 9-item Patient Health Questionnaire Scale.

f

GAD-7: 7-item Generalized Anxiety Disorder Scale.
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g

WHO-5: 5-item World Health Organization Well-Being Index

Social Distancing
The SD behaviors reported by the cohort are presented in Table
3. The active group was roughly 70% more likely to leave the
house more frequently than their physically inactive counterparts
(odds ratio [OR] 1.70, 95% CI 1.53-1.90; P<.001). Moreover,
respondents in the active group were more likely to engage in
a greater total number of SD behaviors (OR 1.10, 95% CI
1.09-1.12; P<.001). Specifically, physically active participants
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were significantly more likely (P<.001) to wear a face mask in
public (SD1), avoid close and physical contact with others (SD2
and SD10), avoid places where people gather (SD3), work from
home (SD4), limit their use of public transport (SD6), restrict
their travel outside the house (SD8), and to reduce their
time/number of trips to shops to obtain food and supplies
(SD11). Conversely, respondents in the physically inactive
group were more likely (P<.001) to avoid physical activity
outside of the house (SD9).
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Table 3. Pandemic burden, social distancing behaviors, and perceptions of fear associated with coronavirus by physical activity group during the early
COVID-19 pandemic response.
Variable

Inactive (n=1864)

Active (n=2955)

Total (N=4819)

Confirmed cases in the state (per 100,000 persons), median (IQR)

229 (168-447)

222 (166-421)

225 (167-430)

Recovered cases in the state (per 100,000 persons), median (IQR)

0 (0-94)

29 (0-98)a

0 (0-97)

Active cases in the state (per 100,000 persons), median (IQR)

186 (93-350)

180 (87-304)a

182 (88-321)

Deaths in the state (per 100,000 persons), median (IQR)

10.1 (7.2-23.1)

9.7 (7.3-19.4)

9.9 (7.2-20.7)

Duration of social distancing guidelines/restriction (weeks), median (IQR) 10.7 (10.0-14.2)

10.6 (9.8-13.8)a

10.6 (9.8-14.0)

Government stringency index, median (IQR)

73.2 (70.8-76.9)

73.2 (70.8-76.9)

73.2 (70.8-76.9)

Active authority-mandated lockdown/shelter-in-place/etc, n (%)

1342 (72.0)

2338 (79.1)a

3680 (76.4)

Less than once per week

183 (9.8)

110 (3.7)a

291 (6.0)

Once per week

274 (14.7)

278 (9.4)a

552 (11.5)

A few times per week

634 (34.0)

926 (31.3)a

1560 (32.4)

Once per day

436 (23.4)

1042 (35.3)a

1478 (30.7)

Multiple times per day

337 (18.1)

599 (20.3)a

936 (19.4)

SD1: Wearing a face mask in public, n (%)

1371 (73.6)

2542 (86.0)a

3913 (81.2)

SD2: Avoid close contact with others in social circle, n (%)

1420 (76.2)

2605 (88.2)a

4025 (83.5)

SD3: Avoid places where many people gather, n (%)

1478 (79.3)

2702 (91.4)a

4180 (86.7)

SD4: Working from home, n (%)

970 (52.0)

1779 (60.2)a

2749 (57.0)

SD5: Limiting time spent outside of house, n (%)

1112 (59.7)

1840 (62.3)

2952 (61.3)

Pandemic burden at time of survey

SDb behaviors
Frequency of leaving the house, n (%)

a

SD6: Limiting the use of public transport, n (%)

1377 (73.9)

2546 (86.2)

3923 (81.4)

SD7: Currently undergoing self-isolation/quarantine, n (%)

1015 (54.5)

1581 (53.5)

2596 (53.9)

SD8: Restricting travel outside of the house, n (%)

1233 (66.1)

2175 (73.6)a

3408 (70.7)

SD9: Avoiding physical activity outside of the house, n (%)

664 (35.6)

546 (18.5)a

1210 (25.1)

SD10: Avoid physical contact with others, n (%)

1511 (81.1)

2789 (94.4)a

4300 (89.2)

SD11: Reducing time/number of trips to shops for food/supplies/etc, n
(%)

1410 (75.6)

2631 (89.0)a

4041 (83.9)

Total number of SD behaviors (sum SD1-11), median (IQR)

9 (6-10)

9 (7-10)a

9 (7-10)

Afraid of being infected with COVID-19

5 (4-6)

5 (4-6)

5 (4-6)

Afraid of unknowingly spreading COVID-19

6 (5-7)

6 (5-7)

6 (5-7)

Perceived fears of COVID-19c, median (IQR)

a

Significantly different from corresponding value (or proportion) of the inactive group, P<.05.

b

SD: social distancing.

c

Likert-type item (1=strongly disagree; 7=strongly agree).

Mental Health
The prevailing mental health of participants in the sampled
cohort is reported in Table 2. Raw scores for depression and
anxiety were lower for the physically active compared with the
inactive group (P<.001). In support of these observations,
https://publichealth.jmir.org/2021/9/e31278
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respondents in the physically active group displayed lower odds
of reporting more severe symptoms of depression (OR 0.72,
95% CI 0.69-0.74; P<.001) and anxiety (OR 0.81, 95% CI
0.76-0.86; P<.001). The raw score for mental well-being was
overall higher for participants in the active compared with the
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inactive group (P<.001). There were also lower odds of the
respondents’ well-being score falling below 13 (ie, “poor
well-being”) [30] for those participants in the physically active
group (OR 0.43, 95% CI 0.38-0.49; P<.001).

Pandemic Burden and Fear
Indicators of the burden of the pandemic and fears associated
with COVID-19 are reported in Table 3. Overall, SD
rules/guidelines had been active for approximately 2-3 months
at the time of survey for the entire cohort—this duration was
slightly lower in the physically active group (P=.003). The
number of recovered COVID-19 cases (per 100,000 persons)
was higher (P=.002), whereas the number of active cases was
marginally lower (P=.005) in the active compared with the
inactive group. The burden of deaths due to COVID-19 was
similar between physical activity groups. There was a marginally
higher proportion of respondents under an authority-mandated
“lockdown” at the time of the survey in the active group
(P<.001). The perceived fear of becoming infected with
COVID-19 and the fear associated with unknowingly spreading
the virus were similar between groups.

Sedentary and Self-Monitoring Behavior
Sedentary behavior (minutes/day) was slightly lower in the
active group (P<.001; Table 3). In addition, the proportion of
participants who reported that time spent sitting/reclining
exceeded 8 hours per day was marginally lower in the physically
active group (P<.001; Table 3). There was a greater proportion
of respondents using a wearable device to track their physical
activity in the active compared with the inactive group (P<.001;
Table 3).

Socioeconomic Status and Physical Health
The cohort indicators of socioeconomic status and physical
health are reported in Table 1. There was a greater proportion
of respondents who were employed at the time of the survey in
the active group (P<.001). Moreover, there were higher (P<.001)
odds of possessing a higher level of educational attainment (OR
1.58, 95% CI 1.42-1.75) and household income (OR 1.16, 95%
CI 1.09-1.23) for the active group. BMI, the number of chronic
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conditions, and the experience of breathlessness (MRC score)
during daily activities were slightly higher in the inactive
compared with the physically active group (P<.001). Lastly,
there were greater odds of self-reporting better general health
(OR 3.15, 95% CI 2.81-3.53; P<.001).

Logistic Generalized Additive Modeling
Tables 4 and 5 show the results of the logistic GAM parametric
and smooth terms, respectively, used to determine the likelihood
of engaging in higher amounts of physical activity. The
coefficient of determination, R2, for the logistic GAM was 0.37
and there was a significant improvement over an intercept-only
(null) model (P<.001) [44]. The variance of the random effect
of US state was not significant (σ2=1.16 × 10–13; 95% CI –5.47
× 10–7 to 8.92 × 10–7; P=.62). The use of a wearable device to
track physical activity (ie, self-monitoring behavior), wearing
a facemask in public (SD1), limiting the use of public transport
and the number of trips to the shops (SD6 and SD11), and
avoiding close physical contact with others were all positively
associated with greater odds of performing sufficient (≥600
MET-minutes/week) amounts of MVPA during the early
COVID-19 pandemic (P<.005). Avoiding physical activity
outside the house was negatively associated with the odds of
being physically active (P<.002). The nonlinear trends in ORs
for all smooth terms are illustrated in Figure 1. The odds of
being physically active (total MVPA ≥600 MET-minutes/week)
tended to rise with greater self-reported general health (Figure
1A), higher levels of educational attainment (Figure 1C),
increasing mental well-being (Figure 1F), and higher frequencies
of leaving the house (Figure 1G). Conversely, the odds of being
sufficiently active during the early pandemic decreased with
increasing breathlessness (Figure 1B) and BMI (Figure 1E).
Importantly, the effect of engaging with a higher number of SD
behaviors on the odds of performing sufficient MVPA during
the pandemic was seemingly biphasic (Figure 1H). For example,
participating in 3-8 total SD behaviors was coupled with greater
odds, whereas engaging with 10 or more SD behaviors was
associated with lower odds of performing sufficient MVPA.
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Table 4. Factors influencing physical activity level during the COVID-19 pandemic as determined by logistic generalized additive modeling (N=4819).a
Parametric terms

Statisticsb
OR

95% CI

P value

Intercept

0.24

0.19-0.32

<.001

“At-risk” sedentary behavior (reference = less than 8 hours/day)

0.71

0.62-0.83

<.001

Wearable device

3.27

2.82-3.79

<.001

SD1: Wearing a facemask in public

1.43

1.14-1.79

.003

SD2: Avoiding close contact with others

1.20

0.91-1.59

.199

SD3: Avoiding places where many people gather

1.26

0.91-1.73

.193

SD6: Limiting the use of public transport

1.47

1.19-1.83

.001

SD9: Avoiding physical activity outside the house

0.52

0.43-0.63

<.001

SD10: Avoiding physical contact with others

1.79

1.26-2.56

.002

SD11: Reducing time/number of trips to shops for supplies

1.56

1.19-2.05

.002

a

Parameter estimates for the parametric (linear) terms in the model are reported as the exponentiated log-odds ratio (ie, OR) and corresponding 95%
CI. The OR indicates the odds of meeting the World Health Organization’s minimum physical activity recommendations (≥600 MET-minutes/week)
per unit change in the respective covariate. The Benjamini–Hochberg method was used to adjust P values to reduce the false discovery rate.
b

Significant values are in italic.

Table 5. Smooth terms influencing physical activity level during the COVID-19 pandemic as determined by logistic generalized additive modeling
(N=4819).a
Smooth terms

Statisticsb
edf

P value

BMI

0.85

<.001

Highest level of educational attainment

0.65

.001

Household income

0.01

.023

Number of chronic health conditions

0.00

.197

Self-reported general health

0.90

<.001

Breathlessness

0.96

<.001

Frequency of leaving the house

0.91

<.001

Total number of SD behaviors

1.23

<.001

Well-being

1.19

<.001

a

The smooth terms included in the generalized additive model are summarized by their estimated degrees of freedom (edf). The Benjamini–Hochberg
method was used to adjust P values to reduce the false discovery rate.
b

Significant values are in italic.
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Figure 1. Nonlinear effects of physical and mental health, and social distancing vigilance on the odds of meeting WHO recommendations for physical
activity during the early COVID-19 pandemic response. The solid lines indicate the nonlinear trend in the odds of meeting WHO recommendations for
physical activity for the corresponding covariate. The green-shaded regions denote the range of values of a covariate where the odds ratio for meeting
WHO recommendations for physical activity is significantly different (P<.05) from 1.00 (ie, equivocal odds). Conversely, the red-shaded regions indicate
the values of the respective covariate where the odds ratio is not different from 1.00. Note that self-reported general health (panel A), highest level of
educational attainment (panel B), and household income (panel D) were input into the generalized additive model as ordinal variables. As such, the
integer values correspond to the ordinal categorical levels of each covariate in order of lowest to highest category (eg, self-reported general health:
1=very poor; 5=excellent). NS: not significant; SD: social distancing.

Discussion
Principal Findings
The principal findings of this study were threefold: (1)
physically active respondents were more likely to engage in SD
behaviors; (2) the influence of engaging with SD behaviors on
physical activity during the early pandemic was nonlinear; and
(3) higher scores for mental well-being were a positive mediator
of physical activity participation. These findings highlight the
complex nature by which SD vigilance and mental health have
impacted on the physical activity habits of the general population
during the early COVID-19 pandemic.

Did Social Distancing Affect Physical Activity During
the Early Pandemic Response?
We originally hypothesized that engaging in more SD behaviors
would increase the likelihood of being physically inactive during
the early pandemic response. Our findings only partly confirm
this hypothesis. For example, participants who minimized their
public exposure by leaving the house less than “once per day”
were less likely to be physically active (Figure 1G).
Furthermore, respondents were less likely to meet the minimum
WHO recommendations for weekly MVPA if they reported that
they were “avoiding physical activity outside the house” (SD9)
https://publichealth.jmir.org/2021/9/e31278
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at the time of the survey (Tables 4 and 5). However, the
relationship between the total number of SD behaviors and
physical activity was much less straightforward (Figure 1H).
Certainly, individuals engaging with 10 or more of the surveilled
SD behaviors (highly vigilant) were at lower odds of being
physically active during the pandemic. Interestingly, however,
it appeared that if a participant engaged with a moderate number
of SD behaviors (3-7 total), they were at higher odds of meeting
the minimum WHO recommendations for weekly MVPA. This
nonlinear relationship between SD vigilance and physical
activity is novel, insofar as it describes a potential “tipping
point” phenomenon: too much is bad, yet a moderate amount
is good. But which of the SD behaviors are specifically
associated with being physically active?
The cross-sectional analyses of SD behaviors within our cohort
(Table 3) appear to suggest that those individuals who were
physically active during the early pandemic were more
frequently wearing a facemask in public (SD1), avoiding close
and physical contact with others (SD2 and SD10), avoiding
places where people gather (SD3), working from home (SD4),
and more often limiting their public exposure by restricting their
use of public transport and travel outside the house (SD6, SD8,
and SD11). These observations are complemented by the logistic
GAM analysis (Tables 4 and 5), whereby SD1, SD6, SD10, and
SD11 were all associated with significantly higher odds of
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meeting the minimum WHO requirements for weekly MVPA
at the time of the survey. The following question arises: why
does engaging in some but not all SD measures appear to be
positively associated with physical activity? It is difficult to
offer any substantive explanation for these observations given
the data at hand. Notwithstanding this point, it is known that
physical activity level is positively associated with health
literacy [45-47]. Thus, it is at least conceivable that participants
who regularly engaged in more physical activity may have been
better informed and aware of public health initiatives and were
thus more likely to follow SD guidelines. The opposite is also
plausible: those respondents who engaged with a moderate
number of SD behaviors may also be more likely to heed other
public health advice, such as recommendations for physical
activity. However, this positive effect is only apparent up until
the individual engages in nearly all (≥10) of the surveilled SD
behaviors, after which it is likely that simultaneously engaging
in these behaviors becomes prohibitive to accumulating
sufficient weekly MVPA. It will be of great interest to assess
whether vigilance with SD behaviors remains nonlinearly
associated with physical activity level at our planned follow-up
survey rounds.

Did Mental Health Affect Physical Activity During
The Early Pandemic Response?
It is becoming clear that extended periods of social isolation,
as imposed by public health measures, have negatively impacted
on mental health during the COVID-19 pandemic [18-21]. This
point is particularly concerning given that mental health may
affect physical activity, and vice versa [22,23]. Indeed,
cross-sectional analysis of our cohort tended to corroborate the
above findings, whereby respondents in the physically active
group reported higher well-being scores, and less symptoms of
depression and anxiety compared with those in the inactive
group (Table 2). However, among the 3 indicators of mental
health, it was only the raw score for mental well-being (ie,
WHO-5) that was selected as a covariate in the boosted GAM
model (see Multimedia Appendix 1 for details). Specifically,
we observed that raw scores for mental well-being greater than
13 were associated with meeting the WHO recommendations
for weekly MVPA. However, participants with raw WHO-5
scores below this value (ie, “poor well-being”) [30] were more
likely to be physically inactive during the early pandemic
response. Overall, the above findings support our secondary
hypothesis that poorer mental health was associated with less
physical activity during the early pandemic response.

What Other Factors Influenced Physical Activity in
Our Cohort?
Respondents were more likely to be physically active if they
were sedentary for less than 8 hours per day (Tables 4 and 5).
This observation is perhaps not surprising given that daily hours
are finite, and less time spent engaging with one behavior (ie,
sitting) affords more time for another behavior (ie, physical
activity) [48]. Those participants who reported that they used
a wearable device to monitor their own physical activity were
also more likely to accumulate sufficient weekly MVPA during
the early pandemic response (Tables 4 and 5). This finding is
consistent with the idea that objective self-monitoring, using
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wearable technologies, is a behavior change tool that is effective
in reducing sedentary time and increasing physical activity in
adults [49,50].

Methodological Considerations
Many investigators have argued that SD policies for minimizing
spread of COVID-19 may worsen an existing global health
crisis, that is, the physical inactivity pandemic [13,51]. Emerging
research has vindicated these concerns by illustrating that
physical activity of the public has declined during the
COVID-19 pandemic [5-10]. Given that extending the recall
period of the GPAQ to far beyond the past 7 days is likely to
confound data with recall bias [52], we have not reported MVPA
of our participants from a time before the pandemic began. As
such, our data do not allow us to comment on whether physical
activity truly declined during the early pandemic period in our
cohort. For similar reasons, we are unable to directly comment
on whether mental health status, as assessed via the GAD-7,
WHO-5, and PHQ-9, worsened during the early pandemic in
our cohort. A further consideration is that while our cohort was
large, it is unlikely that our sample is representative of the
greater US population. Our cohort was a convenience sample
recruited via social media, a method of sampling known to
recruit greater proportions of adults with higher levels of
educational attainment than the general population [53]. Indeed,
our cohort was a highly educated and affluent sample of the
general population. We therefore emphasize that our findings
may not apply to a more representative sample of a larger US
population with greater socioeconomic diversity than that
observed in this study.

Implications of Our Findings
Given that SD has arguably encouraged a public shift toward
sedentariness, it is essential that we identify those factors of a
person’s “pandemic experience” which have contributed to this
decline in physical activity. Our findings offer 4 major insights
into the potential mediators of physical activity during the early
pandemic response. First, we report that individuals with poor
mental well-being were likely to be physically inactive during
the early pandemic. Second, our data provide strong evidence
that “getting outside” the house encourages sufficient weekly
MVPA, notwithstanding any SD guidelines/restrictions that
may be active at the time. Third, individuals demonstrating
self-monitoring behavior via wearable activity trackers were
more likely to accumulate sufficient weekly MVPA. Lastly, the
extent to which SD vigilance impacts on physical activity is
complex, insofar as engaging in a moderate number of SD
behaviors (3-7 total) was associated with being physically active,
while engaging in too many SD behaviors (≥10 total) was
seemingly detrimental to engaging in adequate amounts of
physical activity. This last observation may be telling of the
challenges faced by the public when regulating their own
vigilance with SD behaviors. We speculate that this finding
may be a symptom of the belief that either (1) adhering to all
SD behaviors takes priority over all other health promoting
behaviors during the pandemic or (2) one cannot safely perform
SD while being physically active, particularly outside the house.
In light of these findings, we suggest that public health
messaging of SD guidelines may be improved to promote
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physical activity during the pandemic by including specific
advice outlining how to be physically active “outdoors” in a
COVID-safe manner (eg, targeted infographics) [54,55], and
by clearly portraying the benefits of regular exercise on mental
health [56-58]. In such messaging, it would be worth mentioning
that evidence suggests being physically fit confers a degree of
immunity protection [59], and may reduce morbid outcomes
associated with COVID-19, such as hospitalizations [60,61].
Lastly, our data indicate there may be value in specifically
encouraging the use of wearable devices to self-monitor physical
activity levels.

Cross et al

Conclusions
The recent availability of COVID-19 vaccines has marked the
beginning of our recovery from this global pandemic [62].
However, until vaccination rates approach levels that confer
“herd immunity” against the virus, SD measures will remain
part of our COVID-normal existence for the foreseeable future.
If we fail to recognize the impact that SD bears on physical
activity, we may yet observe a “final wave” of chronic lifestyle
diseases once the pandemic recedes. The findings of our
investigation support the viewpoint that physical activity
promotion should be more heavily integrated into the public
health messaging of physical/SD guidelines during this current
pandemic, and that any of these may precipitate in the future.
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