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Abstract

The COVID-19 pandemic has impacted the mental health, physical activity, and sedentary
behavior of people worldwide. According to the Health Belief Model (HBM), health-related
behavior is determined by perceived barriers and motivators. Using an online survey with
1669 respondents, we sought to understand why and how physical activity and sedentary
behavior has changed by querying about perceived barriers and motivators to physical
activity that changed because of the pandemic, and how those changes impacted mental
health. The following results were statistically significant at p < .05. Consistent with prior
reports, our respondents were less physically active (aerobic activity, -11%,; strength-based
activity, -30%) and more sedentary (+11%) during the pandemic as compared to 6-months
before. The pandemic also increased psychological stress (+22%) and brought on moderate
symptoms of anxiety and depression. Respondents’ whose mental health deteriorated the
most were also the ones who were least active (depression r=-.21, anxiety r=-.12). The
majority of respondents were unmotivated to exercise because they were too anxious
(+8%,), lacked social support (+6%), or had limited access to equipment (+23%) or space
(+41%). The respondents who were able to stay active reported feeling less motivated by
physical health outcomes such as weight loss (-7%) or strength (-14%) and instead more
motivated by mental health outcomes such as anxiety relief (+14%). Coupled with previous
work demonstrating a direct relationship between mental health and physical activity, these
results highlight the potential protective effect of physical activity on mental health and point
to the need for psychological support to overcome perceived barriers so that people can
continue to be physically active during stressful times like the pandemic.

Introduction

During the initial phase of the COVID-19 pandemic, governing bodies worldwide took deci-
sive action to protect their citizens against the novel coronavirus by enforcing public lockdown
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and closing all non-essential services [1]. Although such measures helped to “flatten the curve”
and minimize infection rates, the restrictions also had significant consequences on citizens’
health and well-being in that pandemic-related concerns amplified mental distress of citizens
worldwide [2-8]. A major concern is that psychological distress can quickly deteriorate into
mental illness, even for people without a prior diagnosis [9]; though susceptibility varies by age
[10] and income [11], with younger people and those with lower income being more suscepti-
ble. This has created an urgent need for effective interventions to help minimize the psycho-
logical burden of the pandemic and prevent a mental health crisis [12].

One of the most effective interventions to prevent stress-induced mental illness is physical
activity [13]. People who are more active also tend to be less anxious and depressed [14], and
sedentary people who engage in a new exercise program experience relief from their depressive
symptoms [15]. Compared to antidepressant medication, thirty minutes of moderate-intensity
aerobic exercise three times weekly may be equally effective at reducing psychological distress
and decreasing symptoms of depression and anxiety without any of the drug-related side
effects such as nausea, fatigue, or loss of appetite [15, 16].

However, maintaining a regular exercise program is difficult at the best of times and the
conditions surrounding the COVID-19 pandemic may be making it even more difficult. The
World Health Organization (WHO) recommends adults participate in 150 min/week of mod-
erate-intensity aerobic physical activity (or 75 min/week of vigorous-intensity aerobic physical
activity) and 2 or more days per week of muscle-strengthening activities [17]. Globally, about
1 in 4 people were not meeting these guidelines prior to the pandemic [17], with these num-
bers differing by age [18] and income [19] such that younger adults are more likely to meet
guidelines than older adults and higher income predicts better adherence to the guidelines
than lower income. Recent reports suggest the pandemic has further decreased physical activ-
ity and increased sedentary time [20]. In animal models, forced inactivity causes depressive
symptoms [21], and experimentally controlled periods of exercise withdrawal in humans lead
to increased symptoms of depression and anxiety [22]. This link between physical and mental
health is being further exposed in humans during this pandemic. An online survey adminis-
tered during the initial stage of the COVID-19 pandemic found that respondents who were
less physically active had worse mental health [23]. Another survey conducted at the same
time found that more screen time (a common sedentary behaviour) was associated with worse
mental health in all respondents except for those who were physically active [24], suggesting
that physical activity may protect against the expected mental health decline caused by the sed-
entary lifestyle of enforced lockdown.

Why has the COVID-19 pandemic exaggerated physical inactivity and sedentary behav-
iour? According to the Health Belief Model health-related behavior, and specifically PA, is
related to perceived barriers and motivators [25]. Typically, the most common perceived bar-
rier to being physically active is lack of time [26]. Lack of motivation is another commonly
cited barrier [26]. However, given the unprecedented circumstances surrounding the COVID-
19 pandemic, people may now be facing unique barriers and motivators to engaging in physi-
cal activity.

The purpose of this study, therefore, was to determine what it is about the pandemic that is
making people less active. Additionally, we aimed to unveil the most pertinent motivators
reported by those continuing to meet daily PA targets. More specifically, we were interested in
shifts in people’s perceived barriers and motivators to being physically active during the pan-
demic. Using an online survey, the present study gathered information from 1669 respondents
pertaining to their physical activity, sedentary behavior and mental health before and during
the initial lockdown of COVID-19. Results from this survey not only describe changes in
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barriers and motivators to PA, but provide concrete factors practitioners can explore with cli-
ents in an effort to promote PA behavior during a global pandemic.

Materials and methods
Design and respondents

The ethics application and supporting documents for the study were reviewed and cleared by
the McMaster University Research Ethics Board (MREB #3808) to ensure compliance with the
Tri-Council Policy Statement and the McMaster Policies and Guidelines for Research Involv-
ing Human Participants. Consent was obtained via an online survey preamble. To achieve a
small margin of error based on a population size of 37 million, we recruited a total of 1669
respondents over a two-month data collection period (April 23 to June 30, 2020), for a 2%
margin of error with 95% confidence intervals. The survey was open to all respondents at least
18 years of age, fluent in English, and able to complete the online survey. Respondents were
recruited through the personal social media accounts of the research team and through local
news sources (news articles by media at McMaster University and Hamilton Spectator).
Respondents were also recruited via a link provided at the end of an op-ed piece published in
The Conversation Canada, a national independent news source from the academic and
research community.

The survey consisted of 30 questions and used a mix of multiple-choice, single choice, and
short answer questions to query respondents about their demographic information, and their
current and past (prior to the pandemic) physical activity behaviour (minutes/week). Addi-
tionally, respondents were asked about their current and past mental health status (i.e., stress
levels, anxiety and depressive symptoms). All questions pertaining to physical activity and
mental health were designed using validated rating scales. Respondents were included in a
draw for 20 cash prizes of $100 CAD as remuneration for their participation in the form of an
emailed prepaid voucher.

Measurements

Physical activity. The Physical Activity and Sedentary Behavior Questionnaire (PASB-Q)
[27] was adapted (i.e., rewording of questions to include COVID-19) to quantify self-reported
levels of physical activity and sedentary behaviour 6-months prior to and during the COVID-
19 pandemic. Respondents were asked to report minutes/week of strength training and aerobic
exercise, hours/week of sedentary behavior, and self-rated activity level status on a 5-point
scale where 1 = “Completely sedentary”, 2 = “Slightly active”, 3 = “Very active”, 4 = “Recrea-
tional athlete”, 5 = “Elite athlete”.

Barriers and motivators to exercise. Respondents were asked to report current and prior
(i.e., 6 months prior to COVID-19) barriers preventing them from being physically active
using a multiple-choice list (e.g., “I could/cannot find the time in my day”, “I did/do not have
access to a gym or recreational facility”) and motivators encouraging them to be physically
active (e.g., “To maintain a healthy body weight”, “To build muscle and/or strength”) (S1
Appendix). The barriers and motivators assessed in the current study have been previously
investigated and shown to significantly impact physical activity levels [28, 29].

Mental health. Anxiety was measured using an adapted (i.e., on a 5-point scale instead of
a 3-point scale to match other questionnaires and ease participant burden) version of the Gen-
eralized Anxiety Disorder 7-item Scale (GAD-7) [30]. Respondents were asked how often they
felt bothered by each anxiety symptom since the onset of COVID-19. Response options were 1
= “Not at all”, 2 = “Several days”, 3 = “More than half the days”, 4 = “Most days”, and 5 =
“Every day”. All seven items were combined to form a global measure of anxiety.
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Depression was measured using an adapted version of the Patient Health Questionnaire
(PHQ-9) [31]; all but one of the 9 items (i.e., the one pertaining to suicidal thoughts and/or
self-harm) were included for a total of 8 items, which were combined into a global measure of
depression. Respondents were asked how often they feel bothered by each depression symp-
tom since the onset of COVID-19. Response options were 1 = “Not at all”, 2 = “Several days”, 3
= “More than half the days”, 4 = “Most days”, and 5 = “Every day”.

Question 3 from the Perceived Stress Scale (PSS) [32] was used to measure psychological
stress. Respondents were asked how often they felt nervous and “stressed” both prior to and
since the onset of COVID-19 on a 5-point scale where 1 = “Never”, 2 = “Sometimes”, 3 =
“Fairly often”, 4 = “Often”, and 5 = “Very often”.

To capture an overall change in mental health since the onset of COVID-19, respondents
were asked to rate their overall mental health since COVID in relation to how it was in the six-
months prior to COVID with the options of choosing “Much better”, “Better”, “No change”,
“Worse”, or “Much worse”.

Statistical analyses

The IBM SPSS™ statistics software platform (Version 26) was used to carry out all analyses.
Descriptive statistics (means and standard deviations for continuous variables, and frequency
counts and percentages for categorical variables) were computed to describe demographic
characteristics, mental health, and physical activity levels. Normality was assessed using Sha-
piro-Wilkes tests and through visual inspection of histograms. For all analyses, significance
was considered at p < 0.05, and nonparametric tests were chosen wherever data did not meet
the assumption of normality.

For correlational analysis, all respondents who left 100% of the survey questions blank were
removed (N = 166). Physical activity and mental health data were then screened for missing-
ness which ranged from 8.2-11.8% and 10.2-17.3% respectively. Missing cells were subse-
quently imputed using expectation-maximization [33] for all physical activity and mental
health variables. In the case where a negative physical activity datum or score exceeding the
maximum mental health score was imputed, the datum was removed. Physical activity and
mental health data used in correlations had a resulting 0.1-0.5% and 0.1% missingness
respectively.

Results

Sample characteristics and mental health status

Survey respondents were primarily female between 18-29 years of age, living in Canada and
well-educated (Table 1). Most respondents spent at least four weeks in social isolation at the
time of the survey, and a large portion were currently working regular hours from home.
More respondents reported that they were making “less than enough” since the onset of the
pandemic compared to their income within the 6 months before the pandemic. Although few
respondents indicated a close exposure to someone with COVID-19 or COVID-19 symptoms,
nearly half knew someone immunocompromised and therefore at high risk.

Impact of the pandemic on mental health status

Average anxiety (19.0+0.2, max = 35) and depression (20.2+0.2, max = 40) scores reflect mod-
erate symptoms for both anxiety and depression. Tables 2 and 3 show positive correlations
between anxiety and depression from the onset of the pandemic revealing that individuals
with more anxiety symptoms also had more depressive symptoms. To identify respondents at
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Table 1. Sample description.

Variables

N (%)

Total

1669 (100)

Demographic characteristics

Gender

Man

249 (16.8)

Woman

1218 (82.4)

Non-binary

11 (0.7)

Age

18-29

548 (36.9)

30-45

383 (25.8)

46-65

416 (28.0)

65+

137 (9.2)

Relationship Status

Single

445 (30.2)

In a relationship

389 (26.4)

Married

607 (41.2)

Separated

32 (2.2)

Country of Residence

Canada

1271 (85.6)

Other

200 (14.4)

Education

No formal education

4(0.3)

Highschool Diploma

266 (18.1)

College Diploma

162 (11.0)

Vocational Training

15 (1.0)

Bachelor’s Degree

528 (35.8)

Master’s or Professional Degree

375 (25.5)

Doctorate or PhD

123 (8.4)

Current Role Since COVID

Regular Hours

271 (18.0)

Part Time Hours

90 (6.0)

Health Care Provider

81 (5.4)

Regular Hours Work from Home

415 (27.6)

Part time Hours Work from Home

144 (9.6)

Unemployed

197 (13.1)

Laid off

251 (16.7)

Full Time Studies

274 (18.2)

Part Time Studies

73 (4.9)

Full time Childcare

114 (7.6)

Part Time Childcare

35(2.3)

Full time care for person w/ disability

7(0.5)

Part Time for person w/ disability

12 (0.8)

Full time care for elder

10 (0.7)

Part Time care for elder

43 (2.9)

Retired

193 (12.8)

No Answer

18 (1.2)

Social Isolation Duration

2-4 weeks | 42 (2.8)

(Continued)
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Table 1. (Continued)

Variables | N (%)

4-6 weeks | 430 (29.1)

6-8 weeks | 458 (30.9)
8+ weeks | 472 (31.9)

I have not been in social isolation | 78 (5.3)

Income Prior to COVID
More than enough | 834 (57.4)
Just enough | 534 (36.8)
Less than enough | 84 (5.8)
Income Since COVID

More than enough | 717 (49.3)
Just enough | 554 (38.1)
Less than enough | 183 (12.6)
Relationship to Epidemic Contact
Someone you know has COVID | 40 (2.7)
Someone you know has had COVID symptoms | 53 (3.5)
Someone you know is a Health Care Professional working w/ COVID | 241 (16.0)
Someone you know is immunocompromised | 627 (41.7)

No Answer | 16 (1.1)
https://doi.org/10.1371/journal.pone.0239244.t001

higher risk for mental illness during the pandemic, Kruskal-Wallis one-way ANOVA evalu-
ated between-group differences in anxiety and depression by age and income. With respect to
age, respondents aged 18-29 experienced significantly higher anxiety than those 30-45 (H
(4,1310) = 2.85, p = < 0.01), 46-65 (H(4,1310) = 4.15, p = < 0.01), and 65+ (H(4,1310) = 7.85,
p = < 0.01). The same pattern was seen in depression, wherein those aged 18-29 experienced
higher depression than those 30-45 (H(4,1278) = 5.13, p = < 0.01), 46-65 (H(4,1278) = 5.92, p
= < 0.01), and 65+ (H(4,1278) = 7.61, p = < 0.01). With respect to income, respondents mak-
ing “less than enough” had significantly higher levels of anxiety and depression than those
making “just enough” (H(3,1310) = 6.93, p < 0.01; H(3,1278) = 9.19, p < 0.01) and “more than
enough” (H(3,1310) = 8.64, p < 0.01; H(3,1278) = 10.96, p < 0.01). As well, respondents

Table 2. Correlations between physical activity, sedentary behaviour and mental health.

1 MVPA before COVID
2 ST before COVID
3 Sedentary before COVID
4 MVPA during COVID
5 ST during COVID
6 Sedentary during COVID
7 GAD-7 during COVID
8 PHQ-9 during COVID

1 2 3 4 5 6 7 8
0.44* -
-0.16* -0.17%* -
0.47** 0.22** -0.10%* =
0.23** 0.47** -0.05* 0.42**
-0.06* -0.01 0.60%* -0.24** -0.16** =
-0.05 -0.04 0.02 -0.18** -0.14** 0.10** =
-0.11%* -0.06* 0.02 -0.31** -0.21** 0.16™* 0.77** =

Note: Values are Spearman’s correlation coefficients. MVPA: moderate and vigorous physical activity, ST: strength training, PA: physical activity, GAD-7: generalized

anxiety disorder 7-item scale, PHQ-9: patient health questionnaire.

*p < 0.05and
“*p < 0.01.

https://doi.org/10.1371/journal.pone.0239244.t1002
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Table 3. Correlations between changes in physical activity and current mental health status.

1 AMVPA

2 AST

3 ATotal PA

4 ASedentary

5 GAD-7 during COVID
6 PHQ-9 during COVID

1 2 3 4 5 6
0.34** -
0.87** 0.67** =
-0.16** -0.24** -0.23** =
-0.12** -0.11** -0.14** 0.07** =
-0.21%* -0.16"* -0.23** 0.12** 0.77** =

Note: Values are Spearman’s correlation coefficients. MVPA: moderate and vigorous physical activity, ST: strength training, PA: physical activity, GAD-7: generalized

anxiety disorder 7-item scale, PHQ-9: patient health questionnaire.

*p < 0.05and
“*p < 0.01.

https://doi.org/10.1371/journal.pone.0239244.t003

making “just enough” had significantly higher anxiety and depression than those making
“more than enough” (H(3,1310) = -3.71 p < 0.01; H(3,1278) = -4.40, p < 0.01).

To assess changes in self-perceived psychological stress, a Wilcoxon Signed Ranks Test was
performed on ratings before and during the initial stages of the COVID-19 pandemic and
McNemar’s tests were used to assess changes in frequencies. There was a significant increase
in stress levels during the pandemic (Z =-17.00, p < 0.01) (Fig 1). Since the onset of COVID-
19, 22% of respondents who had felt stressed “sometimes” (p < 0.01) now felt stressed “often”
(+7%; p < 0.01) or “very often” (+17%; p < 0.01) (Fig 2). The pandemic did not impact the
number of respondents who reported “never” (p = 0.13) feeling stressed or feeling stressed
“fairly often” (p = 0.28).

Impact of the pandemic on physical activity and sedentary behaviour

To test the hypothesis that physical activity levels dropped during the initial stages of the
COVID-19 pandemic, Wilcoxon Signed Rank statistics were computed on changes in aerobic
activity, strength training activity and sedentary behaviour and McNemar’s tests were used to
assess the change in self-identified exercise status. Since the onset of COVID-19, respondents’
aerobic activity decreased by 22 minutes (-11%; Z = -2.50, p < 0.05), their strength-based activ-
ity decreased by 32 minutes (-30%; Z = -7.89, p < 0.01), and their sedentary times increased by
33 minutes (+11%; Z = -14.18, p < 0.01) (Figs 3 and 4). Respondents who had been “recrea-
tional athletes” (-6%; p < 0.01), “very active” (-6%; p < 0.01), or “moderately active” (-5%;

p < 0.01) before the pandemic, now identify as being “completely sedentary” (+17%;

p < 0.01). There was no change in the frequency of respondents who self-identified as “elite
athletes” (p = 0.12) (Fig 5). Tables 2 and 3 show correlations between physical activity and sed-
entary behaviour both before and during the COVID-19 pandemic. Although total physical
activity decreased during COVID-19, each respondents’ physical activity level remained pro-
portional to their activity level prior to the pandemic.

To identify respondents at higher risk for decreased physical activity during the initial stage
of the COVID-19 pandemic, Kruskal-Wallis tests were conducted on between-group differ-
ences in physical activity change by income and age. Respondents who made “less than
enough” (H(3,1384) = -3.60, p < 0.01) or “just enough” (H(3,1384) = -2.96, p < 0.01) income
to meet their needs had significantly lower levels of MVPA during COVID-19 than those mak-
ing “more than enough”. Although this trend was seen overall, the effect was largest for the
18-29 age group. A similar trend was observed in sedentary behaviour wherein those who
made “less than enough” experienced greater increases in daily sedentary time compared to
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Mean Stress Score (AU)
w

Before During
COVID COVID

Fig 1. Psychological stress increased significantly during the COVID-19 pandemic (“**p < 0.01). Error bars represent standard error.
https://doi.org/10.1371/journal.pone.0239244.9001

those who made “more than enough” (H(3,1422) = 95.14, p < 0.01), and those who made “just
enough” also had elevated sedentary time compared to those who made “more than enough
(H(3,1422) = 56.61, p < 0.05). Similarly, those aged 18-29 reported the greatest sedentary time
during the COVID-19 pandemic compared to any other age group.
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Frequency (% of Respondents)

60

50

[] Before COVID

B During COVID

Never Sometimes Fairly Often Often Very Often

Self-Reported Frequency of Feeling Nervous and Stress
Before and During the COVID-19 Pandemic

Fig 2. Changes in self-report psychological stress before and during the COVID-19 pandemic. 55% of respondents indicated their overall mental
health had gotten “worse” or “much worse” during the COVID-19 pandemic (**p < 0.01).

https://doi.org/10.1371/journal.pone.0239244.9002

Did physical activity and sedentary behaviour predict mental health during
the pandemic?

When examining the change in total physical activity level split by the change in mental health
status, respondents whose mental health got “worse” or “much worse” had greater reductions
in physical activity since COVID-19 than those who experienced “no change” or got “better”
or “much better” (Fig 6; H(5,1381) = 7.23, p < 0.01; H(5,1381) = 6.23, p < 0.01).

Spearman’s rank-order correlations were conducted assessing relationships between physi-
cal activity (prior, during, change) with mental health status (Tables 2 and 3). Overall, respon-
dents who reported a greater decrease in their aerobic and strength-based physical activity
during the pandemic also experienced more anxiety and depression (r(1544) = -0.12, p < 0.01;
r(1544) = -0.21, p < 0.01). This was not only reflected in their activity levels during the pan-
demic (i.e., people who engaged in less physical activity during the pandemic were more anx-
ious and depressed; MVPA: r(1540) = -0.18, p < 0.01; r(1540) = -0.31, p < 0.01; ST: r(1542) =
-0.14, p < 0.01; (1542) = -0.22, p < 0.01) but also before (i.e., those who engaged in less physi-
cal activity before the pandemic were more depressed during the pandemic; (1539) = -0.11,
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Fig 3. Changes in physical activity levels before and during the COVID-19 pandemic. There was a significant decrease in both moderate-to-
vigorous physical aerobic activity (MVPA; *p < 0.05) and strength training (ST; **p < 0.01). Error bars represent standard error.

https://doi.org/10.1371/journal.pone.0239244.9003
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Fig 4. Average sedentary activity before and during the COVID-19 pandemic. There was a significant increase in sedentary activity reported by
respondents since the COVID-19 pandemic (Z = -14.18, **p < 0.01). Error bars represent standard error.

https://doi.org/10.1371/journal.pone.0239244.9004

p < 0.01; r(1537) = -0.06, p < 0.01). Similar patterns in anxiety and depression were observed
for those who experienced greater increases in sedentary behaviour, such that greater changes
in sedentary time were associated with greater anxiety and depression during the pandemic (r
(1420) = 0.07, p < 0.01; r(1420) = 0.12, p < 0.01).
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Fig 5. Self-report exercise status before and during the COVID-19 pandemic. 17% of respondents who had were “recreational athletes” (-6%;
**p < 0.01), “very active” (-6%; **p < 0.01), or “moderately active” (-5%; **p < 0.01), now identify as being “completely sedentary” (**p < 0.01).

https://doi.org/10.1371/journal.pone.0239244.9005

Impact of the pandemic on barriers and motivators to physical activity

To determine whether there were significant changes in the motivators and barriers to engage
in physical activity due to COVID-19, McNemar’s tests were conducted. With respect to
changes in motivators, respondents reported being less motivated to be physically active for
‘weight loss’ (-7%; p < 0.01), ‘strength building’ (-14%; p < 0.01), ‘enjoyment’ (-9%; p < 0.01),
‘appearance goals’ (down 4%; p < 0.01), ‘social engagement’ (-21%; p < 0.01), ‘sports training’
(down 5%; p < 0.01), and ‘healthcare provider recommended’ (-2%; p < 0.01). In contrast,
respondents reported being more motivated to be physically active for ‘stress reduction’ (+5%;
p < 0.01), ‘anxiety-relief’ (+14%; p < 0.01), ‘improve sleep’ (+4%; p < 0.05), and ‘no motiva-
tors’ (+4%; p < 0.01) (Fig 7). Viewing ‘increased energy’ as a motivator to engage in physical
activity did not change during the pandemic (p > 0.05).
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Fig 6. Change in total physical activity by change in mental health status. Respondents whose mental health got “worse” or “much worse” had
greater reductions in physical activity time since COVID-19 compared to those who experienced “no change” or got “better” or “much better”
(p <0.01).

https://doi.org/10.1371/journal.pone.0239244.9006

With respect to barriers, respondents reported decreases in ‘insufficient time’ (-23%;

p < 0.01), ‘no barriers” (-10%; p < 0.01), ‘lack of confidence’ (-2%; p < 0.01), ‘recent injury’
(-3%; p < 0.01) and ‘insufficient finances’ (-3%; p < 0.01). In contrast, respondents reported
increases in ‘lack of motivation’ (+8%; p < 0.01), ‘no facility access’ (+41%; p < 0.01), ‘no
equipment’ (+23%; p < 0.01), ‘increased anxiety’ (+8%; p < 0.01), and ‘lack of support’ (+6%;
p < 0.01). Barriers to engage in physical activity including ‘no access to childcare’, lack of
enjoyment’ and ‘fear of injury’ did not change because of the pandemic (Fig 8).

As an exploratory analysis, we conducted a series of linear regressions to determine whether
self-reported levels of anxiety and depression predicted self-perceived barriers and motivators
to exercise, and they did. Unsurprisingly, respondents who reported greater depressive symp-
toms were more likely to endorse ‘lack of self-motivation’ as a barrier to engaging in physical
activity during the pandemic (F(1,1283) = 29.97, p < 0.01, R* = 0.02). Respondents who
reported greater symptoms of anxiety were more likely to endorse ‘stress relief as a motivator
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Fig 7. Changes in motivators to exercise before and during COVID-19. All motivators shown indicate a significant change (*p < 0.05, “*p < 0.01).
Motivators that increased significantly include ‘stress reduction’, ‘anxiety relief, ‘improve sleep” and ‘no motivators’. Motivators that decreased
significantly include ‘weight loss’, ‘strength building’, ‘enjoyment’, ‘appearance goals’, ‘social engagement’, ‘sports training’ and ‘healthcare provider
(HCP) recommended’. There was no change in how ‘increase energy’ was viewed as a motivator to exercise during the pandemic (p > 0.05).

https://doi.org/10.1371/journal.pone.0239244.9007

(F(1,1282) = 26.05, p < 0.01, R*=10.02) and ‘anxiety’ as a barrier (F(1,1283) =7.16, p < 0.01,
R? = 0.01) to engage in physical activity during the pandemic.

Discussion

The present study examined the effect of the COVID-19 pandemic on the mental health, phys-
ical activity, and sedentary behavior of individuals undergoing pandemic lockdowns and
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Fig 8. Changes in barriers to exercise before and during COVID-19. All barriers listed showed a significant change (**p < 0.01). Barriers which
increased significantly since COVID-19 include ‘lack of motivation’, ‘no facility access’, ‘no equipment’, ‘increased anxiety’ and ‘lack of support’.
Barriers which decreased significantly during COVID-19 include ‘insufficient time’, ‘no barriers’, lack of confidence’, ‘recent injury’ and ‘insufficient
finances’. No change in barriers related to ‘lack of enjoyment’, ‘no access to childcare’ and ‘fear of injury’ (p > 0.05).

https://doi.org/10.1371/journal.pone.0239244.9008

physical distancing measures. Respondents reported higher psychological stress and moderate
levels of anxiety and depression brought on by the pandemic. At the same time, the pandemic
made it more difficult for them to be active, with aerobic activity down 11%, strength training
down 30%, and sedentary time up 11% in comparison to their self-reported activity 6 months
prior to the pandemic. Critically, respondents whose physical activity declined the most during
the pandemic also experienced the worse mental health outcomes. Whereas, the respondents
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who maintained their physical activity levels, despite the pandemic, fared much better
mentally.

Why was it so difficult for people to stay active during the pandemic? To address this
important question, we assess barriers and motivators to being physically active that may have
changed during the pandemic. According to the health belief model, lack of time is the most
common perceived barrier to being physically active [27]. However, the context of the global
pandemic decreased the perceived barrier of lack of time but created new barriers. Overall,
respondents were not motivated to be physically active because they felt too anxious and
lacked social support. Respondents who were able to maintain their activity levels noticed a
shift in what motivated them: they were less motivated by physical health and appearance, and
more motivated by mental health and wellbeing. Stress relief, anxiety reduction, and sleep
improvements were among the top motivators that increased during the pandemic, and
indeed, research supports the use of physical activity for brain health [34] stress management
[35] and sleep quality [36].

However, our results highlighted a paradox with mental health being both a motivator and
barrier to physical activity. People wanted to be active to improve their mental health but found
it difficult to be active due to their poor mental health. For example, despite the anxiolytic
effects of exercise [34], respondents viewed their anxiety as a barrier to being physically active.
Likewise, respondents who were more depressed were also less motivated to engage in physical
activity, and amotivation is a symptom of depression itself. Although this is not a new challenge
for clinicians whose depressed patients struggle to adhere to a prescribed exercise program [37],
the stressfulness of the pandemic has made this a global issue that now must be considered
when devising physical activity programs to support the mental wellbeing of citizens.

Was the drop in physical activity from the pandemic a cause or consequence of worsened
mental health? Although this study cannot answer that question, it suggests the benefits of a
two-pronged approach in promoting physical activity during stressful times that includes: 1)
adopting a mode of physical activity that supports mental health, and 2) providing support to
help minimize perceived psychological barriers to exercise [38]. For example, symptoms of
anxiety may increase with high-intensity exercise and therefore moderate-intensity exercise
might be preferable [39]. At the same time, to help overcome “feeling too anxious to exercise”,
people should be encouraged to schedule their physical activity ahead of time in a calendar
[40] to reduce feelings of uncertainty and decision fatigue that can aggravate their anxiety
symptoms [41].

Not surprisingly, government-mandated closure to gyms and other recreational training
facilities made it more difficult for people to be physically active. This was realized as a lack of
necessary space and equipment during the pandemic reported as major barriers to being phys-
ically active. The pandemic forced a shift in doing everything at home but not everyone’s
home is large enough or well-equipped to support their physical activity needs. Indeed, income
level was predictive of activity level during the pandemic. People who reported “just enough”
or “less than enough” income experienced greater decreases in physical activity and worsening
mental health, especially younger adults aged 18 to 29 years old. Interestingly, these findings
do not mirror the common trend that physical activity level declines with age [18] and instead,
highlight a potential interaction between age and income that may reveal unique barriers to
being physical activity. It is plausible that younger adults who typically work longer hours and
earn less are lacking both the time (e.g., due to long hours) and space (e.g., smaller dwelling) to
meet physical activity goals. Outdoor activity could be a viable substitute [42], although this
was not permitted in some countries during the pandemic [43]. Furthermore, increasing the
number of repetitions performed during resistance training exercises can serve to adjust rela-
tive training intensity if lack of equipment is perceived as a barrier [44].

PLOS ONE | https://doi.org/10.1371/journal.pone.0239244  April 1, 2021 16/20


https://doi.org/10.1371/journal.pone.0239244

PLOS ONE

COVID: Mental health and physical activity

On top of being less active, our respondents reported spending significantly more time
seated. The pandemic increased sedentary time by 10% or approximately 30 minutes per day.
Although this may not seem like a lot, increasing sedentary time by just one hour has been
associated with a 12% greater risk of mortality over a 6-year period [45]. But sedentary behav-
ior is not only associated with poor physical health [46], it is also associated with poor mental
health including lower perceived ratings of mental health and poorer quality of life [47]. Pro-
longed periods of sedentary behavior increase inflammatory markers [48] that may exacerbate
symptoms of depression and anxiety [49]. Breaking up sedentary time with short frequent
breaks (e.g., 1-2 minutes every half hour) may be sufficient to negate the negative health out-
comes sedentary behaviour. Research shows that shorter frequent breaks are easier to adhere
to than longer infrequent breaks [50] and can reduce sedentary behavior by more than 35 min-
utes per day, which would be enough to counteract the reported increase observed in this
study.

Despite the valuable insights provided by this studys; it is not without limitations. Our sam-
ple consisted mainly of young (18-29), highly educated (Bachelor’s degree or higher), female-
identifying Canadian inhabitants which may limit the generalizability of the results. We recog-
nize that this bias may have been partially attributed to one of our modes of recruitment being
through an academic news source. On average, our respondents were meeting the physical
activity recommendations [17], which is not representative of the population at large. More-
over, a self-reported web-based survey was used to collect data and therefore response accu-
racy was unverifiable, and respondents required a device to access the internet; however, our
large sample size would help minimize the impact of individual bias in reporting.

In conclusion, our findings highlight the importance of physical activity in mental health
while also capturing the most prevalent perceived barriers and motivators to exercise during a
global pandemic. These findings have the potential to inform health and fitness practitioners
as they navigate their practice during a pandemic. During stressful times, like the COVID-19
pandemic, people are especially motivated to be physically active for their mental health but
may be too anxious or depressed to partake. Our results point to the need for additional psy-
chological supports to help people maintain their physical activity levels during stressful times
in order to minimize the psychological burden of the pandemic and prevent the development
of a mental health crisis.
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