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Abstract: Despite well-documented global declines in physical activity (PA) during the COVID-19
pandemic, little is known regarding the specific impact among underserved, rural Alabama counties.
This is concerning as this region was already disproportionately burdened by inactivity and related
chronic diseases and was among the hardest hit by COVID-19. Thus, the current study examined
the effect of COVID-19 on PA in four rural Alabama counties. An ancillary survey was administered
between March 2020 and August 2021 to the first cohort (N = 171) of participants enrolled in a larger
PA trial. Main outcomes of this survey included the perceived impact of COVID-19 on PA, leisure-
time PA, and social cognitive theory (SCT) constructs at 3 months. Almost half of the participants
reported being less active during the pandemic (49.7%) and endorsed that COVID-19 made PA more
difficult (47.4%), citing concerns such as getting sick from exercising outside of the home (70.4%)
and discomfort wearing a face mask while exercising (58%). Perceived COVID-19 impact on PA
was significantly associated with education, household dependents, and gender (p’s < 0.05). More
women, parents, and college graduates reported that the COVID-19 pandemic made PA more difficult.
Overall, there were no significant associations between PA, SCT constructs, or perceived COVID-19
impact on PA scores at 3 months. While the pandemic made PA difficult for many participants,
these barriers were not associated with leisure-time PA levels or related theoretical mechanisms of
action, which bodes well for the success of our ongoing intervention efforts and the resiliency of
these communities.

Keywords: coronavirus; exercise; physical activity; health disparities; rural health

1. Introduction

The COVID-19 pandemic amplified historically rooted health disparities [1], including
those related to physical activity (PA) levels among adults living in rural communities [2,3].
Global and national data indicate substantial declines in PA during the pandemic [4].
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Estimated rates of adherence with the Department of Health and Human Services (DHHS)
PA guidelines (≥150 min of moderate-intensity or ≥75 min of vigorous-intensity aerobic
PA per week) [5] decreased by 41% (moderate-to-vigorous PA, MVPA) and 42.2% (vigorous
PA, VPA) [4]. Although decreases in adherence to PA were more prominent in other
countries (i.e., Argentina, Brazil, Chile, and South Africa), notable declines in MVPA
and VPA (~50 min per week) were observed in the United States (US) [4]. This trend
towards inactivity represents a serious public health concern given the critical role PA
plays in cardiorespiratory fitness [5], inflammatory responses [6], immune function [7],
some cancers [8], and COVID-19-related health outcomes. Specifically, a recent meta-
analysis [9] found better health outcomes due to COVID-19 infection (i.e., decreases in
hospitalizations and deaths) among individuals that engaged in consistent or some PA
compared to individuals who were consistently inactive.

While many factors played a role in these declines in PA during the pandemic, confine-
ment strategies (i.e., “stay-at-home” and “shelter-in-place” orders) implemented to help
reduce the transmission of the virus restricted individuals’ ability to engage in sufficient
levels of PA to maintain health [10]. These confinement strategies may have exacerbated
existing health disparities in access to social and environmental supports for PA in the rural
US, where physical inactivity has been a concern for years due to inadequate resources [11].
The first US-based study to examine COVID-19′s impact on meeting PA guidelines in rural
and non-rural residents found that rural participants were significantly less physically
active than their non-rural counterparts, and participants who reported lack of indoor
space as a barrier to PA were 93% less likely to meet PA guidelines than those who did not
indicate lack of indoor space as negatively impacting PA [12]. A separate cross-sectional
study in rural western North Carolina [13] found that the closure of parks and recreation
centers (71.9%), stay-at-home orders (55.7%), cancellation of recreational sports (48.8%),
and fitness facility closings (44.9%) were the most commonly reported barriers to PA. How-
ever, data for both studies were collected from mostly white participants (95.7% and 96%,
respectively) and may not be generalizable to other racial/ethnic groups.

The specific impact of COVID-19 on PA levels in underserved, rural Alabama Black
Belt counties has yet to be studied and warrants investigation. The Black Belt is known
for its dark, rich soil and large Black/African American population, encompassing central
and west-central Alabama [14]. This region is disproportionately burdened by inactivity
and pre-existing comorbidities (e.g., high blood pressure, heart disease, cancer, and type 2
diabetes) [15]. Well-documented environmental barriers to PA (e.g., poor walkability and
few playgrounds, trails, and recreational facilities) and gaps in programs and policies (e.g.,
requirements for sidewalks and bikeways in new infrastructure projects) exist in these coun-
ties [16,17] and may have been compounded by pandemic-related restrictions. Black Belt
counties were among the hardest hit during the pandemic, with nearly 30% more COVID-19
deaths in 2020 than non-Black Belt counties in Alabama [18] Such statistics raise concerns re-
garding the potential exacerbation of existing health disparities and call for examination of
the pandemic’s impact upon important health indicators, such as PA levels, in this region.

Thus, in the current study, we assessed the perceived impact of COVID-19 on PA
barriers and behaviors among rural Alabama Black Belt residents. These ancillary data
were collected remotely at the height of the pandemic (March 2020–August 2021) at the time
of 3-month follow-up from the first cohort of participants enrolled in a larger randomized
controlled trial (RCT) of interactive voice response (IVR) system-supported PA phone
counseling [the Deep South IVR-Supported Active Lifestyle (DIAL) intervention] [19]. We
hypothesized that PA was negatively impacted by COVID-19 in these Black Belt counties,
as in other communities [4], and sought to shed light on how (and for whom) the pandemic
made being physically active difficult. Moreover, we explored the associations between
perceptions of the impact of COVID-19 on PA and other variables assessed at this time point,
including leisure-time PA and related social cognitive theory (SCT) constructs (walking
self-efficacy, social support, planning, goal setting, outcome expectations, and enjoyment,
which are considered early indicators of behavior change). In line with previous research
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evaluating the relationship between SCT constructs and pandemic-era PA behavior [20],
we hypothesized that perceptions of the impact of COVID-19 on PA would be negatively
associated with leisure-time PA and SCT constructs; that is, individuals experiencing
pandemic-related PA barriers may feel less confident (or self-efficacious) in their ability to
be physically active, lack a supportive social network for staying active, find it difficult to
maintain healthy self-regulation behaviors, etc. The results presented herein will help guide
ongoing and future efforts to address rural health disparities and offset the disruption in
daily PA routines caused by a public health crisis.

2. Materials and Methods
2.1. Study Design

The current ancillary study involved cross-sectional analyses to assess the perceived
impact of COVID-19 on PA levels in rural Alabama Black Belt communities. Data were
collected between March 2020 and August 2021 from the first cohort of participants enrolled
in the larger DIAL trial. All participants in the parent study were randomly assigned to
either the DIAL intervention or waitlist control (WLC) arm. The DIAL intervention targeted
key SCT constructs by providing PA trackers [pedometers (Accusplit, AX2790MV) and
Fitbits (Inspire)] and regular IVR-automated phone counseling (i.e., daily calls in months
0–3 on PA-related self-efficacy, social support, goal setting, outcome expectations, and
enjoyment). Participants in the WLC arm were encouraged to maintain their usual activity
levels. Primary outcomes for the current study (COVID-19’s impact on PA, self-reported PA,
related SCT constructs) were measured remotely at the same time point (3 months follow-
up). The trial was approved by the University of Alabama at Birmingham Institutional
Review Board, and all participants provided informed consent consistent with standards
outlined in the Common Rule prior to completing assessments. The overall study design
for the larger RCT was described in a prior report [19].

2.2. Study Population

The current study focused on a subsample of participants in Greene, Marengo, Dallas,
and Sumter counties in Alabama who were enrolled in the RCT at the height of the
pandemic (March 2020–August 2021) and completed measures of COVID-19’s impact on
PA. Participants were recruited for the parent study utilizing flyers, word-of-mouth, and
advertisements via local newspapers and then screened for eligibility by research staff.
Eligibility criteria for the parent study included (1) ≥18 years of age, (2) resident in the
participating rural counties, (3) insufficiently active (engaging in <60 min of MVPA per
week), (4) able to speak and read English, and (5) willing to adhere to the study protocols.
Participants were excluded from involvement in the parent study if they (1) planned to
move outside of the participating rural counties in the next 18 months, (2) did not have
access to a telephone, or (3) had any medical condition that might make participation in
unsupervised PA unsafe (i.e., history of stroke, heart disease, or an orthopedic condition
based on the Physical Activity Readiness Questionnaire [21]). For the parent RCT, of
the 240 potential participants who contacted us, 214 participants met eligibility criteria,
and 185 participants were enrolled. Of the 185 participants who were enrolled in the
parent study, 171 participants had complete data and were included in this ancillary cross-
sectional study.

2.3. Assessments
2.3.1. The Impact of COVID-19 on Physical Activity

The survey items to measure perceptions of how the COVID-19 pandemic impacted
PA were developed by the research team and focused on behavior and barriers. The
behavior item was “How has the COVID-19 pandemic impacted your [PA]?” and included
the following response options: more active, less active, or no change. Participants also
completed barriers items (“Has the COVID-19 pandemic made it more difficult to be
active?” with yes/no response options). If participants answered yes, they were asked
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“How has the COVID-19 pandemic made [PA] difficult?” and could select all applicable
options listed (exercise/fitness facilities were closed/less accessible, concerned about
getting sick from exercising outside of the home, discomfort with wearing a face mask while
exercising, increased childcare responsibilities, increased work responsibilities, increased
stress, increased financial strain, other).

2.3.2. Physical Activity

The Godin Leisure-Time Exercise Questionnaire (GLTEQ) was administered given its
ease of use and excellent reliability and validity [22]. The GLTEQ measures the frequency
of strenuous, moderate, and light PA performed for periods of 10 min or more during the
previous 7-day period. An updated version that includes frequency and average minutes of
duration of exercise per week within intensity categories [strenuous, moderate (including
strength training), and mild] was selected for the current study [22].

2.3.3. Social Cognitive Theory Variables

PA-related SCT constructs were also assessed (Table 1). An abbreviated version of
the Self-Efficacy for Walking Scale [5 items, α = 0.97–0.98 pre- and post-exercise, possible
scores ranging from 0% (not at all confident) to 100% (extremely confident)] [23] was used
to measure walking self-efficacy. Social support was measured using the validated short
form version of the 13-item Social Support for Exercise scale [3 items, α = 0.75, possible
scores ranging from 1 (no social support) to 5 (social support received very often)] [24].
Goal setting and planning were measured using the 10-item Exercise Goal Setting (EGS)
and Exercise Planning (EPS) Scales [(α(EGS) = 0.89; α(EPS) = 0.87), possible scores ranging
from 1 (does not describe) to 5 (describes completely)] [25]. Outcome expectations were
measured with the 9-item Outcome Expectations for Exercise scale [(α = 0.89, possible
scores range from 1 (low expectations) to 5 (high expectations)] [26]. Lastly, PA enjoyment
was measured with the Physical Activity Enjoyment Scale (PACES) (5 items, α = 0.75,
possible scores ranging from 0 to 48, scores ≥ 24 are interpreted as higher enjoyment while
being physically active) [27].

Table 1. Social cognitive theory battery of assessments.

SCT Construct Tool

Self-efficacy 5-Item Self-Efficacy for Walking Scale [23]
Social support 3-Item Social Support for Exercise Scale [24]

Goal setting 10-Item Exercise Goal Setting Scale [25]
Planning 10-Item Exercise Planning Scale [25]

Outcome expectations 9-Item Outcome Expectations for Exercise Scale [26]
Enjoyment 18-Item Physical Activity Enjoyment Scale [27]

2.4. Data Analysis

Descriptive statistics were obtained for the entire cohort and then separately by group
(intervention group, WLC group; COVID-19 was a barrier to exercise, COVID-19 was not a
barrier to exercise). Continuous variables were assessed for normality using box, stem-and-
leaf, and normal probability plots and the Kolmogorov–Smirnov test. Only leisure-time PA
deviated substantially from a normal distribution; as such, leisure-time PA was analyzed
on its original scale (minutes/week) and then on a log10 transformed scale. Since the results
from both sets of analyses were very similar, we report results using leisure-time PA on
its original scale for ease of interpretation and for consistency with much of the previous
literature. Given the small amount of missing data (<1%) and exploratory nature of our
study, there were no adjustments for missing data during the analyses. That is, during the
analyses, imputation was not performed for missing data, and all available data were used
in the analyses. Statistical tests were two-sided and were performed using a significance
level of 0.05. Statistical analyses were performed using SAS software (version 9.4; SAS
Institute, Inc., Cary, NC, USA).
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The chi-square test (or Fisher’s exact test, if needed) was used to compare proportions
between COVID-19 groups [two groups: COVID-19 made PA difficult (yes, no); three groups:
less active, more active, no change in PA due to pandemic]. The two-group t-test was used to
compare means between the two COVID-19 groups [COVID-19 made PA difficult (yes, no)], and
analysis of variance was used to compare means between the three COVID-19 groups (less active,
more active, no change in PA due to pandemic). For the latter, when a statistically significant
difference was found among the three group means, the Tukey–Kramer multiple comparisons
test was used to determine which specific pairs of means were significantly different.

3. Results
3.1. Participant Characteristics

A total of 171 DIAL participants completed surveys on perceived COVID-19 impact
on PA (Table 2). This sample consisted of mostly Black/African American (98.2%) females
(90.6%). The mean BMI was 36.32 (SD = 7.93), which is in the obese range (≥30 kg/m2),
and the mean age was 57.1 years (SD = 13.26). Fewer than half of participants reported
household incomes ≥ USD 30,000 per year (43.5%), living with children (32.4%), current
employment (44.4%), or college degrees (45%).

Table 2. Demographic characteristics of participants who completed surveys on perceived impact of
the COVID-19 pandemic on physical activity (N = 171).

Variable N (%)

County
Marengo 41 (24%)

Dallas 42 (24.6%)
Greene 49 (28.6%)
Sumter 39 (22.8%)

Education level
College degree 94 (55%)

No college degree 77 (45%)
Employment status

Full/part time 76 (44.4%)
Unemployed 1 95 (55.6%)

Living with children 2

Yes 55 (32.4%)
No 115 (67.6%)

Gender
Male 16 (9.4%)

Female 155 (90.6%)
Marital status

Married 61 (35.7%)
Not married 110 (64.3%)

Annual household income 3

<$30,000 95 (56.5%)
≥$30,000 73 (43.5%)

Age 4

≥60 years old 88 (51.5%)
<60 years old 83 (48.5%)

Race
Black/African American 168 (98.2%)

White 3 (1.8%)
BMI 5

≥30 130 (76.5%)
<30 40 (23.5%)

Study arm
Intervention 84 (49.1%)

Waitlist control 87 (50.9%)
1 Unemployed includes retired, student, and disabled; 2 N = 170; 3 N = 168; 4 M = 57.12, SD = 13.26; 5 BMI = body
mass index, N = 170, M = 36.32, SD = 7.93.
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3.2. Impact of COVID-19 on Physical Activity

Roughly half of the participants (n = 85, 49.7%) reported being less active during
the pandemic, whereas others reported being more active (n = 31, 18.1%) or no change in
PA (n = 55, 32.2%). Overall, 47.4% of this sample (n = 81) endorsed that the COVID-19
pandemic made it more difficult to be active (n = 90, 52.6% did not), citing concerns such as
getting sick from exercising outside of home (n = 57, 70.4%) and discomfort with wearing a
face mask while exercising (n = 47, 58%), whereas others reported closed/less accessible
exercise/fitness facilities (n = 32, 39.5%), stress (n = 25, 30.9%), financial strain (n = 15,
18.5%), work responsibilities (n = 10, 12.3%), and childcare responsibilities (n = 9, 11.1%)
as barriers to PA engagement. Three participants who reported COVID-19 negatively
impacting PA selected the “other” option and added “knee problems”, “caregiver for
family member with COVID”, and “drained after experiencing COVID-19” (see Figure 1).

Int. J. Environ. Res. Public Health 2023, 20, x FOR PEER REVIEW 6 of 14 
 

 

Annual household income 3  
<$30,000 95 (56.5%) 
≥$30,000 73 (43.5%) 

Age 4  
≥60 years old 88 (51.5%) 
<60 years old 83 (48.5%) 

Race  
Black/African American 168 (98.2%) 

White 3 (1.8%) 
BMI 5  

≥30 130 (76.5%) 
<30 40 (23.5%) 

Study arm  
Intervention 84 (49.1%) 

Waitlist control 87 (50.9%) 
1 Unemployed includes retired, student, and disabled; 2 N = 170; 3 N = 168; 4 M = 57.12, SD = 13.26; 5 
BMI = body mass index, N = 170, M = 36.32, SD = 7.93. 

3.2. Impact of COVID-19 on Physical Activity 
Roughly half of the participants (n = 85, 49.7%) reported being less active during the 

pandemic, whereas others reported being more active (n = 31, 18.1%) or no change in PA 
(n = 55, 32.2%). Overall, 47.4% of this sample (n = 81) endorsed that the COVID-19 pan-
demic made it more difficult to be active (n = 90, 52.6% did not), citing concerns such as 
getting sick from exercising outside of home (n = 57, 70.4%) and discomfort with wearing 
a face mask while exercising (n = 47, 58%), whereas others reported closed/less accessible 
exercise/fitness facilities (n = 32, 39.5%), stress (n = 25, 30.9%), financial strain (n = 15, 
18.5%), work responsibilities (n = 10, 12.3%), and childcare responsibilities (n = 9, 11.1%) 
as barriers to PA engagement. Three participants who reported COVID-19 negatively im-
pacting PA selected the “other” option and added “knee problems”, “caregiver for family 
member with COVID”, and “drained after experiencing COVID-19” (see Figure 1). 

 
Figure 1. Concerns reported by participants who indicated the COVID-19 pandemic made it more 
difficult to be physically active (n = 81). 
Figure 1. Concerns reported by participants who indicated the COVID-19 pandemic made it more
difficult to be physically active (n = 81).

3.3. Differences in COVID-19’s Impact on Physical Activity by Demographic Characteristics

There were significant differences in perceived COVID-19 impact on PA (barriers)
scores by gender, education, and household dependents (p’s < 0.05). More women (51%; vs.
men, 12.5%), individuals with college degrees (57%; vs. without, 39.4%), and those with
children living at home (58.2%; vs. no children at home, 41.7%) reported that the COVID-19
pandemic made it more difficult to be active (Table 3).

Table 3. Descriptive statistics of demographic characteristics of the sample split by perceived impact
of the COVID-19 pandemic on physical activity.

Variable

Did the COVID-19 Pandemic Make PA
More Difficult?

p-ValueYes (n = 81)
n (%)

No (n = 90)
n (%)

County
Marengo 17 (41.5%) 24 (58.5%) 0.080

Dallas 27 (64.3%) 15 (35.7%)
Greene 22 (44.9%) 27 (55.1%)
Sumter 15 (38.5%) 22 (61.5%)
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Table 3. Cont.

Variable

Did the COVID-19 Pandemic Make PA
More Difficult?

p-ValueYes (n = 81)
n (%)

No (n = 90)
n (%)

Education level
College degree 37 (39.4%) 57 (60.6%) 0.021 1

No college degree 44 (57.1%) 33 (42.9%)
Employment status

Full/part time 37 (48.7%) 39 (51.3%) 0.758
Unemployed 44 (46.3%) 51 (53.7%)

Living with children 1

Yes 32 (58.2%) 23 (41.8%) 0.045 1

No 48 (41.7%) 67 (58.3%)
Gender

Male 2 (12.5%) 14 (87.5%) 0.003 2

Female 79 (51%) 76 (49%)
Marital status

Married 29 (47.5%) 32 (52.5%) 0.973
Not married 52 (47.3%) 58 (52.7%)

Annual household income
<$30,000 42 (44.2%) 53 (55.8%) 0.313
≥$30,000 38 (52.1%) 35 (48%)

Age
≥60 years old 36 (40.9%) 52 (59.1%) 0.082
<60 years old 45 (54.2%) 38 (45.8%)

Race 3

Black/African American 80 (47.6%) 88 (52.4%)
White 1 (33.3%) 2 (66.7%)

BMI 4

≥30 63 (48.5%) 67 (51.5%) 0.509
<30 17 (42.5%) 23 (57.5%)

Study arm
Intervention 41 (48.8%) 43 (51.2%) 0.711

Waitlist control 40 (46%) 47 (54%)
1 Denotes statistical significance at p < 0.05; 2 denotes statistical significance at p < 0.01; 3 Statistical testing was not
employed for race due to an insufficient sample size for White participants; 4 BMI = body mass index.

Certain barriers may account for the differences between these groups. More partic-
ipants with college degrees (39%) expressed concerns about getting sick from exercising
outside of home than those without college degrees (28.7%). A higher percentage of parents
with children living at home cited increased childcare responsibilities (21.9% vs. 4.2%),
stress (37.5% vs. 27.1%), and financial strain (28.1% vs. 12.5%) than participants without
children living at home. Only 2 men (of 16 total) reported that COVID-19 made PA diffi-
cult, and neither indicated experiencing increased childcare responsibilities or stress; in
contrast, women did (11.4% and 31.6%, respectively). There were no significant differences
in perceived COVID-19 impact on PA (barriers item) scores by county, employment status,
marital status, annual household income, age, race, or BMI. Perceptions of change in PA
due to COVID-19 (behavior item) scores also did not differ based on any of the previously
mentioned demographic variables.

3.4. Differences in Leisure-Time PA and SCT Constructs by Perceived COVID-19 Impact on PA at
3 Months

Overall, there were no significant differences among self-reported PA, SCT constructs,
and responses to the perceived COVID-19 impact on PA item (“Has the COVID-19 pan-
demic made it more difficult to be active?”). While significant differences were found
between responses to the item on perceived change in PA behavior (more active/less ac-
tive/no change) due to COVID-19 and leisure-time PA (p = 0.001) and SCT constructs (goal
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setting, outcome expectations; p’s = 0.042, 0.023, respectively), most were in the expected
direction (Table 4). Specifically, participants (both arms) who reported being more active
in response to the pandemic also reported significantly higher leisure-time PA, greater
exercise goal-setting behaviors, and more positive outcome expectations compared to those
who reported no change or less PA due to the pandemic (p’s < 0.05). There were no signifi-
cant differences among the perceived change in PA response categories (more active/less
active/no change) for the other SCT constructs (i.e., self-efficacy, planning, enjoyment, and
social support).

Table 4. Physical activity and social cognitive theory variable scores categorized by perceived change
in physical activity due to the COVID-19 pandemic.

Variable Less Active
(n = 85)

More Active
(n = 31)

No Change in PA
(n = 55)

Mean (SD) Mean (SD) Mean (SD) p-Value

Leisure-time PA
(min/week) 90.6 (81.1) 177.0 (97) 111.3 (92.4) <0.001 *

Social support 1 8.3 (2.7) 8.9 (3.7) 7.9 (3.3) 0.377
Outcome expectations 2 4.0 (0.7) 4.4 (0.5) 3.9 (0.9) 0.023 **

PA enjoyment 3 3.7 (0.9) 3.9 (0.9) 3.8 (0.9) 0.527
Goal setting 4 2.7 (1.1) 3.2 (1.1) 2.6 (1.3) 0.042 ***

Planning 5 2.7 (0.6) 2.9 (0.7) 2.7 (0.8) 0.346
Walking self-efficacy 6 52.8 (31.4) 64.5 (28.2) 53.3 (31.6) 0.174

1 Social Support for Exercise Scale, possible scores range from 3 (no social support) to 15 (social support received
very often); 2 Outcome Expectations for Exercise Scale: 1 (low expectations) to 5 (high expectations); 3 Physical
Activity Enjoyment Scale: 1–5 (low to high enjoyment while being physically active); 4 Exercise Goal Setting Scale,
possible scores range from 1 (does not describe) to 5 (describes completely); 5 Exercise Planning Scale, possible
scores range from 1 (does not describe) to 5 (describes completely); 6 Self-efficacy for Walking Scale, possible
scores range from 0 (not at all confident) to 100 (extremely confident). * For leisure-time PA, the “less active” mean
is significantly less than the “more active” mean (p < 0.05), and the “no change” mean is significantly less than
the “more active” mean (p < 0.05). ** For outcome expectations, the “less active” mean is significantly less than
the “more active” mean (p < 0.05), and the “no change” mean is significantly less than the “more active” mean
(p < 0.05). *** For goal setting, the “no change” mean is significantly less than the “more active” mean (p < 0.05).

3.5. Differences in Leisure-Time PA, SCT Constructs, and Perceived COVID-19 Impact on PA at
3 Months Based on Study Arm

There were no significant between-arm differences in leisure-time PA or SCT constructs
based on perceived COVID-19 impact on PA (barriers item) or change in PA due to COVID-
19 (behavior item). Similar results were found when examining within-arm differences,
with one exception. In the WLC arm, PA planning scores were significantly higher among
participants who reported that COVID-19 made being physically active difficult than those
who did not indicate that COVID-19 negatively impacted PA (p = 0.041).

When examined by arm, the differences in self-reported PA between intervention
participants who reported being more active, less active, and no change in PA in response
to COVID-19 were statistically significant (p = 0.002), as those who reported being more
active also reported significantly greater leisure-time PA than those who indicated they
were less active in response to the pandemic (p < 0.001). However, there were no other
significant associations between the perceived impact of COVID-19 on PA behavior and
leisure-time PA and SCT constructs for the intervention and WLC arms (Table 5).
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Table 5. Descriptive statistics of physical activity and social cognitive theory variable scores in
the intervention and WLC groups categorized by perceived change in physical activity due to the
COVID-19 pandemic.

Intervention Wait-List
Control

Variable Less Active
(n = 40)

More Active
(n = 22)

No Change in PA
(n = 22)

Less Active
(n = 45)

More Active
(n = 9)

No Change in PA
(n = 33)

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

Leisure-time PA
(min/week) 133.5 (96.2) *,+ 193.1 (105.3) *,+ 111.3 (92.4) * 77.6 (85.3) 137.7 (61.2) 96.5 (88.3)

Social support 1 8.9 (3.4) 9.1 (3.5) 7.9 (3.3) 8.1 (2.2) 8.3 (4.4) 7.3 (3.1)
Outcome

expectations 2 4.0 (1) 4.4 (0.5) 3.9 (0.9) 4.0 (0.8) 4.3 (0.4) 3.9 (0.8)

PA enjoyment 3 4.0 (0.8) 4.2 (0.7) 3.8 (0.9) 3.7 (0.9) 3.3 (1.1) 3.7 (0.9)
Goal setting 4 2.9 (1.3) 3.3 (0.9) 2.6 (1.3) 2.7 (1.1) 3.0 (1.4) 2.4 (1.2)

Planning 5 2.8 (0.9) 3.0 (0.7) 2.7 (0.8) 2.6 (0.7) 2.5 (0.7) 2.6 (0.8)
Walking

self-efficacy 6 58.2 (32.8) 67.4 (26.3) 53.3 (31.6) 51.0 (31.7) 57.4 (33) 50.1 (30.8)

1 Social Support for Exercise Scale, possible scores range from 3 (no social support) to 15 (social support received
very often); 2 Outcome Expectations for Exercise Scale: 1 (low expectations) to 5 (high expectations); 3 Physical
Activity Enjoyment Scale: 1–5 (low to high enjoyment while being physically active); 4 Exercise Goal Setting Scale,
possible scores range from 1 (does not describe) to 5 (describes completely); 5 Exercise Planning Scale, possible
scores range from 1 (does not describe) to 5 (describes completely); 6 Self-efficacy for Walking Scale, possible
scores range from 0 (not at all confident) to 100 (extremely confident). * Denotes statistical significance at p < 0.01.
+ For leisure-time PA in the intervention group, the “less active” mean is significantly less than the “more active”
mean (p < 0.001).

4. Discussion

These ancillary data analyses examined the impact of COVID-19 on PA in a rural,
mostly Black/African American sample participating in a larger PA RCT between March
2020 and August 2021. Aligning with national and global trends [4], the findings point to a
perceived negative impact of COVID-19 on PA participation—nearly half of participants
described pandemic-related barriers that made PA more difficult and reported being less
active during the height of the pandemic. Several of the pandemic-related barriers to
PA (i.e., increased stress and anxiety, lack of facilities to partake in PA, fear of exposure
to COVID-19, and discomfort wearing a face mask) found in these communities were
similar to those reported in other studies [12,13,28] with different samples (mostly White,
income > USD 60,000 [13], and not rural [12]). On the contrary, the other half of the study
sample reported that the COVID-19 pandemic did not make it more difficult to be active.
The impact of COVID-19 on PA items was assessed at 3 months. Thus, many of these
participants had received substantial PA counseling at that timepoint, which may have
influenced their perceptions.

Results from the current study indicated that the pandemic’s impact was far from
homogeneous, as more women, parents, and well-educated individuals reported that
COVID-19 made it particularly difficult to be active. Many factors may account for these
differences. For example, women and parents with children living at home (highly overlap-
ping categories) were more likely to endorse increased childcare responsibilities as a PA
barrier during the pandemic. It is important to note that when the data for this study were
collected, in-person instruction was the primary mode of learning for students in only one
of the four counties; the other three counties relied on virtual or hybrid instruction for the
2020–2021 school year. This may explain the increased childcare responsibilities reported
by participants with children living at home. Given that our findings are based on a small
sample of male participants (n = 16), any gender differences found in the current study
should be interpreted with caution.
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Individuals with higher education levels expressed more concern about getting sick
from exercising outside of the home than those with lower education. We note that although
these results contradict a previous study linking higher socioeconomic status (SES, which
includes education) with greater resources for coping with COVID-19 and less pandemic-
related worry among Chinese participants [29], differences in findings may be due to
the previous study combining education with other SES variables (i.e., income). When
examined separately in the current study, higher education level may have translated to
having a better understanding of viral transmission and potential high-risk situations (e.g.,
crowded gyms with questionable ventilation and/or mask requirements). This has been
observed in past studies linking higher education levels to better COVID-19 knowledge,
attitudes, and prevention practices [29–31], as well as reduced risk for belief in COVID-19
misinformation [32] and even COVID-19 infection, hospitalization, and mortality [33–40].
Clearer, more accessible health information may be critical for individuals with lower
education levels in future crises, as those without a high school degree accounted for nearly
one-fourth of COVID-19 deaths according to National Health and Nutrition Examination
Survey (NHANES) data [35].

Despite the challenges identified (i.e., difficulty being physically active due to pandemic-
related barriers such as increased stress and anxiety, less accessible facilities to partake in PA,
fear of exposure to COVID-19, and discomfort wearing a face mask), our findings indicated
that the perceived impact of COVID-19 on PA (barriers item) was not associated with
leisure-time PA and related SCT constructs. This somewhat allays concerns about COVID-
19 interference with our ongoing PA intervention efforts in the Black Belt. The findings
suggesting higher PA planning scores among the WLC participants who reported pandemic-
related PA difficulties (vs. those who did not) are intriguing. Perhaps these participants
felt that PA participation amid such barriers required more effort and planning. While it is
heartening that pandemic-related challenges were (for the most part) not associated with
leisure-time PA and related SCT constructs, it is not surprising that the perceived change
in PA due to COVID-19 (behavior item) scores were. Participants who reported being
more active in response to COVID-19 also reported higher leisure-time PA, goal setting,
and outcome expectation scores than those who reported being less active or no change
in PA levels due to COVID-19. This emphasizes the potential importance of developing
multicomponent interventions that provide information regarding expected outcomes
or benefits of PA and incorporate self-regulation strategies, especially for participants
pursuing behavior change on their own during a pandemic.

The technology- and theory-supported strategies employed in the ongoing parent
trial are well-suited for overcoming the barriers identified in these ancillary analyses (i.e.,
concerns about getting sick from exercising outside of home, discomfort with wearing
a face mask while exercising, lack of access to fitness facilities, financial strain, work
responsibilities, and childcare responsibilities). Home-based, self-directed approaches to
increase PA engagement are low cost [41,42] and do not require participants to visit gyms
or fitness facilities, interact with the public, or wear a mask while exercising, to name a
few. Moreover, such interventions can be completed at the participant’s convenience (e.g.,
before/after work or while children are at school/napping). Other remotely delivered PA
interventions have been used with success in various populations (i.e., older women living
in the US [43], older adults with cognitive frailty living in Malaysia [44], and older adults
with early dementia living in England, United Kingdom [45]) during the pandemic, which
also bodes well for our efforts to address physical inactivity and related health disparities
in the Black Belt.

4.1. Strengths and Limitations

This study is not without limitations. First, there was no follow-up to examine changes
in perceptions about the impact of COVID-19 on PA participation as the pandemic persisted.
Additionally, our population included mostly Black/African American adults living in
rural Alabama; thus, findings may not generalize to other populations. Moreover, over
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90% of participants were female; thus, male representation in our sample was not optimal
(as in other community-based studies [12,13,46,47]). We also did not collect data from
participants on COVID-19 infection status, and those who were infected with COVID-19
may have had different PA levels or priorities than participants who were not. Another
potential limitation pertains to the reliance on self-reported data on leisure-time PA and
several short-form psychosocial measures due to concerns for participant burden and
safety during stay-at-home orders; nonetheless, we utilized validated surveys to assess
leisure-time PA and psychosocial outcomes.

4.2. Future Directions

The results from this study present important practical implications. Top concerns
related to PA participation reported by DIAL participants during the pandemic included
getting sick from exercising outside of the home, inaccessible fitness facilities, and dis-
comfort wearing a face mask while exercising. At the early stage of the pandemic, state
and local restrictions resulted in the closure or limitation of public spaces, such as parks,
outdoor walking trails, and fitness facilities; however, we now know that these closures
resulted in adverse effects on PA engagement [48]. Now that more is known regarding
the spread of such viruses, such excessive and harmful measures could be avoided in
the future if public health agencies assist in raising awareness of available outdoor PA
locations, such as local parks and trails, and educate residents on safely exercising in indoor
fitness facilities.

Following stay-at-home orders, modified reopening plans implemented during the
pandemic, such as the Alabama Safer-at-Home order [49], required that a face mask be
worn while exercising at gyms and fitness facilities. Although the physiological effects
of wearing a face mask are minimal and unlikely to impact exercise performance among
healthy individuals without cardiorespiratory disease [50], discomfort associated with
wearing a face mask while exercising has been a commonly reported psychological barrier
to PA during the COVID-19 pandemic [51]. Future research should focus on methods to
reduce the negative perception of wearing a face mask while exercising, as these perceptions
may adversely impact MVPA.

5. Conclusions

The study results indicate that nearly half of the rural, mostly minority participants
from the Alabama Black Belt reported engaging in less PA during the pandemic and encoun-
tered challenges to being physically active due to COVID-19. Barriers were identified (i.e.,
concerns about getting sick from exercising outside of the home, discomfort with wearing
a face mask while exercising, and inaccessible fitness facilities), along with groups from
this region whose PA was disproportionately impacted by the pandemic (i.e., women, indi-
viduals with higher education levels, and those with children living at home). Fortunately,
these difficulties were not associated with leisure-time PA or related SCT constructs, which
suggests that the efficacy of the ongoing intervention may not be negatively influenced by
pandemic-related challenges. In fact, the low-cost PA phone counseling approach used in
the parent study appears ideal for addressing the barriers identified in the current study
and promoting PA engagement in this underserved target population, even during a public
health crisis.

Author Contributions: Conceptualization, R.A.O., W.D.-W., M.P., M.L.B., M.T. and D.W.P.; Method-
ology, R.A.O., W.D.-W., M.P., M.L.B., M.T. and D.W.P.; Software, M.T.; Formal Analysis, R.A.O.;
Data Curation, R.A.O., K.B.P., W.W.C., N.I.B., M.T. and D.W.P.; Writing—Original Draft Preparation,
W.N.N., E.A.S., K.B. and D.W.P.; Writing—Review & Editing, W.N.N., E.A.S., K.B., R.A.O., N.I.B.,
W.D.-W., M.P., M.L.B., K.B.P., W.W.C., M.T. and D.W.P.; Project Administration, K.B.P., W.W.C. and
D.W.P.; Funding Acquisition, D.W.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the National Cancer Institute (R01CA233550).



Int. J. Environ. Res. Public Health 2023, 20, 7180 12 of 14

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Institutional Review Board of the University of Alabama at
Birmingham (IRB-300003238, 26 April 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Magesh, S.; John, D.; Li, W.T.; Li, Y.; Mattingly-App, A.; Jain, S.; Chang, E.Y.; Ongkeko, W.M. Disparities in COVID-19 Outcomes

by Race, Ethnicity, and Socioeconomic Status: A Systematic-Review and Meta-analysis. JAMA Netw. Open 2021, 4, e2134147.
[CrossRef] [PubMed]

2. Hasson, R.; Sallis, J.F.; Coleman, N.; Kaushal, N.; Nocera, V.G.; Keith, N. COVID-19: Implications for Physical Activity, Health
Disparities, and Health Equity. Am. J. Lifestyle Med. 2022, 16, 420–433. [CrossRef]

3. Barr-Anderson, D.J.; Hazzard, V.M.; Hahn, S.L.; Folk, A.L.; Wagner, B.E.; Neumark-Sztainer, D. Stay-at-Home Orders during
COVID-19: The Influence on Physical Activity and Recreational Screen Time Change among Diverse Emerging Adults and Future
Implications for Health Promotion and the Prevention of Widening Health Disparities. Int. J. Environ. Res. Public Health 2021, 18,
13228. [CrossRef] [PubMed]

4. Wilke, J.; Mohr, L.; Tenforde, A.S.; Edouard, P.; Fossati, C.; González-Gross, M.; Sánchez Ramírez, C.; Laiño, F.; Tan, B.; Pillay, J.D.;
et al. A Pandemic within the Pandemic? Physical Activity Levels Substantially Decreased in Countries Affected by COVID-19.
Int. J. Environ. Res. Public Health 2021, 18, 2235. [CrossRef] [PubMed]

5. Powell, K.E.; King, A.C.; Buchner, D.M.; Campbell, W.W.; DiPietro, L.; Erickson, K.I.; Hillman, C.H.; Jakicic, J.M.; Janz, K.F.;
Katzmarzyk, P.T.; et al. The Scientific Foundation for the Physical Activity Guidelines for Americans, 2nd Edition. J. Phys. Act.
Health 2018, 16, 1–11. [CrossRef] [PubMed]

6. Zheng, G.; Qiu, P.; Xia, R.; Lin, H.; Ye, B.; Tao, J.; Chen, L. Effect of Aerobic Exercise on Inflammatory Markers in Healthy
Middle-Aged and Older Adults: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Front. Aging Neurosci.
2019, 11, 98. [CrossRef]

7. Chastin, S.F.; Abaraogu, U.; Bourgois, J.G.; Dall, P.M.; Darnborough, J.; Duncan, E.; Dumortier, J.; Pavón, D.J.; McParland, J.;
Roberts, N.J.; et al. Effects of Regular Physical Activity on the Immune System, Vaccination and Risk of Community-Acquired
Infectious Disease in the General Population: Systematic Review and Meta-Analysis. Sports Med. 2021, 51, 1673–1686. [CrossRef]
[PubMed]

8. Campbell, K.L.; Winters-Stone, K.; Wiskemann, J.; May, A.M.; Schwartz, A.L.; Courneya, K.S.; Zucker, D.; Matthews, C.; Ligibel, J.;
Gerber, L.; et al. Exercise Guidelines for Cancer Survivors: Consensus Statement from International Multidisciplinary Roundtable.
Med. Sci. Sports Exerc. 2019, 51, 2375–2390. [CrossRef]

9. Ezzatvar, Y.; Ramírez-Vélez, R.; Izquierdo, M.; Garcia-Hermoso, A. Physical activity and risk of infection, severity and mortality
of COVID-19: A systematic review and non-linear dose-response meta-analysis of data from 1 853 610 adults. Br. J. Sports Med.
2022, 56, 1188–1193. [CrossRef]

10. Fowler, J.H.; Hill, S.J.; Levin, R.; Obradovich, N. Stay-at-home orders associate with subsequent decreases in COVID-19 cases and
fatalities in the United States. PLoS ONE 2021, 16, e0248849. [CrossRef]

11. Umstattd Meyer, M.R.; Perry, C.K.; Sumrall, J.C.; Patterson, M.S.; Walsh, S.M.; Clendennen, S.C.; Hooker, S.P.; Evenson, K.R.;
Goins, K.V.; Heinrich, K.M.; et al. Physical Activity-Related Policy and Environmental Strategies to Prevent Obesity in Rural
Communities: A Systematic Review of the Literature, 2002–2013. Prev. Chronic Dis. 2016, 13, 150406. [CrossRef] [PubMed]

12. Beck, A.M.; Gilbert, A.S.; Duncan, D.D.; Wiedenman, E.M. A cross-sectional comparison of physical activity during COVID-19 in
a sample of rural and non-rural participants in the US. Int. J. Environ. Res. Public Health 2021, 18, 4991. [CrossRef] [PubMed]

13. Creech, W.L.; Towner, B.C.; Battista, R.A. Physical Activity Among Adults in Rural Western North Carolina During the COVID-19
Pandemic. Prev. Chronic. Dis. 2022, 19, E74. [CrossRef] [PubMed]

14. Prior, J.W.; Wong, D.W.S. Exploring different dimensions in defining the Alabama Black Belt. GeoJournal 2022, 87, 1525–1542.
[CrossRef]

15. Dugani, S.B.; Mielke, M.M.; Vella, A. Burden and management of type 2 diabetes in rural United States. Diabetes/Metab. Res. Rev.
2021, 37, e3410. [CrossRef]

16. Brown, N.I.; Stewart, L.; Rogers, L.Q.; Powell, M.A.; Hardy, C.M.; Baskin, M.L.; Oster, R.A.; Pisu, M.; Demark-Wahnefried, W.;
Pekmezi, D. Assessing the built environment, programs, and policies that support physical activity opportunities in the rural
Deep South. Prev. Med. Rep. 2023, 33, 102223. [CrossRef]

https://doi.org/10.1001/jamanetworkopen.2021.34147
https://www.ncbi.nlm.nih.gov/pubmed/34762110
https://doi.org/10.1177/15598276211029222
https://doi.org/10.3390/ijerph182413228
https://www.ncbi.nlm.nih.gov/pubmed/34948833
https://doi.org/10.3390/ijerph18052235
https://www.ncbi.nlm.nih.gov/pubmed/33668262
https://doi.org/10.1123/jpah.2018-0618
https://www.ncbi.nlm.nih.gov/pubmed/30558473
https://doi.org/10.3389/fnagi.2019.00098
https://doi.org/10.1007/s40279-021-01466-1
https://www.ncbi.nlm.nih.gov/pubmed/33877614
https://doi.org/10.1249/MSS.0000000000002116
https://doi.org/10.1136/bjsports-2022-105733
https://doi.org/10.1371/journal.pone.0248849
https://doi.org/10.5888/pcd13.150406
https://www.ncbi.nlm.nih.gov/pubmed/26741997
https://doi.org/10.3390/ijerph18094991
https://www.ncbi.nlm.nih.gov/pubmed/34066791
https://doi.org/10.5888/pcd19.220112
https://www.ncbi.nlm.nih.gov/pubmed/36395002
https://doi.org/10.1007/s10708-020-10325-x
https://doi.org/10.1002/dmrr.3410
https://doi.org/10.1016/j.pmedr.2023.102223


Int. J. Environ. Res. Public Health 2023, 20, 7180 13 of 14

17. Robinson, J.C.; Carson, T.L.; Johnson, E.R.; Hardy, C.M.; Shikany, J.M.; Green, E.; Willis, L.M.; Marron Jr, J.V.; Li, Y.; Lee, C.H.; et al.
Assessing environmental support for better health: Active living opportunity audits in rural communities in the southern United
States. Prev. Med. 2014, 66, 28–33. [CrossRef]

18. Corley, E.G.; Till, G.; O’Brien, S.; Katsinas, S.G.; Bray, N.J. COVID-19 and Alabama’s Black Belt. Issue Brief No. 55. 30 January
2023. Available online: https://ir.ua.edu/handle/123456789/9928 (accessed on 22 September 2023).

19. Brown, N.I.; Powell, M.A.; Baskin, M.; Oster, R.; Demark-Wahnefried, W.; Hardy, C.; Pisu, M.; Thirumalai, M.; Neal, W.N.;
Rogers, L.Q.; et al. Design and Rationale for the Deep South Interactive Voice Response System-Supported Active Lifestyle Study:
Protocol for a Randomized Controlled Trial. JMIR Res. Protoc. 2021, 10, e29245. [CrossRef]

20. Arovah, N.I. The correlates of physical activity during COVID-19 pandemic among Indonesian young adults: A longitudinal
study. J. Educ. Health Promot. 2022, 11, 179. [CrossRef]

21. Thomas, S.; Reading, J.; Shephard, R.J. Revision of the Physical Activity Readiness Questionnaire (PAR-Q). Can. J. Sport. Sci. 1992,
17, 338–345.

22. Godin, G. The Godin-Shephard Leisure-Time Physical Activity Questionnaire. Health Fit. J. Can. 2011, 4, 18–22.
23. McAuley, E.; Blissmer, B.; Katula, J.; Duncan, T.E. Exercise environment, self-efficacy, and affective responses to acute exercise in

older adults. Psychol. Health 2000, 15, 341–355. [CrossRef]
24. Sallis, J.F.; Grossman, R.M.; Pinski, R.B.; Patterson, T.L.; Nader, P.R. The development of scales to measure social support for diet

and exercise behaviors. Prev. Med. 1987, 16, 825–836. [CrossRef] [PubMed]
25. Anderson, E.S.; Winett, R.A.; Wojcik, J.R.; Williams, D.M. Social cognitive mediators of change in a group randomized nutrition

and physical activity intervention: Social support, self-efficacy, outcome expectations and self-regulation in the guide-to-health
trial. J. Health Psychol. 2010, 15, 21–32. [CrossRef] [PubMed]

26. Resnick, B.; Zimmerman, S.I.; Orwig, D.; Furstenberg, A.-L.; Magaziner, J. Outcome Expectations for Exercise Scale: Utility and
Psychometrics. J. Gerontol. Ser. B 2000, 55, S352–S356. [CrossRef]

27. Kendzierski, D.; DeCarlo, K.J. Physical Activity Enjoyment Scale: Two Validation Studies. J. Sport Exerc. Psychol. 1991, 13, 50–64.
[CrossRef]

28. Corbett, A.; Wilson, K.E.; Van Horn, A.; Ayers, J.D.; Hurmuz, H.; Aktipis, A. Changes in Physical Activity During the COVID-19
Pandemic: A Mixed Methods Assessment. Int. J. Exerc. Sci. 2022, 16, 327–341.

29. Zhou, M.; Guo, W. Social factors and worry associated with COVID-19: Evidence from a large survey in China. Soc. Sci. Med.
2021, 277, 113934. [CrossRef]

30. Gao, H.; Hu, R.; Yin, L.; Yuan, X.; Tang, H.; Luo, L.; Chen, M.; Huang, D.; Wang, Y.; Yu, A.; et al. Knowledge, attitudes and
practices of the Chinese public with respect to coronavirus disease (COVID-19): An online cross-sectional survey. BMC Public
Health 2020, 20, 1816. [CrossRef]

31. Allington, D.; McAndrew, S.; Moxham-Hall, V.; Duffy, B. Coronavirus conspiracy suspicions, general vaccine attitudes, trust and
coronavirus information source as predictors of vaccine hesitancy among UK residents during the COVID-19 pandemic. Psychol.
Med. 2023, 53, 236–247. [CrossRef]

32. Pickles, K.; Cvejic, E.; Nickel, B.; Copp, T.; Bonner, C.; Leask, J.; Ayre, J.; Batcup, C.; Cornell, S.; Dakin, T.; et al. COVID-19
Misinformation Trends in Australia: Prospective Longitudinal National Survey. J. Med. Internet Res. 2021, 23, e23805. [CrossRef]
[PubMed]

33. Cromer, S.J.; Lakhani, C.M.; Wexler, D.J.; Burnett-Bowie, S.M.; Udler, M.; Patel, C.J. Geospatial Analysis of Individual and
Community-Level Socioeconomic Factors Impacting SARS-CoV-2 Prevalence and Outcomes. medRxiv 2020. [CrossRef]

34. Li, G.H.; Lam, S.K.; Wong, I.C.; Chu, J.K.; Cheung, C.L. Education Attainment, Intelligence and COVID-19: A Mendelian
Randomization Study. J. Clin. Med. 2021, 10, 4870. [CrossRef] [PubMed]

35. Seligman, B.; Ferranna, M.; Bloom, D.E. Social determinants of mortality from COVID-19: A simulation study using NHANES.
PLoS Med. 2021, 18, e1003490. [CrossRef] [PubMed]

36. Sundaram, M.E.; Calzavara, A.; Mishra, S.; Kustra, R.; Chan, A.K.; Hamilton, M.A.; Djebli, M.; Rosella, L.C.; Watson, T.; Chen, H.;
et al. Individual and social determinants of SARS-CoV-2 testing and positivity in Ontario, Canada: A population-wide study.
CMAJ 2021, 193, E723–E734. [CrossRef] [PubMed]

37. Chen, J.T.; Testa, C.; Waterman, P.; Krieger, N. Intersectional Inequities in COVID-19 Mortality by Race/Ethnicity and Education in
the United States, January 1, 2020–January 31, 2021; Working Paper; Harvard Center for Population and Development Studies:
Cambridge, MA, USA, 2021; Volume 21, Number 3.

38. Concepción-Zavaleta, M.J.; Coronado-Arroyo, J.C.; Zavaleta-Gutiérrez, F.E.; Concepción-Urteaga, L.A. Does level of education
influence mortality of SARS-CoV-2 in a developing country? Int. J. Epidemiol. 2021, 49, 2091–2093. [CrossRef] [PubMed]

39. Drefahl, S.; Wallace, M.; Mussino, E.; Aradhya, S.; Kolk, M.; Brandén, M.; Malmberg, B.; Andersson, G. A population-based
cohort study of socio-demographic risk factors for COVID-19 deaths in Sweden. Nat. Commun. 2020, 11, 5097. [CrossRef]

40. Chadeau-Hyam, M.; Bodinier, B.; Elliott, J.; Whitaker, M.D.; Tzoulaki, I.; Vermeulen, R.; Kelly-Irving, M.; Delpierre, C.; Elliott, P.
Risk factors for positive and negative COVID-19 tests: A cautious and in-depth analysis of UK biobank data. Int. J. Epidemiol.
2020, 49, 1454–1467. [CrossRef]

41. Larsen, B.; Gilmer, T.; Pekmezi, D.; Napolitano, M.A.; Marcus, B.H. Cost effectiveness of a mail-delivered individually tailored
physical activity intervention for Latinas vs. a mailed contact control. Int. J. Behav. Nutr. Phys. Act. 2015, 12, 140. [CrossRef]

https://doi.org/10.1016/j.ypmed.2014.05.021
https://ir.ua.edu/handle/123456789/9928
https://doi.org/10.2196/29245
https://doi.org/10.4103/jehp.jehp_720_21
https://doi.org/10.1080/08870440008401997
https://doi.org/10.1016/0091-7435(87)90022-3
https://www.ncbi.nlm.nih.gov/pubmed/3432232
https://doi.org/10.1177/1359105309342297
https://www.ncbi.nlm.nih.gov/pubmed/20064881
https://doi.org/10.1093/geronb/55.6.S352
https://doi.org/10.1123/jsep.13.1.50
https://doi.org/10.1016/j.socscimed.2021.113934
https://doi.org/10.1186/s12889-020-09961-2
https://doi.org/10.1017/S0033291721001434
https://doi.org/10.2196/23805
https://www.ncbi.nlm.nih.gov/pubmed/33302250
https://doi.org/10.1101/2020.09.30.20201830
https://doi.org/10.3390/jcm10214870
https://www.ncbi.nlm.nih.gov/pubmed/34768390
https://doi.org/10.1371/journal.pmed.1003490
https://www.ncbi.nlm.nih.gov/pubmed/33428624
https://doi.org/10.1503/cmaj.202608
https://www.ncbi.nlm.nih.gov/pubmed/33906966
https://doi.org/10.1093/ije/dyaa193
https://www.ncbi.nlm.nih.gov/pubmed/33221908
https://doi.org/10.1038/s41467-020-18926-3
https://doi.org/10.1093/ije/dyaa134
https://doi.org/10.1186/s12966-015-0302-5


Int. J. Environ. Res. Public Health 2023, 20, 7180 14 of 14

42. Larsen, B.; Marcus, B.; Pekmezi, D.; Hartman, S.; Gilmer, T. A Web-Based Physical Activity Intervention for Spanish-Speaking
Latinas: A Costs and Cost-Effectiveness Analysis. J. Med. Internet Res. 2017, 19, e43. [CrossRef]

43. Wegner, L.; Mendoza-Vasconez, A.S.; Mackey, S.; McGuire, V.; To, C.; White, B.; King, A.C.; Stefanick, M.L. Physical activity,
well-being, and priorities of older women during the COVID-19 pandemic: A survey of Women’s Health Initiative Strong and
Healthy (WHISH) intervention participants. Transl. Behav. Med. 2021, 11, 2155–2163. [CrossRef] [PubMed]

44. Murukesu, R.R.; Singh, D.K.A.; Shahar, S.; Subramaniam, P. Physical Activity Patterns, Psychosocial Well-Being and Coping
Strategies Among Older Persons with Cognitive Frailty of the “WE-RISE” Trial Throughout the COVID-19 Movement Control
Order. Clin. Interv. Aging 2021, 16, 415–429. [CrossRef] [PubMed]

45. Di Lorito, C.; van der Wardt, V.; O’Brien, R.; Gladman, J.; Masud, T.; Harwood, R.H. Impact of COVID-19 lockdown on
physical exercise among participants receiving the Promoting Activity, Independence and Stability in Early Dementia (PrAISED)
intervention: A repeated measure study. BMC Geriatr. 2022, 22, 605. [CrossRef]

46. Wijngaards, I.; del Pozo Cruz, B.; Gebel, K.; Ding, D. Exercise frequency during the COVID-19 pandemic: A longitudinal
probability survey of the US population. Prev. Med. Rep. 2022, 25, 101680. [CrossRef] [PubMed]

47. Dunton, G.F.; Wang, S.D.; Do, B.; Courtney, J. Early effects of the COVID-19 pandemic on physical activity locations and behaviors
in adults living in the United States. Prev. Med. Rep. 2020, 20, 101241. [CrossRef] [PubMed]

48. Wunsch, K.; Kienberger, K.; Niessner, C. Changes in Physical Activity Patterns Due to the COVID-19 Pandemic: A Systematic
Review and Meta-Analysis. Int. J. Environ. Res. Public Health 2022, 19, 2250. [CrossRef] [PubMed]

49. Erwin, P.C.; Mucheck, K.W.; Brownson, R.C. Different Responses to COVID-19 in Four US States: Washington, New York,
Missouri, and Alabama. Am. J. Public Health 2021, 111, 647–651. [CrossRef]

50. Hopkins, S.R.; Dominelli, P.B.; Davis, C.K.; Guenette, J.A.; Luks, A.M.; Molgat-Seon, Y.; Sá, R.C.; Sheel, A.W.; Swenson, E.R.;
Stickland, M.K. Face Masks and the Cardiorespiratory Response to Physical Activity in Health and Disease. Ann. Am. Thorac. Soc.
2021, 18, 399–407. [CrossRef]

51. Scheid, J.L.; Edwards, C.; Seils, M.; West, S.L. Perceived Exertion during Moderate and Vigorous Physical Activity While Mask
Wearing: A Quantitative and Qualitative Pilot Study. Int. J. Environ. Res. Public Health 2022, 19, 5698. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.2196/jmir.6257
https://doi.org/10.1093/tbm/ibab122
https://www.ncbi.nlm.nih.gov/pubmed/34633465
https://doi.org/10.2147/CIA.S290851
https://www.ncbi.nlm.nih.gov/pubmed/33692620
https://doi.org/10.1186/s12877-022-03239-5
https://doi.org/10.1016/j.pmedr.2021.101680
https://www.ncbi.nlm.nih.gov/pubmed/34976708
https://doi.org/10.1016/j.pmedr.2020.101241
https://www.ncbi.nlm.nih.gov/pubmed/33173751
https://doi.org/10.3390/ijerph19042250
https://www.ncbi.nlm.nih.gov/pubmed/35206434
https://doi.org/10.2105/AJPH.2020.306111
https://doi.org/10.1513/AnnalsATS.202008-990CME
https://doi.org/10.3390/ijerph19095698

	Introduction 
	Materials and Methods 
	Study Design 
	Study Population 
	Assessments 
	The Impact of COVID-19 on Physical Activity 
	Physical Activity 
	Social Cognitive Theory Variables 

	Data Analysis 

	Results 
	Participant Characteristics 
	Impact of COVID-19 on Physical Activity 
	Differences in COVID-19’s Impact on Physical Activity by Demographic Characteristics 
	Differences in Leisure-Time PA and SCT Constructs by Perceived COVID-19 Impact on PA at 3 Months 
	Differences in Leisure-Time PA, SCT Constructs, and Perceived COVID-19 Impact on PA at 3 Months Based on Study Arm 

	Discussion 
	Strengths and Limitations 
	Future Directions 

	Conclusions 
	References

