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Abstract

Purpose: The spread of COVID-19 and the associated stay-at-home orders and shutdowns of 

gyms and fitness centers has drastically influenced health behaviors leading to widespread 

reductions in physical activity (PA). The recent Call to Action from the American College of 

Sports Medicine has promoted “innovative strategies to promote PA during the COVID-19 

pandemic”. We aimed to identify individual-level factors that protected against declines in PA 

levels amid the COVID-19 restrictions.

Methods: We utilized the Pennington Biomedical COVID-19 Health Behaviors Survey for our 

analyses and used mixed-effect linear and generalized linear models to estimate the effects of 

individual-level factors on changes in PA levels during the COVID-19 restrictions.

Results: Participants (n=4,376) provided information on PA behaviors before and during the 

COVID-19 shutdown. Overall, PA levels declined by a mean (SD) of 112 (1,460) MET minutes/

week during the COVID-19 shutdown; however, changes in PA were heterogeneous, with 55% of 

the participants reporting increases in or maintenance of PA during that time. Several social and 

demographic factors were significantly related to declines in PA, including high pre-pandemic PA 

levels, living alone (difference=118 MET minutes/week), low household income (difference 

between the highest and lowest income group=363 MET minutes/week), COVID-19-related 

changes in income (difference=110 MET minutes/week), and loss of employment (difference=168 

MET minutes/week). Substitution of pre-pandemic gym attendance with the purchase and use of 

home exercise equipment or exercise through virtual fitness platforms promoted increases in PA 

during the COVID-19 shutdown.

Conclusions: While promoting PA through the COVID-19 pandemic, it is important to consider 

demographic factors, which greatly influence health behaviors and implementation of, and access 

to, replacement behaviors. Promotion of such strategies could help maintain PA levels during 

potential future stay-at-home orders.
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INTRODUCTION

Coronavirus disease (COVID-19) is an infectious disease that is caused by the severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2). The highly transmissible virus is spread 

primarily through close contact with infected people, when saliva or respiratory secretions 

and/or (airborne) droplets from infected individuals are expelled during coughs, sneezes or 

while talking (1). To date, COVID-19 has affected over 74 million people in nearly 200 

countries worldwide (2). Due to the rapid global increase in COVID-19 cases in early 2020, 

the World Health Organization (3) and Centers for Disease Control and Prevention (CDC) 

(4) released statements advising the public to reduce both international and domestic travel 

and to practice social distancing as basic means of limiting exposure to the highly 

transmittable virus. To enforce these precautions and effectively slow the spread of the virus, 

many countries subsequently issued stay-at-home orders and shutdowns of non-essential 

businesses and public places.

In the U.S., the duration of these mandated restrictions varied by state, though in general, 

they were in effect between late March/early April to mid-to-late May 2020 (5, 6). In most 

states and many countries around the world, the mandated shutdowns included gyms and 

fitness centers. Together with the directives against public gatherings and joint participation 

in outdoor activities, including physical activity (PA) and exercise, stay-at-home orders 

substantially affected the daily PA routine of millions of people. Several reports indicate 

overall declines in PA and subsequent increases in sedentary time as a result of the 

COVID-19-related restrictions (7-10). These detrimental changes contribute to 

deconditioning and reductions in cardiorespiratory fitness and have been shown to be 

associated with an increased risk for chronic health conditions such as obesity and 

cardiometabolic disease as well as with all-cause mortality (11-13). Importantly, maintaining 

PA and exercise amid the COVID-19 pandemic is a crucial preventative measure to reduce 

adverse outcomes and improve survival (14).

The recent Call to Action statement from the American College of Sports Medicine (ACSM) 

aims to address the shutdown-related declines in PA and encourages the use of “innovative 

strategies to promote PA during the COVID-19 pandemic” that follow mitigation guidelines 

(15). Previous analyses show that there is substantial heterogeneity in the behavioral 

response to the pandemic (8, 16-18), wherein not all individuals experience the 

aforementioned restriction-related decline in PA and some individuals may have adopted 

specific strategies to maintain PA levels despite restrictions, demonstrating a resilient 

phenotype. However, it is important to acknowledge that it will be difficult for many to 

safely engage in regular exercise, depending on individual circumstances.

There are several known barriers to engagement in regular PA. These include a perceived 

lack of time, energy, or motivation, high costs for memberships or equipment, and a lack of 

facilities, among others (19). Many of these factors are likely to be exacerbated during 
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shutdowns associated with the COVID-19 pandemic. As mentioned in the Call to Action, we 

need creative strategies to combat declines in PA in the face of significant barriers to PA 

(15). However, we cannot ignore that many PA barriers and facilitators are also likely to be 

influenced by sociodemographic factors and financial resources (20), and that those with low 

income or loss of income may be at a disproportionate disadvantage in regards to 

maintaining PA levels in the face of the pandemic. Unfortunately, this may in turn widen 

existing health disparities.

The purpose of this secondary analysis of the Pennington Biomedical COVID Health 

Behaviors Survey was to identify individual-level factors that helped people maintain PA 

levels amid the initial COVID-19 shutdown. Findings from this analysis may inform 

additional recommendations for the general public and the development of targeted 

interventions as the pandemic continues. We hypothesized that mitigation measures in 

response to the COVID-19 pandemic would result in lifestyle changes (e.g., change in 

income, working from home) that significantly influence PA levels, and that those with the 

highest levels of PA prior to COVID-19 would be most affected. We also hypothesized that 

those who self-monitor PA with wearable fitness trackers would be more protected against a 

decline due to regular feedback on behavior and an increased ability to detect change. We 

expected that individuals who replaced previous active behaviors (i.e., going to the gym) 

with alternative behaviors would have attenuated declines in PA during the shutdown.

METHODS

Design and Participants

This study was approved by the Institutional Review Board at Pennington Biomedical 

Research Center (PBRC), and adults 18 years of age or older with access to the internet were 

eligible to participate (16). A link to the anonymous survey was distributed by paid 

advertisements on social media platforms, PBRC’s webpage, email listservs, and word of 

mouth between April 3, 2020 and May 3, 2020. Upon opening the survey link, interested 

individuals received instructions that detailed the purpose of the study. Participants verified 

that they were adults and provided consent to participate before proceeding with the survey. 

Deidentified data were collected using REDCap (Research Electronic Data Capture) (21). 

Participation in the survey was voluntary and no compensation was provided.

Online Survey

The survey captured information across five domains: (1) demographics and household 

information, (2) PA and sedentary behavior, (3) diet, (4) sleep, and (5) mental health. Survey 

items included modifications from validated questionnaires together with investigator-

created questions unique to this survey’s aims and the COVID-19 pandemic. PA, diet, and 

mental health domains included short-form and long-form instruments, in which participants 

could provide more detailed responses if desired. The protocol for the survey is registered 

with the PhenX Toolkit as a COVID-19 related measurement protocol (22).

For the purpose of the analyses reported herein, we utilized data from the long-form PA 

questionnaire with 12 items assessing PA behavior both pre- and during-shutdown. This 
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instrument was modified from the Nurses’ Health Study Physical Activity Questionnaire 

(23), and activities included walking, jogging, running, bicycling, lap swimming, aerobic 

exercise, low-intensity exercise, household activities, resistance training, sports, using online 

exercise videos, and exergaming. We calculated total minutes of PA and metabolic 

equivalent (MET) minutes pre- and during-shutdown to examine change over time. METs 

for the different forms of PA, as reported by participants, were selected from the 

Compendium of Physical Activities (24). Survey items used the phrase “before” or “since 

the COVID-19 outbreak in your country or region”. From the survey, we also extracted 

information on the use of personal fitness trackers, gym memberships, the purchase of home 

exercise equipment during stay-at-home orders, and accessing virtual fitness classes as 

potential influences on change in PA. Virtual fitness included either online exercise videos or 

exergaming.

Statistical Analyses

Descriptive statistics were used for demographic data and are presented as mean (± SD) or 

frequency (percent). Differences between groups were examined with t-tests for continuous 

variables and chi-squared statistics for categorical variables. Main effects of individual-level 

characteristics on the change in PA levels (MET minutes or absolute minutes per week) were 

assessed with mixed-effect linear models/generalized linear models, and differences between 

groups were assessed using post-hoc pairwise comparisons applied to least squared means. 

All models had no covariates, unless otherwise specified. All analyses were conducted by a 

Center biostatistician (RAB) in SAS version 9.4 with alpha ≤ 0.05 as the predetermined 

level of significance. Model outcomes are presented as mean ± standard error (SE). Figures 

were produced in GraphPad Prism version 8.

RESULTS

Participant characteristics

A total of 7,753 adults participated in the online survey (16) and 4,376 participants 

completed the long-form PA questionnaire required for inclusion in the present analysis. 

Participant characteristics are provided in Table 1; the number of responses differed among 

some of the individual survey items, as all responses were voluntary, and participants could 

choose not to answer certain questions. On average, participants (80% female) were 52 (± 

15) years old and had a BMI of 28.7 (± 7.0) kg/m2, with equal distribution across the BMI 

categories of healthy weight (33%), overweight (32%), and obesity (34%). Most participants 

(81%) reported a household size >1, and 38% had one or more dependents living in their 

household. Household income was relatively equally distributed across all income 

categories, with 52% of participants reporting an annual household income between $10,000 

and $100,000. One third of participants faced income changes due to COVID-19 and 15% 

reported being laid off from their job. On average, participants reported being physically 

active during 348 (± 403) minutes/week prior to COVID-19 and reaching a mean of 1,453 (± 

1,982) MET minutes/week. Forty-three percent of participants reported using wearable 

fitness trackers and 35% had memberships to a gym prior to COVID-19.
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Demographics/employment factors

Overall, PA levels declined across the study sample (−112 ± 1,460 MET minutes/week, or 

−18 ± 306 absolute minutes/week), though PA changes were heterogeneous (Figure 1). 

While 1,967 participants (45%) reported a decline of more than 5 minutes/week, 2,409 

(55%) reported that PA levels remained relatively unchanged (within ± 5 minutes/week) or 

even increased since the outbreak of the pandemic in their region. The characteristics of 

these subgroups are presented in Table 1. There were no effects of age (p = 0.67), sex (p = 

0.14), or BMI (p = 0.97) on the change in PA levels. Those who lived alone experienced 

sharper declines in PA relative to those with other people in the home (−207 vs. −90, 

respectively; diff = 118 MET min/wk, p < 0.01). This was equivalent to a difference of 27 

absolute minutes/week (p < 0.01). However, there was no effect of dependents in the home 

(p = 0.26).

Analyses revealed a dose-response relationship between income and change in PA levels 

(Figure 2), such that those with the lowest income experienced the greatest declines, while 

those with the highest income had an increase in PA (−333 vs. 30, respectively; diff = 363 

MET min/wk, p < 0.01). This was equivalent to a difference of 82 absolute minutes/week (p 
< 0.01). Those who experienced a change in income due to COVID-19 showed a greater 

decline in PA levels compared to those who did not (−182 vs. −73, respectively; diff = 110 

MET min/wk, p < 0.01). This was equivalent to a difference of 24 absolute minutes/week (p 
< 0.01). Similarly, those who reported having been laid off or furloughed from their jobs 

experienced a greater decline in PA levels relative to those who had not (−232 vs. −64, 

respectively; diff = 168 MET min/wk, p < 0.01). This was equivalent to a difference of 36 

absolute minutes/week (p < 0.01). Those who transitioned to working from home saw an 

increase in PA, while all others (not working from home, already working from home before 

COVID, not working before COVID) experienced a decline (Figure 3). Results were similar 

for MET minutes and absolute minutes per week.

Physical activity-specific factors

There was a negative association between baseline PA and change in PA levels, such that 

those with the highest levels of PA at baseline experienced the greatest declines (p < 0.01 for 

MET minutes and absolute minutes, Figure 4). Given that BMI was negatively associated 

with baseline PA levels (p < 0.01), we conducted this analysis with BMI as a covariate. 

Models remained significant with the inclusion of BMI (all p < 0.01). There was no effect of 

having a fitness tracker vs. not on changes in PA levels (p = 0.41).

Those who previously had an active gym membership had a significantly greater decline in 

PA relative to those who did not (−330 vs. −12, respectively; diff = 317 MET min/wk, p < 

0.01). This was equivalent to a difference of 61 absolute minutes/week (p < 0.01). Those 

who purchased home exercise equipment reported an increase in PA levels, while those who 

did not, had a decline in PA (32 vs. −138, respectively; diff = 170 MET min/wk, p < 0.01). 

This was equivalent to a difference of 39 absolute minutes/week (p < 0.01). Those who 

increased their use of virtual fitness platforms (exergaming, exercise videos) showed an 

increase in total PA levels compared to those who did not (430 vs. −193, respectively; diff = 
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663 MET min/wk, p < 0.01). This was equivalent to a difference of 156 absolute minutes/

week (p < 0.01).

Replacement behaviors

There were significant differences between those who engaged in replacement behaviors 

(i.e., purchasing home equipment, using virtual fitness platforms in place of previous gym 

membership) and those who did not, regarding the changes in MET minutes/week and 

absolute minutes/week (Figure 5; main effects, all p < 0.01). These changes in physical 

activity were independent of BMI (all p > 0.17). However, the majority of survey 

respondents did not purchase equipment (n=3,702, 85%) and did not increase their use of 

virtual fitness platforms (n=3,808, 87%), regardless of whether they had a gym membership 

prior to the pandemic.

Only 347 participants (7.9%) reported purchasing home exercise equipment in place of an 

active gym membership during the shutdown, while an additional 327 (7.5%) purchased 

equipment despite no previous use of a gym membership (Figures 5A and B). Among those 

with a previous gym membership, those who purchased equipment had an attenuated decline 

in MET minutes/week relative to those who did not purchase equipment (−80 vs. −361, 

respectively; diff = 281 MET min/wk, p < 0.01). This was equivalent to a difference of 57 

absolute minutes/week (−8 vs. −65 min/wk, respectively; p < 0.01). Those who did not have 

a gym membership but purchased home equipment reported an increase of 294 MET 

minutes/week from prior to COVID-19 (p < 0.01), or 70 absolute minutes/week (p < 0.01).

Regarding virtual fitness platforms, 337 participants (7.7%) reported an increase in their use 

of online exercise videos or exergaming in place of an active gym membership during the 

shutdown, while an additional 231 (5.3%) increased use of virtual fitness platforms despite 

no previous use of a gym membership (Figures 5C and D). Among those with a previous 

gym membership, those who increased use of virtual fitness platforms reported an increase 

in MET minutes/week, while those who did not, experienced a decline (206 vs. −445, 

respectively; diff = 650 MET min/wk, p < 0.01). This was equivalent to a difference of 170 

absolute minutes/week (79 vs. −91 min/wk, respectively; p < 0.01). Those who did not have 

a gym membership, but increased use of virtual fitness platforms reported an increase of 853 

MET minutes/week from prior to COVID-19 (p < 0.01), or 199 absolute minutes/week (p < 

0.01).

In total, 589 participants (13.5%) who previously had an active gym membership reported 

either purchasing equipment and/or using virtual fitness platforms, suggesting some overlap 

of replacement approaches (Figures 5E and F). Participants who previously had a gym 

membership and did not purchase equipment nor increase use of virtual fitness platforms (n 

= 845, 19.3%) reported the sharpest declines in PA (−472 MET min/wk or −94 min/wk; both 

p < 0.01).

DISCUSSION

The purpose of this secondary analysis was to identify individual-level factors and strategies 

that helped adults maintain PA levels during the COVID-19 pandemic and associated 
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shutdowns. This analysis was in response to the recent ACSM Call to Action Statement on 

COVID-19 and PA (15). We hypothesized that those with the highest levels of PA prior to 

COVID-19 would report the sharpest declines, and that self-monitoring of PA, purchasing 

home-based exercise equipment, and accessing virtual fitness platforms would protect 

against this decline. Our hypotheses were largely supported, with the exception of self-

monitoring with wearable fitness trackers, which was not associated with the change in PA 

levels in our study. Despite significant declines in PA overall, purchasing home exercise 

equipment and increasing use of virtual fitness platforms, such as online exercise videos and 

exergaming, did mitigate the reduction in PA. However, we also saw significant effects of 

income, work, and home-related factors on PA levels that must be accounted for when 

developing strategies to keep people active.

Based on known barriers to and facilitators of physical activity, we anticipated unique 

challenges associated with the COVID-19 pandemic. Adults may have increased demands 

on their time, with competing work and family responsibilities during the pandemic. 

Increased stress and strain on mental health may contribute to reduced motivation or energy 

for PA (25). With the closures of gyms and community centers, access to safe facilities is at 

an all-time low, and the ability to purchase home-based exercise equipment is likely 

simultaneously limited by physical space to accommodate it and the financial strain 

experienced during the economic downturn. Factors that can help facilitate regular PA (in 

the absence of a pandemic) have been previously described, including access to PA 

opportunities that are affordable and convenient (19, 20). For this reason, access to home-

based fitness options would be optimal during a shutdown (26, 27). With stay-at-home and 

shelter-in-place orders lifted, it is imperative to have the ability to safely walk or bike in 

one’s neighborhood (28). In addition, social support is an important facilitator of PA in 

many studies and is often included as a component of PA interventions (29, 30). Those with 

more individuals in the home during the shutdown may have an easier time maintaining PA 

levels, compared to those living in isolation. Online fitness platforms or virtual health 

coaching could help facilitate PA for those who lack social support in the home. Self-

monitoring through wearable fitness trackers has been used as a strategy in previous PA 

interventions (30), and many devices come with access to a tracking app with social 

platforms. We explored as many of these factors as possible influences on the COVID-19 

associated change in PA within the current analysis.

Despite relatively low uptake (13% of participants), access to virtual fitness platforms 

appeared to have a strong protective effect against declines in PA. Early adopters of virtual 

fitness approaches (i.e., exergaming or online exercise videos) reported an increase in overall 

PA levels relative to those who did not. As the pandemic continues, further promotion of 

virtual fitness opportunities could be an effective strategy to promote health. Our findings 

are in line with reports from Yang and colleagues that fitness apps were effective in helping 

people maintain physical activity levels, especially when using gamification (31). 

Importantly, this strategy requires access to specific technologies (gaming console, internet, 

smartphone, etc.), which should be taken into account when engaging adults in low-resource 

situations. Free or reduced-cost content that is still stimulating enough to promote 

engagement is encouraged, where possible. Similarly, we saw relatively low rates (15.4%) of 

purchasing home-based exercise equipment, likely due to the known financial burden and 
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additional anecdotal evidence of low availability for consumers. Based on these combined 

results, low-cost, virtual exercise content that requires minimal to no equipment is likely to 

be an effective strategy (32).

This is particularly true for some of our highest risk participants – those with lower incomes 

or who experienced/are experiencing a loss of income due to changes in job status. The 

economic effects of the COVID-19 pandemic in the United States and elsewhere have been 

well documented (33, 34). Previous studies have shown that those with low incomes already 

face health disparities in regards to meeting guidelines for PA and healthy eating (35, 36). 

Many studies have now shown that the COVID-19 pandemic has had significant effects on 

both PA and eating behaviors (7, 16, 18, 37-39), and our results now suggest that the current 

situation is widening existing income-related disparities in health behavior. Simultaneously, 

these disparate individuals are also subject to more severe COVID-19 clinical outcomes (40, 

41), highlighting the urgency with which health-promoting lifestyle behaviors need to be 

supported.

Based on the current analyses, another high-risk group in regards to PA declines are those 

living alone. Unfortunately, those living in isolation are also the most likely to suffer mental 

health declines during the pandemic-associated stay-at-home orders (42, 43). Given well-

documented associations between PA and mental health (44-46), finding strategies to 

promote PA in this group is likely to have beneficial effects beyond physical health (47). We 

saw that self-monitoring alone (as determined by the use of wearable fitness trackers) was 

not effective in mitigating the reduction in PA levels seen overall. Therefore, we believe 

additional social support and accountability may be needed in this extreme situation.

The inherent limitations of self-reported surveys are well known. We used validated 

instruments wherever available, but needed to include additional investigator-created 

questions to capture the unique environment. The addition of a virtual fitness question to the 

Nurse’s Health Study Physical Activity Questionnaire is one such example. It is possible 

that certain vulnerable populations may be underrepresented in this survey, as participation 

was limited to those with access to the internet via WiFi or cellular service during the stay-

at-home orders. Based on the timing of our survey, it was not possible to gather pre-

pandemic responses in real time, and thus participants recalled and reported behaviors 

retrospectively. Based on our previous analysis, we saw that 96% of respondents were 

affected by government mandates to control the spread of the virus (16), and responses were 

captured not more than one month into the COVID-19 shutdown, in most cases. Importantly, 

many participants did report a significant change in their behaviors, suggesting that they did 

indeed recognize the effects of the pandemic on their lifestyle. There were likely regional 

differences due to weather which may have impacted physical activity as well as the ability 

to implement replacement behaviors to maintain physical activity. Based on the available 

data from the present survey, we were unable to assess the effects of weather or climate on 

changes in PA. With repeated surges in COVID-19 in various regions of the world, it will be 

important to evaluate seasonal influences on these behaviors and provide additional support, 

as needed. We had a broad distribution of income and weight status across the study sample. 

However, despite recruitment strategies to obtain a diverse set of respondents, the majority 

of survey respondents identified as white, female, older adults from similar geographic 
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regions, which may limit the generalizability of some of our findings. Our primary source of 

advertisement was through Facebook, where the majority of users are women. Additionally, 

multiple reports have shown that women have been disproportionally burdened with care-

related tasks (e.g., childcare, home schooling, caring for elderly) throughout the pandemic 

(48, 49) which would likely influence changes to physical activity. Future studies during this 

pandemic should examine the acceptability of virtual fitness options, for example, among 

men and individuals from other racial or ethnic backgrounds.

In sum, individuals are experiencing significant barriers to participating in regular PA, 

beyond the usual circumstances. Attenuating the reduction in PA should be a public health 

priority now and in response to future pandemic mitigation measures. Few adults (24%) 

meet the recommended guidelines for PA (50), and further declines will exacerbate the 

known health consequences of low PA and associated low cardiorespiratory fitness (11-14). 

Therefore, combating the decline in PA is likely to have an impact on physical health over 

the long term. Understanding individual-level factors that affect PA during the pandemic is 

the first step to addressing the problem. Now we, as health practitioners and researchers, 

must consider these contextual factors in our responsive action.
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Figure 1. 
Variability in the change in PA levels from prior to COVID-19. The mean change in PA is 

represented by the dotted line for A) MET minutes/week = −112 ± 1460 and B) minutes/

week = −18 ± 306. While 1,967 participants reporting a decline in PA levels, 2,409 reported 

no change or an increase in PA levels. Data are presented for those within ± 3 SD from the 

mean. Abbreviations: MET, metabolic equivalent of task.
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Figure 2. 
Effect of income on change in PA levels (MET minutes/week). * Denotes a significant 

within-group change from prior to COVID-19, while letters (a-d) denote significant 

between-group differences, p < 0.05 (letters that differ from each other indicate group 

differences). Abbreviations: MET, metabolic equivalent of task.
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Figure 3. 
Effect of the change or stability in work environment on change in PA levels (MET minutes/

week). * Denotes a significant within-group change from prior to COVID-19, while letters 

(a-d) denote significant between-group differences, p < 0.05 (letters that differ from each 

other indicate group differences). Abbreviations: MET, metabolic equivalent of task.
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Figure 4. 
Associations between baseline PA levels and change in PA levels, as measured in A) MET 

minutes/week, and B) absolute minutes/week. Data are presented for those within ± 3 SD 

from the mean for each contributing variable. Abbreviations: MET, metabolic equivalent of 

task.
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Figure 5. 
Effects of replacement behaviors on changes in PA levels. Each graph depicts whether 

participants had an active gym membership prior to COVID-19 (No gym vs. Yes gym) and 

whether or not they purchased home-based exercise equipment (No equipment vs. Yes 

equipment) and/or increased use of virtual fitness platforms (No virtual fitness vs. Yes 

virtual fitness). A) Change in MET minutes/week by gym and equipment; B) Change in 

absolute minutes/week by gym and equipment; C) Change in MET minutes/week by gym 

and virtual fitness; D) Change in absolute minutes/week by gym and virtual fitness; E) 

Change in MET minutes/week by gym and equipment and/or virtual fitness; F) Change in 

absolute minutes/week by gym and equipment and/or virtual fitness. * Denotes a significant 

within-group change from prior to COVID-19, while letters (a-d) denote significant 

between-group differences, p < 0.05 (letters that differ from each other indicate group 

differences). Abbreviations: MET, metabolic equivalent of task.
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