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A B S T R A C T   

COVID-19 restrictions and social-distancing may inhibit adults from attaining recommended levels of physical 
activity. This study examined early impact of COVID-19 pandemic on physical activity in adults during the first 
two months of restrictions in the U.S. and how physical activity locations were associated with physical activity 
levels during this period. Adults (N = 268) completed an online survey between April 10-May 25, 2020. Par-
ticipants reported minutes of vigorous, moderate, and walking physical activity for past 7 days (early-COVID-19) 
and for a typical week in February 2020 (pre-COVID-19). Adults reported locations (e.g., home/garage, parks/ 
trails) were they were active over the past 7 days. Past 12-month step count data were extracted from partici-
pants’ personal smartphones. Participants (18–74 years old, 22% Hispanic/Latino, 81% female) showed re-
ductions in vigorous (M diff = − 66.9 min/week), moderate (M diff = − 92.4 min/week), walking (M diff -70.8 
min/week), and step counts (M diff = –2232 steps/day) from the pre- to early-COVID19 periods. Reductions in 
walking and steps were larger for low-income and Hispanic/Latino adults. During early-COVID19, more vigorous 
and moderate activity were reported by those who were active in their home/garage or driveway/yard, and more 
steps were recorded by those who were active on the roads in their neighborhood or at parks/trails. We observed 
a decline in adults’ physical activity during the first two months of the COVID-19 pandemic based on retro-
spective self-report and device-based measures. Although these restrictions were necessary to slow the spread of 
the virus, data indicate that there may be unintended consequences on health-related behaviors.   

1. Introduction 

COVID-19, the respiratory disease caused by the SARS-CoV-2 virus, 
has been declared a pandemic by the World Health Organization and a 
national emergency in the United States of America (U.S.). As of the date 
this article was written (Sep. 30, 2020), there were 7.25 million COVID- 
19 cases and 207,000 related deaths recoded by the U.S. Centers for 
Disease Control and Prevention (CDC COVID Data Tracker, 2020). In 
order to limit the spread of COVID-19, state governments in the U.S. 
issued “Shelter-in-place” or “Stay-at-home” orders starting between 
March 19 and April 3, 2020 (National Law Review, 2020). Although a 
few states rescinded or ended these orders in late April and early May, 
most states extended the expiration dates through May 15–May 29, 
2020. “Shelter-in-place” and “Stay-at-home” orders vary in scope from 
state to state but generally require “non-essential” businesses to close 

their physical offices or storefronts and continue their operations 
remotely. These guidelines require residents to remain at home except 
when performing essential activities including purchasing groceries and 
seeking medical treatment. Residents were allowed to take walks in 
outdoor spaces as long as they maintained social distancing of at least 6 
feet away from people not in their households. Federal, state, and local 
public parks, trails, and beaches were also closed in many jurisdictions 
starting mid-to-late March with some re-openings occurring in late April 
and early May, and most others in early to late June. 

Despite the public health necessity of these social-distancing mea-
sures in order to slow the spread of COVID-19 and ensure that medical 
facilities have adequate resources to address needs, they may impose 
restrictions on individuals’ ability to engage in sufficient levels of 
physical activity in order to maintain health and prevent further disease. 
More than 70 million Americans regularly access gyms and fitness 
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facilities (IHRSA, 2020), indicating that closure of these businesses may 
have a profound effect on physical activity behaviors. Furthermore, 
restricted access to public parks, trails, and beaches may eliminate low- 
and no-cost opportunities for outdoor physical activity. By limiting 
reasons to leave the house, incidental physical activity (e.g., during er-
rands or chores) and active transportation (e.g., biking to work, walking 
to public transit) may decline dramatically. Preliminary data on the 
impact of COVID-19 restrictions suggests that physical activity among U. 
S. adults was reduced between 32% and 48% during the first week of 
April 2020 (Evidation Health, 2020; Meyer et al., 2020). 

The overall goal of the current study was to investigate the early 
impact of the COVID-19 pandemic on activity levels among U.S. adults 
during the first two months that “Shelter-in-place” and “Stay-at-home” 
orders were in place. The primary objective was to determine whether 
physical activity significantly declined from the pre-COVID-19 period 
(February 1–29, 2020) to the early-COVID-19 period (April 3–May 25, 
2020), and whether changes in physical activity levels differed by self- 
reported ethnicity (Hispanic/Latino vs. non-Hispanic/Latino) and 
household income. The secondary objective was to describe the loca-
tions of physical activity during the early-COVID-19 period and examine 
the extent to which physical activity locations were associated with 
physical activity levels during this same period. Given emerging evi-
dence of the potential immune-protective effect of cardiorespiratory 
exercise against complications of COVID-19 (Halabchi et al., 2020) 
combined with concerns that temporary lapses in physical activity can 
extend to permanent disengagement with the behavior (Bélisle et al., 
1987), understanding the early effects of the COVID-19 pandemic on 
physical activity levels in U.S. adults is an important public health issue. 

2. Methods 

2.1. Study design 

The current study assessed the effects of the COVID-19 pandemic on 
physical activity among U.S. adults through a combination of cross- 
sectional and retrospective methods. An online survey, completed be-
tween April 10 and May 25, 2020, assessed early-COVID-19 and pre- 
COVID-19 levels of physical activity. Past 12-month stepping behavior 
was retrospectively captured through a built-in accelerometer applica-
tion on participants’ personal smartphone devices. 

2.2. Recruitment and participants 

A convenience sampling strategy, focused on recruiting general 
populations of adults living in the U.S. during the COVID-19 pandemic, 
was utilized. To minimize in-person interactions, potential respondents 
were electronically invited through various social media platforms (e.g., 
Facebook, Twitter, Reddit, LinkedIn) and university-based email list 
servs of students, faculty, and staff. Inclusion criteria were as follows: 18 
years or older, able to speak and read English, live in the U.S., and own 
and regularly use an Android or iPhone smartphone that they are willing 
to use to complete app-based surveys for the duration of the study. 
Exclusion criteria were as follows: enrolled in another study related to 
physical activity behaviors, including studies monitoring physical ac-
tivity, intervening on physical activity, or examining the effects of 
wearable fitness trackers. Once eligibility was determined, individuals 
agreed to participate through an online anonymous information sheet 
that described the study procedures, risks, and benefits. The Institutional 
Review Board of the University of Southern California determined that 
the study procedures presented no more than minimal risk and approved 
it as exempt from full review. 

2.3. Procedures 

Participants completed the survey in English through an online 
survey platform between April 10 and May 25, 2020, which cover the 

first one to two months after most U.S. states issued “Shelter-in-place” or 
“Stay-in-home” orders. The survey took approximately 30 min to com-
plete. Participants had the option to complete it either on their mobile 
phone, tablet, or desktop device. Upon completion of the survey, par-
ticipants were eligible to be entered into a lottery to win one of ten $50 
gift cards. 

2.4. Measures 

Self-reported physical activity. Participants completed the Interna-
tional Physical Activity Questionnaire Short Form (IPAQ-SF) (Bauman 
et al., 2009) twice in the survey. The IPAQ is one of the most widely used 
report-based physical activity instruments and has demonstrated 
acceptable reliability and validity across a range of populations (Brown 
et al., 2004; Ekelund et al., 2006). The first time, the instructions asked 
individuals to “Think about the time you spent being physically active 
during a typical week in February 2020 (BEFORE THE COVID-19 
PANDEMIC),” which represented the pre-COVID-19 period. The sec-
ond time, the instructions asked individuals to “Think about the time 
you typically spent being physically active in the last 7 days PRIOR TO 
TODAY.” Since the survey was completed between April 10 and May 25, 
2020, which covers the first 1–2 months after most U.S. states issued 
“Shelter-in-place” or “Stay-in-home” orders, this second IPAQ adminis-
tration represented the early-CVOID-19 period. During both times, 
participants reported on levels of vigorous intensity activity, moderate 
intensity activity, and walking activity. For all three types of physical 
activity, individuals reported the number of days per week that they 
performed the targeted activity for at least 10 min at a time. They then 
reported how much time they usually spent on one of those days doing 
the targeted physical activity. Data were cleaned following the IPAQ 
scoring protocol (Forde, 2020). Duration values were censored to a 
maximum of 180 min per day to reduce the effect of possibly spurious 
outliers. 

Device-based physical activity. Stepping behavior for the past 12 
months was retrospectively captured using the built-in accelerometer 
from participants’ personal smartphones. Modern smartphones include 
a three-axis gyroscope and accelerometer that capture body movements. 
The iOS (Apple, Inc) operating system comes with default accelerometer 
application that continuously counts steps taken by the user. Informa-
tion about the underlying algorithm used by each application to count 
steps was not available. Previous studies have demonstrated that 
smartphones are valid tools for step counting in different age groups and 
across a range of walking and running conditions (Höchsmann et al., 
2018). At the end of the online survey, iOS users were asked to upload a 
screenshot of the automatically generated bar graph of their past year 
steps-by-month from their Apple Health app. Compatible steps data 
were not available from users of Android smartphones. To extract these 
data, research staff uploaded screenshots to WebPlotDigitizer (Web-
PlotDigitizer, 2020) where the length of Y axis on the bar graph was 
measured and calibrated. Average steps by month was calculated 
rounded to the nearest whole number based on the length of the bar and 
were exported. Screenshots were excluded from extraction if an incor-
rect screenshot was uploaded (i.e. average miles by month) (n = 21) or 
the quality of the screenshot was too poor to extract (n = 6). The pre- 
and early-COVID-19 periods were represented by step count data 
extracted from Feb 2020 and April 2020, respectively. 

Physical activity locations. Participants were asked whether they were 
currently physically active for at least 30 min per week. If so, they were 
asked to indicate where (i.e., the types of locations in which) they did 
physical activity over the past 7 days, with instructions to choose all that 
apply from the following options: inside my home or garage, in my yard 
or driveway, on the sidewalks and roads in my neighborhood, on the 
sidewalks and roads outside my neighborhood, gym or fitness center, at 
a park or trail, and at an outdoor sports facility (e.g., basketball/tennis 
court, baseball diamond). 

Demographics. Participants self-reported their biological sex at birth 
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(male vs. female), age (later categorized as 18–39 years, 40–59 years, 
and 60 + years), race, ethnicity (Hispanic/Latino vs. non-Hispanic/ 
Latino), education level, and annual household income (later catego-
rized as less than $27,000, $27,000–$59,999, $60,000–$99,999, 
$100,000 or more). Participants also reported their height (inches) and 
weight (pounds). Height was converted to meters, and weight was 
converted to kilograms. Body mass index (BMI; kg/m2) was calculated, 
and weight status categories were created (underweight is 18.5 kg/m2, 
normal weight is ≥18.5 kg/m2 and <25 kg/m2, overweight is ≥25 kg/ 
m2 and <30, obese is ≥30 kg/m2). 

2.5. Statistical analyses 

Prior to data analyses, variables were screened for violations of 
statistical assumptions (e.g., normality, linearity). All four physical ac-
tivity variables (i.e., vigorous intensity, moderate intensity, walking, 
and step counts) were positively skewed and thus subjected to cube root 
transformations. A preliminary set of paired t-tests examined within- 
subject effects of time (pre-COVID-19 vs. early-COVID-19]) on 
vigorous intensity, moderate intensity, walking, and step counts. Mixed 
model repeated-measures analysis of variance (ANOVA) procedure 
examined the between-subject effects of self-reported ethnicity and 
annual household income on the within-subject difference in physical 
activity the two time points (i.e., Time [WS] × Ethnicity [BS] and Time 
[WS] × Income [BS] after controlling for the main effects and in-
teractions with time for age, sex, and weight status. These confounders 
were selected due to population-based evidence in adults showing that 
physical activity declines with age, is lower among women, and 
inversely associated with adiposity (Hawkins et al., 2009; Wanner et al., 
2016). To examine whether the likelihood of engaging in physical ac-
tivity at the various locations also differed by self-reported ethnicity, 
logistic regressions were conducted with ethnicity and the covariates 
entered simultaneously and each location (yes vs. no) as the dependent 
variables in separate models controlling for the covariates listed above. 
Lastly, multiple linear regression analyses tested the associations of 
performing physical activity in various locations (e.g., home/garage, 
driveway/yard, roads in one’s neighborhood) (yes vs. no) with vigorous 
intensity, moderate intensity, walking, and step counts during the early- 
COVID-19 period after adjusting for the covariates listed above. 

Post-hoc statistical power analyses using G*Power (Faul et al., 2007) 
indicated that analytic sample sizes of 250 (i.e., relevant to the full an-
alytic sample) and 136 (i.e., relevant to the subsample with smartphone 
accelerometer data) are able to detect small effect sizes (η2 =

0.011–0.015) and (η2 = 0.020–0.029), respectively, with β = 0.80, α =
0.05, and correlation among measures of r = 0.3 in a repeated measures 
ANOVA testing a BS × WS interaction with two to four groups (BS) (i.e., 
Hispanic/Latino vs. non-Hispanic/Latino, annual household income 
categories) and two repeated measures (WS) (i.e., pre-COVID-19 vs. 
early-COVID-19). In multiple linear regression analyses, sample sizes of 
248 (i.e., relevant to the full analytic dataset) and 140 (i.e., relevant to 
the subsample with smartphone accelerometer data) are able to detect 
small effect sizes (f2 = 0.032) and (f 2 = 0.057), respectively, with β =
0.80, α = 0.05, and up to 11 predictor variables in the model. 

3. Results 

3.1. Data availability and demographic characteristics 

A total of 530 individuals expressed interest in the study and 
completed the screening questions. Of this number, a total of 496 in-
dividuals were eligible after completing the screener, and 430 in-
dividuals consented for the study. Cases were removed that had not yet 
started (n = 19) or not yet completed the survey (n = 80) at the time of 
data analysis. Of the n = 331 remaining, 63 cases with missing data on 
one or more of the demographic covariates were removed, leaving an 
analytic sample size of 268. Table 1 shows the descriptive statistics for 

the demographic characteristics of the analytic sample. Approximately 
58% of participants resided in California, but the sample included res-
idents of 31 U.S. states and the District of Columbia. Participants ranged 
in age from 18 to 74 years old with an average age of 33.96 (SD = 12.2) 
years. A majority of participants were younger and female. Approxi-
mately 22% of the sample identified as Hispanic/Latino, which is 
somewhat higher than the rate in the general U.S. population (18.5%) 
according to recent census data (Bergman et al., 2017). Smartphone- 
recorded daily step counts were available for a subsample of n = 143 
individuals. Chi-square tests showed that the subsample with available 
step count data was younger (p < .001) than the excluded sample 
without smartphone step count data. 

3.2. Change in physical activity from the Pre- to Early-COVID-19 periods 

Descriptive statistics for vigorous, moderate, and walking physical 
activity per week as well as steps per day for the pre-COVID-19 
(February 2020) and early-COVID-19 (April-May 2020) periods are 
shown in Table 2. Unadjusted paired t-tests indicated significant re-
ductions in vigorous intensity, Mdiff = − 66.9 min/week (35.1% 
decrease), t(267) = 6.30, p < .001, moderate intensity, Mdiff = − 92.4 
min/week (45.7% decrease), t(263) = 6.30, p < .001, walking, Mdiff =

− 70.8 min/week (20.7% decrease), t(264) = 4.62, p < .001, and steps, 
Mdiff = –2232.4 steps/day (36.3% decrease), t(142) = 10.02, p < .001 
during the early-COVID 19 period as compared to the pre-COVID-19 
period. Available past 12-month smartphone-based step count data 
show that average daily steps remained steady between May 2019 and 
February 2020, with an observed decrease of about 2,000 steps per day 
across March and April 2020 (See Fig. 1). 

Results for the models examining changes in physical activity be-
tween the pre-COVID-19 and early-COVID-19 periods by self-reported 
ethnicity and annual household income are shown in Table 3. After 
controlling for the covariates in the model, changes in reported vigorous 
and moderate intensity physical activity did not differ by ethnicity or 

Table 1 
Descriptive Statistics for Sample on Demographic Characteristics.  

Variable n (%) 

Age Group  
18–39 years 207 (77.2) 
40–59 years 46 (17.2) 
≥60 years 15 (5.6) 

Sex  
Male 52 (19.5) 
Female 215 (80.5) 

Ethnicity  
Hispanic/Latino 58 (21.6) 
Non-Hispanic/Latino 210 (78.4) 

Race  
White/Caucasian 182 (67.9) 
Black/African-American 9 (3.4) 
Asian 34 (12.7) 
Other/Don’t know/Prefer not to answer 25 (9.3) 
Mixed 18 (6.7) 

Annual Household Income  
Less than $27,000 36 (13.4) 
$27,000–$59,999 70 (26.1) 
$60,000–$99,999 48 (17.9) 
$100,000 or more 114 (42.5) 

Education  
High school graduate 6 (2.2) 
Some college 20 (7.5) 
College graduate 102 (38.1) 
Some graduate school 140 (52.2) 

Weight Categories  
Underweight 7 (2.6) 
Normal weight 143 (53.4) 
Overweight 79 (29.5) 
Obese 39 (14.6) 

N = 268. 
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annual household income (See Table 3). However, there were significant 
Time (WS) × Ethnicity (BS) and Time (WS) × Income (BS) interactions 
for walking, indicating that the size of the change in minutes of walking 
physical activity per week differed by ethnicity (Hispanic/Latino vs. 

non-Hispanic/Latino) and annual household income. Fig. 2 (Panel A) 
shows that Hispanic adults reported a greater decrease in walking 
physical activity minutes per week as compared to non-Hispanic adults. 
Also, adults with annual household incomes between $27,00–$59,999 
reported a greater decrease in walking physical activity minutes per 
week as compared to adults with annual household incomes greater than 
or equal to $100,000 (see Fig. 2, Panel B). The significant Time (WS) ×
Income (BS) interaction for step counts per day in Table 3 shows that 
after controlling for the effects of the covariates in the model, changes in 
recorded steps per day between the pre-COVID-19 and early-COVID-19 
periods differed by annual household income. Adults with annual 
household incomes between $27,000–$59,999 showed a greater 
decrease in steps per day as compared to adults with annual household 
incomes greater than or equal to $100,000 (see Fig. 2, Panel C). 

3.3. Locations of physical activity during the Early-COVID-19 period 

A total of 236 participants indicated that they were currently phys-
ically active for at least 30 min per week, and thus provided physical 
activity location data. During the early-COVID-19 period, the greatest 
proportion of physical activity was reported at home or in one’s garage 
(75.0%), followed by on the sidewalks or roads in one’s neighborhood 
(69.9%), at a park or trail (27.1%), on the sidewalks or roads outside 

Table 2 
Descriptive Statistics for Self-reported and Device-based Physical Activity 
Variables.   

Pre-COVID-19 (Feb. 2020) Early-COVID-19(April-May 
2020) 

n Mean (SD) Median n Mean (SD) Median 

Vigorous 
(min/week) 

268 190.7 
(211.2) 

120.0 268 123.9 
(171.4) 

60.0 

Moderate 
(min/week) 

265 202.4 
(271.9) 

120.0 266 111.0 
(172.5) 

60.0 

Walking (min/ 
week) 

266 341.9 
(339.8) 

210.0 267 244.1 
(280.8) 

140.0 

Steps (counts/ 
day) 

149 6153.2 
(2805.9) 

5998.0 143 3920.8 
(3344.5) 

3058.0 

Self-reported minutes of vigorous, moderate, and walking physical activity per 
week were assessed by the short-form International Physical Activity Ques-
tionnaire (IPAQ). Device-based step counts per day were assessed by the on- 
board accelerometer in participants’ personal smartphones. Median values are 
presented due to positive skew. 

Fig. 1. Average steps (counts/day) for the past 12 months (May 2019-April 2020) with 95% confidence intervals for study participants. Step data extracted from 
personal smartphone accelerometer tracking app on iOS and Android. 

Table 3 
Mixed Model Repeated-Measures Analysis of Variance (ANOVA) Examining the Effects of Time (pre-COVID-19 [Feb. 2020] vs. early-COVID-19 [April-May 2020]) on 
Self-reported and Device-based Physical Activity by Ethnicity and Income.  

Variable Vigorous (min/week) Moderate (min/week) Walking (min/week) Steps (counts/day) 

df F p η2 df F p η2 df F p η2 df F p η2 

Time (WS) 1259  10.602  0.001  0.040 1255  16.686  0.000  0.062 1266  9.247  0.003  0.035 1132  5.716  0.018  0.042 
Hispanic (BS) 1259  1.410  0.236  0.005 1255  0.109  0.742  0.000 1266  3.655  0.057  0.014 1132  1.291  0.258  0.010 
Income (BS) 3259  2.335  0.074  0.027 3255  0.631  0.596  0.007 3266  0.844  0.471  0.010 3132  3.017  0.032  0.064 
Time (WS) × Hispanic 

(BS) 
1259  1.071  0.302  0.004 1255  0.694  0.405  0.003 1266  4.289  0.039  0.017 1132  0.129  0.720  0.001 

Time (WS) × Income 
(BS) 

3259  0.617  0.604  0.007 3255  1.203  0.309  0.014 3266  2.935  0.034  0.034 3132  3.075  0.030  0.065 

n = 268 for vigorous, n = 264 for moderate, n = 265 for walking, and n = 143 for steps. η2 = effect size (partial eta squared). WS = within-subject effect. BS = between- 
subject effect. Self-reported minutes of vigorous, moderate, and walking physical activity per week were assessed by the short-form International Physical Activity 
Questionnaire (IPAQ). Device-based step counts per day were assessed by the on-board accelerometer in participants’ personal smartphones. Vigorous, moderate, 
walking, and steps were cube root transformed to adjust for positive skew. Hispanic/Latino (vs. non-Hispanic/Latino), and annual household income ($12,500– 
$26,999, $27,000–$59,999, $60,000–$99,999, more than $100,000). All models adjust for the main effects and interactions of age (18–39 years, 40–59 years, and 60+
years), sex (male vs/ female), and weight status (underweight is <18.5 kg/m2, normal weight is ≥18.5 kg/m2 and <25 kg/m2, overweight is ≥25 kg/m2 and <30, 
obese is ≥30 kg/m2) with Time. 
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one’s neighborhood (19.9%), in one’s yard or driveway (19.9%), gym or 
fitness center (5.1%), and outdoor sports facility (1.3%). Demographic 
differences in the likelihood of engaging in physical activity in the top 
three locations (i.e., home/garage, in neighborhood, park/trail) were 
examined. Individuals who had annual household incomes of $27,000– 
$59,999 (OR = 2.92, 95% CI = [1.13–7.63]), $60,000–$99,999 (OR =
2.79, 95% CI = [1.01, 7.71]), or more than $100,000 (OR = 5.47, 95% 
CI = [2.11, − 14.18]) than were more likely to engage in physical ac-
tivity on sidewalks and roads in their neighborhoods than individuals 
whose annual household incomes were less than $27,000, after adjust-
ing for age, sex, weight status, and ethnicity. Neither ethnicity nor 
annual household income were associated with the likelihood of 
engaging in physical activity at home/in garage or on at a park/trail. 

Results of the analyses examining associations of vigorous, moder-
ate, walking, and step counts during the early-COVID-19 period with 
various locations that physical activity had been performed are shown in 
Table 4. Performing physical activity in one’s home/garage or 
driveway/yard was associated with more vigorous and moderate in-
tensity physical activity after adjusting for age, sex, weight status, 
ethnicity, and income. Also, a greater number of steps per day during the 
early-COVID-19 period was recorded for individuals who performed 
physical activity on the roads in their neighborhood and at parks/trails. 
None of the measured locations of physical activity were associated with 
walking physical activity. 

4. Discussion 

This study examined the early effects of the COVID-19 pandemic on 
physical activity locations and behavior among adults living in the U.S. 
Overall, physical activity levels declined during the early-COVID-19 
period. Observed changes for self-reported physical activity ranged 
from a 21% decrease for walking to an almost 46% decrease for mod-
erate intensity. These values are similar in size to percent changes in the 
range of 32%–48% found for overall physical activity on recent self- 
report surveys of U.S. adults for the late March to early April period 
(Meyer et al., 2020). Previous data from wearable activity tracking de-
vices collected during the same time frame have found smaller decreases 
in physical activity levels ranging from 7% to 12% (Fitbit, 2020; With-
ings, 2020). Data from European countries such as France and 
Switzerland suggest similar trends with declines in vigorous physical 
activity and commuting-based physical activity during the same time 
frame (Cheval et al., 2020). 

The positive association between performing physical activity at a 
home location and higher levels of moderate/vigorous activity suggests 
that individuals may attempt to replace closed gyms and fitness centers 
with online/streaming fitness classes or available equipment at home. 
Results showing that step counts are positively associated with walking 
in one’s neighborhood and parks, suggests that neighborhood- or park- 
based walking may be a viable option for maintaining physical activity 
over the course of an extended pandemic. 

Results suggest that decreases in self-reported walking and device- 
based step counts were larger for individuals from lower-income 
households. Additionally, adults identifying as Hispanic/Latino 
demonstrated larger decreases in walking during this period. COVID-19- 
based restrictions and closures may have eliminated of transport- and 
occupational-based walking among members of these groups who pre-
viously traveled to work by walking or public transportation, or who 
previously engaged in walking while at work due to the nature of their 
job position. Location data during the early-COVID-19 period indicate 
that individuals from lower income households were less likely to report 
engaging in physical activity on the sidewalks and roads in their 
neighborhood. Streets in lower income neighborhoods may have poorer 
sidewalk availability and quality, greater traffic volume, or higher 
crime, which can deter leisure walking (Silfee et al., 2016). Findings 
observed here suggest that disparate impacts of the COVID-19 pandemic 
on lower income and ethnic minority groups reach beyond viral 

Fig. 2. Panel A: Effects of time (pre-COVID-19 [Feb. 2020] vs. early-COVID-19 
[April-May 2020]) on minutes of walking physical activity per week by 
ethnicity (Hispanic/Latino n = 57, non-Hispanic/Latino n = 208). Estimated 
marginal means are presented for raw (untransformed) data adjusting for sex, 
age, weight status, and annual household income. n = 265. Panel B: Effects of 
time (pre-COVID-19 [Feb. 2020] vs. early-COVID-19 [April-May 2020]) on 
minutes of walking per week by annual household income (n = 36 for 
<$27,000, n = 70 for $27,000–$59,999, n = 48 for $60,000–$99,999, n = 111 
for ≥$100,000). Estimated marginal means are presented for raw (untrans-
formed) data adjusting for sex, age, weight status, ethnicity. n = 265. Panel C: 
Effects of time (pre-COVID-19 [Feb. 2020] vs. early-COVID-19 [April 2020]) on 
smartphone accelerometer-derived steps per day by annual household income 
(n = 23 for <$27,000, n = 38 for $27,000–$59,999, n = 23 for $60,000– 
$99,999, n = 59 for ≥$100,000). Estimated marginal means are presented for 
raw (untransformed) data adjusting for sex, age, weight status, and ethnicity. n 
= 143. 
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exposures and mortality (Garg, 2020), and extend into health-related 
behaviors that may have long-lasting consequences for other chronic 
diseases. 

Strengths of the study included the timeliness of the survey during 
the early-COVID-19 period (April–May 2020), the collection of retro-
spective data to capture the period prior to the pandemic, and the use of 
standardized self-report and device-based physical activity measures. 
However, there were some limitations. The use of a retrospective self- 
report measures to assess pre-COVID-19 levels of vigorous, moderate, 
and walking physical activity could have introduced various reporting 
errors and biases. Also, individuals may not carry their smartphones 
with them at all times, leading to potential underestimation of physical 
activity through the device-based measure. Furthermore, this study did 
not use an objective GPS-based measure of environmental contexts of 
physical activity, which would enhance the reliability and validity. 
Additionally, the sample largely consisted of younger adults who were 
female, college graduates, and came from from middle-to-higher income 
households. Thus, findings may be not generalizable to a representative 
sample of U.S. adults. 

5. Conclusions 

In summary, we observed a decline in adults’ physical activity during 
the first two months of the COVID-19 pandemic based on retrospective 
self-report and device-based measures. Although “Shelter-in-Place” and 
“Stay-at-Home” orders issued by states were necessary in order to slow 
the spread of the virus and allow healthcare facilities to build capacity, 
there may be unintended consequences on other health-related behav-
iors such as physical activity. Disparate impacts of the COVID-19 
pandemic on the physical activity levels of potentially vulnerable sub- 
groups, including individuals who are low income or Hispanic/Latino, 
underscore the need for population-specific physical activity programs 
and policies over the next several months to years as the pandemic 
continues. 
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