
Relationship Quality and Objectively Measured Physical Activity 
Before and After Implementation of COVID-19 Stay-Home Orders

Talea Cornelius, Ph.D., M.S.W.a, Amanda Denes, Ph.D.b, Katrina T. Webber, M.S.b, Chelsea 
Guest, M.A.b, Jeff Goldsmith, Ph.D.c, Joseph E. Schwartz, Ph.D.a,d, Amy A. Gorin, Ph.D.b,e

aCenter for Behavioral Cardiovascular Health, Columbia University Irving Medical Center, New 
York, NY, USA

bUniversity of Connecticut, Storrs, CT, USA

cMailman School of Public Health, Columbia University, New York, NY, USA

dRenaissance School of Medicine Stony Brook University, Stony Brook, NY, USA

eInstitute for Collaboration on Health, Intervention, and Policy (InCHIP), University of Connecticut, 
Storrs, CT, USA

Abstract

In a sample of 28 individuals cohabiting with a partner in NYC, Boston, or Chicago, this 

study tested whether implementation of stay-home orders to combat the spread of COVID-19 

disrupted physical activity and whether high-quality romantic relationships buffered adverse 

effects. Participants provided FitBit data between February – October, 2020. Stay-home orders 

were associated with a reduction in daily step counts, B = −1,595.72, p = .018, increased sedentary 

minutes, B = 33.75, p = .002, and reduced daily minutes of light and moderate physical activity, B 
= −25.01, p = .011; B = −0.72, p = .021. No moderation effects emerged.
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The novel coronavirus SARS-CoV-2, or COVID-19, changed daily life to an unprecedented 

degree. Although stay-home orders and social distancing policies were instrumental in 

slowing the spread of COVID-19, they may also have adversely impacted individuals’ 

health and well-being due to disruption of daily routines and health-maintaining behaviors. 

However, studies examining health behavior consequences of these policies remains rare.

One health behavior particularly likely to suffer when sheltering in place and engaging 

in social distancing is physical activity. Stressors associated with COVID-19 could reduce 
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psychological assets that enable individuals to make healthy decisions – particularly more 

effortful ones, such as choosing to exercise – and environmental changes (e.g., reduced 

opportunities for exercise following gym closures or inability to go outdoors, no longer 

commuting to work) remove more reflexive cues that stimulate less effortful engagement in 

these behaviors (Dunton et al., 2019). Indeed, one study found that self-reported physical 

activity dropped by nearly 20% during the pandemic (Yang & Koenigstorfer, 2020), with 

others finding similar self-reported declines (Gallè et al., 2020; Rhodes et al., 2020). A study 

examining steps recorded by physical activity trackers found similar declines in countries 

with total lockdown policies (Pépin et al., 2020). Reductions in physical activity are not 

without consequence: not only is physical activity essential for maintaining physical health, 

it is also consistently linked with better mental health outcomes (Landers & Arent, 2007), 

which is critical during times of stress such as the COVID-19 pandemic. Research is needed 

to better understand how implementing lockdowns impacts physical activity, how physical 

activity patterns rebound over time, and potential protective factors that may buffer any 

declines in activity.

Close relationships are one factor associated with physical activity (Aral & Nicolaides, 

2017; Darlow & Xu, 2011) and supportive interpersonal environments can help buffer 

against the negative effects of stressors (Cohen & Wills, 1985). In addition to restricted 

access to exercise spaces due to shelter-in-place mandates, social isolation and loneliness 

associated with COVID-19 and related policies could undermine maintenance of health-

promoting behaviors such as physical activity (Courtin & Knapp, 2017; House et al., 1988). 

When individuals have restricted access to their social networks and are also limited in 

available health activities, as during the COVID-19 pandemic, romantic partnerships may 

become the primary interpersonal source of support. It is not merely the presence of a 

romantic relationship that benefits health, however, but also the quality of the relationship 

(Kiecolt-Glaser & Wilson, 2017). High-quality relationships are consistently linked to better 

physical and mental health (Loving & Slatcher, 2013; Robles et al., 2014), and prior studies 

have shown that one’s own and one’s partner’s happiness are each associated with self-

reported health and exercise (Chopik & O’Brien, 2017). In addition to buffering stressors 

that might otherwise undermine physical activity, a close and supportive romantic partner 

could also provide emotional resources (Afifi, Merrill, & Davis, 2016) to help individuals 

engage in effortful exercise behaviors when reflexive cues are no longer present in the 

environment (Dunton et al., 2019). Unfortunately, COVID-19 has placed unprecedented 

stress upon romantic relationships, leading to reductions in satisfaction (though effects are 

heterogeneous; Balzarini et al., 2020; Günther-Bel et al., 2020; Williamson, 2020).

It is unclear whether relationship benefits extend to the unique situation wherein couples 

are physically isolated from other potentially important support networks, such as friends, 

family, and workplace relationships. In pre-pandemic times, the association of high-quality 

relationships with well-being may have been confounded by a general tendency towards 

positive and health-promoting social relationships (e.g., overlap between different measures 

of social support; Gottlieb & Bergen, 2010; associations of different relational aspects with 

health; DiMatteo, 2004). The current COVID-19 pandemic and shelter-in-place mandate 

in response to the virus’ spread provide a unique opportunity to investigate the impact 

of isolation on health behaviors in couples and determine whether high-quality romantic 
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relationships are protective against declines in physical activity – irrespective of tendencies 

towards positive relationships more broadly.

To address these gaps in knowledge, using objectively measured physical activity data 

collected between February and October of 2020, the present study tests whether 

physical activity was reduced from the month prior to the shelter-in-place to post-policy 

implementation in couples living in three metropolitan areas in the United States with 

similar climate and seasons (NYC, Boston, and Chicago). We further explore whether 

individuals who sheltered in place together with a romantic partner and who also have 

high-quality relationships were protected against any adverse impact of social isolation 

on physical activity. Specifically, we hypothesized that there would be a significant 

decrease in objectively measured physical activity from pre- to post-shelter-in-place policy 

implementation (i.e., during the time that these policies were in place), and that individuals 

in high quality relationships would experience less decrease in physical activity from pre- to 

post-shelter-in-place implementation.

Methods

Participants

Participants were a convenience sample of 50 cohabiting couples living in either NYC, 

Boston, or Chicago. Participants were recruited via online postings (e.g., ResearchMatch, 

Facebook advertisements) between May and September, 2020. Interested participants 

clicked a link in the recruitment script and completed an online screening survey to confirm 

that they met the following eligibility criteria: (1) they were 18+ years of age, (2) they were 

currently cohabitating with a romantic partner, (3) the participant and their partner were the 

only two members living in their household at the time of the study (e.g., no children or 

other family members resided in the household), (4) at least one partner must have been 

a consistent Fitbit user (i.e., they used Fitbit prior to shelter-in-place and continued to use 

Fitbit at the time of the study), (5) they engaged in some form of physical activity (e.g. 

running, walking, biking) at least once during the month prior to shelter-in-place, and (6) 
they were in self-reported good health. If an interested participant qualified, they were asked 

to provide an email address for themselves and their partner, and the partner was then sent 

the same screening survey. If both partners met the eligibility criteria, they were then invited 

to participate in the study. The requirement to own and regularly sync a FitBit was dropped 

due to slow recruitment in order to ensure that all couples were enrolled within a reasonable 

timeframe and because dyadic communication hypotheses (not reported here) were not 

dependent on FitBit data. Of the 40 couples screened during the time this requirement was 

in place, 24 couples with at least one FitBit user were enrolled for the present analysis (four 

couples where both partners linked a FitBit, for n = 28 individuals in total).

Procedure

All study procedures were approved by the University of Connecticut Institutional Review 

Board. Participants and partners who met the above screening criteria were sent an initial 

email that provided an overview of the study, assigned study codes, and a link to the 

baseline survey. Participants provided informed consent by viewing the study information 
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sheet on the first page of the baseline survey and confirming their agreement to participate. 

They then completed a baseline assessment comprising demographic information, measures 

of relationship quality, and other psychosocial measures (e.g., COVID-19-related anxiety, 

communication). The couple member with the FitBit additionally linked their device to 

Fitabase, a data management platform to support research using FitBit devices. Initially, 

participants granted permission to access data retrospectively from the month prior to 

shelter-in-place policy implementation (approximately February 20, 2020, through March 

20, 2020) and prospectively during the month of study participation (e.g., during May of 

2020). Post-hoc consent was obtained from 26 of the 28 participants to access all FitBit data 

from February 20, 2020, through October 19, 2020. There was no attrition.

Upon completing the baseline assessment, couples began seven days of daily diary 

assessments sent via Qualtrics. These were completed at the end of each day, and included 

questions on relationship processes (e.g., social support, communication). A final survey 

was sent via Qualtrics 28 days following enrollment, which concluded participation. FitBit 

data and baseline survey data were used for the present analysis.

Measures

Relationship quality.—Relationship quality was measured at baseline using the 7-item 

Relationship Assessment Scale (Hendrick, 1988; e.g., “How well does your partner meet 

your needs?” “In general, how satisfied are you with your relationship?”). Response options 

ranged from 1 to 5, with higher scores indicating greater relationship satisfaction. Internal 

consistency reliability was high (Cronbach’s α = 0.91).

Relationship quality was also measured in terms of closeness using a 3-item measure 

(Denes, 2015; e.g., “How emotionally connected do you feel to your partner?” “How close 

do you feel to your partner?”). Response options ranged from 1 to 5, with higher scores 

indicating greater closeness. Internal consistency reliability was high (Cronbach’s α = 0.85).

Physical activity.—Objectively measured physical activity data was obtained from 

Fitabase. For each social day (3am-3am), we calculated minutes of light, moderate, and 

vigorous physical activity, as well as sedentary time total steps. Data were censored for 

nonwear (defined as either minutes with zero activity count and no data on heart rate, or 

as more than 120 consecutive minutes with zero activity counts), and sleep times (extracted 

from Fitabase) were excluded from daily total calculations. Only days with at least 10 hours 

of wear time were included in the analysis (Burg et al., 2017). FitBit is a reliable and valid 

method for tracking physical activity (Diaz et al., 2015).

Demographics.—Self-reported demographic data included age, race/ethnicity, 

relationship status, relationship length, biological sex, gender, and sexual orientation.

Time variables.—Dummy codes were created to indicate the beginning of lockdown 

(i.e., when strict stay-home orders and social distancing policies were implemented; March 

22, 2020 in NYC, March 20, 2020 in Chicago, and March 24, 2020 in Boston), and a 

count variable was created to indicate days since lockdown. Two variables were created to 

account for seasonal variations in physical activity, sine and cosine of the observation day, 
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which together fit a 365-day sinusoidal curve to the pattern of physical activity (Ma et al., 

2006). This technique (i.e., including sine and cosine) account for the intercept, phase, and 

amplitude of seasonal variations in physical activity, and was included because season is 

associated with both the primary predictor (date of lockdown) and the outcomes of interest. 

An indicator was also created for weekend v. weekday (Saturday and Sunday = 1).

Data Analysis Strategy

Data were nested within individuals over time, necessitating a multilevel framework to 

account for repeated measures. To account for similarity within the four couples where both 

partners linked a FitBit, a series of four dummy codes were created treating individuals [= 0] 

as the reference category with an indicator [= 1] for each of the couples. Multilevel models 

were estimated using PROC MIXED procedure in SAS v. 9.4. Histograms and preliminary 

analyses regressing the interquartile range of within-person activity on the median for 

within-person activity suggested no transformation was needed for total steps, sedentary 

minutes, or light physical activity, but that a square root transformation was appropriate for 

minutes of moderate and vigorous physical activity in order to promote homoscedasticity 

and reduce skewness for parametric testing (Emerson, 1983).

For steps, sedentary time, and light physical activity, random effects included a person-

specific intercept, sine and cosine for seasonal variation, and the dummy code indicating the 

start of lockdown. A spatial power error structure with a local subcommand was specified. In 

practice, this error structure separates the residual into two components. The first component 

comprises error that is predictable within-person, such that exhibits serial autocorrelation 

over time, with higher correlations between observation days that are closer together in time 

(e.g., higher correlations between observations of steps or minutes that are 1 day v. 1 month 

apart). The other component is random error that remains uncorrelated within-person over 

time (i.e., it is not predictable; Schwartz & Stone, 2007). Due to collinearity between wear 

time and sedentary time (r = 0.85), we included hours of wear time and hours squared as 

fixed effects, and hours squared as a random effect. After detecting near-perfect or perfect 

correlations between seasonal variables and lockdown effects, we adjusted this for moderate 

and vigorous physical activity. In these models, random effects included a person-specific 

intercept and the dummy code indicating the start of lockdown (i.e., the pair of seasonality 

variables were removed from the equation), and the local command was removed from the 

repeated statement.

For each day-level outcome (steps, and minutes of sedentary, light, moderate, and vigorous 

physical activity), four models were tested. The first model included the indicator for 

couples, the indicator for weekend day, and sine and cosine as covariates. The primary 

predictor was lockdown date, and days since lockdown and the quadratic term for days since 

lockdown were also included to account for potential recovery to baseline activity over time 

as participants adjusted to stay-home orders and social distancing policies. The second and 

third model tested the multiplicative interactions of relationship satisfaction and closeness 

with the lockdown indicator. A final model included demographic covariates: age, sex, and 

race/ethnicity.
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Data Sharing Statement

All materials necessary to replicate primary analyses are hosted on the SAGE Journals 

Figshare repository. Files include deidentified data, a data dictionary, SAS syntax, and 

complete SAS output.

Results

Participants were a mean of 34.43 years old (SD = 10.44; Range 24.00, 67.00) and had been 

in their present relationship for a mean of 7.74 years (SD = 8.77; Range 1.00, 46.00). Most 

were from NYC (21, 75.00%), followed by Chicago (6, 21.43%) and Boston (1, 3.57%). 

Only one participant reported having had COVID-19 (3.57%). Most were heterosexual (22, 

78.57%) and reported both female sex and female gender (20, 71.43%). Most were White 

(21, 75.00%), two were Black (7.14%), and three were Hispanic (10.71%). More than half 

of the couples were married (18, 64.29%), and relationship satisfaction and closeness were 

high (Mean = 4.41, SD = 0.63; and Mean = 4.35, SD = 0.65, respectively).

Participants provided a median of 191 valid observation days (Mean = 170.39, SD = 72.42, 

Range 13.00, 243.00). Observations were spread consistently across months. The lowest 

number of observations were in February (4.22%) and October (7.36%), which is expected 

given that these months only had partial data collection. The remaining months (March – 

September) had a relatively even 11.30% – 14.38% of observations. At the minute-level, 

31.88% of observations were removed due to nonwear during waking hours; at the person-

level, the mean number of observations removed was 31.62% (SD = 28.76%; Range 0.18%, 

91.33%). Separate spaghetti plots for each individual’s steps and physical activity over 

time are shown in Electronic Supplementary Figures 1–5, and unadjusted model results are 

available in Table 1.

Steps.

In the first model, the effect of “lockdown” was significant, suggesting that implementing 

stay-home orders and social distancing policies significantly reduced daily step counts by 

about 1,600 steps, B = −1,595.72, 95% CI −2,892.84, −298.59 p = .018. There was a 

significant recovery over time of approximately 100 steps each day, B = 114.82, 95% CI 

47.02, 182.62, p < .001, though this attenuated with time, B = −0.45, 95% CI −0.74, −0.15, 

p = .003. The predicted temporal pattern of steps for the “average participant” is portrayed 

in Figure 1, random intercept and slope coefficients are in Electronic Supplementary Figure 

6, and conditional residual plots for this model are provided in Electronic Supplementary 

Figure 7.

There was significant variability in the effect of lockdown on daily steps. However, 

neither closeness to partner nor relationship satisfaction explained this variability (i.e., the 

interactions of these variables with the indicator for lockdown were not significant, p = .89 

and .95, respectively).
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Sedentary time.

In the first model, the effect of “lockdown” was significant, suggesting slightly more than 

a 30-minute increase per day in sedentary time, B = 33.75, 95% CI 13.28, 54.22, p = 

.002. There was no significant effect of days since lockdown, p = .077; neither was the 

quadratic term significant, p = .106. In a joint test of these effects, conclusions were 

unaltered, χ2(2) = 3.4, p = .19. The predicted temporal pattern of sedentary time for the 

“average participant” is portrayed in Figure 2, random intercept and slope coefficients are 

in Electronic Supplementary Figure 8, and conditional residual plots for this model are 

provided in Electronic Supplementary Figure 9.

There was significant variability in the effect of lockdown on daily steps. However, 

neither closeness to partner nor relationship satisfaction explained this variability (i.e., the 

interaction of these variables with the indicator for lockdown was not significant, p = .39 and 

.77, respectively). Including demographic covariates did not alter conclusions.

Light physical activity.

In the first model, the effect of “lockdown” was significant, suggesting a decrease of about 

25 minutes per day in light physical activity, B = −25.01, 95% CI −43.77, −6.26, p = .011. 

There was no significant effect of days since lockdown, p = .097; nor was the quadratic 

term significant, p = .083. In a joint test of these effects, conclusions were unaltered, 

χ2(2) = 3.0, p = .22. The predicted temporal pattern of light physical activity for the 

“average participant” is portrayed in Figure 3, random intercept and slope coefficients are 

in Electronic Supplementary Figure 10, and conditional residual plots for this model are 

provided in Electronic Supplementary Figure 11.

Although there was significant variability in the effect of lockdown on daily minutes of 

light physical activity, neither closeness to partner nor relationship satisfaction explained 

this variability, p = .18 and .29, respectively. Including demographic covariates did not alter 

conclusions.

Moderate physical activity.

In the first model, the effect of “lockdown” was significant, B = −0.72, 95% CI −1.32, 

−0.12, p = .021 (a decrease of approximately 3.5 minutes). There was a significant effect 

of days since lockdown, B = 0.05, 95% CI 0.02, 0.09, p = .005. The quadratic term was 

significant, suggesting that this recovery attenuated with time, B = −0.00, 95% CI −0.00, 

−0.00, p = .016. The predicted temporal pattern of moderate physical activity for the 

“average participant” is portrayed in Figure 4, random intercept and slope coefficients are 

in Electronic Supplementary Figure 12, and conditional residual plots for this model are 

provided in Electronic Supplementary Figure 13.

There was significant variability in the effect of lockdown on daily minutes of moderate 

physical activity. However, neither closeness to partner nor relationship satisfaction 

explained this variability, p = .64 and .46, respectively. Including demographic covariates 

did not alter conclusions.
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Vigorous physical activity.

In the first model, the effect of “lockdown” on the square root of minutes of vigorous 

physical activity was not significant, B = −0.17, 95% CI −0.96, 0.62, p = .45. There 

was no significant effect of days since lockdown, p = .095; nor was the quadratic term 

significant, p = .16. In a joint test of these effects, conclusions were unaltered, χ2(2) 

= 4.1, p = .13. The predicted temporal pattern of vigorous physical activity for the 

“average participant” is portrayed in Figure 5, random intercept and slope coefficients are 

in Electronic Supplementary Figure 14, and conditional residual plots for this model are 

provided in Electronic Supplementary Figure 15.

There was significant variability in the effect of lockdown on daily minutes of light physical 

activity. However, neither closeness to partner nor relationship satisfaction explained this 

variability, p = .59 and .48, respectively. Including demographic covariates did not alter 

conclusions.

Discussion

In a sample of 28 individuals living in three major metropolitan areas in the United States 

during the peak of the COVID-19 pandemic, the present study found significant decreases 

in objectively measured steps and minutes of light and moderate physical activity, and 

an increase in sedentary time, immediately following the implementation of stay-home 

orders and social distancing policies. Decreases in step and moderate physical activity 

recovered over time. There was no change in vigorous physical activity from pre- to post-

policy implementation, and, counter to study hypotheses, neither relationship closeness nor 

relationship satisfaction buffered against decreases in activity.

Implementation of policies to stem the spread of COVID-19 resulted in significantly lower 

objective measures of daily step counts and minutes of light and moderate physical activity 

and increased sedentary time. This aligns with research showing a decline in steps (Pépin 

et al., 2020) and in self-reported moderate and vigorous physical activity during this same 

time (Rhodes et al., 2020; Yang & Koenigstorfer, 2020), as well as increases in self-reported 

sedentary time (Gallè et al., 2020). Differences between the present study and prior literature 

may be due to differences in assessment (i.e., objectively measured v. self-reported activity), 

but may also be due to differences in the sample. For example, apps that promote physical 

activity buffered against declines in activity (Yang & Koenigstorfer, 2020) as did home 

equipment and formulating exercise plans (Rhodes et al., 2020). The present sample 

comprised active FitBit users only. It may be that individuals who use activity trackers 

are less likely to forego exercise during stressful times, or may even increase activity as a 

coping mechanism (Faulkner et al., 2020; this may be why we did not find any significant 

decline in vigorous physical activity – ostensibly a purposeful exercise session). Also, these 

individuals may not have lost the same reflexive cues to exercise (Dunton et al., 2019): a 

FitBit is worn constantly, even if a gym closes, for example.

Having a highly satisfying or close relationship did not buffer declines in physical activity. 

It may be that people who are more likely to have a satisfying relationship are also 

more likely to engage in positive health behaviors, such as physical activity. This lack 
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of moderation could also be due to range restriction, such that all participants were able 

to glean stress-buffering benefits from their romantic relationship (Cohen & Wills, 1985). 

Indeed, most couples were quite close and satisfied, with the lowest reported values still 

exceeding the midpoint of the scale. Given that stressors associated with the pandemic 

have presented a challenge to many relationships, those people remaining satisfied with 

their romantic partner during the implementation of stay-home-orders could be particularly 

resilient (Balzarini et al., 2020; Günther-Bel et al., 2020; Williamson, 2020). This is not 

surprising and represents a challenge in couples-based research more broadly, whereby 

satisfied couples are more likely to enroll in a study together. Another possibility is that 

declines in physical activity were not due to stressors, which have the potential to be 

buffered, but to sudden environmental changes (e.g., inability to access gyms, disruption of 

normal exercise routines). That being said, problem-solving directed towards overcoming 

these disruptions together with a close partner could still help to reduce adverse impacts 

by, for example, providing support for effortful engagement (rather than relying on reflexive 

cues; Dunton et al., 2019) or by more quickly identifying an alternative (e.g., running by 

the river instead of on a treadmill at the gym, buying at-home videos instead of going to an 

exercise class).

This study has numerous strengths, most importantly 8 months of objectively measured 

continuous physical activity data using a validated accelerometer (Diaz et al., 2015). 

However, there are also several limitations. The sample size is small, limiting power to 

detect significant moderation effects. Range restriction (i.e., a sample of highly close and 

satisfied couples) could also undermine our ability to detect such effects. The sample was 

self-selected (satisfied couples) and highly active, which could limit generalizability. It is 

likely that consistent FitBit users may be more active or less likely to stop exercising due to 

stay-home orders because they have a greater focus on maintaining fitness. Results may not 

generalize to individuals living outside of metropolitan areas, where the effect of lockdown 

may have had less of an impact (e.g., due to greater outdoor access) or areas with more 

temperate winter climates. Similarly, there may have been differences in the impact of 

lockdown on physical activity in different cities due to differences in enforcement or culture, 

but we were underpowered to test such effects. However, NYC, Boston, and Chicago were 

selected due to similarities in the timing of shelter-in-place mandates, urban environments, 

and weather patterns, so differences between cities were not anticipated. Finally, closeness 

and satisfaction assessments occurred mid-pandemic (and in the middle of FitBit data 

collection), and so it is hard to establish temporal associations.

Conclusions

This study found a short-term decrease in objectively assessed steps, light physical activity, 

and moderate physical activity, as well as an increase in sedentary time, following 

implementation of “stay-home” orders in three metropolitan areas in the United States. 

However, these decreases in steps and moderate physical activity recovered relatively 

quickly, and there was no decrease in vigorous physical activity. This suggests that 

individuals are resilient in adapting their physical activity routines to the confines of 

“lockdown.” To inform future efforts at intervention development, future studies should 

recruit couples with a broader range of relationship satisfaction, should include individuals 
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who do not already own physical activity trackers, and should consider alternative forms of 

social connection (e.g., FaceTime, virtual workouts with friends) that may buffer unintended 

health consequences of policies designed to mitigate the spread of COVID-19.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Model-predicted daily steps.
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Figure 2. 
Model-predicted daily minutes of sedentary time.
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Figure 3. 
Model-predicted daily minutes of light physical activity.
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Figure 4. 
Model-predicted daily minutes of moderate physical activity.
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Figure 5. 
Model-predicted daily minutes of vigorous physical activity.
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