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Abstract

Background: Previousstudieson theimpact of social distancing on COVID-19 mortality in the United States have predominantly
examined thisrelationship at the national level and have not separated COV1D-19 deaths in nursing homes from total COVID-19
deaths. This approach may obscure differencesin social distancing behaviors by county in addition to the actual effectiveness of
socia distancing in preventing COVID-19 deaths.

Objective: This study aimed to determine the influence of county-level socia distancing behavior on COVID-19 mortality
(deaths per 100,000 people) across US counties over the period of the implementation of stay-at-home ordersin most US states
(March-May 2020).

Methods: Using social distancing data from tracked mobile phonesin all US counties, we estimated the rel ationship between
social distancing (average proportion of mobile phone usage outside of home between March and May 2020) and COVID-19
mortality (when the state in which the county is located reported its first confirmed case of COVID-19 and up to May 31, 2020)
with a mixed-effects negative binomial model while distinguishing COVID-19 deaths in nursing homes from total COVID-19
deaths and accounting for social distancing— and COVID-19—related factors (including the period between the report of the first
confirmed case of COVID-19 and May 31, 2020; population density; socia vulnerability; and hospital resource availability).
Results from the mixed-effects negative binomial model were then used to generate marginal effects at the mean, which helped
separate the influence of social distancing on COVID-19 deaths from other covariates while calculating COVID-19 deaths per
100,000 people.

Results. We observed that a 1% increase in average mobile phone usage outside of home between March and May 2020 led to
asignificant increase in COVID-19 mortality by afactor of 1.18 (P<.001), while every 1% increase in the average proportion of
mobile phone usage outside of home in February 2020 was found to significantly decrease COVID-19 mortality by afactor of
0.90 (P<.001).

Conclusions:  As stay-at-home orders have been lifted in many US states, continued adherence to other social distancing
measures, such as avoiding large gatherings and maintaining physical distancein public, are key to preventing additional COVID-19
deaths in counties across the country.
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Introduction

With the rapid spread of COVID-19 across the United States
in early 2020, many states began enacting social distancing
measures (stay-at-home orders, maintaining physical distance
in public, and avoiding large gatherings) from March 2020 [1].
Enforcement of social distancing measures varied widely
throughout the United States with some states including
Arkansas, lowa, Nebraska, North Dakota, Oklahoma, South
Dakota, Utah, and Wyoming opting to not implement
stay-at-home orders altogether [1]. Even with social distancing
measures in place in most parts of the country, over 108,000
COVID-19 deaths were reported by the end of May 2020 [2].
As stay-at-home orders have been lifted in most US states and
numbers of COVID-19 cases continue to rise, it is critical to
assess the role of socia distancing in preventing COVID-19
deaths in the United States[1].

Although some studies have assessed the influence of socia
distancing on COVID-19 mortality in the United States with
actual rather than simulated data, these studies—including those
performed by Medline et a [3] and Siedner et a [4]—have
examined thisrelationship at the national level but not at amore
granular geographic scale. Furthermore, these 2 studies [3,4]
do not consider mortality directly but rather consider tangentially
related mortality measures (change in the mortality growth rate
and the period between the report of the first confirmed
COVID-19 case and the peak number of deaths), and the study
by Medlineet al [3] doesnot include all US states. Additionally,
Medline et a [3] did not separate COVID-19 deaths in nursing
homes—a major (~30%) source of al COVID-19
fatalities—from total COVID-19 deaths, which could have
potentially led to biased findings that are not representative of
the ongoing pandemic[3,4]. These approaches may obscurethe
actual effectiveness of social distancing and differencesin social
distancing behaviors by county.

Consequently, we sought to bridge the gap in studies on
COVID-19—+elated mortality in the United States by
investigating the association between social distancing and
COVID-19 mortality at the county level acrossthe United States
while simultaneously separating COVID-19 deaths in nursing
homes from total COVID-19 deaths and accounting for social
distancing and COVID-19-related factors. To accomplish this,
we modeled the rel ationship between the average proportion of
mobile phone usage outside of home during the time when
stay-at-home orderswerein place nationwide (aproxy variable
for social distancing) and COVID-19 mortality by using a
mixed-effects negative binomial model and marginal effects at
the mean.

Methods

Assessment of COVID-19 Mortality

Data on deidentified confirmed COVID-19 deaths in all 3142
US counties were obtained from the Coronavirus Resource
Center of the Center for Systems Science and Engineering at
Johns Hopkins University [5]. This data set contains
comprehensiveinformation on COVID-19 death counts provided
by the US Centers for Disease Control and Prevention (CDC)
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and state health departments [5]. Additionally, we retrieved
deidentified data on COVID-19 deaths in US nursing homes
from the COVID-19 nursing home data of the Centers for
Medicare and Medicaid Services[6]. Wethen used ArcGIS Pro
2.5 [7] to identify all COVID-19 deaths in nursing homes at
facilities within a county’s geographic boundaries for all US
counties. We then defined a county’s COVID-19 mortality
(deaths per 100,000 people) from the time a county reported its
first confirmed case of COVID-19 and up to May 31, 2020, as

follows:
@]

We selected May 31, 2020, asthe study endpoint as most social
distancing orders by state health departments in the United
Stateswere enforced in late March to early April until mid- and
late May of 2020 [1]. COVID-19 deathsin nursing homeswere
excluded from a county’stotal number of confirmed COVID-19
deathsbecause socia distancing measured through mobile phone
tracking isnot an accurate measure of socia distancing behavior
among nursing home residents [8].

Social Distancing Metrics

County-level socia distancing metrics used in this study were
derived from the SafeGraph COVID-19 Consortium [8], which
provides socia distancing data curated through anonymous
global positioning system-based tracking of maobile phones|[8].
We used the average proportion of mobile phone usage outside
of home between March and May 2020 as our socia distancing
measure as this timespan encompasses the period of the
enforcement of stay-at-home ordersin most parts of the United
States [1,8]. The average proportion of mobile phone usage
outside of home in February 2020 was used to establish a
baseline on which to compare the social distancing measure
with that since February 2020 when the number of COVID-19
cases began to rapidly rise in the United States [9].

Covariates

Weincluded covariatesthat have been reported to be associated
with social distancing and COVID-19 from previous studiesin
these areas [10-13]. These covariates were the number of days
between the report of the first confirmed case of COVID-19
and May 31, 2020 (determined for each US county from Johns
Hopkins University’s COVID-19 data set [5]); population
density; social vulnerability; and hospital resource availability.
With data on population and county size from the United States
Census Bureau, we calculated a county’s population density by
dividing the number of individualsin a county by that county’s
areain square miles[14]. For population density, we used “ 100
persons per square mile” asthe unit because the US population
density at the county level varies across 5 orders of magnitude
(eg, mean=270, median=40, minimum<1, and
maximum>72,000), and multiples of hundreds of the average
population density allow for easier interpretation of the results
[15]. Social vulnerability was assessed using 15 measures that
congtitute the CDC's social vulnerability index: proportion of
the population below poverty line, unemployment rate,
per-capita income, proportion of the population >25 years of
age with no high school diploma, proportion of the population
>65 years of age, proportion of the population <17 yearsof age,
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proportion of the civilian noningtitutionalized population with
adisability, proportion of the population that is a single-parent
household with children <18 years of age, proportion of the
population that is a minority, proportion of the population >5
years of age who speak English “lessthan well,” proportion of
housing that isastructure with >10 units, proportion of housing
that is a mobile home, proportion of occupied housing units
with more people than rooms, proportion of households with
no vehicles, and the proportion of the population in
institutionalized group quarters[16]. Data on hospital resource
availability were obtained from the Environmental Systems
Research Ingtitute's COVID-19 Resource Center [17].
Specifically, we used the number of staffed hospital bedswithin
acounty asour measure of hospital resource availability because
this variable had complete data for the largest humber of
counties, being highly correl ated with other measures of hospital
resource availability such as the number of adult beds in the
intensive care unit, number of licensed beds, and average
ventilator use [17,18].

Statistical Modeling

In order to assess the influence of social distancing on
COVID-19 mortality, we developed a mixed-effects negative
binomial model. Our choice of a mixed-effects negative
binomial model was motivated by 2 factors observed during
the data processing phase of our study: (1) considerable variation
in the average state-level mortality rates, suggesting the
necessity of astate-level random intercept and (2) the variance
in county-level mortality rates in each state tending to be
markedly greater than the average state-level mortality rate,
suggesting the use of a negative binomial model. A county’s
COVID-19 mortality up to May 31, 2020, was specified as the
model outcome, while the socia distancing exposure in the
model was average proportion of mobile phone usage outside
of home between March and May 2020. The aforementioned
covariates associated with socia distancing and COVID-19
were also included in the model for adjustment purposes. As
larger counties are more likely to have a greater COVID-19
mortality than smaller counties, owing to their population size,
the model included a population size offset to account for this
tendency. Potentia correlations resulting from counties within
the same state and with comparable behavioral factors, health
care systems, and COVID-19 testing policies were dealt with
by including a random intercept by state in the model. Results
from the negative binomia model are reported asincidencerate
ratios, which were calculated by exponentiating the model’s
coefficients. Using the same mixed-effects negative binomial
model, we also performed an analysis that included COVID-19
deathsin nursing homes, and the results displayed considerable
differences between the model that included COV1D-19 deaths
in nursing homes and the main model that excluded these deaths
(Multimedia Appendix 1).
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Based on the results of the mixed-effects negative binomial
model, we examined the impact of social distancing on a
county’s COV1D-19 mortality apart from theinfluence of other
factors through marginal effects at the mean. The margina
effectsat the mean set al covariates besidesthe socia distancing
variable (average proportion of mobile phone usage outside of
home between March and May 2020) to their average value
[19]. Compared to traditional regression models, marginal
effects at the mean facilitated clearer isolation from other factors
involved in the effect of social distancing on COVID-19 deaths
withinacounty [19]. Marginal effectsanalyseswere performed
for values of the average proportion of mobile phone usage
outside of home of 25%-41% between March and May 2020
because this range contains the mean (31.73%) of the social
distancing variable aswell asboth extremes of social distancing
behavior [8]. All statistical analyseswere carried out using Stata
(version 15, StataCorp), and results were considered significant
when Cronbach a=.05 [20].

Data Availability

The COVID-19 and social distancing data used in this study
are publicly available and can be found on the Center for
Systems Science and Engineering at Johns Hopkins University’s
website [5] and SafeGraph’'s website [8].

Results

On including COVID-19 deaths in nursing homes, the total
number of COVID-19 deaths during the study period was
102,958, while the mean county-level COVID-19 mortality was
13 deaths per 100,000 people. Modeling results for the social
distancing variable and other covariates of interest are presented
in Table 1. With respect to our social distancing variable, for
every 1% increase in the average proportion of mobile phone
usage outside of home between March and May 2020,
COVID-19 mortality—in terms of deaths per 100,000
people—was expected to significantly increase by a factor of
1.18 (P<.001). Thisisin contrast with the variable in February,
wherefor every 1% increasein the average proportion of mobile
phone usage outside of homein February, COVID-19 mortality
significantly decreased by afactor of 0.90 (P<.001). Coefficient
estimatesfor population density and the number of days between
the report of the first confirmed case of COVID-19 and May
31, 2020, were also significant. For every extra 100 individuals
per square mile, the expected COVID-19 mortality was projected

to increase by a factor of 1.02 (1.0002'%%), whereas for every
extra day between the first confirmed case of COVID-19 and
May 31, 2020, the expected COVID-19 mortality increased by
afactor of 1.03.
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Table 1. Mixed-effects negative binomia model examining the impact of socia distancing on COVID-19 mortality (deaths per 100,000 people) in US
counties between the period of the report of the first case of COVID-19 and May 31, 2020.

Variables Incidence rate ratio (95% Cl) P value
Average proportion of mobile phone usage outside of home between March and May 1.18(1.12-1.24) <.001
2020

Average proportion of mobile phone usage outside of home in February 2020 0.90 (0.86-0.94) <.001
Population density (100 persons per square mile) 1.02 (1.01-1.04) <.001
Days between the report of the first confirmed case of COVID-19 and May 31, 2020 1.03 (1.02-1.04) <.001

We plotted the expected nationwide COVID-19 mortality rates
in Figure 1 for arange of proportions of mobile phone usage
outside of home, corresponding to different stringencies of
lockdown measures and adherenceto social distancing. Thered
line represents the marginal predicted nationwide deaths per

100,000 people, with the shaded band indicating the 95% ClI
around it. The black dot represents the reported nationwide
COVID-19 mortality rate by May 31, 2020, and fallswell within
the predicted interval.

Figure 1. Predicted COVID-19 deaths per 100,000 peoplein the United States vs the average proportion of mobile phone usage outside of the nursing

home between March and May 2020.

Legends

=== Marginal Covid-19 deaths per 100,000 {predicted mortality rate (solid line) and 95% confidence band)
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Covid-19 deaths per 100,000

* Reported national Covid-19 deaths per 100,000 by May 31, 2020
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Average % of mobile phone use outside the home between March 2020-May 2020

Discussion

Our study examined the influence of social distancing on
COVID-19 mortality across US counties while simultaneously
accounting for COVID-19 deaths in nursing homes and
covariates associated with socia distancing and COVID-19.
Social distancing, as assessed from the average proportion of
mobile phone usage outside of home between March and May
2020 but not in February 2020, was found to correspond with
a significant increase in COVID-19 mortality in a county. In
addition, by estimating nationwide COVID-19 mortality rates
by May 31, 2020, for a range of proportions of mobile phone
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usage outside of home, we found that COVID-19 mortality by
this date could have been even higher had there been poorer
adherence to socia distancing.

While our finding of increased mobile phone usage outside of
home during the period of enforcement of stay-at-home orders
in many parts of the United States being associated with higher
COVID-19 mortality issomewhat expected, it isof someinterest
that a significant negative association between the average
proportion of mobile phone use outside of home in February
2020 and COVID-19 mortality was observed. In fact, high
proportions of mobile phone usage outside of home were
recorded in February 2020 more often in suburban and rura
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counties. As the first appearance of COVID-19 tended to be
later in these less densely populated regions, COVID-19
mortality in February 2020 in suburban and rural counties was
lower than that in urban regions where the virus had time to
spread, which resulted in the negative association observed in
February 2020.

Given the current prevalence and numerous ramifications of
COVID-19, afew studies carried out in the United States [3,4]
have examined the impact of social distancing on COVID-19
at the national level. Concurrent with Medline et a [3] and
Siedner et al [4], we also determined that social distancing was
a critical factor in reducing COVID-19 mortality. However, it
is difficult to directly compare our findings with those of
Medline et a [3] and Siedner et al [4] because the method of
assessing socia distancing and COVID-19 mortality varies
between these 2 studies and our study. For instance, Medline
et a [3] assessed social distancing on the basis of the period
between the report of the first COVID-19 case and the
implementation of social distancing measures and estimated
COVID-19 mortality on the basis of the period between the
report of the first COVID-19 case and the peak of COVID-19
deaths. They reported a positive association between social
distancing and COV1D-19 mortality where each additional day
in implementing a stay-at-home order additionally contributed
to the peak of COVID-19 deaths [3]. Siedner et al [4] assessed
social distancing by comparing the number of COVID-19 cases
14 days before and 3 days after a stay-at-home order was
implemented, and they considered the changein the COVID-19
mortality growth rate as the outcome. Thus, Siedner et a [4]
reported that 1 week after stay-at-home orders were
implemented, the COV1D-19 mortality growth rate significantly
decreased day by day by 2%. By including all US counties and
separating COVID-19 deaths in nursing homes from total
COVID-19 deaths, our results complement those of previous
studies on socia distancing and COVID-19 mortality in the
United States while simultaneously providing additional
information regarding thisrelationship at amore granular level.

Although our study provides novel estimates of the impact of
socia distancing on COVID-19 deaths, it still has limitations
that need to be considered. Our study used a proxy variable for
socia distancing (average proportion of mobile phone usage
outside of home during March-May 2020), which would be
unable to track social distancing when individuals leave their
phones at home or turn off their location services, and may not

Tranetd

encompass some aspects of social distancing such asmaintaining
physical distance in public spaces and avoiding large group
gatherings [8]. Although our metric for socia distancing is
incomplete, it is arguably one of the more quantitative
approaches to track social distancing that may be proneto less
bias relative to other metrics such as the dates of the
implementation of stay-at-home orders or attendance at cultural,
sporting, or religious events[2,21]. Additionally, approximately
95% of the adult population in the United States owns amabile
phone, with no significant deviationsin ownership by race, age,
education, income, or urban or rura residence [22].
Consequently, there is no evidence that any measurement error
would systematically biasthe social distancing coefficient either
upwards or downwards and any random measurement error that
does exist would not lead to any significant changes in the
estimated covariate values. Finally, as with many studies on
COVID-19 mortality in the United States, our study is limited
by the quality of currently available dataon COVI1D-19 mortality
owing to a combination of factorsincluding insufficient testing
kits to properly diagnose COVID-19, suspected COVID-19
deaths that were instead attributed to other respiratory illnesses
such as pneumonia and influenza, and delays in COVID-19
deaths being reported to the CDC [23,24].

The impact of social distancing on the COVID-19 pandemic
has been particularly challenging to model at a national level.
Different jurisdictions have imposed inconsistent policies with
varying levels of restrictions, and substantial heterogeneity
exists in the actual adherence to these socia distancing
guidelines. Furthermore, thereis considerable variability inthe
availability and quality of COVID-19 mortality data. In this
study, we considered daily county-level mobile phone usage
outside of home and aggregated it into a national level data set
to quantify the influence of social distancing on COVID-19
mortality. In doing so, we managed to account for within-county
heterogeneity in the implementation of and adherence to social
distancing measures. By including both mobile data usage
outside of home from February 2020 (before social distancing
measures) and during March-May 2020 (during and after social
distancing measures), our study examined the entire span of
stay-at-home ordersin US states and provides acomprehensive
overview of therole of socia distancingin reducing COVID-19
deaths. Future studies are required to further examine the
relationship between social distancing and COVID-19 given
the relaxation of social distancing measures and the potential
burden of continued COV1D-19 mortality.

Acknowledgments

We would like to thank the Center for Systems Science and Engineering at Johns Hopkins University and SafeGraph for making

their data available and free to use for research purposes.

Authors Contributions

Pheobe Tran conceived and designed the study. Lam Tran analyzed and interpreted the data. Liem Tran helped design the study.

All authors drafted the manuscript.

Conflicts of Interest
None declared.

https://publichealth.jmir.org/2021/3/e21606

JMIR Public Health Surveill 2021 | val. 7 | iss. 3| €21606 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Tran et a

Multimedia Appendix 1

Results from the mixed-effects negative binomial model with nursing home COVID-19 deaths included.
[DOCX File, 13 KB-Multimedia Appendix 1]

References

1.

Tolbert J, Kates J, Levitt L. Lifting Social Distancing Measuresin America: State Actions and Metrics. Kaiser Family
Foundation. 2020 May 04. URL.: https.//www.kff.org/coronavirus-policy-watch/

lifting-social -di stancing-measures-in-ameri ca-state-actions-metrics/ [accessed 2021-03-15]

2. Socia Distancing: Keep a Safe Distance to Slow the Spread. Centers for Disease Control and Prevention. 2020 Nov 17.
URL: https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-si ck/social -distancing.html [accessed 2021-03-15]

3. MedlineA, HayesL, Vadez K, Hayashi A, Vahedi F, Capell W, et al. Evaluating the impact of stay-at-home orders on the
timeto reach the peak burden of Covid-19 casesand desths: doestiming matter? BM C Public Health 2020 Nov 23;20(1):1750
[FREE Full text] [doi: 10.1186/s12889-020-09817-9] [Medline: 33225945]

4.  Siedner MJ, Harling G, Reynolds Z, Gilbert RF, Haneuse S, Venkataramani AS, et a. Social distancing to slow the US
COVID-19 epidemic: Longitudinal pretest-posttest comparison group study. PLoS Med 2020 Aug;17(8):€1003244 [FREE
Full text] [doi: 10.1371/journal.pmed.1003244] [Medline: 32780772]

5. Coronavirus COVID-19 Global Cases by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins
University. Johns Hopkins University: Coronavirus Resource Center. URL: https.//www.arcgis.com/apps/opsdashboard/
index.html#/bda7594740f d40299423467b48e9ecf6 [accessed 2021-03-15]

6. COVID-19 Nursing Home Data. Centers for Medicare and Medicaid Services. URL: https.//data.cms.gov/stories/s/
COVID-19-Nursing-Home-Data/bkwz-xpvg [accessed 2021-03-15]

7. What'snew in ArcGIS Pro 2.5. Environmental Systems Research Institute. URL: https://pro.arcgis.com/en/pro-app/2.6/
get-started/what-s-new-in-arcgis-pro-2-5.htm [accessed 2021-03-15]

8.  SafeGraph COVID-19 Data Consortium. SafeGraph. URL : https.//www.saf egraph.com/covid-19-data-consortium [ accessed
2021-03-15]

9.  Schuchat A, CDC COVID-19 Response Team. Public Health Response to the I nitiation and Spread of Pandemic COVID-19
in the United States, February 24-April 21, 2020. MMWR Morb Mortal Wkly Rep 2020 May 08;69(18):551-556 [ FREE
Full text] [doi: 10.15585/mmwr.mm6918e2] [Medline: 32379733]

10. Price G, van Holm E. The Effect of Social Distancing On The Spread of Novel Coronavirus: Estimates From Linked
State-Level Infection And American Time Use Survey Data. ResearchGate. 2020. URL: https://tinyurl.com/w85nc28y
[accessed 2021-03-15]

11. NgonghaaC, Iboi E, Eikenberry S, Scotch M, Maclntyre C, Bonds M, et a. Mathematical assessment of the impact of
non-pharmaceutical interventions on curtailing the 2019 novel Coronavirus. Math Biosci 2020 Jul;325:108364 [FREE Full
text] [doi: 10.1016/j.mbs.2020.108364] [Medline: 32360770]

12. Nayak A, Idam S, MehtaA, KoY, Patel S, Goyal A. Impact of Social Vulnerability on COVID-19 Incidence and Outcomes
in the United States. medRxiv. Preprint posted online April 17, 2020. [doi: 10.1101/2020.04.10.20060962]

13. Matrajt L, Leung T. Evaluating the effectiveness of social distancing interventions against COVI1D-19. medRxiv. Preprint
posted online March 31, 2020. [doi: 10.1101/2020.03.27.20044891]

14. County Population Totals: 2010-2019. United States Census Bureau. URL : https.//www.census.gov/data/tabl es/time-series/
demo/popest/2010s-counties-total .html [accessed 2021-03-15]

15.  Cohen D. Understanding Population Density. United States Census Bureau. 2015. URL : https.//www.census.gov/newsroom/
blogs/random-samplings/2015/03/under standing-popul ation-density.html [accessed 2021-03-15]

16. CDC SVI 2018 Documentation. Centers for Disease Control and Prevention. 2020. URL: https://svi.cdc.gov/Documents/
Data/2018 SVI_Data/SV12018Documentation.pdf [accessed 2021-03-15]

17. Definitive Healthcare: USA Hospital Beds. Environmental Systems Research Institute. URL: https://coronavirus-resources.
esri.com/datasets/1044bb19da8d4dbfb6a96eb1b4ebf629 0?geometry=154.511%2C-16.820%2C-179.473%2C72.123
[accessed 2021-03-15]

18. Phillip PJ, Mullner R, Andes S. Toward a better understanding of hospital occupancy rates. Health Care Financ Rev
1984;5(4):53-61 [FREE Full text] [Medline: 10310946]

19.  Williams R. Using the Margins Command to Estimate and Interpret Adjusted Predictions and Marginal Effects. The Stata
Journal 2018 Nov 19;12(2):308-331. [doi: 10.1177/1536867x1201200209]

20. StataCorp. Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC. StataCorp. 2017. URL: https.//www.
stata.com/support/fags/resources/citing-software-documentation-fags/ [accessed 2021-03-15]

21. Rotondi V, Andriano L, Dowd J, Mills M. Early evidence that socia distancing and public health interventions flatten the
COVID-19 curvein Italy. OSF Preprints. Preprint posted online April 26, 2020. [doi: 10.31219/0sf.io/wah4e]

22. Lavrakas PJ. Encyclopediaof Survey Research Methods. Thousand Oaks, CA: SAGE; 2008.

23. COVID-19 Testing Overview. Centers for Disease Control and Prevention. URL: https.//www.cdc.gov/coronavirus/
2019-ncov/symptoms-testing/testing.html [accessed 2021-03-15]

https://publichealth.jmir.org/2021/3/e21606 JMIR Public Health Surveill 2021 | vol. 7 | iss. 3| €21606 | p. 6

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=publichealth_v7i3e21606_app1.docx&filename=ec55a986e53563ba981c7be3a674cfb3.docx
https://jmir.org/api/download?alt_name=publichealth_v7i3e21606_app1.docx&filename=ec55a986e53563ba981c7be3a674cfb3.docx
https://www.kff.org/coronavirus-policy-watch/lifting-social-distancing-measures-in-america-state-actions-metrics/
https://www.kff.org/coronavirus-policy-watch/lifting-social-distancing-measures-in-america-state-actions-metrics/
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/social-distancing.html
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09817-9
http://dx.doi.org/10.1186/s12889-020-09817-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33225945&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1003244
https://dx.plos.org/10.1371/journal.pmed.1003244
http://dx.doi.org/10.1371/journal.pmed.1003244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32780772&dopt=Abstract
https://www.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://www.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6
https://data.cms.gov/stories/s/COVID-19-Nursing-Home-Data/bkwz-xpvg
https://data.cms.gov/stories/s/COVID-19-Nursing-Home-Data/bkwz-xpvg
https://pro.arcgis.com/en/pro-app/2.6/get-started/what-s-new-in-arcgis-pro-2-5.htm
https://pro.arcgis.com/en/pro-app/2.6/get-started/what-s-new-in-arcgis-pro-2-5.htm
https://www.safegraph.com/covid-19-data-consortium
https://doi.org/10.15585/mmwr.mm6918e2
https://doi.org/10.15585/mmwr.mm6918e2
http://dx.doi.org/10.15585/mmwr.mm6918e2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32379733&dopt=Abstract
https://www.researchgate.net/publication/340460649_The_Effect_of_Social_Distancing_On_The_Spread_of_Novel_Coronavirus_Estimates_From_Linked_State-Level_Infection_And_American_Time_Use_Survey_Data
http://europepmc.org/abstract/MED/32360770
http://europepmc.org/abstract/MED/32360770
http://dx.doi.org/10.1016/j.mbs.2020.108364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32360770&dopt=Abstract
http://dx.doi.org/10.1101/2020.04.10.20060962
http://dx.doi.org/10.1101/2020.03.27.20044891
https://www.census.gov/data/tables/time-series/demo/popest/2010s-counties-total.html
https://www.census.gov/data/tables/time-series/demo/popest/2010s-counties-total.html
https://www.census.gov/newsroom/blogs/random-samplings/2015/03/understanding-population-density.html
https://www.census.gov/newsroom/blogs/random-samplings/2015/03/understanding-population-density.html
https://svi.cdc.gov/Documents/Data/2018_SVI_Data/SVI2018Documentation.pdf
https://svi.cdc.gov/Documents/Data/2018_SVI_Data/SVI2018Documentation.pdf
https://coronavirus-resources.esri.com/datasets/1044bb19da8d4dbfb6a96eb1b4ebf629_0?geometry=154.511%2C-16.820%2C-179.473%2C72.123
https://coronavirus-resources.esri.com/datasets/1044bb19da8d4dbfb6a96eb1b4ebf629_0?geometry=154.511%2C-16.820%2C-179.473%2C72.123
http://europepmc.org/abstract/MED/10310946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10310946&dopt=Abstract
http://dx.doi.org/10.1177/1536867x1201200209
https://www.stata.com/support/faqs/resources/citing-software-documentation-faqs/
https://www.stata.com/support/faqs/resources/citing-software-documentation-faqs/
http://dx.doi.org/10.31219/osf.io/wah4e
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/testing.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/testing.html
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Tran et a

24. Excess Deaths Associated with COVID-19: Provisional Death Counts for Coronavirus Disease (COVID-19). Centers for
Disease Control and Prevention. URL: https.//www.cdc.gov/nchs/nvssivsir/covidl9/excess desths.htm [accessed 2021-03-15]

Abbreviations
CDC: Centersfor Disease Control and Prevention

Edited by T Sanchez; submitted 22.06.20; peer-reviewed by S Newbold, J Long, A Bhatia; comments to author 14.12.20; revised
version received 14.01.21; accepted 20.01.21; published 18.03.21

Please cite as:

Tran P, TranL, TranL

The Influence of Social Distancing on COVID-19 Mortality in US Counties: Cross-sectional Sudy
JMIR Public Health Surveill 2021;7(3): 21606

URL: https://publichealth.jmir.org/2021/3/e21606

doi: 10.2196/21606

PMID: 33497348

©Phoebe Tran, Lam Tran, Liem Tran. Originally published in IMIR Public Health and Surveillance (http://publichealth.jmir.org),
18.03.2021. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Public Health and Surveillance, is properly cited. The complete bibliographic
information, a link to the original publication on http://publichealth.jmir.org, as well as this copyright and license information
must be included.

https://publichealth.jmir.org/2021/3/e21606 JMIR Public Health Surveill 2021 | vol. 7 | iss. 3| €21606 | p. 7
(page number not for citation purposes)

RenderX


https://www.cdc.gov/nchs/nvss/vsrr/covid19/excess_deaths.htm
https://publichealth.jmir.org/2021/3/e21606
http://dx.doi.org/10.2196/21606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33497348&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

