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ABSTRACT

Purpose: Marginalized communities have been disproportionally impacted by SARS-CoV-2. How the as-
sociations between social determinants of health and the risk of SARS-CoV-2 infection shifted across time
is unknown. In this evaluation, we examine individual-level social determinants of health as social risk
factors for SARS-CoV-2 infection across the first 12 months of the pandemic among US Veterans.
Methods: We conducted a retrospective cohort analysis of 946,358 Veterans who sought testing or treat-
ment for SARS-CoV-2 infection in U.S. Department of Veterans Affairs medical facilities. We estimated
risk ratios for testing positive by social risk factors, adjusting for demographics, comorbidities, and time.
Adjusted models were stratified by pandemic phase to assess temporal fluctuations in social risks.
Results: Approximately 19% of Veterans tested positive for SARS-CoV-2. Larger household size was a per-
sistent risk factor and this association increased over time. Early in the pandemic, lower county-level
population density was associated with lower SARS-CoV-2 infection risk, but between June 1 and August
31, 2020, this trend reversed.
Conclusions: Temporal fluctuations in social risks associated with Veterans’ SARS-CoV-2 infection suggest
the need for ongoing, real-time tracking as the social and medical environment continues to evolve.
Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Marginalized communities and people of color have been heav-

Abbreviations: SDoH, Social determinants of health; USVETS, United States Vet-
erans Eligibility Trends and Statistics; VA, U.S. Department of Veterans Affairs; FPL,
Federal poverty level.
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ily impacted by the COVID-19 pandemic [1-6]. Social determinants
of health (SDoH) have been increasingly acknowledged as power-
ful drivers of COVID-19-related health inequities [7-18]. Key SDoH
such as access to health care, precarious or essential work, limited
transportation, living in areas of higher population density, and
economic instability have been associated with increased SARS-
CoV-2 infection risk [7-18]. In particular, persons with lower in-
comes are more frequently employed in precarious jobs with lim-
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ited autonomy over working hours, jobs with limited sick leave or,
‘essential’ jobs that put them at higher risk of exposure to SARS-
CoV-2 [19, 20]. Additionally, crowded living arrangements can fur-
ther increase SARS-CoV-2 transmission rates [19-22]. While many
industries shifted to remote work to reduce infection rates, this
unequally favored jobs belonging to highly educated or higher in-
come persons; excluding those with ‘essential’ jobs such as grocery
store clerks or meat-processing workers [5, 16]. Population density
or rurality is also an important social risk to consider as higher
population density can promote the spread of SARS-CoV-2 [5, 23].
Conversely, rural residents experience additional contributing fac-
tors such as poverty, limited transportation, lower healthcare ac-
cess, lower engagement in preventative health behaviors such as
mask wearing [24, 25].

While the role of SDoH in SARS-CoV-2 infection risk has been
highlighted during the pandemic, most data on social risk fac-
tors are collected on an aggregate level (e.g., county) that may
introduce exposure misclassification. SDoH data on an individual
level, which are more proximal to individual health outcomes, are
not commonly available. Furthermore, while the role of SDoH and
SARS-CoV-2 positivity has been well established, it is unknown
how the associations may have shifted over the first year of the
pandemic as SARS-CoV-2 spread from metropolitan centers to ru-
ral areas [26]. In this analysis, we examine individual-level SDoH
such as household size, poverty levels, and education as risk fac-
tors for SARS-CoV-2 infection across the first 12 months of the
pandemic among a large nationwide population of US Veterans,
controlling for underlying chronic conditions and site of care. We
furthermore examine these associations over time as new hotspots
of SARS-CoV-2 infection appeared across the US and as new knowl-
edge about SARS-CoV-2 transmission and prevention developed.

Methods
Data source and study population

We conducted a retrospective cohort analysis of 1,108,172 Vet-
erans enrolled in U.S. Department of Veterans Affairs (VA) health
care who sought testing or treatment for SARS-CoV-2 infection in
VA facilities between February 27, 2020 (earliest reported test) and
February 16, 2021 and were included in the 2019 annual United
States Veterans Eligibility Trends and Statistics (USVETS) dataset.
Drawing from 35 data sources (e.g., Department of Defense, Vet-
erans Health Administration, and Social Security Administration),
USVETS provides a comprehensive profile on US Veteran military
history, socioeconomic characteristics, and utilization of VA bene-
fits and services. We identified Veterans tested or treated for SARS-
CoV-2 infection using the VA COVID-19 Shared Resource, a national
database intended to be the single authoritative source for positive
and negative SARS-CoV-2 cases within VA.

We retrieved patient demographics (e.g., age, sex, race/ethnicity,
zip code) and diagnoses of chronic medical conditions from
VA electronic health record data from the VA Corporate Data
Warehouse [27]. Race and ethnicity was combined into a single
race/ethnicity variable, with individuals of Hispanic ethnicity in-
cluded in the Hispanic group regardless of any other race. Indi-
viduals without a race or ethnicity recorded in their health record
were categorized as “Missing/Unknown.” We included chronic con-
ditions documented by the Centers for Disease Control (CDC) to
increase the risk of severe morbidity and mortality post-SARS-CoV-
2 infection: lung cancer, chronic obstructive pulmonary disease,
heart failure, ischemic heart disease, diabetes, hemodialysis, end
stage chronic kidney disease, cigarette smoking, and obesity (body
mass index > 30) [28].

We sourced individual-level SDoH data from the 2019 USVETS
dataset. We selected key SDoH variables a priori based on exist-
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ing literature on health inequalities for COVID-19: including house-
hold size, presence of child in the house, income, marital sta-
tus, and education [16, 18]. Variables were recoded where neces-
sary: household size (1,2,3,4,>4), presence of child in the house-
hold (y/n), marital status (married/ not married), education level
(high school/vocational, college, graduate school), household in-
come level (<100% federal poverty level (FPL), 100%-200% FPL,
>200%-400% FPL, >400% FPL). Household income status was cre-
ated by combining data from the household size and categorized
income variables based on the 2019 federal poverty guidelines, ad-
justing for differences among the 48 contiguous states, Alaska, and
Hawaii [29].

We also created a proxy variable of rurality of home based on
the population density of the county of residence. Population den-
sity categories were adapted from urban/rural standards commonly
used in VA: fewer than 2.7 people/km? was chosen from a VA def-
inition of highly rural (<7 people per square mile) and the cut off
of 387 people/km? was adapted from the US census for an urban-
ized area (1000 persons per square mile) [30, 31]. Categories of
population density between the two a priori definitions were de-
fined such that each category was a quantile of equal size.

We matched each Veteran’s home zip code to the county-level
population density (persons per square mile) from the U.S. 2010
Census and the 7-day rolling county-level per capita SARS-CoV-2
cases from the Johns Hopkins COVID-19 Dashboard in the previous
week before each individual test date [32, 33]. For individuals with
multiple tests, we used the date of the first positive test or the
date of the first negative test if they never tested positive.

To assess temporal changes in risk factors, we identified five
phases of the pandemic based on distinct cyclical patterns in na-
tional SARS-CoV-2 incidence data from when incidence levels be-
gan to rise, crested, and then reached the lowest point before ris-
ing again. Phases included: February 27-May 31, 2020; June 1-
August 31, 2020; September 1-November 30, 2020; December 1-
December 31, 2020; and January 1-February 16, 2021.

Veterans missing data on age, sex, household size, child in the
household, poverty level, marital status, education and/or home
zip code were excluded (N = 161,814). Our final dataset comprised
946,358 Veterans.

Statistical analysis

Using generalized linear mixed models with random effects for
VA medical facility, we estimated risk ratios (RR) and 95% con-
fidence intervals (CI) for testing SARS-CoV-2 positive by social
risk factors (i.e., individual-level SDoH) and select demographic
characteristics (i.e., age, sex, race/ethnicity) that have been iden-
tified in prior COVID-19 reports as key characteristics for dispari-
ties in COVID-19 positivity across time [1, 2, 34-36]. We mutually
adjusted for demographic characteristics, chronic medical condi-
tions, 7-day rolling SARS-CoV-2 county-level per capita incidence,
county-level population density, time period, and social risk fac-
tors. To evaluate if time modified the associations between testing
SARS-CoV-2 positive and social risks, we stratified our models by
phase of the pandemic. We conducted all statistical analyses using
SAS Enterprise 8.3 (SAS Institute, Cary, NC). The Veterans Health
Administration determined this evaluation was not research and
did not require institutional review board review.

Results
Sample characteristics
Of the 946,358 Veterans with a SARS-CoV-2 test result between

February 27, 2020 and February 16, 2021, the majority were male
(89%) and White (62%), with a median age of 62 years (Table 1).
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Demographics, individual social determinants of health, and pandemic time period among 946,358
veterans seeking testing or treatment for SARS-CoV-2 infection at the U.S. Department of Veterans
Affairs (VA), February 27, 2020-February 16, 2021.

Total Positive Negative
N % N % N %
946,358  100% 181,058 19% 765,300 81%
Age
18-39 114,142 12% 24,000 21% 90,142 79%
40-49 92,704 10% 20,023 22% 72,681 78%
50-59 157,120 17% 31,568 20% 125,552  80%
60-69 223,289  24% 37,067 17% 186,222  83%
70-79 275,741 29% 49,729 18% 226,012  82%
>80 83,362 9% 18,671 22% 64,691 78%
Race/ethnicity
American Indian/Alaska Native 6385 1% 1423 22% 4962 78%
Asian 9917 1% 1623 16% 8294 84%
Black/African American 208,751 22% 40,407 19% 168,344 81%
Hispanic 76,876 8% 17,850 23% 59,026 77%
Missing/Unknown 41,593 4% 8476 20% 33,117 80%
Multiracial 8355 1% 1495 18% 6860 82%
Native Hawaiian/Pacific Islander 6860 1% 1353 20% 5507 80%
White 587,621 62% 108,431 18% 479,190  82%
Sex
Female 101,256  11% 18,070 18% 83,186 82%
Male 845,102  89% 162,988 19% 682,114 81%
Household size
1 285,469  30% 48,902 17% 236,567  83%
2 257,719  27% 48,568 19% 209,151 81%
3 197,454  21% 39,565 20% 157,889  80%
4 106,911 11% 22,153 21% 84,758 79%
>4 98,805 10% 21,870 22% 76,935 78%
Child in household
Yes 601,492  64% 110,747  18% 490,745  82%
No 344,866  36% 70,311 20% 274,555  80%
Household income
<100% federal poverty level 68,108 7% 13,934 20% 54,174 80%
100%-200% federal poverty level 205,791 22% 41,138 20% 164,653  80%
>200%-400% federal poverty level 325287  34% 63,397 19% 261,890 81%
>400% federal poverty level 347,172 37% 62,589 18% 284,583 82%
Marital status
Married 455261  48% 93,314 20% 361,947 80%
Not married 491,097  52% 87,744 18% 403,353  82%
Education
High school/vocational/technical 688,603  73% 133,637 19% 554,966  81%
College 151,987  16% 29,035 19% 122,952  81%
Graduate school 105,768  11% 18,386 17% 87,382 83%
County population density
<2.7 people/km? 7003 1% 1692 24% 5311 76%
>2.7-<60 people/km? 233,775  25% 50,387 22% 183,388  78%
60-<195 people/km? 243,845  26% 49,214 20% 194,631 80%
195-<387 people/km? 144,848  15% 25,896 18% 118,952  82%
387-<600 people/km? 109,026  12% 18,733 17% 90,293 83%
600-<1000 people/km? 100,793 11% 17,648 18% 83,145 82%
1000-27,820 people/km? 107,068  11% 17,488 16% 89,580 84%
Time era
February 27-May 31, 2020 121,660  13% 22,124 18% 99,536 82%
June 1-August 31, 2020 298,906  32% 44,244 15% 254,662  85%
September 1-November 30, 2020 305,293 32% 52,019 17% 253,274  83%
December 1-December 31, 2020 102,131 11% 32,770 32% 69,361 68%
January 1-February 16, 2021 118,368  13% 29,901 25% 88,467 75%

Overall, 29% of Veterans lived in households with income less than
200% FPL, 10% lived in a household with more than 4 people, and
34% lived in counties with 387 or more people per km? (i.e., urban
areas).

Demographic and social factors associated with testing positive

Approximately 19% of Veterans included in the analysis tested
positive for SARS-CoV-2. As shown in Table 1, there was a higher
prevalence of positivity among Veterans who were Hispanic (23%
tested positive) and American Indian/Alaska Native (22%). The
prevalence of SARS-CoV-2 increased with increasing household size
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and was also higher among Veterans living in counties with lower
county-level population density. There were minor variations in
SARS-CoV-2 prevalence by age, sex, household income, education
level, and by presence of a child in the household. The SARS-CoV-2
prevalence fluctuated between 16.3% and 32% across the time pe-
riods examined.

In an adjusted model including all time periods (Table 2), Vet-
erans aged 80 years or more were 43% more likely to test posi-
tive for SARS-CoV-2 compared to Veterans aged 60-69 years [RR
1.42 (95% CI: 1.40, 1.46)]. SARS-CoV-2 positivity rates were higher
among Veterans who were American Indian/Alaska Native, Asian,
Black, Hispanic, or Native Hawaiian/Pacific Islander compared to
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Table 2

Adjusted risk ratios for testing SARS-CoV-2 positive among 946,358 veterans
seeking testing or treatment for SARS-CoV-2 infection at the U.S. Department
of Veterans Affairs (VA), February 27, 2020-February 16, 2021.

Pooled model®
February 27, 2020-February 16, 2021

N = 946,358
RR 95% CI
Age
18-39 123 (1.21, 1.25)
40-49 1.21 (1.19, 1.23)
50-59 112 (1.11, 1.14)
60-69 1.00 -
70-79 1.09 (1.08, 1.11)
80+ 143  (1.40, 1.46)
Race/ethnicity
American Indian/Alaska Native 1.16 (1.10, 1.22)
Asian 1.06 (1.01, 1.12)
Black/African American 1.08 (1.06, 1.09)
Hispanic 1.30 (1.28, 1.33)
Missing/Unknown 1.09 (1.07, 1.12)
Multiracial 1.00  (0.95, 1.06)
Native Hawaiian/Pacific Islander ~ 1.15  (1.09, 1.21)
White 1.00 -
Sex
Female vs. male 0.88  (0.87,0.89)
Household size
1 person 1.00 -
2 persons 1.03  (1.02, 1.05)
3 persons 1.07 (1.05, 1.09)
4 persons 1.09 (1.06, 1.11)
>4 persons 1.15 (112, 1.17)
Child in household
Yes vs. no 0.99 (0.98, 1.01)
Poverty
<100% FPL 1.02  (1.01, 1.03)
100%-200% FPL 1.01 (0.99, 1.02)
>200%-400% FPL 1.00 (0.98, 1.02)
>400% FPL 1.00 —
Married
Married vs. not married 1.05 (1.03, 1.06)
Education
High school/vocational 1.00 -
College 0.97 (0.96, 0.99)
Graduate school 0.96 (0.94, 0.97)
County population density
<2.7 people/km? 1.28 1.22, 1.36

>2.7-<60 people/km?
60-<195 people/km?
195-<387 people/km?

1.05

(.
115 (113, 1.18
(1.03,

104 (1.01, 1.06

387-<600 people/km? 1.00 -
600-<1000 people/km? 1.00 (0.97, 1.02)
1000-27,820 people/km? 101 (0.99, 1.04)

FPL = federal poverty level; RR = risk ratios.

2 Models mutually adjusted for variables in rows and adjusted for individual
level social determinants of health (household size, child in household (yes/no),
poverty level, marital status, education level, county-level population density, 7-
day rolling county SARS-CoV-2 per capita rate, presence of comorbidities (lung
cancer, chronic obstructive pulmonary disease, heart failure, ischemic heart dis-
ease, diabetes, hemodialysis, end stage chronic kidney disease), and clinical
conditions (cigarette smoking, obesity (BMI > 30)) and pandemic time period
(February 27-May 31; June 1-August 31, 2020; September 1-November 30,
2020; December 1-December 31, 2020; January 1-February 16, 2021). All mod-
els have a random effect for VA medical facility location.

White Veterans. Women Veterans were less likely to test positive
compared to men [RR 0.88 (0.87, 0.89)].

Of the social risk factors included in the same adjusted model,
currently married Veterans and Veterans with a household income
<100% FPL had slightly increased risk ratios for testing positive [RR
1.02 (1.01, 1.03)] (Table 2). Higher education levels had a slight pro-
tective association for testing positive and having children in the
household was not associated with testing positive. Risk of testing
positive for SARS-CoV-2 increased with household size, with risk
ratios ranging from 1.03 (95% CI 1.02, 1.05) to 1.15 (95% CI 1.12,
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1.17) for Veterans in households with 2 to greater than 4 persons,
respectively, compared to those living alone.

Time variation in associations of demographic and social factors with
risk of testing positive

The strength of association between race/ethnicity and SARS-
CoV-2 test positivity, varied by phase of the pandemic (Table 3).
Specifically, Black-White disparities present in February-May 2020
[RR 1.29 (1.25, 1.34)] and June-August 2020 [RR 1.24 (1.21, 1.27)]
were no longer observed in September-November 2020 [RR 0.96
(0.94, 0.99)] and beyond. However Hispanic-White, American In-
dian/Alaska Native-White, and Native Hawaiian/Pacific Islander-
White disparities persisted through all pandemic phases.

The magnitude of some social risk factors’ associations with
SARS-CoV-2 positivity also varied by pandemic phases (Table 3).
Among Veterans tested between February and May 2020, Veter-
ans in households larger than 4 persons had an 11% higher risk
of testing positive [RR 1.11 (1.04, 1.19)], but between January 1
and February 16, 2021 they were 21% more likely to test positive
[RR 1.21 (1.15, 1.28)] compared to Veterans living alone. Between
February and May 2020, Veterans living in highly rural areas (<2.7
people per km?) had lower risk for testing SARS-CoV-2 positive
[RR 0.81 (0.62, 1.04)] than Veterans living in urban areas (387 to
<600 people per km?). However, by June 2020, this association
had flipped and in December 2020, the risk ratio increased to 1.47
(1.31, 1.65). Associations between testing SARS-CoV-2 positive and
having a child in the household, household income levels, marital
status, or education levels did not vary over time.

Discussion

In this study of nearly 1 million Veterans, we found larger
household size, lower education, and residing in counties with
lower population density (i.e., more rural) were associated with in-
creased risk for testing SARS-CoV-2 positive. Notably, the associa-
tion for household size and SARS-CoV-2 infection varied over time.

Several of our findings are consistent with studies conducted in
different populations. For example, our finding of a dose-response
effect of household size on SARS-CoV-2 positivity rates among Vet-
erans is similar to studies that have found poor housing condi-
tions, which can include household crowding, to be linked with
worse health outcomes and higher incidence rates of SARS-CoV-2
[23]. Our results suggest that with each additional person living
in the household, the risk of contracting SARS-CoV-2 increases: an
association that strengthened as the pandemic progressed. Similar
to prior reports of SARS-CoV-2 incidence among Veterans, dispari-
ties in SARS-CoV-2 positivity were observed among non-White and
Hispanic Veterans and these disparities have attenuated over time
[1, 35-37].

We also found that married Veterans had a slightly elevated
risk of testing positive than unmarried Veterans. This marginal
increase may be indicative of the additional infection risk con-
ferred by an intimate household contact where social distancing
may be more difficult to implement (e.g., shared sleeping spaces)
compared to other household members. Additionally, we found a
marginally protective effect for higher education levels and SARS-
CoV-2 risk of testing positive. This may reflect the reduced trans-
mission rates among persons with a college or graduate degree
may have job more adaptable to physical distancing and working
from home (e.g., white collar vs. blue collar employment). Per-
sons with higher income are also less likely to have precarious
jobs, which may afford them schedule flexibility and sick leave to
reduce SARS-CoV-2 spread. It was surprising that having a child
in the household and income level were not associated with the
risk of SARS-CoV-2 positivity. This may be because many children
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Table 3
Adjusted risk ratios for testing SARS-CoV-2 positive, stratified by time, among 946,358 veterans seeking testing or treatment for SARS-CoV-2 infection at the U.S. Department of Veterans Affairs (VA), February
27, 2020-February 16, 2021 - social risk factors.

Time stratified models®

September 1-November 30, December 1-December 31,
February 27-May 31, 2020 June 1-August 31, 2020 2020 2020 January 1-February 16, 2021
N = 121,660 N = 298,906 N = 305,293 N = 102,131 N = 118,368
RR 95% ClI RR 95% CI RR 95% CI RR 95% CI RR 95% CI
Age
18-39 1.06 (1.01, 1.12) 1.40 (1.35, 1.44) 1.26 (1.22, 1.30) 1.13 (1.08, 1.17) 1.13 (1.09, 1.18)
40-49 1.06 (1.00, 1.12) 1.29 (1.24, 1.34) 1.26 (1.22, 1.30) 1.16 (1.11, 1.20) 1.17 (1.12, 1.22)
50-59 1.04 (0.99, 1.08) 1.18 (1.15, 1.22) 1.17 (1.13, 1.20) 1.09 (1.05, 1.13) 1.07 (1.03, 1.11)
60-69 1.00 — 1.00 - 1.00 — 1.00 - 1.00 —
70-79 1.13 (1.09, 1.18) 1.06 (1.03, 1.09) 1.09 (1.06, 1.11) 1.11 (1.08, 1.13) 1.10 (1.06, 1.14)
80+ 1.40 (1.34, 1.47) 1.32 (1.27, 1.37) 1.43 (1.38, 1.48) 1.44 (1.38, 1.51) 1.48 (1.42, 1.55)
Race/ethnicity
American Indian/Alaska Native 1.33 (1.14, 1.56) 1.27 (1.14, 1.41) 1.10 (1.00, 1.21) 1.08 (0.95, 1.22) 1.14 (1.00, 1.31)
Asian 1.17 (1.01, 1.36) 1.08 (0.97, 1.19) 1.06 (0.96, 1.17) 1.02 (0.91, 1.15) 1.04 (0.92, 1.18)
Black/African American 1.29 (1.25, 1.34) 1.24 (1.21, 1.27) 0.96 (0.94, 0.99) 0.95 (0.92, 0.98) 0.96 (0.92, 0.99)
Hispanic 1.35 (1.28, 1.42) 1.45 (1.41, 1.50) 1.26 (1.22, 1.31) 1.23 (1.18, 1.28) 1.16 (1.11, 1.22)
Missing/Unknown 1.11 (1.03, 1.19) 1.14 (1.09, 1.20) 1.08 (1.04, 1.13) 1.05 (1.00, 1.11) 1.03 (0.98, 1.09)
Multiracial 1.02 (0.88, 1.18) 1.04 (0.94, 1.15) 1.02 (0.93, 1.12) 0.97 (0.87, 1.10) 0.95 (0.84, 1.09)
Native Hawaiian/Pacific Islander 1.18 1.00, 1.40) 1.18 (1.06, 1.32) 1.16 (1.05, 1.28) 1.04 (0.91, 1.19) 1.15 (1.01, 1.31)
White 1.00 — 1.00 - 1.00 — 1.00 — 1.00 —
Sex
Female vs. male 0.88 (0.84, 0.92) 0.83 (0.88, 0.94) 0.86 (0.83, 0.89) 0.93 (0.90, 0.97) 0.94 (0.91, 0.98)
Household size
1 person 1.00 - 1.00 - 1.00 — 1.00 — 1.00 -
2 persons 1.02 (0.98, 1.06) 1.01 (0.98, 1.04) 1.02 (1.00, 1.05) 1.06 (1.03, 1.10) 1.07 (1.03, 1.11)
3 persons 1.06 (1.00, 1.12) 1.03 (0.99, 1.07) 1.06 (1.02, 1.10) 1.08 (1.03, 1.13) 1.13 (1.08, 1.18)
4 persons 1.04 (0.98, 1.11) 1.05 (1.00, 1.10) 1.09 (1.05, 1.13) 1.12 (1.06, 1.18) 1.15 (1.09, 1.22)
>4 persons 1.11 (1.04, 1.19) 1.12 (1.07, 1.17) 1.15 (1.10, 1.20) 1.15 (1.09, 1.21) 1.21 (1.15, 1.28)
Child in household
Yes vs. no 1.02 (0.98, 1.06) 1.00 (0.98, 1.03) 0.99 (0.96, 1.01) 1.00 (0.97, 1.03) 0.97 (0.94, 1.00)
Poverty
<100% FPL 1.01 (0.97, 1.05) 1.04 (1.01, 1.07) 1.00 (0.98, 1.03) 1.00 (0.97, 1.03) 1.02 (0.99, 1.06)
100%-200% FPL 1.00 (0.96, 1.05) 1.02 (1.00, 1.04) 1.00 (0.98, 1.02) 1.00 (0.97, 1.02) 1.00 (0.97, 1.03)
>200%-400% FPL 0.98 0.92, 1.03) 1.03 (0.99, 1.07) 1.02 (0.98, 1.06) 0.99 0.94, 1.03) 0.95 (0.91, 1.00)
>400% FPL 1.00 - 1.00 — 1.00 - 1.00 - 1.00 -
Married
Married vs. not married 1.01 (0.98, 1.05) 1.03 (1.00, 1.05) 1.05 (1.03, 1.08) 1.06 (1.03, 1.09) 1.05 (1.02, 1.08)
Education
High school/vocational 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
College 0.98 (0.94, 1.01) 0.98 (0.95, 1.00) 0.97 (0.94, 0.99) 0.98 (0.95, 1.01) 0.99 (0.96, 1.02)
Graduate school 0.98 (0.94, 1.02) 0.95 (0.92, 0.98) 0.94 (0.91, 0.96) 0.96 (0.93, 1.00) 0.99 (0.95, 1.03)
County population density
<2.7 people/km? 0.81 (0.62, 1.04) 1.23 (1.08, 1.41) 1.27 (1.17, 1.38) 1.47 (1.31, 1.65) 137 (1.19, 1.58)
>2.7-<60 people/km? 0.95 (0.89, 1.01) 1.11 (1.06, 1.15) 1.16 (1.11, 1.21) 1.23 (1.18, 1.30) 1.19 (1.13, 1.26)
60-<195 people/km? 0.96 (0.90, 1.02) 1.02 (0.98, 1.07) 1.06 (1.02, 1.10) 1.13 (1.08, 1.19) 1.09 (1.04, 1.15)
195-<387 people/km? 1.01 (0.95, 1.08) 1.06 (1.01, 1.10) 1.05 (1.01, 1.10) 1.05 (1.00, 1.11) 1.01 (0.96, 1.07)
387-<600 people/km? 1.00 - 1.00 - 1.00 - 1.00 — 1.00 -
600-<1000 people/km? 1.03 (0.97, 1.10) 1.01 (0.96, 1.06) 0.99 (0.94, 1.04) 0.99 (0.93, 1.06) 0.96 (0.90, 1.03)
1000-27,820 people/km? 1.03 (0.97, 1.09) 1.04 (0.99, 1.09) 1.04 (0.99, 1.10) 1.07 (1.00, 1.14) 1.01 (0.94, 1.08)

FPL = federal poverty level; RR = risk ratios.

2 Models mutually adjusted for variables in rows and adjusted for age, sex, race/ethnicity, 7-day rolling county SARS-CoV-2 per capita rate, presence of comorbidities (lung cancer, chronic obstructive pulmonary
disease, heart failure, ischemic heart disease, diabetes, hemodialysis, end stage chronic kidney disease), and clinical conditions (cigarette smoking, obesity (BMI > 30)). All models have a random effect for VA
medical facility location.
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stayed home and were educated remotely during the worst parts
of the pandemic. A contemporaneous CDC report in 2020 indicated
that even when school aged children do go to school, the incidence
of SARS-CoV-2 does not significantly increase [38]. Our null as-
sociation with individual reported household income adjusted for
household size is of interest as previous studies have reported in-
dividuals with lower income to be more likely to test SARS-CoV-2
positive [2, 39]. Our lack of an association with income may be due
to the lower access barriers for testing and healthcare at VA, as all
qualifying Veterans can receive care at VA regardless of their in-
come. Additionally, our associations may be different as we catego-
rized individual household income into categories relative to fed-
eral poverty levels based on locality and the number of persons
in the house rather than using neighborhood aggregate socioeco-
nomic measures [40].

The temporal patterns in social risk factors are a new contri-
bution to the literature. Our results indicate that a Veteran’s SARS-
CoV-2 infection risk fluctuated depending on their individual social
risk factors such as household size. These temporal associations
may be shifting for a variety of reasons [41]. While we adjusted
for local infection rates in our analysis, there may be additional
confounders related to ‘surges’ in infection rates such as the local
shelter-in-place policies and variations in risk mitigation polices.
Early in the pandemic when shelter in place policies were the most
stringent, the additional risk of another household member could
have been lower compared with later in the pandemic as shelter in
place policies relaxed, masking became optional. The strongest as-
sociations between SARS-CoV-2 infection risk and household size
in late 2020 may also reflect individuals’ exhaustion of adhering
to social distancing policies as it became more challenging to stay
isolated during holiday periods and group gatherings increased.

While population density is at the county-level, we included it
in our evaluation as a key SDoH as rural residents are more likely
to face higher levels of poverty, lower education levels, and higher
employment in blue-collar professions which inhibit social dis-
tancing [26, 35]. Additionally, health services to identify and treat
SARS-CoV-2 cases were more available in higher population den-
sity areas which could impact individuals’ likelihood of contracting
SARS-CoV-2 and receiving a test [24]. In our work, Veterans liv-
ing in counties with the lowest population density had lower risk
of testing SARS-CoV-2 positive early in the pandemic compared to
those living in more densely populated areas. However, after June
2020, this protective association was no longer seen and Veterans
living in highly rural areas were more likely to test positive. Work
from Carozzi and colleagues supports our findings by showing that
population density in the U.S. does not dictate incidence rates, but
rather is a surrogate for the time periods and localities affected by
the outbreak [42]. Therefore, differences in risk by population den-
sity may also be due in part to the spread of the virus as pandemic
epicenters early in the pandemic were cities [26].

Overall, we found an increased risk of SARS-CoV-2 positivity
among Veterans by household size, a slightly decreased risk by
education level, and no association by income level. This suggests
that household size may play a more important role in the risk of
testing SARS-CoV-2 positive than education level or income among
Veterans. Given the intertwined nature of SDoH, further work is
needed to elucidate the relative contributions and roles of educa-
tion, income, and household size for SARS-CoV-2 infection risk.

Strengths and limitations

The VA electronic health record database offers a comprehen-
sive nationwide health data resource. Linkage with USVETS data
enabled the unique addition of individual-level social risk data;
however, some limitations of these combined data include a pri-
marily male population and lacking information on other key social
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risks. There may be selection bias in our study population for Vet-
erans who accessed VA care during the first year of the pandemic
and who had complete data on the study variables. Veterans who
tested negative at a third-party location such as a public health
department would be unlikely to seek testing or treatment at a
VA facility after receiving a negative result and therefore are less
likely to be included in our analysis. However, Veterans who test
positive at a third-party location may be more likely to seek treat-
ment at VA due to the subsidized care provided at VA - resulting
in undercounting individuals who tested negative. Further analysis
is needed to identify how Veterans who come to VA for treatment
alone may differ from Veterans who come to VA for testing. We
did not have information on occupation thus we could not examine
the association between essential workers and positive tests. While
using 2019 USVETS data was a strength of our analysis as we cap-
tured individual SDoH, we were not able to assess changes in social
risks that may have occurred during the pandemic, meaning that
some of our estimates may be inaccurate. Additionally, some Veter-
ans were excluded due to missing data on SDoH and the exclusion
of those with missing data could further limit generalizability of
these findings. Finally, our population included US Veterans who
are older and have a higher prevalence of chronic conditions and
risk behaviors than the general US population [43-45]. In our work
we have adjusted for age and chronic conditions, which prior re-
search has demonstrated to be an effective control for differences
between US Veterans and the general population [1, 45].

Our study has several additional strengths. First, the social risks
we examined were captured on an individual level which tend to
have less misclassification than area-based measures. Our analy-
sis also leveraged self-reported data on race/ethnicity from elec-
tronic health records which had 4% missing data; a small fraction
compared to state and national databases of SARS-CoV-2 incidence.
We also were able to match Veterans to their home county, rather
than relying on their site of care, which more accurately captures
information on the prevalence of SARS-CoV-2 in their area and the
population density of their home neighborhoods. However, further
research is needed to understand the interactive and overlapping
effects of SDoH such as occupation, poverty, education, and house-
hold size. SDoH are a consequence of a complex history and multi-
level risk factors that propagate health inequities. Recognizing and
evaluating the dynamic nature and feedback loops of co-occurring
SDoH could help inform population-based approaches for the pre-
vention of SARS-CoV-2 infection.

Conclusions

Despite the increasing recognition that SDoH play a critical role
in shaping an individual’s clinical and economic outcomes, social
risk factors are not routinely captured in electronic health records
[46, 47]. Incorporating SDoH into health care records could help
predict which VA patients may be at increased risk for SARS-CoV-
2 infection, as well as severe illness and mortality which may be
helpful for future pandemics responses for highly communicable
infectious diseases. Variation in the effect size of certain risks of
SARS-CoV-2 positivity such as household size over time further
suggests the need for ongoing, real-time tracking as the social and
medical environment continues to evolve.

Author contributions

Concept and Design: JMF, CM, TS, EM, LRMH, AJC. Drafting of
the manuscript: JMF, CM, LRMH. Acquisition, analysis, or interpre-
tation of the data: All authors. Critical revision of the manuscript
for important intellectual content: All authors. Statistical Analysis:
JMF, CM, TS. Administrative, technical, or material support: EM, K],
LRMH. Supervision: EM, K], LRMH.



J:M. Ferguson, C. Mitchell-Miland, T.A. Shahoumian et al.
Disclaimer

The views expressed are those of the authors and the contents
of this article do not represent the views of the US Department of
Veterans Affairs or the United States Government.

Funding/Support

Not applicable.

Ethics

The Veterans Health Administration determined this evaluation
was non-research and did not require institutional review board
review.

Data availability

Due to US Department of Veterans Affairs (VA) regulations and
our ethics agreements, the analytic data sets used for this study are
not permitted to leave the VA firewall without a Data Use Agree-
ment. This limitation is consistent with other studies based on VA
data. However, VA data are made freely available to researchers
with an approved VA study protocol. For more information, please
visit https://www.virec.research.va.gov or contact the VA Informa-
tion Resource Center at VIReC@va.gov.

References

[1] Rentsch CT, Kidwai-Khan F, Tate JP, Park LS, King JT, Skanderson M, et al. Pat-
terns of COVID-19 Testing and mortality by race and ethnicity among United
States veterans: nationwide cohort study. PLoS Med 2020;17:1-17. doi:10.1101/
2020.05.12.20099135.

[2] Ferguson JM, Abdel Magid H, Purnell AL, Kiang MV, Osborne TF. Differences
in COVID-19 Testing and Test Positivity Among Veterans, United States 2021.
Public Health Rep 2021. doi:10.1177/00333549211009498.

[3] Oppel RA, Gebeloff R, Lai KKR, Wright W, Smith M. The Fullest Look Yet at the
Racial Inequity of Coronavirus. New York Times; 2020.

[4] Coughlin SS, Moore JX, George V, Johnson JA, Hobbs ]. COVID-19 Among
African Americans: From Preliminary Epidemiological Surveillance Data to
Public Health Action. Am ] Public Health 2020;110:1157-9. doi:10.2105/AJPH.
2020.305764.

[5] Yancy CW. COVID-19 and African Americans. ] Am Med Assoc 2020;323:1891-
2. doi:10.1001/jama.2020.6548.

[6] Hollis ND, Li W, Van Dyke ME, Njie GJ, Scobie HM, Parker EM, et al. Racial and
Ethnic Disparities in Incidence of SARS-CoV-2 Infection, 22 US States and DC,
January 1- Octover 1, 2020. Emerg Infect Dis 2021;27:1477-81.

[7] Abedi V, Olulana O, Avula V, Chaudhary D, Khan A, Shahjouei S, et al. Racial,
Economic, and Health Inequality and COVID-19 Infection in the United States. ]
Racial Ethn Heal Disparities 2021;8:732-42. doi:10.1007/s40615-020-00833-4.

[8] Baker MG. Nonrelocatable Occupations at Increased Risk During Pandemics:
United States, 2018. Am ] Public Health 2020;110:1126-32. doi:10.2105/AJPH.
2020.305738.

[9] Singu S, Acharya A, Challagundla K, Byrareddy SN. Impact of Social Determi-

nants of Health on the Emerging COVID-19 Pandemic in the United States.

Front Public Heal 2020;8:1-10. doi:10.3389/fpubh.2020.00406.

Wong MS, Upchurch DM, Steers WN, Haderlein TP, Yuan AT, Washington DL.

The Role of Community-Level Factors on Disparities in COVID-19 Infection

Among American Indian/Alaska Native Veterans. ] Racial Ethn Heal Disparities

2021. doi:10.1007/s40615-021-01123-3.

Bryan MS, Sun ], Jagai ], Horton DE, Montgomery A, Sargis R, et al. Coron-

avirus disease 2019 (COVID-19) mortality and neighborhood characteristics in

Chicago. Ann Epidemiol 2020;56:47-54.

Dalsania AK, Fastiggi MJ, Kahlam A, Shah R, Patel K, Shiau S, et al. The

Relationship Between Social Determinants of Health and Racial Disparities

in COVID-19 Mortality. ] Racial Ethn Heal Disparities 2021. doi:10.1007/

s40615-020-00952-y.

Hatcher SM, Agnew-Brune C, Anderson M, Zambrano LD, Rose CE, Jim MA,

et al. COVID-19 Among American Indian and Alaska Native Persons — 23

States, January 31-July 3, 2020. MMWR Morb Mortal Wkly Rep 2020;69:1166-

9. doi:10.15585/mmwr.mm6934e1.

Hatef E, Chang H-Y, Kitchen C, Weiner JP, Kharrazi H. Assessing the Impact of

Neighborhood Socioeconomic Characteristics on COVID-19 Prevalence Across

Seven States in the United States. Front Public Heal 2020;8:1-7. doi:10.3389/

fpubh.2020.571808.

Ingraham NE, Purcell LN, Karam BS, Dudley RA, Usher MG, Warlick CA, et al.

Racial and Ethnic Disparities in Hospital Admissions from COVID-19: Deter-

mining the Impact of Neighborhood Deprivation and Primary Language. ] Gen

Intern Med 2021:3-5. doi:10.1007/s11606-021-06790-w.

[10]

[11]

[12]

[13]

[14]

[15]

28

Annals of Epidemiology 73 (2022) 22-29

[16] Raine S, Liu A, Mintz J, Wahood W, Huntley K, Haffizulla F, et al. Racial and
ethnic disparities in covid-19 outcomes: Social determination of health. Int ]
Environ Res Public Health 2020;17:1-16. doi:10.3390/ijerph17218115.

[17] Riley WT, Mensah GA. Perspective: Social Determinants of Health and Im-
plementation Research: Lessons from the COVID-19 Pandemic. Ethn Dis
2021;31:5-8. doi:10.18865/ed.31.1.5.

[18] Rogers TN, Rogers CR, Yan B, Qeadan F, Webb EV, Gu LY. Racial Disparities
in COVID - 19 Mortality Among Essential Workers in the United States; 2020.
p. 1-17. doi:10.1002/wmh3.358.

[19] Pan W, Miyazaki Y, Tsumura H, Miyazaki E, Yang W. Identification of county-
level health factors associated with COVID-19 mortality in the United States. ]
Biomed Res 2020;34:437-45. doi:10.7555/]BR.34.20200129.

[20] Magid HSA, Ferguson JM, Van Cleve R, Purnell AL, Osborne TF. Differences in
COVID-19 Risk by Race and County-Level Social Determinants of Health among
Veterans. Int ] Environmen 2021;18:1-9.

[21] Oronce CIA, Scannell CA, Kawachi I, Tsugawa Y. Association Between State-
Level Income Inequality and COVID-19 Cases and Mortality in the USA. ] Gen
Intern Med 2020;35:2791-3. doi:10.1007/s11606-020-05971-3.

[22] Tan AX, Hinman JA, Abdel Magid HS, Nelson LM, Odden MC. Association be-
tween Income Inequality and County-Level COVID-19 Cases and Deaths in the
US. JAMA Netw Open 2021:1-8. doi:10.1001/jamanetworkopen.2021.8799.

[23] Ahmad K, Erqou S, Shah N, Nazir U, Morrison AR, Choudhary G, et al. Associa-
tion of poor housing conditions with COVID-19 incidence and mortality across
US counties. PLoS One 2020;68:1-13. doi:10.1371/journal.pone.0241327.

[24] Callaghan T, Lueck JA, Trujillo KL, Ferdinand AO. Rural and Urban Differences
in COVID-19 Prevention Behaviors. ] Rural Heal 2021;37:287-95. doi:10.1111/
jrh.12556.

[25] Peters DJ. Community Susceptibility and Resiliency to COVID-19 Across the
Rural-Urban Continuum in the United States. ] Rural Heal 2020;36:446-56.
doi:10.1111/jrh.12477.

[26] Duca LM, Coyle ], McCabe C, McLean C. COVID-19 Stats: COVID-19 Incidence,
by Urban-Rural Classification — United States, January 22-October 31, 2020.
Morb Mortal Wkly Rep 2020;69:1753.

[27] VA Information Resource Center. Corporate Data Warehouse (CDW): A VIReC

Resourse Guide n.d. https://www.hsrd.research.va.gov/for_researchers/vinci/

cdw.cfm (accessed January 1, 2020).

Centers for Disease Control and Prevention. Science Brief: Evidence

used to update the list of underlying medical conditions that in-

crease a person’s risk of severe illness from COVID-19. CDC COVID-

19 Sci Briefs 2020. https://www.cdc.gov/coronavirus/2019-ncov/science/

science-briefs/underlying-evidence-table.html?CDC_AA_refVal=https%3A%

2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fhcp%2Fclinical-care%

2Funderlying-evidence-table.html#print (accessed August 8, 2021).

Agency for Healthcare Research and Quality 2019 National Healthcare Quality

and Disparities Report, Rockville, Maryland: AHRQ Pub; 2019. (accessed March

2,2021).

United States Census Bureau. 2020 Census Urban and Rural Classification

and Urban Areas Criteria 2020. https://www.census.gov/programs-surveys/

geography/guidance/geo-areas/urban-rural/2010-urban-rural.html  (accessed

June 23, 2020).

[31] Wang JZ, Dhanireddy P, Prince C, Larsen M, Schimpf M, Pearman G. 2019 Sur-
vey of Veteran Enrollees’ Health and Use of Health Care; 2019. (accessed March
2, 2021).

[32] United States Census Bureau. 2010 Census. US Census Bur 2010. https:
/[www.census.gov/programs- surveys/decennial-census/data/tables.2010.html
(accessed December 1, 2020).

[33] Johns Hopkins University and Medicine COVID-19 Dashboard; 2021 https://
coronavirusjhuedu/maphtml (accessed March 1, 2021).

[34] Hooper MW, Népoles AM, Pérez-Stable EJ. COVID-19 and Racial /Ethnic Dispar-
ities. ] Am Med Assoc 2020;323:2466-7. doi:10.1002/jclp.20757.

[35] Ferguson ]JM, Justice AC, Osborne TF, Magid HSA, Purnell AL, Rentsch CT. Geo-

graphic and temporal variation in racial and ethnic disparities in SARS-CoV-2

positivity between February 2020 and August 2021 in the United States. Sci

Rep 2022;12:1-8. doi:10.1038/s41598-021-03967-5.

Wong MS, Yuan AH, Haderlein TP, Jones KT, Washington DL. Variations by

race/ethnicity and time in Covid-19 testing among Veterans Health Admin-

istration users with COVID-19 symptoms or exposure. Prev Med Reports

2021;24:101503. doi:10.1016/j.pmedr.2021.101503.

Ioannou GN, Ferguson JM, Hare AMO, Bohnert AS, Backus LI, Boyko EJ, et al.

Changes in the associations of race and rurality with SARS-CoV-2 infection,

mortality, and case fatality in the United States from February 2020 to March

2021: A population- based cohort study. PLoS Med 2021;18:1-27. doi:10.1371/

journal.pmed.1003807.

Center for Disease Control Science Brief: Transmission of SARS-CoV-2

in K-12 Schools and Early Care and Education Programs-Updated; 2020

https://wwwcdcgov/coronavirus/2019-ncov/science/science-briefs/tov%

2Fmore%2Fscience-and-research%2Ftransmission_k_12_schoolshtml (accessed

August 8, 2021).

Karmakar M, Lantz PM, Tipirneni R. Association of Social and Demographic

Factors With COVID-19 Incidence and Death Rates in the US. JAMA Netw Open

2021;4:1-12. doi:10.1001/jamanetworkopen.2020.36462.

[40] Huang G, Muz B, Kim S, Gasper J. 2017 Survey of Veteran Enrollees’ Health and
Use of Health Care; 2018.

[41] Wong M, Washington D, Moy E. Researchers Should Consider How Disparities
Change Over Time and Space: Lessons from the COVID-19 Pandemic. NAM Per-
spect 2021:4-6. doi:10.31478/202108c.

[28]

[29]

[30]

[36]

[37]

[38]

[39]


https://www.virec.research.va.gov
https://doi.org/10.1101/2020.05.12.20099135
https://doi.org/10.1177/00333549211009498
http://refhub.elsevier.com/S1047-2797(22)00104-1/sbref0003
https://doi.org/10.2105/AJPH.2020.305764
https://doi.org/10.1001/jama.2020.6548
http://refhub.elsevier.com/S1047-2797(22)00104-1/sbref0006
https://doi.org/10.1007/s40615-020-00833-4
https://doi.org/10.2105/AJPH.2020.305738
https://doi.org/10.3389/fpubh.2020.00406
https://doi.org/10.1007/s40615-021-01123-3
http://refhub.elsevier.com/S1047-2797(22)00104-1/sbref0011
https://doi.org/10.1007/s40615-020-00952-y
https://doi.org/10.15585/mmwr.mm6934e1
https://doi.org/10.3389/fpubh.2020.571808
https://doi.org/10.1007/s11606-021-06790-w
https://doi.org/10.3390/ijerph17218115
https://doi.org/10.18865/ed.31.1.5
https://doi.org/10.1002/wmh3.358
https://doi.org/10.7555/JBR.34.20200129
http://refhub.elsevier.com/S1047-2797(22)00104-1/sbref0020
https://doi.org/10.1007/s11606-020-05971-3
https://doi.org/10.1001/jamanetworkopen.2021.8799
https://doi.org/10.1371/journal.pone.0241327
https://doi.org/10.1111/jrh.12556
https://doi.org/10.1111/jrh.12477
http://refhub.elsevier.com/S1047-2797(22)00104-1/sbref0026
https://www.hsrd.research.va.gov/for_researchers/vinci/cdw.cfm
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/underlying-evidence-table.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fhcp%2Fclinical-care%2Funderlying-evidence-table.html#print
http://refhub.elsevier.com/S1047-2797(22)00104-1/sbref0029
https://www.census.gov/programs-surveys/geography/guidance/geo-areas/urban-rural/2010-urban-rural.html
http://refhub.elsevier.com/S1047-2797(22)00104-1/sbref0031
https://www.census.gov/programs-surveys/decennial-census/data/tables.2010.html
https://wwwcoronavirusjhuedu/maphtml
https://doi.org/10.1002/jclp.20757
https://doi.org/10.1038/s41598-021-03967-5
https://doi.org/10.1016/j.pmedr.2021.101503
https://doi.org/10.1371/journal.pmed.1003807
https://wwwcdcgov/coronavirus/2019-ncov/science/science-briefs/tov%2Fmore%2Fscience-and-research%2Ftransmission_k_12_schoolshtml
https://doi.org/10.1001/jamanetworkopen.2020.36462
http://refhub.elsevier.com/S1047-2797(22)00104-1/sbref0040
https://doi.org/10.31478/202108c

J:M. Ferguson, C. Mitchell-Miland, T.A. Shahoumian et al. Annals of Epidemiology 73 (2022) 22-29

[42] Carozzi F, Provenzana S, Roth S. Urban Density and Covid-19. IZA Inst Labor [46] Zulman DM, Maciejewski ML, Grubber JM, Weidenbacher HJ, Blalock DV, Zul-

Econ 2020. https://ssrn.com/abstract=3643204. lig LL, et al. Patient-Reported Social and Behavioral Determinants of Health and
[43] Hoerster KD, Lehavot K, Simpson T, McFall M, Reiber G, Nelson KM. Health and Estimated Risk of Hospitalization in High-Risk Veterans Affairs Patients. JAMA

health behavior differences: U.S. military, veteran, and civilian men. Am ] Prev Netw Open 2020;3:1-17. doi:10.1001/jamanetworkopen.2020.21457.

Med 2012;43:483-9. doi:10.1016/j.amepre.2012.07.029. [47] Hatef E, Searle KM, Predmore Z, Lasser EC, Kharrazi H, Nelson K, et al. The
[44] Lehavot K, Hoerster KD, Nelson KM, Jakupcak M, Simpson TL. Health indica- Impact of Social Determinants of Health on Hospitalization in the Veterans

tors for military, veteran, and civilian women. Am ] Prev Med 2012;42:473-80. Health Administration. Am ] Prev Med 2019;56:811-18. doi:10.1016/j.amepre.

doi:10.1016/j.amepre.2012.01.006. 2018.12.012.

[45] Eibner C, Krull H, Brown KM, Cefalu M, Mulcahy AE, Pollard M, et al. Cur-
rent and Projected Characteristics and Unique Health Care Needs of the Pa-
tient Population Served by the Department of Veterans Affairs. RAND Heal Q
2016;5. doi:10.7249/rr1165.1.

29


https://www.ssrn.com/abstract=3643204
https://doi.org/10.1016/j.amepre.2012.07.029
https://doi.org/10.1016/j.amepre.2012.01.006
https://doi.org/10.7249/rr1165.1
https://doi.org/10.1001/jamanetworkopen.2020.21457
https://doi.org/10.1016/j.amepre.2018.12.012

	Temporal variation in individual social risk factors associated with testing positive for SARS-CoV-2 among veterans in the veterans health administration
	Introduction
	Methods
	Data source and study population
	Statistical analysis

	Results
	Sample characteristics
	Demographic and social factors associated with testing positive
	Time variation in associations of demographic and social factors with risk of testing positive

	Discussion
	Strengths and limitations

	Conclusions
	Author contributions
	Disclaimer
	Funding/Support
	Ethics
	Data availability
	References


