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Abstract

Objective: COVID-19 disproportionately affects racial/ethnic minority groups in the United States. VWe evaluated characteristics asso-
ciated with obtaininga COVID-19 test from the Veterans Health Administration (VHA) and receiving a positive test result for COVID-19.

Methods: We conducted a retrospective cohort analysis of 6 292 800 veterans in VHA care at 130 VHA medical facilities. We as-
sessed the number of tests for SARS-CoV-2 administered by the VHA (n = 822 934) and the number of positive test results (n = 82
094) from February 8 through December 28, 2020. We evaluated associations of COVID-19 testing and test positivity with demo-
graphic characteristics of veterans, adjusting for facility characteristics, comorbidities, and county-level area-based socioeconomic
measures using nested generalized linear models.

Results: In fully adjusted models, veterans who were female, Black/African American, Hispanic/Latino, urban, and low income and
had a disability had an increased likelihood of obtaining a COVID-19 test, and veterans who were Asian had a decreased likelihood of
obtaining a COVID-19 test. Compared with veterans who were White, veterans who were Black/African American (risk ratio [RR]
= 1.23; 95% Cl, 1.19-1.27) and Native Hawaiian/Other Pacific Islander (RR = 1.13; 95% CI, 1.05-1.21) had an increased likelihood of
receiving a positive test result. Hispanic/Latino veterans had a 43% higher likelihood of receiving a positive test result than non-
Hispanic/Latino veterans did.

Conclusions: Although veterans have access to subsidized health care at the VHA, the increased risk of receiving a positive test
result for COVID-19 among Black and Hispanic/Latino veterans, despite receiving more tests than White and non-Hispanic/Latino
veterans, suggests that other factors (eg, social inequities) are driving disparities in COVID-19 prevalence.

Keywords

health disparities, COVID-19, veterans, descriptive epidemiology, social determinants of health

In the United States, the COVID-19 pandemic dispropor-
tionately affects racial/ethnic minority groups and people
experiencing structural inequality.' People of color have an
increased risk of COVID-19 infection because they face
adverse social determinants of health (SDH), such as living
in areas with high-density housing and high poverty rates
and relying on public transportation or working in nonrelo-
catable occupations that prevent social distancing.>””

As the largest integrated health care system in the United
States, the Veterans Health Administration (VHA) provides
subsidized or free health care to veterans.'™! Although
financial barriers to care are lowered at the VHA, veterans
are not immune to the negative effects of the SDH they face
outside the VHA. Equitable access to high-quality health
care for all veterans is a cornerstone of the VHA's health care
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mission. As such, identifying potential disparities in the
VHA health care system is of paramount importance. A 2020
report found that Black and Hispanic veterans have an
increased burden of COVID-19 that is not explained by
underlying chronic conditions or where they receive care.”*
We examined potential disparities in COVID-19 testing and
test positivity among veterans as part of an ongoing quality
assessment to better understand this population and areas in
which to focus data-informed improvement efforts.

Methods

Data Source and Study Population

We conducted a retrospective cohort analysis of veterans in
active clinical care at the VHA using data from the VHA’s
national electronic health record repository. We defined
active clinical care as having 1 or more outpatient clinical
encounters from January 1, 2018, through December 31,
2019. We excluded veterans if they died before January 1,
2020 (n =381 561), were aged <18 (n=153) or >115 (n=106),
or had missing data on date of birth (n = 1), demographic
covariates of the VHA enrollment priority group (n = 18
938), or urban/rural status (n = 16 357). The final analytic
cohort comprised 6 292 800 veterans.

Outcomes: COVID-19 Tests and Results

We examined 2 outcomes: (1) receiving a COVID-19 test in
the VHA and (2) receiving a positive test result for COVID-
19. We identified veterans tested for COVID-19 using a text-
search algorithm of VHA laboratory records for SARS-CoV-2
polymerase chain reaction tests between February 8§, 2020
(the first recorded test in the VHA), and December 28, 2020,
as previously described.>* We excluded tests with inconclu-
sive results. Among veterans with multiple tests, we used
their first negative test result if they never had a positive test
result and their first positive test result otherwise. We did not
include third-party tests (ie, tests ordered by public health
departments).

Veteran Demographic Characteristics and
Comorbidities

We retrieved data on age, sex, race, ethnicity, marital status,
urban/rural status, priority group, and geographic region
from the VHA’s electronic health record database. We
defined race and ethnicity using the most common self-
reported value and geographic region by VHA service dis-
tricts.'! We defined urban and rural areas using the US
Census Bureau’s 2010 classification criteria.'”” We further
defined highly rural areas as areas having a population den-
sity <7 people per square mile."" VHA priority group is an
enrollment system that enrolls veterans into VHA care on the
basis of service-connected disability rating, income, recent

military service, and other factors.!" We defined priority
group in this analysis by 4 categories: high-disability veter-
ans, low-/moderate-disability veterans, low-income veter-
ans, and veterans with no service-related disability, as
defined previously."

We used the Charlson Comorbidity Index without age as
a proxy for patient comorbidities at baseline.'*'* We defined
each condition in the Charlson Comorbidity Index using rel-
evant International Classification of Diseases, Tenth
Revision codes'® retrieved from health care encounters from
January 1, 2018, through December 31, 2019, such that all
comorbidities preceded COVID-19 testing.

VHA Facility Characteristics

VHA facility-level covariates included population demo-
graphic factors: sex (female/male), ethnicity (Hispanic/
Latino, non-Hispanic/Latino), rural/urban (highly rural,
rural, urban), race (White, Black/African American, Asian,
American Indian/Alaska Native, Native Hawaiian/Other
Pacific Islander), age (18-24, 25-34, 35-44, 45-54, 55-64,
65-74, 75-84, >85), and marital status (divorced/separated/
widowed, single, married). We defined VHA facility as the
VHA medical center location (N = 130) where the patient
was assigned a primary, mental health, specialty, or other
care team. For patients with multiple care teams, we deter-
mined the facility in ranked order (primary, mental health,
specialty, and other care), such that a veteran with a primary
care team and a mental health team at different locations had
the location of the primary care team.

Area-Based Socioeconomic Measures

We used 18 publicly available area-based socioeconomic
measures as proxies of veterans’ county-level SDH.'”'® SDH
covariates focused on measures of poverty, education, health
insurance, crowded housing, broadband internet access,
income inequality, historic unemployment rates, and county
composition of non—US-born and non-White residents (sup-
plementary table available from authors upon request). We
used the most recent data available; data spanned 2012
through 2018 and mapped veterans’ residences to counties
using their most recent home zip code.

Statistical Analysis

We calculated risk ratios (RRs) for 2 associations: (1) obtain-
ing a COVID-19 test from the VHA among all veterans in
active care and (2) receiving a positive test result for COVID-
19 among veterans who obtained a COVID-19 test from the
VHA. For both associations, we used 4 nested generalized
linear models with a Poisson distributional family and a log
link function with 4 sets of covariates. Model 1 adjusted for
demographic characteristics; model 2 adjusted for demo-
graphic characteristics and facility characteristics; model 3



Ferguson et al

485

adjusted for demographic characteristics, facility character-
istics, and comorbidities; and model 4 adjusted for demo-
graphic characteristics, facility characteristics, comorbidities,
and county-level SDH.

In model 4, for both testing and test positivity outcomes,
we restricted the sample size to veterans residing in counties
with no missing data on area-based socioeconomic mea-
sures. In models in which the outcome was receipt of a posi-
tive COVID-19 test result, we excluded 1 facility with <5
COVID-19 cases and combined the age categories of 18-24
and 25-34. All models had SEs clustered on VHA facility,
and we calculated 95% ClIs (o = .05) to determine the statis-
tical significance of the RRs. We retrieved county-level char-
acteristics from GitHub.'” We conducted all statistical
analyses using Stata version 16 (StataCorp LLC). The
Stanford Institutional Review Board and the VHA deter-
mined this evaluation was nonresearch and did not require
institutional review board review.

Results

Of 6 292 800 veterans, 822 934 (13.1%) were tested for
COVID-19 at the VHA, of whom 82 094 (10.0%) received a
positive test result during the study period. Veterans who
were female, Black/African American, Hispanic/Latino, sin-
gle or divorced/separated/widowed, urban, aged 45-74, low
income, and high disability were overrepresented among
veterans tested for COVID-19 (Table 1). Among veterans
who received a positive test result for COVID-19, veterans
who were male, Black/African American, Hispanic/Latino,
and urban were overrepresented compared with the propor-
tion of veterans who were tested for COVID-19. Although
Black/African American veterans comprised 17.5% of the
cohort, they comprised 23.2% of tested veterans and 25.8%
of veterans who received a positive test result. White veter-
ans comprised 72.0% of the cohort, 68.4% of veterans who
were tested, and 64.9% of veterans who received a positive
test result.

Veterans tested for COVID-19 and veterans who received
a positive test result tended to live in counties with a higher
percentage of non-White and non—US-born residents than
the total population of veterans in active care (Table 2). In
addition, veterans who received a positive test result for
COVID-19 more frequently resided in counties with a
slightly higher percentage of people eligible for Medicaid
and a higher percentage of people in crowded housing com-
pared with veterans in active care. We found little to no dif-
ferences among veterans in active care, veterans tested for
COVID-19, and veterans who received a positive test result
for COVID-19 by income inequality, poverty indices, unem-
ployment rate, and in the percentage of households without a
computer or without broadband internet access.

In all models, veterans who were female (vs. male),
Black/African American (vs. White), Hispanic/Latino (vs.

non-Hispanic/Latino), with low/moderate service-related
disability or high service-related disability (vs. no service-
related disability), or low income (vs. not low income) were
more likely to be tested for COVID-19 (Table 3). Veterans
who lived in rural or highly rural (vs. urban) areas, were aged
18-44 (vs. 45-54), or were Asian (vs. White) were less likely
to be tested for COVID-19. We found no differences in the
likelihood of obtaining a COVID-19 test among American
Indian/Alaska Native and Native Hawaiian/Other Pacific
Islander veterans compared with White veterans. On aver-
age, in models adjusting for only demographic characteris-
tics, the RRs were the strongest. Further adjusting for facility
characteristics, comorbidities, and area-based socioeco-
nomic measures attenuated the RRs across all demographic
characteristics except sex. The relative risk of obtaining a
COVID-19 test among females (vs. males) was 1.10 (95%
CI, 1.08-1.12) adjusting for demographic characteristics but
was 1.19 (95% CI, 1.17-1.21) in fully adjusted models.

In models for receiving a positive test result, adjusting for
only demographic characteristics, veterans who were Black/
African American, American Indian/Alaska Native, Native
Hawaiian/Other Pacific Islander, or missing race had higher
RRs than White veterans, whereas Asian veterans did not
(Table 4). In the final model, all non-White race categories
had a higher risk of receiving a positive test result for
COVID-19 compared with White veterans. We found strong
associations among Black/African American veterans and
Native Hawaiian/Other Pacific Islander veterans, with a 23%
(95% CI, 1.19-1.27) and 13% (95% CI, 1.05-1.21) higher
risk, respectively, of receiving a positive test result compared
with White veterans. The risk of receiving a positive test
result was more modest among Asian (RR = 1.06; 95% ClI,
0.96-1.17) and American Indian/Alaska Native (RR = 1.05;
95% CI, 0.97-1.14) veterans as compared with White veter-
ans. Hispanic/Latino veterans had a 43% higher risk of
receiving a positive test result for COVID-19 than non-
Hispanic/Latino veterans did (RR = 1.43; 95% CI,
1.36-1.50).

Female (vs male) veterans and veterans with low, moder-
ate, or high levels of service-related disability (vs no service-
related disability) or low income (vs not low income) were
more likely to receive a COVID-19 test but less likely to
receive a positive test result once tested (Table 4).

Discussion

Compared with other health care systems, the VHA is testing
a significantly higher proportion of traditionally disenfran-
chised groups that have an increased risk of COVID-19
infection. A study of patients’ Epic health records reported
marginal testing differences by race and ethnicity, a 2.5 times
increased likelihood of receiving a positive test result for
COVID-19 among Hispanic patients compared with White
patients, and a near doubling in the risk of receiving a
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Table I. Demographic characteristics and social determinants of health among veterans in active care at the Veterans Health Administration
(VHA), by COVID-19 test status and result, February 8-December 28, 2020

Received a positive

Veterans in active Tested for test result for

Characteristic

care, no. (%)

COVID-19, no. (%)

COVID-19, no. (%)

Total 6292 800 (100.0) 822 934 (100.0) 82 094 (100.0)
Age, y
18-24 23799 (0.4) 2527 (0.3) 368 (0.4)
25-34 465 445 (7.4) 53 28I (6.5) 7107 (8.7)
35-44 661 408 (10.5) 83720 (10.2) 10 145 (12.4)
45-54 724 802 (11.5) 103 088 (12.5) 12 558 (15.3)
55-64 | 046 556 (16.6) 172 750 (21.0) 16 676 (20.3)
65-74 | 839 600 (29.2) 261 153 31.7) 22 122 (26.9)
75-84 998 118 (15.9) 107 850 (13.1) 9346 (11.4)
>85 533 072 (8.5) 38 565 (4.7) 3772 (4.6)
Race
White 4528013 (72.0) 562 562 (68.4) 53280 (64.9)
Black/African American | 100 178 (17.5) 190 953 (23.2) 21 157 (25.8)
Asian 76 401 (1.2) 9958 (1.2) 914 (1.1)
American Indian/Alaska Native 59 410 (0.9) 8036 (1.0) 880 (I.1)
Native Hawaiian/Other Pacific Islander 50 778 (0.8) 7231 (0.9) 775 (0.9)
Unknown/missing 478 020 (7.6) 44 194 (5.4) 5088 (6.2)
Ethnicity
Hispanic/Latino 425 776 (6.8) 69 298 (8.4) 9122 (11.1)
Non-Hispanic/Latino 5604 429 (89.1) 734752 (89.3) 70 961 (86.4)
Unknown/missing 262 595 (4.2) 18 884 (2.3) 2011 (2.4)
Sex
Male 5721 667 (90.9) 730 966 (88.8) 73 588 (89.6)
Female 571133 (9.1) 91968 (11.2) 8506 (10.4)
Marital status
Single 888 033 (14.1) 136 575 (16.6) 14 150 (17.2)
Married 3470 485 (55.2) 388310 (47.2) 40 203 (49.0)
Divorced/separated/widowed 1 782 304 (28.3) 288 284 (35.0) 26 665 (32.5)
Unknown/missing 151 978 (2.4) 9765 (1.2) 1076 (1.3)
Urban/rural®
Urban 4160 128 (66.1) 608 483 (73.9) 61 936 (75.4)
Rural 2 053 466 (32.6) 208 330 (25.3) 19 627 (23.9)
Highly rural 79 206 (1.3) 6121 (0.7) 531 (0.6)
Priority group®
No service disability | 086 562 (17.3) 93492 (11.4) 10 525 (12.8)
Low income I 109 796 (17.6) 162 708 (19.8) 14199 (17.3)
Low/moderate disability 2 517 300 (40.0) 406 009 (49.3) 39 582 (48.2)
High disability | 579 142 (25.1) 160 725 (19.5) 17 788 (21.7)
Region
Continental | 146 395 (18.2) 130 641 (15.9) 14813 (18.0)
Midwest 1 332201 (21.2) 171 352 (20.8) 21 697 (26.4)
Northeast | 390 003 (22.1) 186 828 (22.7) 15209 (18.5)
Pacific I 111649 (17.7) 160 636 (19.5) 13 906 (16.9)
Southeast I 312 552 (20.9) 173 477 (21.1) 16 469 (20.1)

*Urban and rural areas were defined using the US Census Bureau’s 2010 classification criteria.'” Highly rural areas were further defined as areas with
a population density of <7 people per square mile."

®Priority group is an enrollment system that enrolls veterans into VHA care on the basis of service-connected disability rating, income, recent military
service, and other factors.''
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Table 2. Veteran weighted median for area-based socioeconomic measures among veterans in active care at the Veterans Health

Administration, by COVID-19 test status and result, February 8-December 28, 2020?

Veterans in active care

Tested for COVID-19

Received a positive test
result for COVID-19

(n=5997 162) (n=1778 646) (n=77697)

Socioeconomic measure Mean Median (IQR) Mean Median (IQR) Mean Median (IQR)
In deep poverty, % (2017) 6.6 6.6 (5.0-7.7) 6.8 6.7 (5.2-7.7) 6.9 6.8 (5.3-7.9)
Aged 265 in deep poverty, % (2017) 2.8 2.6 (2.2-3.3) 29 2.8 (2.3-34) 2.9 2.9 (2.3-34)
Without high school diploma, aged >25, % (2013- 12.4 11.4 (9.0-14.7) 12.6 11.8 (9.3-14.7) 12.8 11.8 (9.3-14.8)

2017)
Without 24 y college, aged 225, % (2013-2017) 719 72.5 (66.2-79.4) 70.6 69.9 (65.1-77.8) 71.1 70.1 (65.9-78.4)
Receiving food stamps/SNAP benefits, % (2015) 14.6 14.3 (10.5-17.9) 14.8 14.6 (10.8-18.3) 152 14.8 (11.2-18.5)
Living in poverty (all ages), % (2016) 14.5 14.5 (10.9-16.9) 14.6 14.7 (11.3-17.0) 15.0 15 (11.4-17.4)
Without health insurance, aged <65, % (2016) 10.4 9.8 (6.6-13.2) 10.2 9.7 (6.6-12.8) 10.5 9.9 (6.9-13.0)
Eligible for Medicaid, all ages, % (2012) 22.8 222 (17.7-26.3) 23.7 22.9 (18.0-27.3) 24.0 23.2 (18.1-28.0)
In crowded housing, % (2013-2017)° 29 2.2 (1.5-3.5) 32 2.4 (1.6-3.8) 32 2.4 (1.6-3.8)
Aged 265 living alone, % (2018) 1.1 10.9 (9.1-12.5) 10.9 10.8 (9.0-12.3) 10.7 10.6 (9-12.1)
Households in which grandparents have children aged 6.0 5.7 (4.4-7.3) 6.1 5.9 (4.5-7.3) 6.2 5.9 (4.5-7.3)

<18, % (2018)
Households without a computer, % (2018) 1.9 10.9 (8.5-14.5) 1.6 10.7 (8.4-14.1) 11.8 11.0 (8.5-14.4)
Households without broadband internet access, % 20.7 19.4 (15.8-24.2) 20.3 19.1 (15.6-23.5) 20.7 19.5 (16-23.7)

(2018)
Non-US-born residents, % (2018) 10.1 7.2 (3.5-13.8) 1.8 8.6 (4.5-16.7) 1.5 8.4 (4.2-16.5)
Non-White, % (2018) 343 31 (16.1-50.7) 378 36.2 (20.0-55.0) 38.8 37 (20.2-56.1)
Household income, thousands $ (2016) 56.4 53.6 (46.7-62.0) 57.1 54.5 (47.6-62.4) 56.0 54.2 (47.2-61.3)
Income inequality (Gini Index, 2018) 0.5 0.5 (0.4-0.5) 0.5 0.5 (0.4-0.5) 0.5 0.5 (0.4-0.5)
Unemployment rate, aged 216, % (2017) 43 4.1 (3.6-4.8) 42 4.1 (3.6-4.7) 42 4.1 (3.5-4.8)

Abbreviations: IQR, interquartile range; SNAP, Supplemental Nutrition Assistance Program.
*Model was restricted to veterans with no missing area-based socioeconomic measures.
®Crowded housing was defined as the number of occupied housing units with > occupant per room divided by the number of occupied housing units, times 100,

for the total population and by race/ethnicity.

positive test result for COVID-19 among Black and Asian
patients compared with White patients.?’ In comparison, at
the VHA, Black (vs White) and Hispanic/Latino (vs non-
Hispanic/Latino) veterans were approximately 7% and 11%
more likely, respectively, to obtain a test and 23% and 43%
more likely, respectively, to receive a positive test result.
Although the racial/ethnic disparities in receiving a positive
test result for COVID-19 are significantly smaller in the
VHA than in other health care systems, the higher risk of
receiving a positive test result among racial/ethnic minority
veterans compared with White veterans highlights important
focus areas for health care equity.

Asian veterans were less likely to obtain a COVID-19 test
than White veterans and had a weakly elevated risk of receiv-
ing a positive test result. Although Asian veterans use VHA
services at similar rates as other veterans, Asian veterans on
average report higher incomes than veterans of other racial/
ethnic groups, which may affect their COVID-19 exposure
risk.>!*? Veterans with missing data on race were less likely
than White veterans to obtain a COVID-19 test; however,
this finding was expected because missing race is associated

with low use of VHA health care services, as data on race are
collected with each encounter at a VHA health facility.
Compared with White veterans, Native Hawaiian/Other
Pacific Islander veterans did not have a higher likelihood of
receiving a COVID-19 test but were more likely to receive a
positive test result. We observed a similar but weaker associa-
tion for American Indian/Alaska Native veterans, which may
reflect the additional care that American Indian/Alaska Native
veterans may receive through the Indian Health Service.
Female veterans were more likely than male veterans to be
tested for COVID-19 yet were less likely to receive a positive
test result once tested. This association is not clearly understood
but may reflect a higher propensity or ability to seek care for
COVID-19 symptoms, different symptom presentation, and/or
a clinician’s increased likelihood of ordering a COVID-19 test
for women than for men.>*?° Other key findings were among
older veterans: veterans aged 55-64 were the most likely to
receive a COVID-19 test, whereas veterans aged 75-84 and >85
were the least likely to be tested compared with any other age
group. Veterans aged 55-64 may have fewer career- or childcare-
related barriers to testing, whereas veterans aged >75 may be
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Table 3. Adjusted risk ratios for obtaining a COVID-19 test among veterans in active care at the Veterans Health Administration (VHA),

February 8-December 28, 2020*

Characteristic Model 1° Model 2°¢ Model 3*¢ Model 4”5%¢
Total, no. 6292 800 6 292 800 6 292 800 5997 162
Tested, no. 882 934 882 934 882 934 778 646
Age,y
18-24 0.69 (0.66-0.73) 0.69 (0.66-0.73) 0.78 (0.75-0.82)  0.78 (0.75-0.82)
25-34 0.74 (0.72-0.76) 0.74 (0.72-0.76) 0.82 (0.80-0.84)  0.82 (0.80-0.83)
35-44 0.84 (0.83-0.86) 0.84 (0.82-0.85) 0.90 (0.89-0.91)  0.90 (0.88-0.91)
45-54 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]  1.00 [Reference]
55-64 1.18 (1.16-1.20) 1.18 (1.16-1.19) 1.04 (1.02-1.05) 1.04 (1.02-1.05)
65-74 1.10 (1.07-1.14) 1.08 (1.05-1.11) 0.83 (0.80-0.85)  0.83 (0.81-0.85)
75-84 0.92 (0.89-0.96) 0.90 (0.87-0.93) 0.66 (0.63-0.68)  0.66 (0.64-0.69)
>85 0.63 (0.59-0.68) 0.61 (0.57-0.65) 0.45 (0.42-0.48)  0.44 (0.42-0.47)
Race
White 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]  1.00 [Reference]

Black/African American
Asian
American Indian/Alaska Native
Native Hawaiian/Other Pacific Islander
Unknown/missing
Ethnicity
Non-Hispanic/Latino
Hispanic/Latino
Unknown
Sex
Male
Female
Urban/rural’
Urban
Rural
Highly rural
Priority group®
No service disability
Low income
Low/moderate disability
High disability

1.16 (1.10-1.23)
0.92 (0.80-1.05)
1.01 (0.97-1.06)
1.01 (0.91-1.12)

0.84 (0.80-0.89)

1.00 [Reference]
1.24 (1.14-1.34)
0.73 (0.69-0.77)

1.00 [Reference]
1.10 (1.08-1.12)

1.00 [Reference]
0.73 (0.69-0.78)
0.56 (0.51-0.63)

1.00 [Reference]

.46 (1.42-1.49)
1.80 (1.73-1.88)
115 (1.12-1.18)

122 (1.17-1.26)
0.93 (0.90-0.97)
.02 (0.98-1.06)
1.06 (1.04-1.09)

0.84 (0.81-0.87)

1.00 [Reference]
117 (1.13-1.21)
0.72 (0.69-0.76)

1.00 [Reference]
.12 (1.10-1.14)

1.00 [Reference]
0.76 (0.72-0.79)
0.56 (0.52-0.61)

1.00 [Reference]

.47 (1.43-1.50)
1.84 (1.77-1.91)
117 (1.14-1.19)

.14 (1.10-1.18)
0.95 (0.91-0.98)
1.00 (0.97-1.04)
1.03 (1.01-1.06)

0.86 (0.83-0.89)

1.00 [Reference]
115 (1.11-1.19)
0.76 (0.73-0.80)

1.00 [Reference]
1.19 (1.17-1.21)

1.00 [Reference]
0.76 (0.73-0.80)
0.58 (0.53-0.62)

1.00 [Reference]

134 (1.31-1.38)
.63 (1.57-1.68)
115 (1.13-1.17)

1.07 (1.04-1.09)
0.91 (0.88-0.94)
0.99 (0.95-1.03)
1.01 (0.99-1.04)
0.85 (0.83-0.88)

1.00 [Reference]
111 (1.09-1.14)
0.76 (0.73-0.80)

1.00 [Reference]
1.19 (1.17-1.21)

1.00 [Reference]
0.88 (0.85-0.92)
0.71 (0.65-0.77)

1.00 [Reference]

.35 (1.32-1.38)
.64 (1.59-1.70)
115 (1.13-1.18)

*All values are risk ratio (95% Cl) unless otherwise indicated.

PAll models adjusted for marital status and region in addition to mutually adjusting for variables in rows. Model SEs are clustered on VHA facility.
“Additionally adjusted for facility characteristics (includes percentage female, Hispanic/Latino, non-Hispanic/Latino, rural, urban, highly rural, White,
Black/African American, Asian, American Indian/Alaska Native, Native Hawaiian/Other Pacific Islander, male, female, single, married, divorced/separated/
widowed).

dAdditionally adjusted for comorbidities. Comorbidities were defined using the Charlson Comorbidity Index, a weighted measure of a patient’s
chronic conditions by severity. Conditions include myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease,
dementia, chronic pulmonary disease, rheumatologic disease, peptic ulcer disease, mild or moderate/severe liver disease, diabetes with or without chronic
complications, hemiplegia and paraplegia, renal disease, any malignancy, metastatic solid tumor, and HIV/AIDS.

°Additionally adjusted for county-level socioeconomic measures (eg, poverty, education, health insurance, crowded housing, broadband internet access,
income inequality, historic unemployment rates, and county composition of non-US-born and non-White residents); supplementary table available from
authors upon request; data available from GitHub. Model was restricted to veterans with no missing county-level socioeconomic measures.'®

fUrban and rural areas were defined using the US Census Bureau’s 2010 classification criteria.'? Highly rural areas were further defined as areas with a
population density of <7 people per square mile.'!

8Priority group is an enrollment system that enrolls veterans into VHA care on the basis of service-connected disability rating, income, recent military
service, and other factors.""
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Table 4. Adjusted risk ratios for receiving a positive COVID-19 test result among veterans in active care at the Veterans Health
Administration (VHA) who obtained a COVID-19 test, February 8-December 28, 2020*

Characteristic Model 1° Model 2°* Model 3¢ Model 4°5%¢
Total tested, no. 822 885 822 885 822 885 778 599
Received a positive test result, no. 82 089 82 089 82 089 77 692
Age,y
18-34 1.14 (1.09-1.19) 1.13 (1.09-1.18) 1.12 (1.07-1.16) 1.12 (1.07-1.17)
35-44 1.02 (0.99-1.04) 1.02 (0.99-1.04) 1.01 (0.98-1.03) 1.01 (0.98-1.04)
45-54 1.00 [Reference] 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
55-64 0.79 (0.77-0.81) 0.79 (0.77-0.81) 0.80 (0.78-0.83) 0.80 (0.78-0.82)
65-74 0.69 (0.67-0.72) 0.70 (0.68-0.72) 0.72 (0.70-0.75) 0.72 (0.70-0.75)
75-84 0.71 (0.68-0.75) 0.72 (0.69-0.76) 0.75 (0.72-0.79) 0.76 (0.72-0.80)
>85 0.81 (0.75-0.87) 0.82 (0.77-0.87) 0.86 (0.81-0.91) 0.87 (0.82-0.92)
Race
White 1.00 [Reference] 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]

Black/African American
Asian
American Indian/Alaska Native
Native Hawaiian/Other Pacific Islander
Unknown/missing
Ethnicity
Non-Hispanic/Latino
Hispanic/Latino
Unknown
Sex
Male
Female
Urban/rural’
Urban
Rural
Highly rural
Priority group®
No service disability
Low income
Low/moderate disability
High disability

1.24 (1.19-1.30)
0.98 (0.87-1.11)
.13 (1.02-1.26)
111 (1.02-1.20)
113 (1.07-1.19)

1.00 [Reference]
1.37 (1.20-1.56)
1.05 (0.99-1.13)

1.00 [Reference]
0.81 (0.79-0.84)

1.00 [Reference]
0.95 (0.91-1.00)
0.89 (0.78-1.02)

1.00 [Reference]
0.80 (0.78-0.83)
0.81 (0.79-0.84)
0.94 (0.91-0.97)

125 (1.21-1.30)
1.05 (0.95-1.16)
1.08 (0.99-1.18)
113 (1.05-1.21)
111 (1.07-1.15)

1.00 [Reference]
1.45 (1.39-1.52)
1.08 (1.02-1.14)

1.00 [Reference]
0.81 (0.79-0.84)

1.00 [Reference]
0.91 (0.87-0.95)
0.81 (0.70-0.93)

1.00 [Reference]
0.81 (0.78-0.83)
0.81 (0.78-0.84)
0.94 (0.91-0.96)

1.26 (1.22-1.30)
1.05 (0.95-1.15)
1.08 (0.99-1.18)
1.13 (1.05-1.22)
I.11 (1.06-1.15)
1.00 [Reference]
1.45 (1.39-1.52)
1.07 (1.02-1.13)

1.00 [Reference]
0.81 (0.79-0.83)

1.00 [Reference]
0.91 (0.87-0.95)
0.81 (0.70-0.93)

1.00 [Reference]
0.81 (0.79-0.84)
0.82 (0.79-0.85)
0.94 (0.91-0.96)

1.23 (1.19-1.27)
1.06 (0.96-1.17)
.05 (0.97-1.14)
113 (1.05-1.21)
1.10 (1.05-1.14)

1.00 [Reference]
1.43 (1.36-1.50)
1.07 (1.01-1.13)

1.00 [Reference]
0.81 (0.78-0.83)

1.00 [Reference]
0.89 (0.85-0.93)
0.77 (0.68-0.88)

1.00 [Reference]
0.81 (0.78-0.83)
0.82 (0.80-0.85)
0.94 (0.91-0.96)

?Data set is restricted to veterans who were tested for COVID-19 in the VHA and assigned to a VHA health care facility with >5 COVID-|9—positive
cases. All values are risk ratio (95% Cl) unless otherwise indicated.

PAll models are adjusted for marital status and region in addition to mutually adjusting for variables in rows. Model SEs are clustered on VHA facility.
“Additionally adjusted for facility characteristics (includes percentage female, Hispanic/Latino, non-Hispanic/Latino, rural, urban, highly rural, White,
Black/African American, Asian, American Indian/Alaska Native, Native Hawaiian/Other Pacific Islander, male, female, single, married, divorced/
separated/widowed).

dAdditionally adjusted for comorbidities. Comorbidities are defined using the Charlson Comorbidity Index, a weighted measure of a patient’s
chronic conditions by severity. Conditions include myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease,
dementia, chronic pulmonary disease, rheumatologic disease, peptic ulcer disease, mild or moderate/severe liver disease, diabetes with or without
chronic complications, hemiplegia and paraplegia, renal disease, any malignancy, metastatic solid tumor, and HIV/AIDS.

°Additionally adjusted for county-level socioeconomic measures (eg, poverty, education, health insurance, crowded housing, broadband internet
access, income inequality, historic unemployment rates, and county composition of non—US-born and non-White residents); supplementary table
available from authors upon request; data available from GitHub. Model was restricted to veterans with no missing county-level socioeconomic
measures.'®

fUrban and rural areas were defined using the US Census Bureau’s 2010 classification criteria.'? Highly rural areas were further defined as areas with
a population density of <7 people per square mile.'!

8Priority group is an enrollment system that enrolls veterans into VHA care on the basis of service-connected disability rating, income, recent military
service, and other factors.''
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able to stay at home to reduce exposure to COVID-19 and the
need for testing.*’

A key finding was a higher likelihood of testing among low-
income veterans and veterans with a service-related disability.
This is the opposite association found in non-VHA health care
systems, because recent reports from California and New York
report that more COVID-19 tests were administered in areas of
higher socioeconomic status or with proportionally more White
residents than in areas of lower socioeconomic status and with
fewer White residents.”®* In this evaluation, the higher likeli-
hood of testing yet lower risk of receiving a positive test result
among low-income veterans and veterans with identified vul-
nerabilities may be the result of lowered financial barriers and
several outreach programs at the VHA. As an example, the
VHA rapidly expanded telemedicine during the pandemic,
including a text-messaging protocol for home self-monitoring
for COVID-19 infection, and clinicians contacted veterans at
high risk for infection or illness.*’

Veterans who received a positive test result tended to live in
counties with a higher percentage of people eligible for
Medicaid, non-White residents, and non-US-born residents.
These characteristics in part reflect an urban environment,
because large metropolitan areas initially had a higher preva-
lence of COVID-19 than rural areas did. The higher prevalence
of COVID-19 in metropolitan areas may also explain the sub-
stantially reduced likelihood of being tested and receiving a
positive test result among rural and highly rural veterans as
compared with urban veterans. Further investigation should
account for individual socioeconomic characteristics, which
may confound observed associations.”’

Our results are similar, but attenuated, to the results of
Rentsch et al,* who examined a similar group of veterans with
the same testing definitions for SARS-CoV-2 through July 22,
2020. Rentsch et al reported an adjusted odds ratio for a positive
test result of 1.93 (95% CI, 1.85-2.01) among Black veterans as
compared with White veterans and an adjusted odds ratio of
1.84 (95% CI, 1.74-1.94) among Hispanic veterans as com-
pared with White veterans.* Although an odds ratio interpreted
as a relative risk overstates the effect size, an odds ratio will
approximate a relative risk when the outcome is rare (Rentsch et
al reported a 6.4% test positivity rate).*> Our analysis had nearly
6 months of additional follow-up; therefore, our attenuated
results may reflect a reduction in racial/ethnic disparities as
COVID-19 hotspots shifted from racially/ethnically diverse
metropolitan centers to more rural and less diverse areas. Our
work also accounted for some SDH and demonstrated that even
after adjusting for SDH, demographic characteristics, facility
characteristics, and chronic conditions, racial/ethnic disparities
in testing and test positivity remain.

Strengths and Limitations

This evaluation had several strengths. First, we used a large
nationwide electronic health record system that is powered to
examine racial/ethnic = minority  veterans—populations

commonly excluded or combined in analysis because of small
numbers. Second, we used county-level SDH data based on
place of residence rather than site of care. Third, self-reported
data on race/ethnicity at the VHA also increased accuracy rela-
tive to state and national estimates, which have large propor-
tions of missing data.

This evaluation also had several limitations. First, our study
population was primarily male, although the large cohort
included a substantial number of female veterans. As such, the
generalizability of our results may be limited. Second, con-
founding by ability or preference to access VHA care (ie, previ-
ous health care use) may exist because previous engagement
with the VHA predicts future engagement with the VHA. To
account for potential bias between veterans enrolled at the VHA
and veterans who actively use VHA health care, we restricted
our evaluation to veterans with a recent history of VHA care (ie,
care use in the previous 2 years) rather than all veterans enrolled
in VHA health care.>® However, the relationship between previ-
ous engagement with the VHA and testing is unclear; the VHA
did not conduct systematic screening for each encounter but,
rather, tested veterans on the basis of symptom presentation and
exposure history. Test availability also varied by local caseload,
facility supply, pre-operative screening procedures, and local
policy. Future work should explore whether veterans’ likelihood
of obtaining a COVID-19 test varied by type and frequency of
care received at the VHA and by symptom presentation.

Third, for confirmed and consistent test accuracy, we evalu-
ated only tests that were performed at the VHA. Therefore,
results might not be representative of all veterans who received
a positive test result for COVID-19, including veterans who
were tested elsewhere. Further analysis may inform how veter-
ans who come to the VHA for COVID-19 treatment but not for
diagnosis differ from veterans who come to the VHA for both
COVID-19 treatment and diagnosis. Fourth, we did not account
for multiple testing; as such, our results reflect the risk of receiv-
ing a positive test result once tested rather than the risk of
receiving a positive test result per test. Fifth, home address may
be misclassified and may not capture data on where veterans
spend most of their time, especially among homeless veterans
whose addresses may reflect the VHA medical center domicili-
ary program. Most potential home address misclassifications
would likely be attenuated because of the county-level aggrega-
tion. Sixth, although <10% of data on race/ethnicity were miss-
ing or unknown, accuracy is a concern with administratively
collected data.>** In the VHA, data on non-Black/non—African
American minority groups and Hispanic/Latino veterans have
poor concordance with racial/ethnic data from Medicare and the
US Department of Defense; however, concordance was high
(93%-99%) for White and Black/African American veterans.**

Finally, SDH are a consequence of complex history and
multilevel risk factors that drive health inequalities, especially
during the COVID-19 pandemic, which we likely did not
account for fully.***” Additional research is needed to further
examine the associations between SDH and COVID-19 testing
and test positivity, with particular emphasis on differences by
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time, place, health care use, occupation, transportation, and
financial resources. A better understanding of the mechanisms
of these relationships would provide important insight that
could inform future prevention efforts.

Conclusions

This large, nationwide evaluation of veterans identified
increased risks of receiving a positive COVID-19 test result
after obtaining a COVID-19 test among Black/African
American, Native Hawaiian/Other Pacific Islander, and
Hispanic/Latino veterans. Although Black/African American
and Hispanic/Latino veterans were more likely than White and
non-Hispanic/Latino veterans to obtain a COVID-19 test, the
elevated risk of test positivity indicates that disparities remain.
Disparities in positivity are lower at the VHA than disparities
reported elsewhere, potentially because subsidized health care
at the VHA lowers barriers to health care access among veter-
ans. However, the remaining disparities suggest that veterans
are not immune to the negative external effects of SDH and that
social inequities drive disparities in COVID-19 prevalence. It is
intended that this work will contribute to numerous other ongo-
ing efforts designed to enhance the care of our veterans.

Disclaimer

The views expressed in this article 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.

Authors’ Note

Jacqueline M. Ferguson and Hoda S. Abdel Magid contributed
equally to this article. Mathew Kiang was affiliated with VA during
the study but he is no longer affiliated with VA.

Acknowledgments

The authors thank Christopher Rentsch, Alison Liberty Greene,
Zachary Veigulis, Lesley Park, and the VHA COVID-19 Shared
Data Resource Team for their help in supporting this evaluation.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: Dr
Kiang reports grant no. K99DA051534 from the National Institute
on Drug Abuse during the conduct of the study.

ORCID iD

Jacqueline M. Ferguson, PhD & https://orcid.org/0000-0003-0027-
387X

References

1. Oppel RA Jr, Gebeloff R, KKR Lai, Wright W, Smith M. The
fullest look yet at the racial inequity of coronavirus. The New
York Times. July 5, 2020. Accessed March 1, 2021. https://
www.nytimes.com/interactive/2020/07/05/us/coronavirus-
latinos-african-americans-cdc-data.html

2. Rentsch CT, Kidwai-Khan F, Tate JP, et al. COVID-19 testing,
hospital admission, and intensive care among 2,026,227 United
States veterans aged 54-75 years. April 14, 2020. medRxiv. doi:10.
1101/2020.04.09

3. Coughlin SS, Moore JX, George V, Johnson JA, Hobbs J.
COVID-19 among African Americans:
epidemiological surveillance data to public health action. Am J
Public Health. 2020;110(8):1157-1159. doi:10.2105/AJPH.2020.
305764

4. Rentsch CT, Kidwai-Khan F, Tate JP, et al. Patterns of
COVID-19 testing and mortality by race and ethnicity among
United States veterans: a nationwide cohort study. PLoS Med.
2020;17(9):1-17. doi:10.1371/journal.pmed.1003379

5. Yancy CW. COVID-19 and African Americans. JAMA.
2020;323(19):1891-1892. doi:10.1001/jama.2020.6548

6. Baker MG. Nonrelocatable occupations at increased risk
during pandemics: United States, 2018. Am J Public Health.
2020;110(8):1126-1132. doi:10.2105/AJPH.2020.305738

7. Baptiste D-L, Commodore-Mensah Y, Alexander KA, et al.
COVID-19: shedding light on racial and health inequities in the
USA. J Clin Nurs. 2020;29(15-16):2734-2736. doi:10.1111/
joen.15351

8. Bassett MT, Chen JT, Krieger N. The Unequal Toll of
COVID-19 Mortality by Age in the United States: Quantifying
Racial/Ethnic Disparities. Harvard Center for Population and
Development Studies; 2020. doi:10.20955/1.85.67

9. Chen JT, Waterman PD, Krieger N. COVID-19 and the
Unequal Surge in Mortality Rates in Massachusetts, by City/
Town and Zip Code Measures of Poverty, Household Crowding,

from preliminary

Race/Ethnicity, and Racialized Economic Segregation. Harvard
Center for Population and Development Studies; 2020.

10. Kizer KW, Demakis JG, Feussner JR. Reinventing VA
health care: systematizing quality improvement and quality
innovation. Med Care. 2020;38(6 suppl):17-116.

11. Wang JZ, Dhanireddy P, Prince C, Larsen M, Schimpf M,
Pearman G. 2019 Survey of Veteran Enrollees’ Health and
Use of Health Care. US Department of Veterans Affairs;
2020. Accessed June 23, 2020. https://www.va.gov/
HEALTHPOLICYPLANNING/SOE2019/2019_Enrollee_
Data Findings Report-March 2020 508 Compliant.pdf

12. US Census Bureau. 2020 Census urban and rural classification
and urban areas criteria. Published 2019. Accessed June 23,
2020.
guidance/geo-areas/urban-rural/2010-urban-rural.html

13. Ferguson JM, Jacobs J, Yefimova M, Greene L, Heyworth L,
Zulman DM. Virtual care expansion in the Veterans Health
Administration during the COVID-19 pandemic: clinical
services and patient characteristics associated with utilization.

https://www.census.gov/programs-surveys/geography/


https://orcid.org/0000-0003-0027-387X
https://orcid.org/0000-0003-0027-387X
https://orcid.org/0000-0003-0027-387X
https://www.nytimes.com/interactive/2020/07/05/us/coronavirus-latinos-african-americans-cdc-data.html
https://www.nytimes.com/interactive/2020/07/05/us/coronavirus-latinos-african-americans-cdc-data.html
https://www.nytimes.com/interactive/2020/07/05/us/coronavirus-latinos-african-americans-cdc-data.html
https://www.va.gov/HEALTHPOLICYPLANNING/SOE2019/2019_Enrollee_Data_Findings_Report-March_2020_508_Compliant.pdf
https://www.va.gov/HEALTHPOLICYPLANNING/SOE2019/2019_Enrollee_Data_Findings_Report-March_2020_508_Compliant.pdf
https://www.va.gov/HEALTHPOLICYPLANNING/SOE2019/2019_Enrollee_Data_Findings_Report-March_2020_508_Compliant.pdf
https://www.census.gov/programs-surveys/geography/guidance/geo-areas/urban-rural/2010-urban-rural.html
https://www.census.gov/programs-surveys/geography/guidance/geo-areas/urban-rural/2010-urban-rural.html

492

Public Health Reports 136(4)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

J Am Med Inform Assoc. 2021;28(3):453-462. doi:10.1093/
jamia/ocaa284

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J Chronic Dis.
1987;40(5):373-383. doi:10.1016/0021-9681(87)90171-8
Roffman CE, Buchanan J, Allison GT. Charlson comorbidities
index. J Physiother. 2016;62(3):171. doi:10.1016/j.jphys.2016.
05.008

Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for
defining comorbidities in ICD-9-CM and ICD-10 administrative
data. Med Care. 2005;43(11):1130-1139. doi:10.1097/01.mlr.0000
182534.19832.83

Chin T, Kahn R, Li R, et al. US-county level variation in intersecting
individual, household and community characteristics relevant to
COVID-19 and planning an equitable response: a cross-sectional
analysis. BMJ Open. 2020;10(9):1-7. doi:10.1136/bmjopen-2020-
039886

Krieger N, Waterman PD, Chen JT, Soobader M-J, Subramanian SV.
Monitoring socioeconomic inequalities in sexually transmitted
infections, tuberculosis, and violence: geocoding and choice of
area-based socioeconomic measures—the Public Health Disparities
Geocoding Project (US). Public Health Rep. 2003;118(3):240-260.
doi:10.1093/phr/118.3.240

Kiang MV. County preparedness: reproducible code for
county-level characteristics and COVID-19 response. Github.
Accessed June 23, 2020. https://github.com/mkiang/county
preparedness

Rubin-Miller L, Alban C, Sullivan S, Artiga S. COVID-19
racial disparities in testing, infection, hospitalization, and
death: analysis of Epic patient data. Kaiser Family Foundation;
2020. Accessed June 23, 2020. https://www.ehrn.org/articles/
covid-19-racial-disparities-in-testing-infection-hospitalization-
death

Tsai J, Whealin JM, Pietrzak RH. Asian American and Pacific
Islander military veterans in the United States: health service
use and perceived barriers to mental health services. Am J
Public Health. 2014;104(suppl 4):S538-S547. doi:10.2105/
AJPH.2014.302124

Westat, US Department of Veterans Affairs. National Survey of

Veterans, Active Duty Service Members, Demobilized National
Guard and Reserve Members, Family Members, and Surviving
Spouses. US Department of Veterans Affairs; 2010. Accessed
June 23, 2020. https://www.va.gov/SURVIVORS/docs/NVSS
urveyFinalWeightedReport.pdf

Bertakis KD, Azari R, Helms LJ, Callahan EJ, Robbins JA.
Gender differences in the utilization of health care services.
J Fam Pract. 2000;49(2):147-152.

Kaur S, Stechuchak KM, Coffman CJ, Allen KD, Bastian LA.
Gender differences in health care utilization among veterans
with chronic pain. J Gen Intern Med. 2007;22(2):228-233. doi:
10.1007/s11606-006-0048-5

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Maguen S, Cohen B, Cohen G, Madden E, Bertenthal D, Seal K.
Gender differences in health service utilization among Iraq
and Afghanistan veterans with posttraumatic stress disorder.
J Womens Health. 2012;21(6):666-673. doi:10.1089/jwh.2011.
3113

Frederiksen B, Gomez I, Salganicoff A, Ranji U. Coronavirus: a
look at gender differences in awareness and actions. March 20,
2020. Accessed June 23, 2020. https://www.kff.org/womens-
health-policy/issue-brief/coronavirus-a-look-at-gender-
differences-in-awareness-and-actions

Alon TM, Doepke M, Olmstead-Rumsey J, Tertilt M. The
Impact of COVID-19 on Gender Equality. National Bureau of
Economic Research; 2020. doi:10.3386/w26947
Lieberman-Cribbin W, Tuminello S, Flores RM, Taioli E.
Disparities in COVID-19 testing and positivity in New York
City. Am J Prev Med. 2020;59(3):326-332. doi:10.1016/].
amepre.2020.06.005

Borjas GJ. Demographic Determinants of Testing Incidence
and COVID-19 Infections in New York City Neighborhoods.
National Bureau of Economic Research; 2020. Accessed June
23, 2020. http://www.nber.org/papers/w26952

Heyworth L, Kirsh S, Zulman D, Ferguson JM, Kizer KW.
Expanding access through virtual care: the VA’s early experience
with COVID-19. NEJM Catal Innov Care Deliv. 2020:1-11. doi:10.
1056/CAT.20.0327

Nelson K, Schwartz G, Hernandez S, Simonetti J, Curtis I,
Fihn SD. The association between neighborhood environment
and mortality: results from a national study of veterans. J Gen
Intern Med. 2017;32(4):416-422. doi:10.1007/s11606-016-
3905-x

Davies HT, Crombie IK, Tavakoli M. When can odds ratios
mislead? BMJ. 1998;316(7136):989-991. doi:10.1136/bmj.
316.7136.989

Saha S, Freeman M, Toure J, Tippens KM, Weeks C, Ibrahim S.
Racial and ethnic disparities in the VA health care system: a
systematic review. J Gen Intern Med. 2008;23(5):654-671. doi:
10.1007/s11606-008-0521-4

Stroupe KT, Tarlov E, Zhang Q, Haywood T, Owens A,
Hynes DM. Use of Medicare and DOD data for improving VA
race data quality. J Rehabil Res Dev. 2010;47(8):781-796. doi:
10.1682/JRRD.2009.08.0122

Hamilton NS, Edelman D, Weinberger M, Jackson GL.
Concordance between self-reported race/ethnicity and that
recorded in a Veteran Affairs electronic medical record. N C
Med J. 2009;70(4):296-300.

Phelan JC, Link BG. Is racism a fundamental cause of
inequalities in health? Annu Rev Sociol. 2015;41(1):311-330.
doi:10.1146/annurev-soc-073014-112305

Laster Pirtle WN. Racial capitalism: a fundamental cause of
novel coronavirus (COVID-19) pandemic inequities in the
United States. Health Educ Behav. 2020;47(4):504-508. doi:
10.1177/1090198120922942


https://github.com/mkiang/county_preparedness
https://github.com/mkiang/county_preparedness
https://www.ehrn.org/articles/covid-19-racial-disparities-in-testing-infection-hospitalization-death
https://www.ehrn.org/articles/covid-19-racial-disparities-in-testing-infection-hospitalization-death
https://www.ehrn.org/articles/covid-19-racial-disparities-in-testing-infection-hospitalization-death
https://www.va.gov/SURVIVORS/docs/NVSSurveyFinalWeightedReport.pdf
https://www.va.gov/SURVIVORS/docs/NVSSurveyFinalWeightedReport.pdf
https://www.kff.org/womens-health-policy/issue-brief/coronavirus-a-look-at-gender-differences-in-awareness-and-actions
https://www.kff.org/womens-health-policy/issue-brief/coronavirus-a-look-at-gender-differences-in-awareness-and-actions
https://www.kff.org/womens-health-policy/issue-brief/coronavirus-a-look-at-gender-differences-in-awareness-and-actions
http://www.nber.org/papers/w26952

	Differences in COVID-19 Testing and Test Positivity Among Veterans, United States, 2020
	Abstract
	Methods
	Data Source and Study Population
	Outcomes: COVID-19 Tests and Results
	Veteran Demographic Characteristics and Comorbidities
	VHA Facility Characteristics
	Area-Based Socioeconomic Measures
	Statistical Analysis

	Results
	Discussion
	Strengths and Limitations

	Conclusions
	Disclaimer
	Authors’ Note 
	Acknowledgments
	Declaration of Conflicting Interests
	Funding
	ORCID iD

	References


