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Abstract

Objectives American Indian and Alaska Native (AI/AN) communities have been disproportionately affected by the coro-
navirus disease 2019 (COVID-19) pandemic. This study examines whether neighborhood characteristics mediate AI/AN
versus White-non-Hispanic Veteran COVID-19 infection disparities, and whether mediation differs based on proximity to
reservations.

Methods Using Veteran Health Administration’s (VHA) national database of VHA users evaluated for COVID-19 infection
(3/1/2020-8/25/2020), we examined whether census tract neighborhood characteristics (percent households overcrowded,
without complete plumbing, without kitchen plumbing, and neighborhood socioeconomic status [n-SES]) mediated racial
disparities in COVID-19 infection, using inverse odds-weighted logistic models controlling for individual-level character-
istics. Using moderated mediation analyses, we assessed whether neighborhood mediating effects on disparities differed
for those residing in counties containing/near federally recognized tribal lands (i.e., Contract Health Service Delivery Area
[CHSDA] counties) versus not.

Results The percent of households without complete plumbing, percent without kitchen plumbing, and n-SES partially
mediated AI/AN-White-non-Hispanic COVID-19 infection disparities (accounting for 17-35% of disparity) to a similar
extent in CHSDA and non-CHSDA counties. The percent of households without kitchen plumbing had stronger mediating
effects for CHSDA than non-CHSDA residents.

Conclusions Neighborhood-level social determinants of health may contribute to the disproportionate COVID-19 infection
burden on AI/ANs; differences are exacerbated among AI/ANs living near reservations.
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Introduction

American Indian and Alaska Native (AI/AN) communities
have been disproportionately affected by the coronavirus
disease 2019 (COVID-19) pandemic [1]. The Centers for
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disproportionate impact on racial/ethnic minorities [3-7].
There is less research on the role of neighborhood-level
social determinants of health on COVID-19’s impact on Al/
ANGs [1, 8, 9]. AI/ANs have experienced historical trauma,
including European and American colonialism and geno-
cide, displacement from their native lands onto reserva-
tions, and forced assimilation through compulsory boarding
schools, which have led to higher psychological distress and
substance use [10-12]. The enduring effects of these histori-
cal traumas and of racism that they continue to experience
contribute to a variety of social determinants of health that
have deleteriously affected their physical health (e.g., obe-
sity) [13, 14] and likely play a role in COVID-19 disparities.
Among these social determinants, the physical and social
contexts of the neighborhoods in which AI/ANs live (e.g.,
high poverty, food deserts) likely contribute to cumulative
disadvantages above and beyond individual-level risk fac-
tors that exacerbate their risk for COVID-19 relative to other
racial/ethnic groups [13, 15].

In particular, neighborhood-level social determinants
may mediate disparities in COVID-19 infections among
AI/ANs compared to White-nHs. A recent study that exam-
ined macro-level social determinant correlates of COVID-
19 infections on American Indian reservations found that
reservations with a higher proportion of households without
plumbing had higher COVID-19 infection rates [1]. This
community characteristic may help explain why COVID-19
infections are higher among AI/ANs than White-nHs, since
AI/ANs are more likely than White-nHs to live in communi-
ties that lack access to running water [16]. A lack of running
water presents challenges to frequent handwashing, which
is crucial for infection control. Additionally, AI/ANs live in
communities with greater socioeconomic disadvantage [17],
resulting in limited public health infrastructure and under-
funded healthcare resources that may exacerbate COVID-
19 infection [1, 18]. A recent ecological study found more
COVID-19 cases in zip codes with greater socioeconomic
disadvantage and indigenous population concentration in
New Mexico [19]. New Mexico has a large American Indian
population (11% of the state’s population) that account for a
disproportionate share of the state’s COVID-19 cases (> 50%
of COVID-19 cases), and contains multiple tribal reserva-
tions [19]. AI/ANs also live in communities with a higher
percentage of overcrowded households than the US average
[17]. This may put them at increased risk of transmission
within the households and makes it challenging to social
distance [9], especially since a larger proportion of AI/ANs
have essential jobs where they need to work in-person com-
pared to groups like White-nHs [20]. However, overcrowded
households may also reflect cultural preferences to live in
multigenerational households [21]. This practice, which may
be more common among households on or near reserva-
tions where there are stronger ties to cultural practices, can
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confer resilience and reinforce collective efforts to protect
tribal elders.

It is also possible that neighborhood social determinants’
mediating effects on AI/AN COVID-19 disparities may dif-
fer based on whether individuals live on or near reservations
versus not, because the social, physical, and cultural contexts
are vastly different [22, 23]. For example, while AI/ANs
living on or near reservations may be able to benefit from
sustained cultural and tribal ties [23], those who do not live
near reservations may experience worse health that results
from cultural isolation [24]. However, those living on or
near reservations frequently travel between tribal and non-
tribal lands, which may increase COVID-19 exposure and
transmission [23, 25]. Thus, it is important to recognize that
there is no monolithic AI/AN experience: while some live
on reservations in the most rural regions of the USA, others
live in rural towns, suburban cities, and urban metropolises
[23, 26], each of which have unique neighborhood contexts
that can affect COVID-19 infection. In fact, more than three-
quarters of American Indian individuals do not reside on
reservations [27], and approximately one-third do not live
on or near tribal lands [23]. Most of the focus on AI/AN
disparities, although limited, has been among those living
on reservations, including a few studies exploring the role
of these social factors of Indian reservations on COVID-19
infection [1, 17]. Little is known about COVID-19 infection
among AI/ANs not residing on reservations, or how differ-
ences in these social and structural factors may aid in under-
standing AI/AN-White-nH differences in infection risk.

To address these gaps, we take advantage of a national,
geographically diverse sample from the Veterans Health
Administration (VHA) that includes AI/AN Veterans living
on or near reservations and those not living on/near reser-
vations. AI/ANs serve in the US military at five times the
national average, providing a robust sample in VHA [28].

The objective of this analysis was to examine whether
the mediating effects of neighborhood characteristics on Al/
AN versus White-nH COVID-19 infection disparities dif-
fered based on whether or not individuals resided on or near
reservations (moderated mediation). Figure 1 illustrates the
proposed relationships among these variables. We hypoth-
esized that the magnitudes of the mediating effects of these
neighborhood characteristics would differ between those liv-
ing on or near reservations and those not residing in these
communities.

Methods

Data and Sample Individual-level Veteran characteristic
data came from VHA'’s national database of individual-
level information on evaluation and care related to COVID-
19 [29], and from VHA'’s electronic medical records (VA
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Fig. 1 Conceptual framework
for moderated mediation of
neighborhood characteristics
and CHSDA county residence
on AIAN/White non-Hispanic
disparities in COVID-19 infec-
tion
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Corporate Data Warehouse). Neighborhood characteristic
data came from the 2014-2018 US Census [30] and were
linked to Veteran-level data through census tract identifiers.
Our sample included White-nH and AI/AN Veterans who
received a COVID-19 test from 3/1/2020 to 8/25/2020 at
any VHA site. We excluded Veterans who were also VHA
employees.

Measures Our dependent variable was an indicator of
whether Veterans tested positive or negative for COVID-19
based on COVID-19 polymerase chain reaction tests from
nasopharyngeal swab specimens measured between 3/1/2020
and 8/25/2020. This is considered the gold standard COVID-
19 diagnostic test [31]. For individuals with multiple tests,
individuals were considered positive for COVID-19 virus
if any of their tests were positive, and negative if all their
tests were negative. Our main independent variable was
an indicator of Veteran race/ethnicity: White-nH or Al/
AN. We determined race/ethnicity from VA administrative
data, which was ascertained before the COVID-19 test [32,
33]. We chose White-nH as the comparison group because
they consistently had the lowest levels of COVID-19 infec-
tions through the pandemic [34], and White-nH individuals
largely benefit from systemic racism in medical and health-
care institutions that have put AI/AN individuals at higher
risk for COVID-19 [35].

Our moderating variable was a dichotomous county-
level indicator of whether Veterans resided in an Indian
Health Service (IHS) Contract Health Service Delivery
Area (CHSDA) county. IHS defines these counties as those
that include all or part of a reservation or any county or
counties with a common boundary with a reservation [36].

COVID-19 positivity

IHS applies this definition uniformly throughout the USA to
determine eligibility for IHS-paid health services. Nation-
ally, nearly two-third of AI/ANs reside in CHSDA counties
[37, 38]. CHSDA has been used in other studies to identify
areas with a higher concentration of AI/AN residents [15,
37, 39].

Mediating variables included the following neighbor-
hood characteristics from the 2014-2018 US Census: per-
cent overcrowded households (> 1 person per room), percent
of households without complete plumbing (lacking one or
more of the following: hot/cold running water, flushing toi-
let, or bathtub/shower), and percent of households without
kitchen plumbing (lacking 1 + of the following: sink with a
faucet, stove/range, or refrigerator), and neighborhood SES
deprivation (n-SES deprivation). We defined n-SES depri-
vation based on the Agency for Healthcare Research and
Quality (AHRQ)’s SES index [40]. This validated index
uses a weighted score that combines neighborhood (census
tract) measures of median housing value, median household
income, and percentages living below the federal poverty
line, 25 + years old with at least 4 years of college, 25 + years
old with less than a 12th-grade education, unemployed, and
overcrowded households. We scaled the score for our sample
to a 0-100 range, reverse-coded the score such that higher
values indicate greater n-SES deprivation, then created a
categorical indicator based on quartiles. A common concern
with mediation analyses is the temporal ordering—ensuring
that the predictor and mediator variables both precede the
outcome variable [41]. In our analysis, both exposure (race/
ethnicity) and mediator (neighborhood characteristics) vari-
ables preceded the outcome variable (COVID-19 infection).
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Control variables included age (<40 years; 40-59 years;
60-74 years; 75+ years), gender, individual-SES (low
SES, high SES, indeterminate/military service-connected),
prior diagnosis of one or more CDC-risk factors for severe
COVID-19, and time period of COVID test-19 (3/1/2020-
5/31/2020 vs. 6/1/2020-8/25/2020). We determined individ-
ual-SES from VHA'’s enrollment priority group. Individu-
als with an income below VHA'’s threshold for requiring
copayment were classified as having low SES. Veterans with
military service-connected disability do not have to provide
income information to determine their priority group, so
they were classified as indeterminate SES. Veterans with
prior diagnosis of comorbidities initially identified by the
CDC as risk factors for severe COVID-19 (chronic kidney
disease stage 5 or end-stage renal disease; chronic pulmo-
nary disease; diabetes; heart disease; immunocompromised
state; liver disease; hypertension; and asthma) might alter
their behavior to minimize risk of contracting COVID-19;
therefore, we included these as covariates. The pandemic,
including trends in disparities, evolved over time in response
to increased knowledge of the virus and awareness of dis-
parities [34]. For Veterans with multiple COVID-19 tests,
we used the date of the first positive test, or first negative test
if the Veteran never tested positive, as consistent with VA’s
National Surveillance Tool [29].

Statistical Methods We calculated descriptive statistics of
means and proportions for the sample stratified by race/eth-
nicity and neighborhood characteristics in CHSDA and non-
CHSDA counties. We also calculated summary statistics for
racial/ethnic and neighborhood area-level characteristics for
our sample by IHS region.

Testing moderated mediation involved three steps.
First, we estimated the total effect of AI/AN vs. White-nH
COVID-19 positivity disparity in both CHSDA and non-
CHSDA counties with a logistic regression model that
included a race/ethnicity-by-CHSDA residence interaction
term and adjusted for potential confounders listed above.
The total effects for CHSDA and non-CHSDA residents
separately were estimated from the interaction term.

Second, we decomposed each of the total effects into the
direct (unmediated) and indirect (mediated by a neighbor-
hood characteristic) effect components. We estimated the
direct effect of race/ethnicity for CHSDA and non-CHSDA
residents with an inverse-odds-weighted logistic regres-
sion model that also included a race/ethnicity-by-CHSDA
residence interaction term, while adjusting for the same
potential confounders. Before running this logistic regres-
sion, it was necessary to derive the inverse-odds weights
(IOWs) with Tchetgen Tchetgen’s approach as described by
Nguyen 2015’s practical guide [42]. We derived the IOWs
by fitting separate logistic regression models (one for each
mediator) estimating the relationship between race/ethnicity
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and a neighborhood mediator in CHSDA and non-CHSDA
resident groups with covariate adjustment, and using the
resulting coefficients to calculate an IOW for each observa-
tion in the AI/AN group (“treatment” group), while each
observation in the White-nH group was given an IOW of 1
(“control” group). After this, we estimated the direct effects
of race/ethnicity for CHSDA and non-CHSDA residents
using the inverse odds-weighted logistic regression model as
described above while controlling for the same covariates in
the total effect model. We then calculated the indirect effect
of race/ethnicity for CHSDA and non-CHSDA residents by
subtracting the direct race/ethnicity effect coefficients for
CHSDA/non-CHSDA residents from the total race/ethnic-
ity effect coefficients for CHSDA/non-CHSDA residents,
and bootstrapping these estimates to obtain standard errors
and 95% confidence intervals. We considered there to be
evidence of mediation if the indirect effects were statisti-
cally significant at p <0.05. To aid in interpretation, we
transformed the total, direct, and indirect effect coefficients
into odds ratios and the indirect effect coefficients into the
percent of the total effect (i.e., the AI/AN vs. White-nH dis-
parity) that is explained by the mediator of interest (cal-
culated by indirect effect beta coefficient /total effect beta
coefficient) [43].

Third, we tested moderated mediation by testing whether
the magnitudes of the mediated effects (i.e., indirect effects)
for each neighborhood mediator of interest differed between
CHSDA and non-CHSDA counties. We considered there to
be evidence of moderated mediation if the indirect effect of
the neighborhood characteristic of interest was significantly
different for CHSDA and non-CHSDA counties at p < 0.05.

All analyses were conducted in Stata version 15.1 (Stata-
Corp, College Station, TX). The work received a Determi-
nation of Non-Research from the VA Greater Los Angeles
Healthcare System Institutional Review Board.

Results

In our sample of 261,981 Veterans, AI/ANs were more
likely to be female and younger, and less likely to have high
income or any CDC risk factors than White-nHs (Table 1).
Approximately 47% of AI/ANs resided in CHSDA counties
compared to 25% of White-nHs. Additionally, AI/ANs lived
in neighborhoods with a larger proportion of households
that lacked complete plumbing, lacked kitchen plumbing,
and were overcrowded, and of lower SES. Approximately
8% of our sample tested positive for COVID-19. A larger
proportion of AI/ANs tested positive for COVID-19 than
Whites-nH overall (11.4% vs 7.8%), and this difference was
larger in CHSDA counties (5.5% difference in test positiv-
ity) than in non-CHSDA counties (2.2% difference) (Fig. 2).
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Table 1 Sample characteristics by race/ethnicity

Race/ethnicity Total (n=261,981)
White non-Hispanic ~ AI/AN (n=3,045) p-value
(n=258,936)
% or mean % or mean % or mean
Sex
Female 9.1% 15.7% <0.001 9.2%
Male 90.9% 84.3% 90.8%
Age categories
<40 years 11.4% 15.0% <0.001 11.5%
40-59 years 23.0% 29.0% 23.0%
60-74 years 44.3% 42.6% 44.2%
75 +years 21.3% 13.4% 21.2%
SES/priority group
High income 11.9% 8.5% <0.001 11.9%
Low income 20.0% 19.5% 20.0%
Service connected 68.0% 72.0% 68.1%
Any CDC risk factor
None 22.7% 26.0% <0.001 22.8%
1 or more risk factors 77.3% 74.0% 77.2%
Date test was conducted
March-May, 2020 22.3% 24.3% 0.007 22.3%
June—August, 2020 77.7% 75.7% 77.7%
Neighborhood characteristics
Resides in CHSDA county
No 75.3% 52.7% <0.001 75.0%
Yes 24.7% 47.3% 25.0%
% overcrowded households', mean (SD) 2.7 (3.5) 4.4(5.3) <0.001 2.7 (3.5)
% households lacking complete plumbing?, mean (SD) 0.4 (0.4) 0.8 (1.9) <0.001 0.4 (0.4)
% households lacking kitchen plumbing®, mean (SD) 0.8 (0.4) 1.0 (1.3) <0.001 0.8 (0.4)
Neighborhood SES Deprivation Index*
Quartile 1 (highest SES) 25.1% 18.6% <0.001 25.0%
Quartile 2 25.0% 20.9% 25.0%
Quartile 3 25.0% 23.4% 25.0%
Quartile 4 (lowest SES) 24.9% 37.1% 25.0%
COVID test status
Negative 92.2% 88.6% <0.001 92.2%
Positive 7.8% 11.4% 7.8%

LOvercrowded housing defined as having 1+ person per room

2Lacking complete plumbing defined as households lacking at least one of the following: hot/cold running water, flush toilet, tub/shower

3Lacking kitchen plumbing defined as households lacking at least one of the following: no sink with faucet, stove, refrigerator
“Neighborhood SES (n-SES) deprivation based on AHRQ's neighborhood deprivation index, standardized to 0—100 and reversed coded so that

larger numbers indicate greater n-SES deprivation

https://archive.ahrq.gov/research/findings/final-reports/medicareindicators/medicareindicators3.html

When stratified by CHSDA and non-CHSDA coun-
ties (Table 2), differences in neighborhood characteristics
between where AI/ANs and non-Hispanic Veterans lived
were more pronounced in CHSDA counties. For example, in
CHSDA counties, AI/ANs lived in neighborhoods where, on
average, 5.6% of households were considered overcrowded,

compared to 3.4% for White-nHs. In contrast in non-CSHDA
counties, AI/ANs lived in neighborhoods with an average
of 3.4% overcrowded households, while White-nHs lived
in neighborhoods with an average of 2.5% overcrowded
households. While AI/ANs in CHSDA counties lived in
neighborhoods with lower SES and a larger proportion of
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Fig.2 COVID-19 test positivity 20%
by race/ethnicity in CHSDA
and non-CHSDA counties from
3/1/2020-8/25/2020
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households lacking complete plumbing than White-nHs,
these neighborhood characteristics were similar for Al/
ANSs and White-nHs living in non-CHSDA counties. There
were also regional differences in neighborhood characteris-
tics for our sample. In this sample, the mean proportion of
overcrowded households was highest in the Pacific Coast
followed by Alaska (Appendix Table 4). The mean propor-
tion of households lacking complete and kitchen plumbing
was highest in Alaska. Neighborhood SES was lowest in the
Southern Plains region. More than 30% of AI/AN and 50%

non-CHSDA county

White-nH mAI/AN

of White-nH Veterans in our sample lived in the East. Alaska
had the largest proportion and the East had the smallest pro-
portion of AI/AN Veterans. After Alaska, where all coun-
ties are designated as CHSDA counties, the Southwest had
the next largest proportion of Veterans residing in CHSDA
counties.

Table 3 presents tests of mediation for those living in
CHSDA and non-CHSDA counties and tests of moderated
mediation by CHSDA county residence. Overall, we found
evidence that the neighborhood characteristics considered in

Table 2 Neighborhood characteristics of CHSDA and non-CHSDA counties for AI/AN and White non-Hispanic Veterans

Neighborhood characteristics

CHSDA counties (n=65,147)

Non-CHSDA counties (n=195,394)

White non-Hispanic AI/AN Veterans  White non-Hispanic AI/AN
Veterans (97.8%) 2.2%) Veterans (99.2%) Veterans
(0.8%)
% overcrowded households', mean (SD) 3.43.4) 5.6 (6.0) 2.53.3) 34 4.3)
% households lacking complete plumbingz, mean (SD) 0.4 (0.5) 1.2 (2.7) 0.4 (0.3) 0.4 (0.3)
% households lacking kitchen plumbing3, mean (SD) 0.8 (0.4) 1.3 (1.8) 0.8 (0.4) 0.8 (0.4)
Neighborhood SES Deprivation Index* quartiles, %
Quartile 1 (highest SES) 26.1 15.0 24.8 21.8
Quartile 2 25.5 18.0 249 23.6
Quartile 3 244 24.8 25.2 22.2
Quartile 4 (lowest SES) 24.0 42.3 25.1 324

'Overcrowded housing defined as having 1+ person per room

Lacking complete plumbing defined as households lacking at least one of the following: hot/cold running water, flush toilet, tub/shower

3Lacking kitchen plumbing defined as households lacking at least one of the following: no sink with faucet, stove, refrigerator
“Neighborhood SES (n-SES) deprivation based on AHRQ’s neighborhood deprivation index, standardized to 0—100 and reversed coded so that

larger numbers indicate lower n-SES deprivation

https://archive.ahrq.gov/research/findings/final-reports/medicareindicators/medicareindicators3.html
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this analysis mediated the AI/AN versus White-nH COVID-
19 infection disparities among individuals living in both
CHSDA and non-CHSDA counties. In CHSDA counties,
three of the four neighborhood characteristics we examined
mediated AI/AN disparities. The proportion of households
lacking kitchen plumbing had the strongest mediating effect,
accounting for nearly 34.0% of the AI/AN vs. White-nH dif-
ference in COVID-19 positivity (calculated using beta coef-
ficients from the moderated mediation analysis presented in
Appendix Table 5 as follows: 0.236 [indirect effect ]/0.696
[total effect B]; followed by the proportion of households
lacking complete plumbing), which accounted for 24.5%
of the total effect disparity, and finally n-SES deprivation,
accounting for 17.1% of the total effect disparity.

In non-CHSDA counties, all four neighborhood charac-
teristics mediated the AI/AN disparity. N-SES deprivation
had the strongest mediating effect and accounted for 34.9%
of the COVID-19 positivity disparity, followed closely by
the proportion of overcrowded households, accounting for
33.3% of the disparity. The proportion of households lacking
complete plumbing accounted for 29.0% of the disparity, and
lastly, the proportion of household lacking kitchen plumb-
ing’s mediating effect accounted for 28.6% of the disparity.

We found evidence of moderated mediation by CHSDA
county residence for one of the neighborhood characteris-
tics (Table 3). The proportion of households lacking kitchen
plumbing had a stronger mediating effect on the AI/AN vs.
White-nH COVID-19 positivity disparity for those living
in CHSDA counties than those who did not (OR difference
between CHSDA vs. non-CHSDA indirect effects: 1.17, 95%
CI: 1.01, 1.32, p-value=0.018). Expressed as percentages
of the AI/AN vs. White-nH COVID-19 positivity disparity,
the mediating effect of the proportion of households lack-
ing kitchen plumbing on the COVID-19 positivity disparity
among AI/ANs was 5.4 percentage points larger in CHSDA
counties than in non-CHSDA counties. For the other neigh-
borhood characteristics, mediating effects were not statisti-
cally significantly different for CHSDA and non-CHSDA
counties.

Discussion

In this study, we found disparities in COVID-19 infections
for AI/ANs relative to White-nHs among both CHSDA
and non-CHSDA county residents. Several neighborhood
characteristics, including the proportion of households lack-
ing complete plumbing or kitchen plumbing, and n-SES
deprivation, mediated these disparities in both CHSDA
and non-CHSDA counties, above and beyond differences
in individual characteristics. However, statistically sig-
nificant differences between AI/AN and White-nH groups
remained, with AI/ANs having higher odds of infection than
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White-nHs. We found evidence of moderated mediation for
the neighborhood characteristic proportion of households
lacking kitchen plumbing, with a stronger mediating effect
on AI/AN vs. White-nH COVID-19 disparities among those
who lived in CHSDA counties than those not living in these
counties.

We found that some of the neighborhood characteristics
previously identified as correlates of higher COVID-19
infections on Indian Reservations [1] also explained higher
COVID-19 infections in AI/ANs compared to White-nHs for
residents of both CHSDA and non-CHSDA counties. Specif-
ically, neighborhoods with a larger proportion of households
that lack complete plumbing and greater n-SES deprivation
partially accounted for these disparities, with similar mediat-
ing effect sizes in both CHSDA and non-CHSDA counties.
Households without complete plumbing, particularly run-
ning water, experience challenges to following CDC’s rec-
ommendations for COVID-19 prevention, such as frequent
handwashing, and may rely on communal bathrooms for per-
sonal hygiene. These households also risk exposure when
they go to stores to purchase bottled water or haul water
from communal wells. This social determinant may similarly
play a role in higher AI/AN COVID-19 infections in non-
CHSDA counties, as urban Indians are also more likely to
live in households that lack plumbing facilities [26]. Living
in lower SES communities is associated with worse health,
including higher risk of COVID-19 [44]. The COVID-19
infection disparity for AI/ANs may be explained in part by
the fact that AI/ANs, both living on reservations or in urban
areas, tend to live in more impoverished neighborhoods than
White-nHs [26, 45].

We found that living in neighborhoods with more house-
holds lacking kitchen plumbing also accounted for the Al/
AN vs. White-nH COVID-19 infection disparities. While
this neighborhood characteristic had a mediating effect on
those living in both CHSDA and non-CHSDA counties, the
effect was stronger in CHSDA counties. There are several
possible mechanisms through which this neighborhood
characteristic may mediate the AI/AN-White-nH disparity.
Lacking kitchen plumbing may be an indicator of greater
food insecurity. A recent study of low-income adults in the
USA found that those experiencing very high food insecu-
rity experienced challenges in following initial public health
guidance to stock up on 2 weeks of food to limit grocery
store trips and promote social distancing [46]. Households
that lack kitchen plumbing may be at higher risk for COVID-
19 exposure if they lack the ability to store (without refriger-
ators) or prepare (without stove/range) food, which requires
more trips to acquire food or to rely on neighbors or com-
munity members for meals. Additionally, communities with
more food-insecure households may rely on food pantries/
food banks, which may have challenges in implementing
social distancing measures. AI/ANs, in general, are more
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likely to experience food insecurity compared to other racial/
ethnic groups [47]. The effect of multiple disadvantages—
being AI/AN, living in neighborhoods with more food
insecure households, in CHSDA counties—may put these
individuals at even higher risk for COVID-19 infection.
CHSDA counties may have greater residential segregation
between AI/ANs and White-nHs [15], where AI/ANs may
be more likely to live on or very close to reservations with
higher levels of food insecurity [48], while White-nHs may
live in separate, less food-insecure communities. Moreover,
previous research found that AI/ANs living on reservations
must travel further to grocery stores compared to other low-
income individuals nationally [49], which may suggest fewer
grocery stores and other food resources in rural communities
on or near reservations. Conversely, AI/AN and White-nH
Veterans in non-CHSDA counties may live in more inte-
grated communities with similar neighborhood exposures
for both groups.

Prior research has found that living in communities with
larger household size is related to higher rates of COVID-19
infections [50], while another study found that on reserva-
tions, the proportion of crowded households was not associ-
ated with COVID-19 infections [1]. In this sample of VHA
users, the proportion of crowded housing in the neighbor-
hood mediated AI/AN vs. White-nH COVID-19 disparities
for those living in non-CHSDA counties. Greater mediating
effects for AI/AN Veterans of non-CHSDA county residence
in neighborhoods with a high percent of crowded households
may also be related to lack of geographic proximity to reser-
vations and their cultural and economic resources from other
AI/AN individuals.

Limitations to this study include potential race/ethnic-
ity misclassification, especially for AI/ANs living in non-
CHSDA counties [38]; this may have biased our compari-
sons toward the null. Additionally, our study focused on
Veteran VHA users, who are generally older and sicker than
the general population; however, our analyses adjusted for
age and comorbidity. We defined neighborhoods based on
census tracts, but this may differ from lived experiences of
study participants, especially in rural areas where census
tracts may cover large geographic areas. The most recent
census tract data came from 2014-2018, but neighborhood
characteristics may have changed. We could not disaggregate
American Indian and Alaska Native Veterans as these groups
are combined in accordance with the Office of Budget and
Management’s standards for classifying race and ethnicity
[51]. Lastly, our cross-sectional study design precludes a
strict causal interpretation.

Public Health Impacts

Our study adds to limited, though growing, evidence that
some neighborhood-level social determinants of health
explain part of the disparity in COVID-19 infection between
AI/AN Veterans and White-nH Veterans. Additional
research is needed to identify other social determinants—at
both the individual and more macro-levels—that contribute
to the increased burden of COVID-19 on AI/ANs. Although
research has primarily focused on the COVID-19 pandem-
ic’s effects on AI/ANs living on reservations, we found that
some neighborhood-level social determinants also have a
detrimental effect on AI/ANs who do not live on or near res-
ervations. While tribe nations have implemented their own
COVID-19 mitigation on reservations (e.g., Navajo Nation’s
strict safer at home measures, including weekend lockdowns
and closing roads to visitors [52], and extensive contact trac-
ing by IHS, tribal leaders, and local hospital leaders [53]),
those who do not reside near tribal lands likely do not benefit
from these efforts. It is important that VHA, IHS, and state
and local health departments provide culturally appropriate
messaging to AI/ANs residing away from reservations on
how they can protect themselves from COVID-19, includ-
ing the importance of handwashing and social distancing in
crowded, multigenerational households, and following other
national public health recommendations. Moreover, national
public health strategies for COVID-19 mitigation, testing,
and vaccination should focus on AI/AN communities.

More research is needed to better understand underlying
mechanisms through which the proportion of households
that lack kitchen plumbing in the neighborhood explains Al/
AN disparities in COVID-19 infections. We posit one poten-
tial underlying mechanism: food insecurity. VA has imple-
mented a clinical reminder for food insecurity screening, and
refers those who screen positive to a multidisciplinary team
(including social worker, dietician, and clinician) that offers
tailored interventions [54]. VA can use clinical reminder
information to identify AI/AN Veterans who have previ-
ously been identified as food insecure and, through their
multidisciplinary and tailored approach, help these Veterans
obtain food while protecting themselves from COVID-19.
This may be especially important for Veterans who live in
non-CHSDA counties.
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Appendix Author Contribution M. S. W., D. M. U., and D. L. W. conceived of the
analysis. A. H. Y. and T. P. H. obtained and managed the data. W. N.
S. conducted the analysis. M. S. W. interpreted the results and drafted
the manuscript. All authors were involved in the review and editing of

Table 4 Racial ethnic sample composition and neighborhood characteristics by Indian Health Service (IHS) Region'

Northern Plains Southern Plains Southwest Pacific Coast East Alaska
Racial/ethnic sample characteristic by region
% racial/ethnic sample distribution across regions>
White-nH 15.79 8.79 9.09 13.21 52.95 0.17
AI/AN 13.22 16.67 18.00 20.21 31.30 0.59
% of sample that is AI/AN 0.97 2.17 2.27 1.76 0.69 3.89
% sample residing in a CHSDA county by race/ethnicity
White-nH 16.34 26.11 68.13 57.90 12.10 100.00
AI/AN 42.40 62.48 83.49 60.92 11.75 100.00
Neighborhood characteristics by region
% overcrowded households®, mean (SD) 1.84 (2.18) 3.42 (3.29) 3.62 (4.13) 5.49 (5.99) 1.99 (2.42) 5.29 (4.18)

% households lacking complete plumbing4, mean 0.37 (0.43) 0.41 (0.27) 0.41 (0.77) 0.45(0.35) 0.38 (0.28) 1.93(2.95)
(SD)

% households lacking kitchen plumbingS, mean 0.81(0.48) 0.83 (0.33) 0.76 (0.55) 0.75 (0.35) 1.09 (0.52) 1.69 (2.15)
(SD)
Neighborhood SES Deprivation Index® quartiles, %
Quartile 1 (highest SES) 21.52 18.69 29.56 38.12 23.11 38.12
Quartile 2 29.97 23.21 24.20 23.77 24.23 34.35
Quartile 3 29.15 26.41 20.36 18.24 25.98 17.18
Quartile 4 (lowest SES) 19.36 31.69 25.88 19.87 26.68 10.25

IStates in each of the Indian Health Service regions are as follows: Northern Plains (Illinois, Indiana, Iowa, Michigan, Minnesota, Montana,
Nebraska, North Dakota, South Dakota, Wisconsin, Wyoming), Southern Plains (Oklahoma, Kansas, Texas), Southwest (Arizona, Colorado,
Nevada, New Mexico, Utah), Pacific Coast (California, Idaho, Oregon, Washington, Hawaii), East (Alabama, Arkansas, Connecticut, Delaware,
Florida, Georgia, Kentucky, Louisiana, Maine, Maryland, Massachusetts, Mississippi, Missouri, New Hampshire, New Jersey, New York, North
Carolina, Ohio, Pennsylvania, Rhode Island, South Carolina, Tennessee, Vermont, Virginia, West Virginia, District of Columbia), Alaska

ZRow percentages for each racial/ethnic group

30vercrowded housing defined as having 1+ person per room

*Lacking complete plumbing defined as households lacking at least one of the following: hot/cold running water, flush toilet, tub/shower
SLacking kitchen plumbing defined as households lacking at least one of the following: sink with faucet, stove, refrigerator

5Neighborhood SES (n-SES) deprivation based on AHRQ’s neighborhood deprivation index, standardized to 0—100 and reverse coded so that
larger numbers indicate greater n-SES deprivation

https://archive.ahrq.gov/research/findings/final-reports/medicareindicators/medicareindicators3.html

the manuscript.

Table 5 Beta coefficients from moderated mediation analysis

CHSDA counties Non-CHSDA counties
Neighborhood characteristic mediators Total effect Direct effect B Indirect effect ~ Total effect Direct effect  Indirect effect
B coefficient  coefficient B coefficient B coefficient B coefficient B coefficient
% overcrowded households 0.594 0.507 0.088 0.271 0.181 0.090
% households lacking complete plumbing ~ 0.628 0.474 0.154 0.286 0.203 0.083
% households lacking kitchen plumbing 0.696 0.459 0.236 0.288 0.206 0.082
Neighborhood deprivation SES 0.617 0.511 0.105 0.283 0.184 0.099

Each neighborhood characteristic was modeled separately. Models controlled for sex, age, individual SES, having a CDC risk factor, and the date
test was conducted
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