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Abstract
Native Americans are disproportionately affected byCOVID-19. The present study explores whether areas with high percentages
of Native American residents are experiencing the equal risks of contracting COVID-19 by examining how the relationships
between structural inequalities and confirmed COVID-19 cases spatially vary across Arizona using a geographically weighted
regression (GWR). GWR helps with the identification of areas with high confirmed COVID-19 cases in Arizona and with
understanding of which predictors of social inequalities are associated with confirmed COVID-19 cases at specific locations.
We find that structural inequality indicators and presence of Native Americans are significantly associated with higher confirmed
COVID-19 cases; and the relationships between structural inequalities and confirmed COVID-19 cases are significantly stronger
in areas with high concentration of Native Americans, particular on Tribal lands. The findings highlight the negative effects that
lack of infrastructure (i.e., housing with plumbing, transportation, and accessible health communication) may have on individual
and population health, and, in this case, associated with the increase of confirmed COVID-19 cases.
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The coronavirus disease 2019 (COVID-19) pandemic has sig-
nificantly impacted the United States with more than 1.3 mil-
lion confirmed COVID-19 cases and over 84,000 related
deaths as of mid-May 2020 [1]. Although the pandemic is
ongoing and ever shifting in its nature, some preliminary data
indicates that the pandemic has been disproportionately affect-
ing racialized and minoritized populations [2–4]. For exam-
ple, in New York, the lab-confirmed COVID-19 cases show

that Black Americans have the largest proportion of confirm
cases in absolute terms (32.6% compared to 28.4% of non-
Hispanic/Latinx whites) even though non-Hispanic/Latinx
Black population only accounts for 14.3% of the state’s total
population [5, 6]. The age-adjusted rates show that Black
Americans are more likely to be not hospitalized (335.5 per
1000 compared to 190.4 per 1000 for non-Hispanic/Latinx
whites), and more likely to have died (92.3 per 1000 com-
pared to 45.2 per 1000 for non-Hispanic/Latinx whites) [6].
Public health dialog on Black Americans during the current
pandemic is important for not only documenting and under-
standing the different experiences and impacts of COVID-19
but also for “promoting and maintaining preventative mea-
sures” for Black Americans [4, 7, 8]. Similar substantial health
inequities during the pandemic have been observed for Latinx
population [9].

It is equally urgent and important to bring Native
Americans1 into the center of the pandemic public health di-
alog. As descendants of the First Peoples of the America,

1 We used the term “Native American” and “American Indians and Alaska
Native Peoples” interchangeably. The use of “American Indian and Alaska
Native Peoples” as plural is intentional to acknowledge multiple sovereign
groups within the American Indians and Alaskan Native label.
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understanding Native American health and health emergen-
cies related to COVID-19 has critical health and sociopolitical
implications for not only Native Americans but also for the
overall US population and Indigenous populations worldwide.
Native American Peoples and communities are the “forgotten
minority” often historically overlooked or excluded in health
inequities research due to multiple theoretical and methodo-
logical complexities and challenges [10, 11]. Key methodo-
logical challenges that contribute to invisibility of Native
Americans in public health dialog are lack of Indigenous rep-
resentation and race misclassification. Often due to small pop-
ulation size of Native Americans, most state- or national-level
health statistics either omit Native Americans (lack of
Indigenous representation via intentional exclusion) or
misclassified Native Americans as “others” and even com-
bined with other small groups (race misclassification).
During the current pandemic, race misclassification is also
substantially affecting how Native Americans are included
or excluded in the US coronavirus data as Native Americans
are often labeled as “other” and/or lumped with other small
populations [12]. Such race misclassification is another form
of systemic erasure of Native Americans in data, and it masks
the health emergencies of Native Americans.

Parallel to Black American and Latinx experiences, Native
Americans also have been disproportionately affected by
COVID-19 [13]. Native Americans are highly diverse with
574 federally recognized Tribal Nations with unique histories,
cultures, and languages. There are similar challenges across
Native Nations originating from shared histories of genocide
and systematic racism—including forced assimilation and
separation of families through Indian boarding schools [14]
and a series of federal laws establishing institutional margin-
alization [15]. Over time, these historical social injustices “get
under the skin” [16] and translate to health inequities through
multiple interconnected mechanisms including weathering
(i.e., physiological manifestations of accumulative stress from
historically embedded social inequalities) [17] and intergener-
ational transmissions [18, 19]. Consequently, Native
Americans have the highest rates of obesity and diabetes
[20], second highest rate of asthma (after Black Americans)2

[21], and the lowest rate of health insurance coverage than any
other racial and ethnic groups [22]. Such health inequities
prior to the current pandemic already puts Native Americans
at a more vulnerable position given the current knowledge
about the higher risks for severe illness from COVID-19 and
death for individuals with underlying medical conditions in-
cluding obesity, diabetes, and asthma [23]. That is, even if the
equal risk of contracting COVID-19 is assumed, Native
Americans are at higher risks for severe illness and death

due to pre-existing health inequities. Given these vulnerabil-
ities among Native Americans, it is important to assess the risk
of contracting COVID-19 among Native Americans relative
to non-Native Americans.

COVID-19 in Arizona Contexts and the Case
of the Navajo Nation

The present study focuses on Arizona, one of few states that
released COVID-19 statistics with Native Americans as a ra-
cial category. Arizona has the largest concentration of single-
race American Indian andAlaskaNative Peoples in the United
States. Arizona’s Native population accounts for nearly 11.4%
(309,580) of the total US American Indian and Alaska Native
populations [5]. There are 22 federally recognized Tribal
Nations in Arizona (Fig. 1) including Navajo (149,115),
Apache (29,055), Tohono O’odham (23,812), Pima
(20,035), Yaqui (16,898), and Native Americans without
Tribal affiliation (8395) and with two or more Tribal affilia-
tions (6098) [5].

In Arizona, the Native Americans have been experiencing
disproportionate impacts of COVID-19. Although Native
Americans make up about 4.6% of the state’s population, they
comprise over 12% of the confirmed COVID-19 cases and
16% of COVID-19 related deaths as of May 2020 [25]. The
Navajo Nation, the largest Tribal Nation in Arizona, has been
one of the communities experiencing a great hit in particular.
Since the first member of the Navajo Nation tested positive for
Dik’os Ntsaaígíí-19 (COVID-19) on March 17, 2020, the
numbers of confirmed COVID-19 cases and deaths began to
increase at accelerated rates compared to the rest of the state
and the country. As of May 18, 2020, the Navajo Nation has
4071 confirmed COVID-19 cases and over 100 deaths (see
Fig. 2) [27]. As of early May, the Navajo Nation has the
highest coronavirus cases per capital in the United States with
roughly 1786 case per 100,000 (authors’ own calculation
based on most recent Navajo population census) even com-
pared to two states with hardest hit by the COVID-19, New
York (1751 cases per 100,000) and New Jersey (1560 cases
per 100,000) [1, 26]. This high number of cases on the Navajo
Nation is paradoxical given what we know about the positive
relationship between population density and infectious dis-
eases [28] and rural nature of Navajoland [29].

While statistics clearly depict the health emergencies of the
Navajo Nation on the reservation, this is only a partial picture
of howNative Americans are experiencing COVID-19. About
53% of Navajo citizens reside outside of the Navajo Nation
boundaries (i.e., 9% residing in border towns such as Gallup,
NM, and Winslow, AZ and 44% residing away from the res-
ervation and border towns) [26] (see Fig. 1b). Native
American experiences of COVID-19 outside of the reserva-
tion are not captured in statistics from the Navajo Nation

2 American Indian and Alaska Natives have the second highest rate of asthma
compared to other racial groups, but higher endpoint of the confidence interval
than Black population, and the rates are based on numbers of diagnosed cases.
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because Tribal authorities are only gathering information about
people on the Tribal lands. Furthermore, less or no information
is available from other Tribal Nations in Arizona. In other
words, the experiences of COVID-19 on the Navajo Nation
are only a partial story of how COVID-19 is affecting
Navajos and other Native Americans. Despite the critical need
to understand and to center Native American experiences dur-
ing the current pandemic, there has been limited empirical re-
search to date that has exclusively focused on COVID-19
health emergencies among Native Americans [30].

The Present Study

Circumventing the poor data quality on Native Americans
during COVID-19, the present study explores whether areas

with high percentages of Native American residents are
experiencing the equal risks of contracting COVID-19 by ex-
amining whether and how the relationships between structural
inequalities and confirmed COVID-19 cases vary across
Arizona. In this study, we are specifically interested in three
interrelated questions: (1) what are the associations among the
structural inequality measures and number of confirmed
COVID-19 cases? (2) What is the association between the
percent of Native Americans and the number of confirmed
COVID-19 cases? (3) How do these associations vary spatial-
ly across Arizona?

To answer the third question, we used a geographically
weighted regression (GWR). GWR is a spatial analytic
method to resolve the problem of spatial autocorrelation
in the residual and detect spatial non-stationarity. That is,
GWR allows us to explore whether the relationship be-
tween a certain structural inequality measures and
COVID-19 cases are statistically stable across space. For
example, using GWR, scholars have reported that social
association rates have both positive and negative relation-
ships with mental health in the United States [31]. Without
GWR, this localized dynamics cannot be unveiled. GWR
can help with the identification of areas with high con-
firmed COVID-19 cases in Arizona and with understand-
ing of which predictors of structural inequalities are asso-
ciated with confirmed COVID-19 cases at specific loca-
tions. Although a standard multiple regression (Poison re-
gression for count data) can identify the relationships be-
tween the predictors of structural inequalities and COVID-
19 confirmed cases, GWR can further identify whether
these structural inequality factors associated with con-
firmed COVID-19 cases vary locally in Arizona.

Fig. 1 Three maps of Arizona. a Tribal homelands in Arizona. b Dot
densities of four racialized/minoritized groups by zip codes. c GWR
results—impact of concentrated disadvantage on confirmed COVID-19

cases. Source: Fig. 1a, Inter Tribal Council of Arizona [24]. In c, we
caution the interpretation for the Navajo Nation due to lack of information
on Navajo Nation in our analyses
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Fig. 2 Growth of the confirmed COVID-19 cases and deaths in Navajo
Nation. Source: Navajo Division of Health [26]
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Data and Methods

We compiled the data from multiple courses for the zip codes
in Arizona—as ofMay 14, 2020.We include all zip codes that
correspond with United States Postal Service zip code service
areas (n = 385). The dependent variable, the counts of con-
firmed COVID-19 cases, comes from the Arizona
Department of Health Services [25]. The Arizona
Department of Health Services released the count data by
zip codes where over 90% of cases were mapped to the ad-
dress of the patient’s residence [25]. There were two important
data issues. First, about 21.8% of zip codes had the confirmed
COVID-19 case category than actual confirmed COVID-19
case count (for example, reporting “1–5” instead of “3” cases).
We took the total confirmed COVID-19 cases count at the
county level, and then randomly assigned the numbers so that
the total counts from zip codes in a specific county will add up
to the total counts at the county level (i.e., residual method).

The second data issue was that 9.9% of zip codes (n = 38)
were suppressed for areas where Native American residents
make up more than 50% of the population [25]. We used the
same residual method at the county level to estimate the total
for the suppressed areas within a specific county, and then
proportionated the cases by the population counts of zip codes
for 38 zip codes where Native American residents account for
more than half of the population. We based our residual meth-
od estimations on data from the Arizona Department of Health
Services [25] and not from the Navajo Division of Health [26].
This decision was intentional to respect Indigenous data sov-
ereignty of the Navajo Nation, the inherent authority of Tribal
Nations to govern data about their peoples, lands, and re-
sources [32]. Although the Arizona Department of Health
Statistics data does not fully capture the cases on Navajo
Nation and other Tribal lands, we decided not to use the num-
bers from the Navajo Nations for our estimation, as they have
not publicly released their data by zip codes.

Measures

Drawing from the 2014–2018 American Community
Survey (ACS) 5-year estimates, we include the several
measures to capture structural inequalities (for question
1) and percentage of American Indian and Alaska
Native persons (for question 2) at the zip code level.
The first variable, concentrated disadvantage [33], is a
composite score calculated with the principal component
analysis (PCA) results. We constructed the concentrated
disadvantage measure following previous studies inves-
tigating the role of neighborhood structural disadvantage
on health inequities [34, 35]. Specifically, PCA was
applied to the following six socioeconomic variables
(factor loading in parentheses): percentage of population
living below poverty (0.872), percentage of female-

headed households (0.748), percentage of family receiv-
ing public assistance (0.610), percentage of population
aged 25 and older who did not have a high school
diploma (0.829), percentage of unemployment for civil-
ian population in labor force (0.709), and logged medi-
an family income (− 0.836). The results indicated that
one factor explains almost 60% of the variation among
these variables, and the regression method was used to
obtain the score, which represents the level of concen-
trated disadvantage in a zip code. Higher scores indicate
higher concentrations of disadvantage. More detailed in-
formation about the exploratory factor analysis is avail-
able upon request. Regarding the percentage of
American Indian and Alaska Native persons, it was cal-
culated by dividing the number of population who self-
identified themselves as American Indian or Alaska
Native person by total population who report at least
one race/ethnicity in ACS.

COVID-19 is a contagious respiratory disease that is relat-
ed to population density [36]. We calculated the population
density by dividing the total population by the land area of a
zip code (in squaremile). In order to avoid numeric singularity
when estimating our models, the population density is loga-
rithm transformed in the analysis.

Adapting from the social vulnerability index, designed
to identify areas that may be more socially vulnerable
based on multiple indicators to be able to implement the
place-based intervention and recovery from disaster [37]
and used by previous study on the impacts of COVID-19
on Native American reservations [38]; we also considered
several demographic and housing condition variables that
are theoretically relevant to the pandemic of COVID-19,
including percentage of population aged 65 and older,
percentage of working population who did not have health
insurance, percentage of housing units that have more
than one person per room (i.e., overcrowding), percentage
of housing units without complete kitchen facilities, and
percentage of housing units without complete plumbing
facilities. Moreover, percentage of working population
who commute more than 60 min to work and the percent-
age of population who commute to work by public trans-
portation are included in this study. Both variables are
aimed at assessing the potential exposure to infection dur-
ing commute.

The last two variables are language limitation and income
inequality. The former is measured as the percentage of house-
holds that are limited in English speaking, whereas the latter is
gauged with the Gini coefficient, ranging from 1 (completely
unequal) to 0 (perfect equality). To more thoroughly address
the concern about multicollinearity, we checked the variance
inflation factor (VIF) and all VIFs are smaller than 5, suggest-
ing that there were no issue of multicollinearity among the
independent variables.
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Methods

As the dependent variable is the number of COVID-19 cases,
we use both conventional Poisson regression and geographi-
cally weighted Poisson regression (GWPR) to estimate the
relationships between the key independent variables and the
mean of a Poisson distribution. We use logarithm as the link
function. That is, a conventional Poisson regressionmodel can
be expressed as

Oi∼Poisson Ei*exp ∑
j
β j*x j;i

 !" #

log Oið Þ ¼ log Eið Þ þ β0 þ ∑
j
β j*x j;i

ð1Þ

where Oi represent the observed number of COVID-19 cases
and Ei is the total population-at-risk, which is treated as an
offset variable and forced to have a regression coefficient of 1.
β0 is the intercept and βj are the coefficients for the indepen-
dent variables j of zip code i, xj, i.

The conventional Poisson regression model does not con-
sider geographical locations and is unable to show the poten-
tial spatial varying associations between the key independent
variables and the number of COVID-19 case. To address this
issue, the GWPR was developed to examine the spatial vary-
ing coefficients over space and a GWPRmodel is expressed as

log Oið Þ ¼ log Eið Þ þ β0;i þ ∑
j
β j;i*x j;i ð2Þ

The most notable difference with model (1) is that the re-
gression coefficients (βj, i) are now specific to each zip code i
(i.e., spatial varying or location-specific coefficients). The
GWPR allows geographically varying parameters and gener-
ates local spatial statistics. The best approach to summarizing
the information generated by GWPR is to visualize and show
the distributions of the local estimates [39].

The GWPR uses a kernel-based geographical weighting
function to create spatial weights for each zip code. The prin-
ciple of weighing is to place a kernel around a zip code and to
compute the local coefficients (βj, i) using all the observations
within the kernel window, which is determined by the band-
width, h. The value h that yields the smallest Akaike
Information Criterion corrected (AICc) is selected as the most
appropriate bandwidth in the kernel function. The estimation
technique is based on iteratively reweighted least squares,
with weights based on the bisquare kernel function:

wik ¼ 1−
dik
h

� �2
" #2

if dik ≤h; otherwise 0

where dik is the distance between the zip code i and a nearby
zip code k. According to the kernel function, zip codes closer
to the zip code i would carry more weight and have greater

influence on parameter estimation than those farther away (if
the distance between two zip codes is larger than h, the weight
equals zero).

Two GWPR modeling issues should be noted. First, while
various kernel functions are available, it has been suggested
that the choice of kernel functions does not dramatically alter
the geographically weighted regression results [40]. Second,
this study uses adaptive bandwidth selection, which has been
found to better fit unevenly distributed spatial data, such as
when using the centroids of the US counties (which vary in
geographical size) [40].

The coefficients in both global and local regression models
can be interpreted exponentially as the sensitivity of the num-
ber of COVID-19 case to a change of one unit difference in the
independent variable. The only difference in the coefficient
interpretation between model (1) and (2) is that the GWPR
coefficients can only be generalized to the number of COVID-
19 casewithin the zone covered by the kernel function and not
to the whole state.

Results

Table 1 presents the descriptive statistics of the variables used
in this study. We summarize the key findings as follows. On
average, in a zip code, there are 33 COVID-19 cases and
18,325 residents. As the concentrated disadvantage is a factor
score, it has a mean of 0 and standard deviation of 1.
Approximately 11% of population in a zip code is American
Indian and Alaska Native persons, 21% of population are over
65 year old, and one out of six people (16%) in working ages
does not have health insurance.

In terms of housing conditions, almost 6% of housing units
are overcrowded. Slightly more than 5% of housing units do
not have complete kitchen facilities, in contrast to almost 3%
without complete plumbing facilities. Regarding commuting
pattern, in an average zip code, almost 9% of working popu-
lation spend more than 60 min on commute, but less than 2%
ofworking population use public transportation as their means
of commute. Finally, almost 5% of households have limited
English speaking ability and the average Gini coefficient is
0.427, with a standard deviation of 0.069. As shown in
Table 2, concentrated disadvantage was strongly correlated
with percentage of American Indian and Alaska Native per-
sons and percentage of overcrowding housing units.
Percentage of American Indian and Alaska Native persons
was also strongly correlated with percentages of overcrowd-
ing housing units and households without complete plumbing.
Though some correlations are moderate to strong, they do not
directly translated into multicollinearity as confirmed by small
VIFs.

The conventional Poisson regression results are summa-
rized into Table 3. Model 1 only considers concentrated
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disadvantage, percentage of American Indian and Alaska
Native persons, and logged population density. The results
suggest that every one unit (i.e., standard deviation for this
variable) increase in concentrated disadvantage is associated
with 16% increase in the number of COVID-19 case
((exp(0.1478)-1)*100%). Similarly, one percentage point in-
crease in American Indian and Alaska Native persons is relat-
ed to 3% increase in the number of COVID-19 infection
((exp(0.0301)-1)*100%).

When adding older adults and percent of working popula-
tion without health insurance into Model 2, the association
between concentrated disadvantage and COVID-19 cases is
reduced by 50% ((0.0732–0.1478)/0.1478). That is, every one
unit increase in concentrated disadvantage is associated with
almost 8% increase in COVID-19 cases ((exp(0.0732)-
1)*100%). That said, these older adults and percent of

working population without health insurance help to explain
why structural inequality has a detrimental effect on COVID-
19 spread, and the increase in population without insurance is
positively related to the number of COVID-19 case. It should
be noted that the effect of American Indian and Alaska Native
persons is almost unaltered in Model 2.

Model 3 further considers housing conditions and commut-
ing pattern in a zip code. The effect of concentrated disadvan-
tage is slightly reduced to 7% increase in COVID-19 infec-
tion, should we observe a one-unit increase in concentrated
disadvantage. By contrast, the effect of American Indian and
Alaska Native persons on COVID-19 seems to be suppressed
by housing conditions and commuting pattern because the
estimated coefficient increases from Model 2 (β = 0.033). In
addition, as expected, housing units without complete plumb-
ing facilities, working population who spend more than

Table 1 Descriptive statistics
Mean S.D. Min Max

Confirmed COVID-19 cases 33.09 44.20 0.00 310

Total population 18,325.02 18,498.85 0.00 74,382

Concentrated disadvantage 0.00 1.00 −1.71 4.56

American Indian and Alaska native population 11.25 26.89 0.00 100

Logged population density 4.70 3.00 −3.00 9.29

% population over 65 21.40 14.81 0.00 84.42

% of adults without Insurance 16.41 10.55 0.00 82.64

% overcrowded household 5.69 8.29 0.00 100

% households without kitchen 5.47 9.35 0.00 100

% households without plumbing 2.90 9.27 0.00 100

% workers commuting more than 60 mins 8.97 9.55 0.00 100

% workers commuting by public transportation 1.55 2.97 0.00 25.93

% limited English speaking households 4.77 7.28 0.00 49.30

Gini coefficient 0.43 0.07 0.05 0.72

Table 2 Correlation matrix of all included variables

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12]

[1] Concentrated disadvantage 1.000

[2] AIAN population 0.657 1.000

[3] Population density − 0.194 − 0.333 1.000

[4] % population over 65 − 0.372 − 0.246 −0.302 1.000

[5] % of adults without insurance 0.599 0.381 −0.240 −0.236 1.000

[6] % overcrowded household 0.674 0.623 −0.185 −0.373 0.531 1.000

[7] % households without kitchen 0.509 0.705 −0.435 −0.058 0.283 0.474 1.000

[8] % households without plumbing 0.498 0.673 −0.331 −0.101 0.369 0.687 0.761 1.000

[9] % commuting more than 60 mins 0.159 0.215 −0.301 0.036 0.125 0.221 0.409 0.318 1.000

[10] % commuting by public transportation 0.270 0.090 0.087 −0.185 0.257 0.110 −0.069 0.032 0.051 1.000

[11] % limited English speaking households 0.569 0.414 −0.074 −0.266 0.490 0.358 0.545 0.418 0.227 0.114 1.000

[12] Gini coefficient 0.302 0.351 0.042 0.032 0.136 0.162 0.212 0.108 −0.079 0.041 0.137 1.000
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60 min on commute, and working population who use public
transportation all demonstrate a positive association with
COVID-19 infection.

In Model 4, Gini coefficient and language limitation seem
to explain why concentrated disadvantage aggravates
COVID-19 infection. Specifically, when including these two
variables, the effect of concentrated disadvantage further
drops by more than 25% ((0.0509–0.0682)/0.0682). As such,
a one-unit increase in concentrated disadvantage is only asso-
ciated with 5% increase in COVID-19 cases ((exp(0.0509)-
1)*100%). In contrast to Model 1, our independent variables,
overall, explain two-thirds of the effect. We would like to
emphasize that zip codes hosting more households with lim-
ited English speaking ability tend to have more confirmed
COVID-19 cases.

Based onModel 4, we implement GWPR analysis and sum-
marize the GWPR results into Table 4 and Fig. 1c as the liter-
ature suggests [40]. The five-number summary provides an
overview of how the local coefficients vary across study area,
and we conduct the test for spatial variability with the Chi-

square test in selection criterion for each independent variable.
The spatial variability test results are shown in the last column
of Table 4 and a negative value suggests that the spatial vari-
ability is significant in a certain variable [41]. As all the values
in the last column are negative, we have evidence to conclude
that the associations between all covariates and COVID-19
cases vary significantly across zip codes. We visualize the co-
efficient of concentrated disadvantage in Fig. 1c. In comparison
to the map of Tribal homelands in Arizona on the left side of
Fig. 1, the Fig. 1c map shows that the areas that have the strong
associations among structural inequality factors and COVID-19
cases were especially high on Tribal Nations—namely, Tohono
O’odham Nation, White Mountain Apache Reservation, and
San Carlos Apache Indian Reservation.

Conclusion

Native American Peoples and communities are disproportion-
ately affected by the COVID-19 pandemic [13]. There is an

Table 3 Poisson regression
model predicting the logged odds
of confirmed COVID-19 cases in
Arizona (global regression
model) N = 385

Model 1 Model 2 Model 3 Model 4

Concentrated disadvantage 0.1478*** 0.0732*** 0.0682*** 0.0509*

(0.0117) (0.0161) (0.0188) (0.0206)

American Indian and Alaska native population 0.0301*** 0.0302*** 0.0325*** 0.0331***

(0.0005) (0.0005) (0.0007) (0.0007)

Population density 0.0834*** 0.0767*** 0.0712*** 0.0695***

(0.0060) (0.0064) (0.0068) (0.0068)

% population over 65 0.0014 0.0030** 0.0035***

(0.0010) (0.0010) (0.0011)

% of adults without insurance 0.0122*** 0.0110*** 0.0095***

(0.0015) (0.0015) (0.0017)

% overcrowded household 0.0014 0.0032

(0.0027) (0.0029)

% households without kitchen − 0.0248*** − 0.0239***

(0.0032) (0.0034)

% households without plumbing 0.0141*** 0.0096*

(0.0037) (0.0041)

% workers commuting more than 60 mins 0.0100*** 0.0088***

(0.0018) (0.0020)

% workers commuting by public transportation 0.0184*** 0.0194***

(0.0045) (0.0047)

% limited English speaking households 0.0050**

(0.0019)

Gini coefficient − 0.1970
(0.2329)

Intercept − 7.1889*** − 7.3575*** − 7.4091*** − 7.3272***

Pseudo R-sq 0.6030 0.6076 0.6149 0.6154

AIC 5907.7924 5843.9025 5745.1525 5741.4960

Note: * p < 0.05; ** p < 0.01; *** p < 0.001

171J. Racial and Ethnic Health Disparities (2022) 9:165–175



immutable need to understand Native experiences beyond the
current statistics and contextualize Indigenous health ineq-
uities with sociohistorical and political structural indicators
that contribute to enduring health inequities. Aligned with
such goal, the present study investigated the relationships be-
tween structural inequalities and the confirmed COVID-19
cases in Arizona and spatial variations of the relationships as
of mid-May 2020. The results indicate that structural inequal-
ities prior to the current pandemic are strongly associated with
high cases of confirmed COVID-19 cases in Arizona. At the
baseline, concentrated disadvantage and presence of Native
Americans are both significantly and positively associated
with higher number of confirmed COVID-19 cases. These
associations do not disappear when we control for other de-
mographic and housing conditions. The relationship between
Native Americans and COVID-19 is partially explained by
housing conditions such as housing units without complete
plumbing facilities, which is consistent from findings from
other reservations [38]. This indicates that poor housing con-
ditions are key factors in why Native Americans have
disproportionally higher numbers of confirmed COVID-
19 cases in Arizona. Lastly, we found that areas with
more households with limited English speaking ability
tend to have more confirmed COVID-19 cases. This
demonstrates the importance of translating COVID-19
related health messages (e.g., written and audible com-
munication) in non-English languages including multiple
Indigenous languages beyond Spanish and Asian lan-
guages. For example, on Navajoland (i.e., Navajo
Reservation), only 9.3% of households speak English
only and 89.4% of households speak Indigenous

languages (and 19.6% of limited English speaking
households) [42].3 The effects of housing conditions
and language are similar to other research on COVID-
19 prevalence on Native American reservations [38].

Furthermore, the relationship between structural inequal-
ities and confirmed COVID-19 cases are especially strong in
the areas with high concentration of Native Americans. This
pattern is so stark that the map of GWR results displaying the
spatial relationship between concentrated disadvantage and
confirmed COVID-19 cases are almost identical with the
map of Tribal lands in Arizona (with the exception of the
Navajo Nation due to data restriction). GWR results demon-
strate that the relationships between structural inequality fac-
tors and COVID-19 cases were especially high on Tribal
Nations—namely, Tohono O’odham Nation, White
Mountain Apache Reservation, and San Carlos Apache
Indian Reservation. That is, these Tribal Nations were the
“hot spots” in Arizona. The results also suggest that reserva-
tions lands themselves epitomize the existence of structural
inequality that facilitated the COVID-19 pandemic. This find-
ing is critical for any public health mitigation efforts for com-
bating COVID-19 because it highlights that such efforts need
to simultaneously focus on proximal factors (e.g., providing
enough personal protective equipment and access to testing)
as well as distal factors (e.g., improving housing conditions
and access to water). Furthermore, federal and state agencies
must commit to providing greater institutional and

Table 4 Geographically weighted regression summary results

Min Q1 Q2 Q3 Max Diff-
criterion+

Spatial Variation

Intercept − 11.59 − 7.96 − 7.37 − 6.46 − 0.08 − 34.10 Non-stationary***

Concentrated disadvantage − 0.68 0.02 0.35 0.64 1.97 − 65.74 Non-stationary***

American Indian and Alaska native population − 0.14 0.00 0.03 0.05 0.13 − 62.17 Non-stationary***

Logged population density − 0.22 − 0.04 0.01 0.09 0.38 − 222.88 Non-stationary***

% population over 65 − 0.04 − 0.01 0.00 0.02 0.07 − 61.84 Non-stationary***

% of adults without insurance − 0.12 − 0.03 − 0.01 0.01 0.08 − 27.74 Non-stationary***

% overcrowded household − 0.14 − 0.03 0.00 0.07 0.21 − 96.81 Non-stationary***

% households without kitchen − 0.38 − 0.11 − 0.01 0.06 0.29 − 33.85 Non-stationary***

% households without plumbing − 1.17 − 0.42 − 0.09 0.02 0.51 − 88.74 Non-stationary***

% workers commuting more than 60 mins − 0.10 − 0.02 0.00 0.02 0.06 − 5.53 Non-stationary***

% workers commuting by public transportation − 0.31 − 0.04 0.04 0.09 0.91 − 118.40 Non-stationary***

% limited English speaking households − 0.16 − 0.06 − 0.01 0.01 0.24 − 13.89 Non-stationary***

Gini coefficient − 20.41 − 1.00 1.64 3.21 15.14 − 307.50 Non-stationary***

Note: Diff-criterion refers to the Chi-square test result in the difference between the original GWR model and the constant model
* p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001

3 Indigenous languages are assumed for what ACS labels as “Other
Languages”. Other languages do not include English, Spanish, other Indo-
European languages, and Asian and Pacific Island languages.
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instrumental support to Tribal Nations. This support will build
respect for Tribal sovereignty and will facilitate data informed
decisions to address the specific needs of their own Tribal
communities [38, 43].

The primary implications of our results are that structural
inequalities and presence of Native American residents are
significantly associated with the high numbers of confirmed
COVID-19 cases in Arizona. Tribal Nations experienced
greater effects of structural inequalities. These findings sug-
gest that Native Americans are disproportionately affected by
the current pandemic through multiple mechanisms, not only
are they at higher risk for severe illness and death if they
contract the COVID-19 at the individual level, they also reside
in areas with higher concentration of confirmed COVID-19
cases, especially those residing on Tribal lands [44]. This can
suggest that Native Americans face the higher risk of exposure
in their own communities. This is largely consistent with the
COVID-19 statistics in Arizona at large as Native Americans
account for over 12% of the confirmed cases and 16% of
COVID-19 related deaths even though they make up for only
about 4.6% of the state’s population [25].

Similar to Black American and Latinx experiences, Native
Americans are experiencing substantial health inequities due
to the residual effects of systematic racism in the form of
health injustices during the current pandemic.4 Although the
current pandemic is affecting everyone, the impacts of
COVID-19 are more profound, deleterious, and multifaceted
for Native Americans based on their race, Tribal affiliation,
class, gender, age, language, and places of residence. For ex-
ample, although data is currently unavailable, we suspect that
the residents of Navajo Nation are differently affected by the
current pandemic than non-Native Americans as well as
Native Americans residing outside of the Navajo Nation
boundaries. Those who reside in areas with limited access to
water [45]—as the results of abandoned uranium mines and
contamination of water from environmental racism [46]—
may have higher probability of contracting COVID-19 due
to their lessened ability to wash their hands frequently.
Furthermore, racism and stigma also contribute to health
emergencies for Native Americans [47, 48]. For example, a
white male of Page, the border town of the Navajo Nation,
was arrested in April when he publicly posted on social media
to kill all Navajos because they were “100% infected” with
COVID-19 [49]. Also, non-Native tourists and travelers have
not fully complied with the closure of Tribal lands, thus, likely
further increasing exposure to Tribal community members.

In the midst of combating the health emergencies spilling
over from the lasting effects of structural inequalities for
Native Americans, there are incredible ongoing efforts at

multiple levels from the Native American Peoples, communi-
ties, and Tribal leadership to protect Native Peoples and pro-
mote individual and collective resiliency. In April 2020, the
Navajo Nation and 10 other Tribal Nations have successfully
fought and won a lawsuit against the US Secretary of the
Treasury to ensure the equitable and just distribution of the
Coronavirus Relief Fund to help Tribal governments and not
profit the shareholders of the for-profit corporations [50]. The
Navajo Nation President Jonathan Nez has been proactive in
instituting policy in place (e.g., curfew orders) and high num-
bers of testing. He has been involved in on the ground efforts
to help the citizens of Navajo Nation through distributing
food, masks, and other essential items to elders and other
community members. Community organizations like
NATIVE HEALTH of Phoenix have expanded their services
to distribute food for children and families during this time
while staying committed to their coremissions of empowering
communities through addressing the social determinants of
health through combating housing insecurity and providing
employment services as well as cultural and educational pro-
grams. In addition, considerable efforts have been made to
make the information available in Indigenous languages
throughout the pandemic, as many Native American elders
are fluent in Indigenous languages only. Most importantly,
Native American Peoples have been actively supporting each
other in the community—e.g., organizing donation drives
then delivering essential items to the elders on reservation
lands and to Native American families in urban areas whose
members have contracted the coronavirus.

There are a few limitations of this study. Due to limitations
in data availability, the complete counts of confirmed
COVID-19 cases for the zip codes in Navajo Nation are not
fully captured. There is a great need for the state’s effort to
capture the racial inequities of the pandemic with greater ac-
curacy and reliability, especially for those reside on the Tribal
lands. Indeed, it is critical to respect the Tribal Nations’
Indigenous data sovereignty to make decisions about informa-
tion pertaining to their peoples, lands, and resources [32] and
not make overreaching investigations without Tribal authori-
ties and peoples. A second limitation is the cross-sectional
nature of this study as it captures the associations between
structural inequalities and the confirmed COVID-19 cases
based on data fromMay 14, 2020. As the pandemic is ongoing
and ever shifting in nature, future research should explicitly
consider the temporal component in addition to the consider-
ation of the spatial component. Third, the current study only
focuses on Arizona. Experiences of Native Americans from
other states likely qualitatively and substantially differ. Lastly,
the interpretation should use cautions as the confirmed
COVID-19 cases do not reflect the current risk of transmission
as the numbers represent the accumulated total over a few
months.

4 The residual effects of systemic racism do not insinuate that there is an
ongoing systemic racism currently; but highlights that the effects of racism
are long lasting and multi-dimensional.
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Despite these limitations, the study bringsNative American
experiences during the current pandemic to the center of the
public health dialog. It illuminates the strong relationships
between structural inequalities and confirmed COVID-19
cases and how they vary across Arizona. The findings also
highlight the enduring structural inequality artifact that is res-
ervation lands and how this particular structural factor influ-
ences the disproportionate impacts of the pandemic. The study
urges public health researchers to critically integrate the multi-
dimensionality of historical social injustices on Native
Americans into the social determinants of the health frame-
work. In other words, it is not enough to reduce the dispro-
portionate impacts of the current pandemic for Native
Americans, but there needs to be a systematic, holistic, cultur-
ally relevant, and Tribal-driven commitment to address the
social determinant of health among Indigenous Peoples both
on Tribal lands and in urban areas.
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