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Abstract

Objectives There is preliminary evidence of racial and social economic disparities in the population infected by and
dying from COVID-19. The goal of this study is to report the associations of COVID-19 with respect to race,
health, and economic inequality in the United States.

Methods We performed an ecological study of the associations between infection and mortality rate of COVID-19 and demo-
graphic, socioeconomic, and mobility variables from 369 counties (total population, 102,178,117 [median, 73,447; IQR, 30,761—
256,098]) from the seven most affected states (Michigan, New York, New Jersey, Pennsylvania, California, Louisiana,
Massachusetts).

Results The risk factors for infection and mortality are different. Our analysis shows that counties with more diverse demo-
graphics, higher population, education, income levels, and lower disability rates were at a higher risk of COVID-19 infection.
However, counties with higher proportion with disability and poverty rates had a higher death rate. African Americans were more
vulnerable to COVID-19 than other ethnic groups (1981 African American infected cases versus 658 Whites per million). Data
on mobility changes corroborate the impact of social distancing.

Conclusion Our study provides evidence of racial, economic, and health inequality in the population infected by and dying from
COVID-19. These observations might be due to the workforce of essential services, poverty, and access to care. Counties in more
urban areas are probably better equipped at providing care. The lower rate of infection, but a higher death rate in counties with
higher poverty and disability could be due to lower levels of mobility, but a higher rate of comorbidities and health care access.

Keywords Healthcare disparities - Health status disparities - Socioeconomic factors - COVID-19 - Economic inequality - Racial
disparity - United States - Population-based analysis - Ecological-based study

Introduction

The complexity of managing patients with the coronavirus dis-
ease 2019 (COVID-19), a global pandemic [1] originated in
China [2], has led to the widespread implementation of preven-
Electronic supplementary material The online version of this article tative measures such as social distancing and mask use [3] in
(httpsz//doi.o.rg/ 140.10047/540615—020—90833—4) contains supplementary many countries including the United States (US). As of April
material, which is available to authorized users. o

14, 2020, there were over 1.9 million confirmed cases around
the world with 601,000 cases and 24,129 deaths in the US alone
[4]. It has been reported that age 65 and older, body mass index
>40, diabetes [5] immunosuppression, smoking, hypertension,
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the preliminary evidence of racial disparities in the population
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data from fourteen states and suggested that the US Black
population may be disproportionally affected by COVID-19
[3]. This observation is consistent with the influenza A
(HIN1) pandemic where other studies showed evidence of
racial and ethnic disparities in the population affected both
in exposure, severity, and mortality of the disease [8, 9]. As
states release the racial and ethnic demographic data of
COVID-19 cases, in addition to the increased spread of this
disease to the central states, it is imperative that we understand
the patterns of infection and death to reduce the risks, espe-
cially for high-risk population, and resolve issues that impede
the provision of optimal care.

In this study, we conducted an ecological-based analysis to
explore racial and economic inequality associated with the
infection rate and risk of mortality due to COVID-19 in the
US. The goal of the study was to provide evidence on the
association of COVID-19 with respect to race, income level,
poverty, education, and the impact of preventative measures
such as social distancing. We trust that the decision making by
the states’ officials will be driven by data and based on their
unique needs and population characteristics to help in com-
bating this disease.

Methodology

The study was conducted at two levels: (1) analysis of popu-
lation characteristics (44 variables) for 369 counties in seven
states which had the highest rate of COVID-19 infection as of
April 9, 2020, along with COVID-19 infection and mortality
rates. The included states were California, Michigan, New
York, New Jersey, Louisiana, Pennsylvania, and
Massachusetts; (2) analysis of COVID-19-related infection
and death rate across all the states in the US with race/
ethnicity information on the affected subject when available.

Data Source, Outcomes, and Independent Variables: Data
sources in this study include (1) publicly available data from
USAfacts and the US Census Bureau for COVID-19 cases and
county-level demographic data [10, 11], (2) COVID-19 data
reported by each state on their department of health websites
[10], (3) State Population by race/ethnicity data [12, 13], and
(4) mobility data extracted from Google [14].

The variables used in this study include county-level infor-
mation on total population, mobility, race, poverty level, me-
dian income, education, disability, and rate of the insured
population. Mobility data were extracted from Google as re-
ported on April 05, 2020. The state-level data were extracted
on April 16, 2020. The outcome variables include the rate of
COVID-19 infection and all COVID-19-related death as pro-
vided by each state’s department of health as of April 09,
2020. The infection rate is based on the reported results from
all the laboratories testing samples in each county/state. The

mortality data are reported by hospitals, nursing homes, and
other health facilities. Table 1 summarizes the data elements
used in this study. Only data provided by the states on their
official websites were included in this study. Additionally, to
compare the rate of COVID-19 cases and death, the popula-
tion data for each ethnic/racial group affected were extracted
from health department websites.

Statistical Analysis We summarized all continuous variables as
mean =+ standard deviation or median with inter-quartile range
[IQR] and categorical variables as percentages. Data from
different sources were extracted and analyzed for outliers.
Values not within three inter-quartiles were removed as part
of the data pre-processing. Each continuous variable was cen-
tralized and z score transformed. Thus, the transformed vari-
ables passed the normality test and the correlation matrix was
created. Bivariate, partial correlation, and regression were
used to test hypotheses of association. The correlation coeffi-
cients between “death rate” and “infection rate” with indepen-
dent variables were calculated by Pearson’s correlation (R corr
package). Partial correlation was further evaluated by
Pearson’s correlation (R ppcor package) to determine if the
existing correlation was still valid after controlling the second
independent variable. The Bonferroni correction for multiple
testing of controlling variables was considered to adjust the p
value of the correlation. Bivariate linear regression adjusted
for “State” variables was utilized to test the association be-
tween “death rate” or “infection rate” with independent vari-
ables. The raw p value was present in the forest plot. False
discovery rate (FDR) corrections for multiple testing were
calculated using the Benjamin and Hochberg procedure.
Statistical analyses were performed using R version 3.6.2
[16]. and IBM SPSS Statistics 26 [17].

Results

Population, Mobility, and Socioeconomic
Determinants

We extracted data from four different sources on 369 counties
from seven states, including five states from the East Coast
(Michigan, New York, New Jersey, Pennsylvania, and
Massachusetts), one state from the West Coast (California),
and one state from the South (Louisiana) with the total popu-
lation of 102,178,117 (median, 73,447; IQR, 30,761-
256,098). The information on race, income, education level,
insurance, poverty, and disability including the description of
abbreviated variables is summarized in Table 1,
(Supplemental Table S1 includes additional summary
statistics of the dataset).

Our data show a significant association among different
socioeconomic determinants, such as poverty level, education,
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and income (see Table S2). In particular, counties with a
higher percentage of people below the poverty level had a
significantly lower percentage of the population with higher
education (Pearson correlation, —0.52, p <0.005 for
Bachelor’s degree; Pearson correlation, —0.61, p <0.005 for
high school), as well as a lower percentage of people insured,
but a higher percentage of people on Medicaid (Pearson cor-
relation, 0.77, p < 0.005) or on disability (Pearson correlation,
0.41, p <0.005; see Table S2 for more details). Counties with
a higher percentage of residents below the poverty level had a
higher percentage of Blacks (Pearson correlation, 0.52,
p<0.005 for men; Pearson correlation, 0.50, p <0.005 for
women) and a lower percentage of non-Hispanic Whites
(Pearson correlation, —0.30, p <0.005 for men; Pearson cor-
relation, —0.33, p <0.005 for women).

Counties with a Higher Total Population, More
Diverse Demographics, Higher Education, and Income
Level Are at a Higher Risk of COVID-19 Infection

The COVID-19 infection rate per one million (mean, 912.20
+1034.26) ranged from 15.36 to 5093.99 in different counties
(Table 1 and S1). Figure 1 shows the map of Pennsylvania
with total population for each county, rate of infection and
death due to COVID-19 infection, as well as, median income
in the counties and percentage of the population who are

COVID Rate - Total Population
Total Population
(in Millions)
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. o
) : .. 04

Rate of COVID

® 1000
® 2000
@ 3000
@ <000

% Non-Hispanic

//‘ White
o 75
[ ) . 50
. o 25
[
o, N
. v Death Rat
o ea’ ate
[ ]
. . ° ° N ° ® 25
® o/, ® 50
° o) ° ® ® s
@ o0

identified as non-Hispanic Whites. The map of the other six
states is provided as Supplemental Fig. S1-S6 for reference.
The outliers were not removed in these figures.

The results of the bivariate linear regression (Fig. 2,
Table S3) estimate effect sizes (regression coefficients) of a
number of variables contributed to COVID-19 infection when
controlled for states in the model. Counties with a higher
population (est. 0.34, 95% CI 0.24, 0.44, ¢ < 1.1E-08), a
higher median income (est. 0.36, 95% CI 0.25, 0.48, ¢ <
2.3E-08), and a more diverse population (higher percentage
of Hispanics, Asians, and Blacks) have a higher rate of infec-
tion. More specifically, a higher percentage of Asians (est.
0.32, 95% CI1 0.20, 0.44 g < 6.3E-07, women; est. 0.32, 95%
CI 0.20, 0.43, g <4.5E-07, men), Blacks (est. 0.47, 95% CI
0.32, 0.62, ¢ <2.3E-08, women; est. 0.35, 95% C1 0.20, 0.51,
q < 1.7E-05, men), and Hispanics (est. 0.49, 95% CI 0.34,
0.64, ¢ < 1.2E-08, women; est. 0.46, CI 0.31, 0.62, ¢ < 8.1E-
08, men) are associated with a higher rate of infection while a
higher percentage of non-Hispanic Whites (est. —0.41, 95%
CI—-0.55,—0.26, ¢ <2.9E-07, women; est. — 0.44, 95% CI —
0.58,—0.30, ¢ <4.2E-08, men) is associated with a lower rate
of COVID-19. Change in grocery mobility (est. —0.24, 95%
CI —0.36, —0.13, g <5.5E-05), retail mobility (est. —0.26,
95% CI —0.38, —0.14, g <4.5E-05), and work mobility (est.
—0.31, 95% CI —0.43, — 0.20, ¢ <9.0E-07) were associated
with a lower rate of infection. Another protective factor in

Pennsylvanla Death Rate - Total Population

Total Population

(in Millions)
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Fig. 1 Population count, non-Hispanic White, and Median Income and the rate of COVID-19 and related death in the counties of the state of

Pennsylvania, as of April 9, 2020
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a Death_Rate ~ Risk factor + State + Intercept
P value estnma(e(QS%ClE
Asian Female 3.026e-0: — -0.267 (-0.41--0.124)
Asian Male 1.453e-0: —_— -0.227 (-0.365 - -0.088))
lack Female 4.646e-0 -0.064 (-0.236-0.108
lack Male 3.843e-0 -0.082 (-0.269 - 0.104
achelor . 7.981e-0 e -0.246 2 -0.388--0.103 ;
achelors Asian 76e-0: -0.233 (-0.392 - -0.073
achelors Black 97e-0: -0.155 (-0.315-0.004 )
achelors Hispanic 96e-0: —_— -0.182 2 -0.332--0.032 ;
achelors White 386e-0: — -0.263 (-0.405 - -0.121
Lomguter 701e-0: -0.162 (-0.336-0.011)
Disa ilit¥\/| 34e-0: 0.27 (0.087 - 0.452 )
Grocery Mobility 77e-0: 0.207 (0.022 - 0.393 )
Hispanic Female 39e-0. -0.21(-0.381 --0.039)
Hispanic Male 05€-0: -0.225(-0.402 --0.048)
High Scho: 08e-0 -0.134 (-0.294 - 0.026 )
High School Asian 28e-0 —_— -0.037 (0—0 183-0.11)
High School Black 71e-0: -0.21 é 1415 - -0.005)
High School Hispanic 8.526e-0 -0.016 (-0.19-0.157)
High School White 15€-0: -0.213(-0.384--0.042)
nsured Asian 09e-0 -0.029 (-0.187-0.13)
nsured Black 17€-0. -0.261(-0.454 - -0.068
nsured Female 01e-0: 0224 (-0414--0.034
nsured Hlsﬁ)amc 71e-0 0.103 (-0.079-0.285)
nsured Male 96e-0: -0.295(-0.483--0.106
nsured White 35e-0f -0.479 (-0.676 - -0.283
edian Income 98e-0 e -0.265(-0.408 - -0.122
Viedicaid 61e-0: — 0.171(0.034 - 0.307 )
hite Female 19e-0 - 0.117 (-0.051 - 0.285
White Male 776e-0: 0.143(-0.027 - 0.313
Parks Mobility 432e-0 -0.138(-0.324-0.047 )
overty 91e-0: — 0.148 (-0.003 - 0.299
Poverty Asian 1.749e-0 o 0.107 (-0.048 - 0.262
overty Black 3.740e-0: 0.227 (0.013-0.44)
Poverty Female 5.583e-0: —— 0.153 (-0.004-0.31)
overty HlsFanlc 1.996e-0: I 0.173(0.028 - 0.318 )
Poverty Mals 85e-0: - 0.146 (-0.005-0.297)
Poverty White 168e-0: 0.231(0.074 - 0.3883)
COVID Rate 533e-0: I -0.207 (-0.361--0.053)
Residential Mobility 3.761e-0 e 0.064 2 -0.079 - 0.208 )
Retail Mobility 901e-0 0.095 (-0.081-0.27
Total Population 253e-0¢ I— -0.332 (-0.466 - 0.19& )
Transit Mobility 087e-0 —_— -0.051(-0.204-0.102 )
Work Mobility 2.332e-0 —_ 0.093 (-0.06 - 0.246 )
*Full factor description is available in Table 1. 4 ' !
-05 05

0
estimate(95%Cl)

b Rate_COV ~ Risk factor + State + Intercept N
. P value estimate(95' /ng
Asian Female 1.760e-07 — 8 g1§ 2 8 %8; - g 432 ;
Asian Male 1.134e-07 —_— .31 2 -04
lack Female 2.234e-09 —_— 0.471(0.32-0.621)
lack Male 5.494e-06 — 0354 2 0.204-0.505 ;
achelor . 1.157e-07 —_— 0.299 (0.191 - 0.408
achelors Asian 56866.03 J— 0.137 (0.04 - 0.235)
achelors Black ~ 4.674e-05 — 0.221(0.116-0.326
achelors Hispanic  2.267e-02 —_— 0.115(0.016-0.213
achelors White 2.670e-09 —_— 0.344 (0.234 - 0.455
Computer 42496.02 I 0.12(0.004 0236 )
Disability 533e-03 —_— -0.179(-0.313 - -0.04
DeathRate 463e-03 — -0.159 (-0.265 - -0.053
Grocery Mobility 2.195e-05 —_— -0.244 (-0.355--0.132
Hispanic Female 5.717e-10 ——=——  0.491(0.341-0642)
Hispanic Male 1.318e-08 _— 0.463 (0.307 -0.618 )
High School 213e-01 - 0.076 (-0.046 - 0.198 )
High School Asian  6.602e-02 —— 0.092(-0.006-0.19)
High School Black 4 905e-04 —_— 0.182(0.08 - 0.283
High School Hispanic 8.835e-01 —_— -0.007 E -0.108 - 0.093 )
High School White 257e-04 —_— 0.236 (0.116-0.355)
nsured Asian 4.482e-01 —— 0.037 (-0.059-0.134)
nsured Black 176e-01 _— 0.054 (-0.052-0.16)
nsured Female 153e-01 —_— 0.104 (-0.026 - 0.233)
nsured Hls?anlc 538e-02 _— -0.099 (-0.211-0.014)
nsured Ma 090e-03 —_— 0.181 2005-0313§
nsured Whit: 1.418e-04 —_— 0.251(0.123-0.38
edian Income 2.487e-09 —_— 0.364 (0.247 - 0.481
edicaid 843e-03 —_— -0.15(-0.261--0.04
hite Female 5.995e-08 — -0.409 (-0.554 - -0.26
White Male 5.816e-09 —_— -0.439 (-0.584 - -0.295
arks Mobility 5.288e-02 0.184 E -0.002-0.37)
Povert: 5.174e-03 —_— -0.167 (-0.284--0.05)
overty Asian 3.762e-01 —_— -0.043(-0.137-0.052)
Poverty Black 6.279e-05 —_— -0.213(-0.316--0.11)
overty Female 2.373e-03 —_— -0.189 (-0.311--0.068)
overty Hispanic 3.740e-01 —— -0.043(-0.139-0.052)
overty Mals 464e-03 — -0.155 (-0.268 - -0.042)
overty White  2:977e-08 E— -0.304 (-0.41--0.199
esidential Mobility 1.607e-01 T 0.077 (-0.031-0.184
etail Mobility 1.554e-05 —_— -0.259 (-0.375--0.143)
Total Population 2.526e-10 —_— 0.341(0.239-0.444)
Transit Mobility 2.545e-01 — -0.085 (-0.233 - 0.062 )
Work Mobility 2.730e-07 E— -0.313(-0.431--0.196)
*Full factor description is available in Table 1. f T T T !
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Fig. 2 a Bivariate analysis of factors for mortality due to COVID-19. b Bivariate analysis of factors for infection by COVID-19

terms of rate of infection for the counties analyzed was a
higher percentage of disability (est. —0.159, 95% CI —
0.265,—0.053, ¢ <0.006). We also analyzed the rate of infec-
tion for counties with respect to their percentage of uninsured
and found no significant association other than among men
(est. 0.181, 95% CI 0.05, 0.313, ¢ <1.2E-02) and non-
Hispanic Whites (est. 0.251, 95% CT 0.123, 0.380, ¢ <3.1E-
04). Furthermore, in our stepwise regression model, minorities
specifically Black and Hispanic women, poverty, and level of
education among non-Hispanic Whites, disability, the total
county population, and level of mobility are predictors of the
rate of COVID-19 infection (Table S4).

Counties with a Smaller Population, Higher Poverty
Levels, and Higher Disability Have a Higher Rate of
Mortality

The COVID-19-related death (mean, 4.13% +2.70%; medi-
an, 3.40; IQR, 2.22-5.61) varied among different counties
(Table 1 and S1). Figure 2 and Table S5 show the results of
the bivariate regression analysis estimating the odds of mor-
tality due to COVID-19 infection (model corrected for states).
Protective factors for the counties are a higher percentage of
Asians (est. —0.27,95% CI — 0.41,—0.12, g < 0.003, women;
est. —0.23, 95% CI —0.37, —0.09, ¢ < 0.009, men) and edu-
cation level with a bachelor’s degree or higher with an odds
ratio ranging from —0.41 to —0.03 across the various ethnic-
ities (see Fig. 2). Other protective factors for counties include
having a higher percentage of people insured (strongest indi-
cator being for non-Hispanic White people with an estimate of

@ Springer

—0.48, 95% CI —0.68, —0.28, ¢ <6.0E-05) and median in-
come (est. —0.27,95% CI—0.41,—0.12, ¢ <0.003). The total
population in the counties is also a major indicator (est. — 0.33,
95% CI—0.43, —0.20, g < 6.0E-05) of lower COVID-related
death. We have also explored the association between total
population and various confounding factors, such as mobility
data when analyzing the death rate and found that the total
population is still an important protective factor (see Table S6,
Fig. S7 and S8). Factors significantly associated with higher
mortality in the counties analyzed include a higher percentage
of people under the poverty level (for all the races analyzed in
this study), a higher percentage of people on Medicaid (est.
0.17,95% C10.03, 0.30, ¢ < 0.04), and a higher rate of people
with disability in the county (est. 0.27, 95% CI10.09, 0.45, g <
0.02). Grocery mobility was also highly associated with mor-
tality (est. 0.21, 95% CI1 0.02, 0.39, ¢ < 0.06).

To better understand the characteristics of counties with
higher or lower death rates, we performed a comparative anal-
ysis using ANOVA and found that, similar to the above,
counties with more population diversity, higher income and
education, a lower rate of disability, and a higher rate of the
insured population have a significantly lower than the median
death rate. Table 2 and Table S7 summarizes the population
characteristics when counties are compared with death rate
lower and higher than the median (median death rate is 3.4%
across the counties in the seven states, Table S1). Park and
retail mobility changes are significantly different between the
two groups. The average number of Asians (both man and
woman), as well as Hispanics (both man and woman), is sig-
nificantly higher (p <0.05) in group 1 (death rate <3.4). The
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ANOVA—between

groups
Sig.

Group 2: death rate > 3.4 (N:109)

Group 1: death rate <3.4 (N: 109)

Total (V: 218)

Table 2 (continued)
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Std. deviation

Mean

Std. deviation

Mean

Std. deviation

Mean

Covariates

9.39E-03
1.06E-03
9.59E-04
5.14E-03
1.03E-02
1.45E-01
2.83E-01
1.33E-05
9.23E-04

8.00
3.10
3.13
2.80
5.10
6.57
9.15
2.55
7.30

15.41

7.78
2.87
3.03
2.57
3.03
423
7.25
2.09
6.36

18.22
12.92

92.45

8.00
3.06
3.15
2.73
4.24
5.51
8.26
2.43
7.01

16.82
13.59
91.75

93.87

Bachelors Hispanic**

Disability**

14.26
91.05

93.35

Disability/insurance

Insured male**

94.39

Insured female**
Insured Black®**

Insured Asian

90.69
91.57

92.16

91.42
92.14

92.68

85.06
93.80

86.26
95.21

85.66
94.50

Insured Hispanic
Insured White**

Medicaid**

24.00

20.88

22.44

Full risk factor description is available in Table 1

**Denotes statistically significant

counties with higher death rates have lower median income
and higher poverty levels across all the races. The group with
a lower death rate has also a higher rate of the insured popu-
lation and a lower rate of disability. The percentage of
Medicaid is significantly higher in the group with a higher
death rate.

COVID-19 Infection and Mortality Are Higher Among
African Americans

We have also extracted data on all the states with respect to
race distribution (see Table S8). As of April 16,2020, we have
observed that African Americans, as defined in the reports,
have a higher rate of COVID-19 infection and a higher death
rate. The number of African Americans infected by COVID-
19 is 64,605 (1981 cases per million) with the number of
deaths reaching 6181 (211 deaths per million), while the num-
ber of Whites, as defined in the reports, is 104,914 (658 cases
per million) infected and 9806 (76 deaths per million) dead
leading to a disproportional percentage of African Americans
infected (p <0.0001) by COVID-19 and dead (p <0.0001) as
the result. The number of infected Latinos and Asians per
million, as defined in the reports, is 947 and 390, while the
rate of mortality (per million) is 82 and 52 respectively.

Discussion

Our analysis highlights that counties with a higher total pop-
ulation, more diverse demographics, higher education, and
income level are at a higher risk of COVID-19 infection; how-
ever, counties with a smaller population, higher disability
rates, and higher poverty levels have a higher rate of mortality.
The conflicting results for counties’ population could be relat-
ed to the population density, easier access to the high quality
of healthcare, and more experience managing the COVID-19
infection due to the higher number of patients. One can argue
that counties with fewer residents have a higher rural popula-
tion. Studies have shown that there are significant differences
in the overall healthcare assessment of rural populations as
compared with urban populations [18]. Our observation is
also aligned with a recent analysis of health differences in
3053 US counties, showing that rural areas are more likely
to have poorer health outcomes [19]. The association of pov-
erty and disability makes the conclusion of this study more
complex and beyond the analysis of social determinants. By
adding the interaction terms in the linear regression model
(death rate~poverty + disability + poverty:disability) of death
rate, we do not observe a significant interaction (p =0.469),
suggesting these two variables could be independent in their
contribution to the risk of mortality. Populations with a higher
disability [20] and lower median income [21] might be less
mobile, have more comorbidities [22, 23], and also less likely
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benefit from timely high-quality care [24] and high-quality
nutrition; all of these factors could be equally important to
combating this pandemic [25, 26]. Furthermore, our analysis
of the preliminary data on mobility, given the recent social
distancing guidelines, corroborate the impact of this interven-
tion on lowering the infection rate and death.

Our findings highlight that race (especially Black) is a risk
factor for the infection. To further our understanding of the impact
of race, we performed an additional comparative analysis using
ANOVA and found that counties with fewer than median non-
Hispanic Whites (group 1: percentage of non-Hispanic Whites <
39.7%) had a significantly lower total population (p <5.2E-15)
than counties with more than median non-Hispanic Whites (group
2: percentage of non-Hispanic Whites > 39.7%); however, the rate
of mortality is significantly higher (p <0.003) while the rate of
infection is significantly lower(p <4.4E-13) in this group;
Table S9 includes additional details. Finally, access to insurance
was a protective factor in terms of mortality from COVID-19, but
access to insurance did not significantly associate with the rate of
infection. Comparison of counties with higher or lower than me-
dian death rates provided further evidence of the association of
lower median income and higher poverty levels across all the races
with mortality. The counties with a higher death rate also had a
higher percentage of people on Medicaid. The latter is expected
since Medicaid is significantly associated with the rate of poverty
(Pearson correlation, 0.769, p < 0.005) as well as the rate of dis-
ability (Pearson correlation, 0.428, p < 0.005). Descriptive statistics
of data from all the states also corroborates that African Americans
might be disproportionally affected by this pandemic as of April
16, 2020. This observation is consistent with the HIN1 pandemic,
where studies have shown evidence of racial and ethnic disparities
in the population affected in terms of exposure, severity, and mor-
tality of the disease [8, 9]. Finally, historical data have taught us
that minorities and people of color tend to be more affected by
different diseases [27-30].

This is the first systematic study on the racial, health, and
economic disparity, as well as education, mobility, and
COVID-19 infection in the US with the available data from
the most severely impacted states. Our study had several lim-
itations; the data was not granular, and we had missingness,
especially for smaller and less populated counties. Access to
the infected patient information and mortality data was not
possible, and only aggregated data were used. Furthermore,
many states claimed difficulties in reporting racial/ethnic de-
mographic data due to patients opting out of providing their
racial identification. The lack of clarity resulted in partially
reported data for the death and case rate per million reported
in this article, due to some states reporting on racial data for
one, two, or all the racial variables specified in this study. The
infection rate estimate may be underrepresented, as some in-
dividuals may have mild symptoms but lacked clinical vali-
dation of the infection. Finally, our in-depth analysis was

based on only seven states, leading to conclusions that may
not be generalizable to other regions.

Conclusion

Implications of the results from this study highlight the value
of'the targeted interventions, as different counties, even within
the same state, may have different characteristics and different
needs. Furthermore, as the association between COVID-19-
related fatality and infection is different among different race
and health status, it is important to further study the impact of
the immune system and immune-boosting strategies in the at-
risk population (such as people with certain disabilities or
those residing in elderly community centers), as preventive
measure along with other measures based on social distancing
guidelines and the ability to work from home.
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