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Abstract

IMPORTANCE It is now established that across the United States, minoritized populations have
borne a disproportionate burden from coronavirus disease 2019 (COVID-19). However, little is known
about the interaction among a county’s racial/ethnic composition, its level of income inequality,
political factors, and COVID-19 outcomes in the population.

OBJECTIVE To quantify the association of economic inequality, racial/ethnic composition, political
factors, and state health care policy with the incidence and mortality burden associated with
COVID-19.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study used data from the 3142
counties in the 50 US states and for Washington, DC. Data on the first 200 days of the COVID-19
pandemic, from the first confirmed US case on January 22 to August 8, 2020, were gathered from
the Centers for Disease Control and Prevention and USAFacts.org, the US Census Bureau, the
American Community Survey, GitHub, the Kaiser Family Foundation, the Council of State
Governments, and the National Governors Association.

EXPOSURES Racial/ethnic composition was determined as percentage of the population that is
Black or Hispanic; income inequality, using the Gini index; politics, political affiliation and sex of the
state governor, gubernatorial term limits, and percentage of the county's population that voted
Republican in 2016; and state health care policy, participation in the expansion of Medicaid under the
Affordable Care Act. Six additional covariates were assessed.

MAIN OUTCOMES AND MEASURES Cumulative COVID-19 incidence and mortality rates for US
counties during the first 200 days of the pandemic. Main measures include percentage Black and
Hispanic population composition, income inequality, and a set of additional covariates.

RESULTS This study included 3141 of 3142 US counties. The mean Black population was 9.365%
(range, 0-86.593%); the mean Hispanic population was 9.754% (range, 0.648%-96.353%); the
mean Gini ratio was 44.538 (range, 25.670-66.470); the proportion of counties within states that
implemented Medicaid expansion was 0.577 (range, O-1); the mean number of confirmed COVID-19
cases per 100 000 population was 1093.882 (range, 0-14 019.852); and the mean number of COVID-
19-related deaths per 100 000 population was 26.173 (range, 0-413.858). A1.0% increasein a
county’s income inequality corresponded to an adjusted risk ratio (RR) of 1.020 (95% Cl, 1.012-1.027)
for COVID-19 incidence and adjusted RR of 1.030 (95% Cl, 1.012-1.047) for COVID-19 mortality.
Inequality compounded the association of racial/ethnic composition through interaction, with higher
income inequality raising the intercepts of the incidence curve RR by a factor of 1.041(95% Cl, 1.031-
1.051) and that of the mortality curve RR by a factor of 1.068 (95% Cl, 1.042-1.094) but slightly
lowering their curvatures, especially for Hispanic composition. When state-level specificities were
controlled, none of the state political factors were associated with COVID-19 incidence or mortality.
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However, a county in a state with Medicaid expansion implemented would see the incidence rate RR
decreased by a multiplicative factor of 0.678 (95% Cl, 0.501-0.918).

CONCLUSIONS AND RELEVANCE This county-level ecological analysis suggests that COVID-19
surveillance systems should account for county-level income inequality to better understand the
social patterning of COVID-19 incidence and mortality. High levels of income inequality may harm
population health irrespective of racial/ethnic composition.

JAMA Network Open. 2021;4(1):e2034578.
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Introduction

The disproportionate burden of coronavirus disease 2019 (COVID-19) on minoritized populations in
the United States is now well established."? The latest data indicate that age-adjusted mortality rates
among Black and Hispanic populations are 3.6 and 3.2 times higher, respectively, than for the
non-Hispanic White population.® This difference translates into almost 30 000 excess deaths among
Black and Hispanic residents in the United States, a figure expected to increase substantially in the
coming months, even under conservative modeling assumptions.

Understanding inequities in the context of COVID-19 requires not just a descriptive analysis of
racial/ethnic gaps but also explanatory studies that identify the structural drivers of those gaps.*
Such work is vitally important for shifting the narrative from one that places explanatory power on
race to one that recognizes the centrality of racism in shaping health.> Based on previous research in
social epidemiology,® there is reason to expect that structural drivers shaping health inequities may
be reflected in a community’s level of income inequality. As an upstream determinant of health,
income inequality influences both community-level characteristics (including the quality and
accessibility of housing, education, transportation, and other aspects of public infrastructure) and
individual-level physiological processes (primarily through the activation of cortisol and other stress
responses).” However, little is known about the role of income inequality as a driver of racial/ethnic
inequities with COVID-19.

Along with income inequality, the structural drivers of health inequities may also be reflected by
political attributes of places, signaling the increasing recognition of political determinants of health.®
A growing literature in the social sciences explores the link between right-wing policies and
population health,® and COVID-19 studies''? have found associations between state-level political
characteristics such as a governor’s party affiliation, sex, and term limit—as well as between a
county's proportion of Republican votes in the 2016 presidential election—and overall incidence and
mortality outcomes. Governors facing a binding term limit may exhibit different political behavior
from those able to run again.™

Although researchers have examined the association between COVID-19 outcomes and racial/
ethnic composition in either a simple correlation analysis at the county level or a linear regression
analysis at the individual level without focusing on incidence/mortality,'*'® no study, to our
knowledge, has examined the joint associations of income inequality, racial/ethnic composition, and
political attributes of places with COVID-19 outcomes. The objective of this investigation is to analyze
the US county-level associations of income inequality, racial/ethnic composition, and political
attributes with COVID-19 incidence and mortality in the first 200 days of the pandemic, covering the
first 2 major peaks in daily case counts in the country.'®
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Methods

Data

This cross-sectional study used data from the 3142 counties in the 50 states and for Washington, DC.
The 7 major sources included the Centers for Disease Control and Prevention and USAFacts.org,"”
the US Census Bureau,' the American Community Survey,'® GitHub,° the Kaiser Family
Foundation,?' the Council of State Governments,?? and the National Governors Association?® for the
outcome and the covariate variables. Table 1 presents a description of the data, including the variable
names, definitions, means and ranges of the variables, and their sources. The analysis included 3141
of 3142 counties, with Rio Arriba County, New Mexico, excluded because of missing information on
income inequality. The data are for the first 200 days of the pandemic from the first confirmed US
case on January 22 to August 8, 2020.'® This study represents, to our knowledge, the first attempt to
combine these data sources in a single analysis not reported or considered in other places. Because
all of the data used in the study are at the county or state level and in the public domain, the study
was exempted by the University of lllinois institutional review board. This study followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline.

Measures

The numbers of cumulative confirmed cases and deaths in a county (both per 100 000 population)
are the 2 outcome variables. To estimate the association of incidence and mortality with racial/ethnic
composition, economic inequality, and political characteristics, we controlled for 6 potential
confounding factors. These factors include percentages of population that were male, younger than
20 years, and 70 years or older; population density per square kilometer; number of days since the
first confirmed local case; and county population size (used to compute incidence and mortality
rates). The analysis included 3 relevant state-level political variables—whether a governor faced a
term limit, was Republican, or was male—as well as whether a state implemented Medicaid expansion
under the Affordable Care Act (ACA).

Table 1. Descriptions of the Variables in the Analysis of 3141 US Counties

Variable Definition Mean (range) Source
Incidence No. of confirmed cases per 100000 1093.882 (0-14019.852) CDC and USAFacts.org;
population US Census Bureau
Mortality No. of deaths per 100 000 26.173 (0-413.858) CDC and USAFacts.org;
population US Census Bureau
Male Male population, 2019, % 50.116 (42.992-73.486) US Census Bureau
Aged <20y Population aged <20y, 2019, % 12.201 (0-22.443) US Census Bureau
Aged 270y Population aged 270y, 2019, % 6.751 (1.597-21.939) US Census Bureau
ACA State implemented Medicaid 0.577 (0-1) kff.org, August 2020
expansion, 2020, proportion
Time since No. of days 128.173 (0-200) CDC and USAFacts.org
first case
Population Population per square kilometer, 105.462 (0.014-27 755.490)  US Census Bureau
density 2019
Black Black population, 2019, % 9.365 (0-86.593) US Census Bureau
Hispanic Hispanic population, 2019, % 9.754 (0.648-96.353) US Census Bureau
Gini index for 0 Indicates perfect equality and 44.538 (25.670-66.470) 2018 ACS
income 100, perfect inequality
inequality
Governor term 1 Indicates yes 0.182 (0-1) Council of State Governments
limit
Governor 1 Indicates Republican 0.569 (0-1) National Governors Association
party
Governor sex 1 Indicates male 0.838 (0-1) National Governors Association Abbreviations: ACA, Affordable Care Act: ACS,
Republican 2016 Republican vote ina 63.508 (4.122-95.273) GitHub with 3 county-specific American Community Survey; CDC, Centers for
R oy
vote county, % additions Disease Control and Prevention.
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The analysis included 3 key structural variables. First, to explore patterns by racial/ethnic
composition, the analysis used percentages of Black and Hispanic populations. Second, to measure
income inequality, the analysis used the Gini index. Last, to explore the political associations of
health, the analysis included 3 relevant state-level political variables described above and a county-
level political variable recording the percentage of the county’s population that voted Republican in
the 2016 presidential election. Finally, the analysis included whether a state implemented ACA
Medicaid expansion for assessing a state's health care type.

Statistical Analysis

Both outcomes are heavily skewed to the right and can be described by a negative binomial
distribution. To model such outcomes, multilevel negative binomial regressions with level-2 (counties
nested in states) random intercepts and a log link were applied. The log link implied that
exponentiated coefficient estimates provide relative risks (or risk ratios [RRs]) of incidence and
mortality for ease of interpretation. Two-sided P < .05 indicated statistical significance. Analyses
were performed using STATA, version 16.0 (StataCorp LLC).

Results

Main Findings

This study analyzed the association between COVID-19 incidence and mortality rates of 3141 US
counties and the following: the percentage of Black and Hispanic populations; the Gini index for
income inequality; a governor's sex, political affiliation, and term limit; percentage of population
voting Republican in 2016 in a county; a state's health care system type; and a set of control variables.
Within the 3141 analyzed counties, the mean Black population was 9.365% (range, 0-86.593%); the
mean Hispanic population was 9.754% (range, 0.648%-96.353%); the mean Gini ratio was 44.538
(range, 25.670-66.470); the proportion of counties within states that implemented Medicaid
expansion was 0.577 (range, O-1); the mean number of confirmed COVID-19 cases per 100 000
population was 1093.882 (range, 0-14 019.852); and the mean number of COVID-19-related deaths
per 100 000 population was 26.173 (range, 0-413.858). Table 2 presents estimated RRs for
incidence and mortality based on the data from the first 200 days of the pandemic in the United
States. With controlling for other variables, a 1.0% increase in a county’s Black population
corresponded to a 1.9% increase in incidence (RR, 1.019; 95% Cl, 1.016-1.022) and 2.6% increase in
mortality (RR, 1.026; 95% Cl, 1.020-1.033; models 1and 3). A 1.0% increase in a county's Hispanic
population corresponded to a 2.4% increase in incidence (RR, 1.024; 95% Cl, 1.012-1025) and a 1.9%
increase in mortality (RR, 1.019; 95% Cl, 1.012-1.025; models 1and 3). A1.0% rise in a county's income
inequality corresponded to a 2.0% rise in incidence (RR, 1.020; 95% Cl, 1.012-1.027) and 3.0% rise
in mortality (RR, 1.030; 95% Cl, 1.012-1.047; models 1and 3). None of the state-level political
characteristics—Republican governor, male governor, or governor facing a term limit—were
associated with COVID-19 incidence or mortality in the multilevel analysis. However, an association
was discovered for ACA Medicaid expansion: a county in a state with ACA Medicaid expansion had a
mean 32% lower incidence rate compared with counties in states that did not participate in ACA
expansion (models 1and 2). Participation in ACA expansion was not associated with mortality rates
(models 3 and 4).

Interactions Between Racial/Ethnic Composition and Income Inequality

An interaction was found between racial/ethnic composition and income inequality. Figure 1 plots
estimated COVID-19 confirmed infection rates by racial/ethnic composition and income inequality,
including their interaction, with controlling for all other covariates. The computation was based on
the observed values of these key structural variables within most of the counties, with all other
variables set at their mean values. Three patterns emerge. First, COVID-19 incidence rates were
higher among counties for each percentage increase of Black residents and especially of Hispanic
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residents (RR, 1.042; 95% Cl, 1.042-1.063). Second, income inequality interacted with the association
between incidence and racial/ethnic composition, with higher income inequality not only raising the
intercepts but also lowering the slopes of the incidence curves, more so for Hispanic than for Black
composition (RR, 0.999 [95% Cl, 0.999-1.000] for Black vs 0.999 [95% Cl, 0.998-0.999] for
Hispanic composition), indicating that the interaction between Black composition and income
inequality was not as strong as that between Hispanic composition and income equality. Finally,
income inequality was most strongly associated with higher COVID-19 incidence in counties with
relatively low proportions of Black or Hispanic residents, indicated by the greater separation of the 2
curves toward the lower end of Figure 1 (estimated incidence rate [IR] for Black composition, 587.26
[95% Cl, 493.41-681.12] at Gini value of 35% and 1001.69 [95% Cl, 838.91-1164.48] at Gini value of

Table 2. Estimated Incidence and Mortality RR From Multilevel Negative Binomial Models of Incidence and Mortality in 3141 US Counties

Incidence rate Mortality rate
Model 1 Model 2 Model 3 Model 4
Covariate RR (95% Cl) P value RR (95% Cl) P value RR (95% Cl) P value RR (95% Cl) P value
Male population 1.034 (1.021-1.048) <.001 1.036 (1.022-1.049) <.001 1.007 (0.978-1.038) .63 1.008 (0.978-1.038) .06
Population aged <20 y 1.082 (1.057-1.109) <.001 1.080 (1.054-1.106) <.001 1.161 (1.096-1.229) <.001 1.151 (1.087-1.218) <.001
Population aged 270 y 0.985 (0.962-1.009) 21 0.989 (0.966-1.013) .38 1.104 (1.043-1.169) .001 1.103 (1.042-1.168) .001
Time since first case 1.010(1.009-1.011) <.001 1.010(1.009-1.011) <.001 1.014 (1.012-1.017) <.001 1.015(1.013-1.017) <.001
Population density 1.000 (1.000-1.000) .06 1.000 (1.000-1.000) .02 1.000 (1.000-1.000) .07 1.000 (1.000-1.000) .04
ACA Medicaid expansion  0.678 (0.501-0.918) .01 0.681 (0.503-0.921) .01 1.080(0.681-1.714) 74 1.105 (0.700-1.745) .67
Governor term Limit 1.217 (0.886-1.672) 23 1.201 (0.874-1.651) .26 1.193 (0.732-1.944) .48 1.174 (0.724-1.903) .52
Governor Republican 1.097 (0.845-1.423) 49 1.103 (0.850-1.433) .46 0.873(0.587-1.300) .51 0.881 (0.594-1.306) .53
Governor male 1.116 (0.814-1.529) .50 1.109 (0.809-1.521) .52 1.132 (0.699-1.833) .61 1.115 (0.692-1.794) .66
Republican vote 1.003 (1.000-1.005) .046 1.002 (1.000-1.005) 11 0.999 (0.993-1.005) .79 1.000 (0.994-1.006) .97
Black population 1.019 (1.016-1.022) <.001 1.042 (1.023-1.063) <.001 1.026 (1.020-1.033) <.001 1.076 (1.029-1.125) .001
Hispanic population 1.024 (1.021-1.027) <.001 1.090 (1.069-1.112) <.001 1.019 (1.012-1.025) <.001 1.105 (1.062-1.149) <.001
Gini index 1.020(1.012-1.027) <.001 1.041(1.031-1.051) <.001 1.030(1.012-1.047) .001 1.068 (1.042-1.094) <.001
Black population x Gini ~ NA NA 0.999 (0.999-1.000) .01 NA NA 0.999 (0.998-1.000) .03
index
Hispanic NA NA 0.999 (0.998-0.999) <.001 NA NA 0.998 (0.997-0.999) <.001
population x Gini index
var(state-level 0.180(0.113-0.289) <.001 0.181(0.113-0.290) <.001 0.384(0.233-0.634) <.001 0.375(0.227-0.618) <.001
intercepts)
Model x? value (df) 1762.98 (13) 1826.95 (15) 439.58 (13) 471.80 (15)
Abbreviations: ACA, Affordable Care Act; NA, not applicable.

Figure 1. Incidence Estimations by County-Level Racial/Ethnic Composition and Gini Index for Income Inequality
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55%; for Hispanic composition: IR, 505.96 [95% Cl, 425.64-588.28] at Gini value of 35% and
1918.08 [95% Cl, 1535.14-2301.02] at Gini value of 55%).

In a similar presentation, Figure 2 plots estimated COVID-19 mortality rates by racial/ethnic
composition and income inequality with their interaction by controlling other covariates. The graph
presents similar findings to those in Figure 1, especially in terms of the separation between the 2
mortality curves at the low and high levels of inequality (estimated mortality rate [MR] for Black
composition, 10.13 [95% Cl, 7.14-13.13] at Gini value of 35% and 26.44 [95% Cl, 18.29-34.59] at Gini
value of 55%; for Hispanics, 10.13 [95% Cl, 7.11-13.16] at Gini value of 35% and 36.02 [95% Cl, 23.00-
49.04] at Gini value of 55%). Income inequality interacted with the association between mortality
and racial/ethnic composition, with higher income inequality raising the intercepts (RR, 1.068; 95%
Cl, 1.042-1.094) but lowering the slopes of the mortality curves more so for Hispanic composition
(RR, 0.998; 95% Cl, 0.997-0.999) than for Black composition (RR, 0.999; 95% Cl, 0.999-1.000).
There were 2 exception to the similarities. First, for income inequality levels at or below Gini values of
35%, there were no counties with Black composition greater than 5% and no counties with Hispanic
composition greater than 50%. Second, among those counties with inequality values at or below
35%, no counties reported any mortality, although a few reported incidence. Hence, there was much
awider 95% Cl for the estimated Black mortality rate than the counterpart 95% Cl for the estimated
Hispanic mortality rate, and the 95% Cls for the lower inequality level for either racial composition
were not narrower than those for the higher inequality level. Finally, when income inequality was
high, the association between estimated mortality rate and Black composition was still positive, but
it was almost absent between estimated mortality rate and Hispanic composition.

Discussion

Many studies have concluded that COVID-19 has revealed the fault lines of inequality in the United
States. Already, published research has shown a disproportionate burden of COVID-19 on minoritized
populations.”? This study expands that picture by illustrating how county-level income inequality
matters, in itself and through its interaction with racial/ethnic composition to systematically
disadvantage Black and Hispanic communities. For the nation to gain control of COVID-19 incidence
and mortality, it is essential that public health and government officials know which places are most
affected. This analysis found racial/ethnic composition, while important, does not reveal the full

Figure 2. Mortality Predictions by County-Level Racial/Ethnic Composition and Gini Index for Income Inequality
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complexity of the story. Income inequality—a measure not typically included in public health county-
level surveillance—also needs to be considered as a driver of the disproportionate burden borne by
minoritized communities across the United States.

Past studies that did not rely on multilevel analysis showed the association between state-level
political factors and COVID-19 outcomes.'2 In contrast to their findings, the present study did not
substantiate such political influence once states’ specificities were modeled with a multilevel data
analysis framework. This analytic framework, however, did not erase all state-level influences.
Counties in states that participated in ACA Medicaid expansion were found to have a sizable
reduction in incidence rates (models 1and 2).

This study used county-level population data of the first 200 days of the pandemic in the United
States to add to the growing literature documenting the harmful effects of racialized economic
inequality.® It must be emphasized that these processes are social rather than biological or genetic.?*
The analyses point to the fundamental cause of racialized economic inequality, not race, as a risk
factor producing health inequities. It also points to the complex association between racial/ethnic
composition and COVID-19 incidence and mortality, conditional on income inequality. Across all
counties, a higher Black or Hispanic population composition was always associated with a higher
incidence and a higher mortality. However, at lower levels of inequality, the association between
racial/ethnic composition and COVID-19 outcomes was greater than when inequality levels were
higher. High levels of income inequality harm population health (indicated by high levels of COVID-19
incidence and mortality), irrespective of racial/ethnic composition. This may reflect what income
inequality researchers have called the neomaterial pathway, linking high income inequality to the
breakdown of critical social systems and public infrastructure, including education, transportation,
and health care.?>2% At lower levels of Black or Hispanic racial/ethnic composition, this study found
that the burden of COVID-19 was more segmented by income inequality. This finding implies that
counties with relatively low proportions of Black or Hispanic residents may experience health effects
of income inequality associated with the neomaterial pathway, which connects income inequality to
population health through the breakdown of public infrastructure. On the other hand, higher levels
of Black and Hispanic composition often coincide with places of higher income inequality, and
because both structural factors are at a high level, a further increase of Black or Hispanic residents in
the racial/ethnic composition was no longer associated with additional health burden. This situation
is consistent with the psychosocial pathway, a central plank in the income inequality and health
literature. That body of literature rests on stress pathways to model how inequality gets under the
skin to affect bodily systems. There is a parallel model in use by critical race theorists, which states
that minoritized communities experience weathering associated with chronic activation of
fight-or-flight systems. 2”28

In most scenarios in this analysis, the association among racial/ethnic composition, income
inequality, and COVID-19 outcomes was positive. The only exception was the association between
mortality and racial/ethnic composition when income inequality was low. This is because very few
counties had low inequality and a sizable Black and Hispanic composition, yielding a greater
uncertainty for estimation. The differential association between incidence and mortality and racial/
ethnic composition between low and high economic inequality levels suggests that when one
structural factor is at work, there is less room for the other structural factor to come into play. This
association also supports the notion put forth by earlier studies for the use of composite variables
that measure both income inequality and racial/ethnic composition simultaneously, such as the index
of concentration at the extremes, as a critical tool for equity-focused public health surveillance.2%-*°
The overall positive associations found in this study suggest that with health equity as a stated goal of
the United States, real progress on this front will likely only come with a dedicated commitment to
dismantling structural racism and economic inequality, particularly racialized economic inequality.
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Limitations

This study has some limitations. First, confirmed incidence may vary by the extent of testing, and no
accurate data of testing variability and accessibility exist to include in the analysis. Second, county-
level associations may not be generalizable to community or neighborhood dynamics. Third, findings
based on the first 200 days cannot be extended to the other durations of the COVID-19 pandemicin
the United States, because the infection and mortality patterns in the initial and later periods can be
different. Fourth, the study analyzed only Black and Hispanic but not other ethnic population
compositions. Finally, as a cross-sectional study, the analysis does not include lagged effects or any
other longitudinal means to elucidate causal pathways.

Conclusions

This cross-sectional study reports a county-level ecological analysis of cumulative COVID-19 infection
and mortality rates for the first 200 days of the pandemic in the United States since January 22, 2020,
by examining the association between infection incidence and mortality on the one hand and the struc-
tural factors of racial/ethnic composition and income inequality on the other, with control for other im-
portant covariates. This analysis confirms the association between racial/ethnic composition and
COVID-19 incidence and mortality. A higher level of Black or Hispanic composition in a county is associ-
ated with a higher COVID-19 incidence and mortality; a higher level of economic inequality is also associ-
ated with a higher level of incidence and mortality. The study also substantiated that the association
between racial/ethnic composition and incidence/mortality is stronger when income inequality is rela-
tively low, especially for Hispanic populations. More generally, the study suggests that high levels of
income inequality may harm population health irrespective of racial/ethnic composition.
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