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Objectives: The United States has the highest number of coronavirus disease 2019 (COVID-19) in the
world, with high variability in cases and mortality between communities. We aimed to quantify the
associations between socio-economic status and COVID-19erelated cases and mortality in the U.S.
Study design: The study design includes nationwide COVID-19 data at the county level that were paired
with the Distressed Communities Index (DCI) and its component metrics of socio-economic status.
Methods: Severely distressed communities were classified by DCI>75 for univariate analyses. Adjusted
rate ratios were calculated for cases and fatalities per 100,000 persons using hierarchical linear mixed
models.
Results: This cohort included 1,089,999 cases and 62,298 deaths in 3127 counties for a case fatality rate of
5.7%. Severely distressed counties had significantly fewer deaths from COVID-19 but higher number of
deaths per 100,000 persons. In risk-adjusted analysis, the two socio-economic determinants of health
with the strongest association with both higher cases per 100,000 persons and higher fatalities per
100,000 persons were the percentage of adults without a high school degree (cases: RR 1.10; fatalities: RR
1.08) and proportion of black residents (cases and fatalities: Relative risk(RR) 1.03). The percentage of the
population aged older than 65 years was also highly predictive for fatalities per 100,000 persons (RR
1.07).
Conclusion: Lower education levels and greater percentages of black residents are strongly associated
with higher rates of both COVID-19 cases and fatalities. Socio-economic factors should be considered
when implementing public health interventions to ameliorate the disparities in the impact of COVID-19
on distressed communities.

© 2020 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
Introduction

The coronavirus disease 2019 (COVID-19) pandemic is a
worldwide public health crisis on a scale not witnessed in modern
times. The United States has the highest number of COVID-19 cases
and fatalities in the world.1 There is wide variability in COVID-
19erelated mortality across countries and between communities
within the U.S. While research has identified a number of risk
factors for mortality such as age and comorbid disease, there are
new data suggesting social determinants of health also influence
outcomes.2,3 Data from the Centers for Disease Control and Pre-
vention suggest strong racial disparities in both COVID-19 preva-
lence and outcomes.4 This point has been highlighted by the U.S.
Surgeon General, the lay press, and recent publications.4e6
Cardiovascular Surgery, Uni-
924-5052.
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Socio-economic factors impact all facets of human functioning,
including health-related quality of life. While a few publications
have speculated on the impact of socio-economic status on the
COVID-19 pandemic, there is limited quantitative analysis
available.7e10 A unique opportunity for investigation lies with the
Distressed Communities Index (DCI). This metric was developed by
the Economic Innovation Group and is a comprehensive estimate of
socio-economic status by geographic location.11 The DCI is a com-
posite socio-economic ranking that accounts for unemployment,
education level, poverty rate, median income, business growth, and
housing vacancies. Previous studies have correlated a higher DCI
score (lower socio-economic status) with worse health-related
outcomes.12e14 The objective of this study was to quantify the as-
sociation between socio-economic status, both the composite
metric of DCI and its individual component measures, and COVID-
19 outcomes, accounting for other risk factors such as age and
chronic diseases. We hypothesized that communities with lower
ghts reserved.
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socio-economic status (higher DCI scores) would have dispropor-
tionately higher COVID-19 prevalence and mortality.

Methods

Data sources and definitions

COVID-19erelated cases and mortality were extracted from a
publicly available data set of aggregated county sources (USAFacts)
on May 2, 2020.15 In addition, county-level estimates for chronic
diseases were obtained from the Centers for Disease Control and
Prevention. Specifically, the Centers for Disease Control and Pre-
vention (CDC) COVID-19 response team used data from the 2018
Behavioral Risk Factor Surveillance System and U.S. Census popu-
lation data to model prevalence of chronic diseases potentially
associated with COVID-19 risk.16 The model estimates for chronic
kidney disease, chronic obstructive pulmonary disease, heart dis-
ease, obesity, and diabetes at the county level were included for risk
adjustment. The data for rates of uninsured individuals under age
65, percent of population black, and percent of population age over
65 were obtained from the American Communities Survey 5-year
Estimates. The United States is geographically and governmentally
organized into 50 states. The states are then subdivided into
counties with their own local governance structures. There is wide
variability in the population and size of the states and counties,
with the number of counties per state ranging from 3 (Delaware) to
254 (Texas). There is a total of 3143 counties or county-equivalent
areas (parishes in Louisiana and boroughs in Alaska). At the time
of writing, the most granular COVID-19erelated data for the United
States were available at the county level.

Socio-economic status was measured using the DCI and its
components. A data use agreement is in place with the Economic
Innovation Group.11 The DCI score is available for 99% of the United
States population and is derived from the American Communities
Survey 5-year Estimates and Census Bureau County and Zip Code
Business Patterns. The score is composed from the following data
points: ‘percentage adults with no high school degree, housing
vacancy rate, percentage of adults not working, poverty rate, me-
dian income ratio, percentage change in employment, and per-
centage change in business establishments.’ Detailed data
definitions are available in Supplemental Table 1. The score ranges
from 0 (no distress) to 100 (most distress) and is available on the zip
code, county and state level. Severely distressed communities were
defined by a DCI score >75. This study conformed to the principles
embodied in the Declaration of Helsinki and was exempt from re-
view by the University of Virginia Institutional Review Board due to
the deidentified nature of the publicly available data sets.

Counties were included for analysis if both COVID-19 data and
DCI score were available. Individual cases and deaths were
excluded from the analysis if they were not attributed to a specific
county.

Statistical analysis

Categorical variables are presented as counts (%) and continuous
variables as median [25th, 75th percentile]. Counties were strati-
fied by severely distressed (DCI>75) versus less distressed (DCI
�75) for univariate analysis using the Mann-Whitney U test.
Adjusted effects of socio-economic status were approximated using
hierarchical linear mixedmodels with Laplace approximation and a
negative binomial distribution. Socio-economic effects were
adjusted for county-level prevalence of elderly residents, uninsured
adults, and the following comorbidities: chronic kidney disease,
chronic obstructive pulmonary disease, heart disease, diabetes, and
obesity. A random effect was used for clustering at the state level.
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Temporal bias was accounted for with a variable of days since first
COVID-19 case. Regression results were exponentiated to construct
adjusted rate ratios. Statistical analyses were carried out using SAS,
version 9.4 (SAS Institute, Cary, NC), with some graphical repre-
sentation performed with Prism 8 (GraphPad, San Diego, CA). A P-
value <0.05 determined statistical significance.

Results

Cohort description

At the time of data extraction on May 2, 2020, there were
1,096,706 cases and 64,066 deaths in the United States. There were
3143 counties with COVID-19 data available. Twenty-four states
had cases not allocated to counties for a total of 6465 cases (0.6%),
while 14 states had unallocated deaths for a total of 1754 deaths
(2.7%), with 1445 being unallocated in Tennessee. A DCI score was
available for 3127 counties with COVID-19 data. This cohort
included 1,089,999 cases (99%) and 62,298 deaths (97%) for a case
fatality rate of 5.7%. A consort diagram depicting the exclusions
leading to the final cohort is shown in Fig. 1.

Differences by the DCI

A total of 781 counties were designated as severely distressed
(DCI >75), accounting for 68,741 (6.3%) COVID-19 cases and 3811
(6.1%) COVID-19 fatalities. When compared with less distressed
counties, those classified as severely distressed had significantly
lowermedian COVID-19 cases (13 [3e39] vs 21 [4e117], P < 0.0001)
and fatalities (0 [0e1] vs 0 [0e4], P < 0.0001). Owing to the rural
nature of many distressed counties, after accounting for county
population size, there was no difference in median cases per
100,000 persons and a reverse in the trend with higher median
fatalities per 100,000 persons in severely distressed counties
(Table 1). The median percentage of black Americans was signifi-
cantly higher in severely distressed counties compared with less
distressed counties (7.3% vs 1.8%, P < 0.0001). Other significant
differences included severely distressed counties having higher
rates of elderly residents, uninsured individuals, and individuals
with chronic kidney disease, chronic obstructive pulmonary dis-
ease, heart disease, diabetes, and obesity. However, severely dis-
tressed communities were hit later in the pandemic with lower
median days since first case (34 vs 38, P < 0.0001).

Risk adjusted analyses of socio-economic status

Cases of COVID-19 by county were associated with multiple
socio-economic factors and days since first infection but not health-
related comorbidities. The adjusted risk ratios can be visualized in
Fig. 2, with complete model results in Table 2. A higher number of
cases were associated with lower education level, higher proportion
of black Americans, higher income, and lower poverty rate. The
specific covariates with significant associations with cases per
100,000 personswere the percentage of adultswithout a high school
degree (RR 1.10), proportion of black residents (RR 1.03), median
income ratio (RR 1.01), and poverty rate (RR 0.98). Fig. 3 shows risk-
adjusted predicted cases per 100,000 persons for the two strongest
associations, the percentage of adults without a high school degree
and proportion of black residents. No comorbid medical conditions
were associated with COVID-19 cases at the county level.

Higher COVID-19 mortality was associated with higher income
but lower education, higher employment rate, higher proportion of
black Americans, older residents, and less obesity (Table 2). The
significant socio-economic associations were the percentage of
adults without a high school degree (RR 1.08), median income ratio



Fig. 1. Consort diagram of included and excluded counties, COVID-19 cases, and COVID-19 fatalities. COVID-19 ¼ coronavirus disease 2019.
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(RR 1.01), and percentage of adults not working (RR 0.98). Signifi-
cant demographic and health-related associations included the
percentage of population aged older than 65 years (RR 1.07), pro-
portion of black residents (RR 1.03), and obesity prevalence (RR
0.96). Fig. 4 shows the risk-adjusted predicted fatalities per 100,000
persons for the two strongest socio-economic associations, the
percentage of adults without a high school degree and proportion
of black residents.

Discussion

The present study highlights community-level socio-economic
disparities in COVID-19 prevalence and mortality within the United
131
States. Severely distressed communities account for a dispropor-
tionately higher number of deaths per 100,000 persons. However,
poverty and unemployment were protective against contracting
COVID-19, highlighting the unique risks of a pandemic and limi-
tations of composite metrics of socio-economic status. Risk-
adjusted analysis identified two socio-economic determinants of
health as having the strongest association with both population-
adjusted cases and fatalities: lower education level and higher
proportion of black residents. Although age, comorbidities, and
overall health status also appear to impact COVID-19 prevalence
and outcomes, socio-economic factors have higher risk ratios and
represent the strongest associated factors with both number of
cases and fatalities.



Table 1
Univariate analysis by severely versus less distressed counties.

Variable Severely distressed Less distressed P-value

Cases per 100,000 persons 61 [22e176] 63 [27e145] 0.813
Deaths per 100,000 persons 0 [0e7.1] 0 [0e5.4] 0.028
% of population aged older than 65 years 17.4% [15.4e19.5] 16.8% [14.1e19.6] <0.0001
% of population Black 7.3% [1.1e33.1] 1.8% [0.6e6.7] <0.0001
% of uninsured population aged younger than 65 years 14.9% [11.1e17.5] 10.0% [7.0e14.0] <0.0001
Chronic kidney disease prevalence 4.0% [3.7e4.3] 3.3% [3.0e3.5] <0.0001
COPD prevalence 11.0% [9.8e12.3] 8.3% [7.0e9.8] <0.0001
Heart disease prevalence 10.1% [9.3e11.0] 8.2% [7.1e9.1] <0.0001
Diabetes prevalence 15.8% [14.5e17.3] 12.0% [10.8e13.5] <0.0001
Obesity prevalence 38.1% [35.7e40.5] 34.6% [31.7e36.9] <0.0001
Days since first case 34 [25e39] 38 [29e44] <0.0001

All values expressed as median [interquartile range]; COPD ¼ chronic obstructive pulmonary disease.

Fig. 2. Forrest plot of adjusted rate ratio for covariates significantly associated with either COVID-19 cases or fatalities per 100,000 persons. COVID-19 ¼ coronavirus disease 2019.

Table 2
Adjusted rate ratios for COVID-19erelated cases and fatalities per 100,000 persons.

Variable Cases per 100,000 persons Fatalities per 100,000 persons

Rate ratio 95% CI P-value Rate ratio 95% CI P-value

Housing vacancy rate 1.01 1.00e1.02 0.1382 0.98 0.95e1.01 0.1274
Median income ratio 1.01 1.01e1.01 <0.0001 1.01 1.00e1.02 0.0094
Poverty rate 0.98 0.96e0.99 0.0019 1.00 0.97e1.02 0.8511
% change in employment 1.00 1.00e1.00 0.2358 0.99 0.99e1.00 0.0521
% change in establishments 1.00 0.99e1.01 0.7611 1.00 0.99e1.02 0.7516
% of adults not working 0.99 0.98e1.00 0.1496 0.98 0.96e1.00 0.0266
% of adults w/o a high school degree 1.10 1.09e1.11 <0.0001 1.08 1.05e1.11 <0.0001
% population in distressed zip codes 1.00 1.00e1.00 0.7609 1.00 0.99e1.00 0.2284
% of population aged older than 65 years 1.01 0.98e1.04 0.410 1.07 1.01e1.13 0.0216
% of population Black 1.03 1.02e1.04 <0.0001 1.03 1.02e1.05 <0.0001
% of uninsured population aged younger than 65 years 1.01 1.00e1.02 0.1665 0.99 0.96e1.01 0.2239
Chronic kidney disease prevalence 0.81 0.47e1.37 0.4266 0.84 0.34e2.09 0.7136
COPD prevalence 1.00 0.89e1.13 0.967 1.15 0.95e1.41 0.1576
Heart disease prevalence 1.03 0.81e1.32 0.7833 0.89 0.58e1.37 0.5919
Obesity prevalence 1.00 0.98e1.02 0.7464 0.96 0.93e1.00 0.0358
Diabetes prevalence 0.98 0.89e1.09 0.7132 1.06 0.89e1.26 0.5221
Days since first case 1.06 1.06e1.07 <0.0001 1.09 1.08e1.09 <0.0001

CI ¼ confidence interval; COPD ¼ chronic obstructive pulmonary disease; COVID-19 ¼ coronavirus disease 2019.
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Using the composite DCI metric, which includes seven different
socio-economic factors, we found that counties with lower socio-
economic status (higher DCI score) have higher COVID-19 death
rates per 100,000 persons compared with non-distressed counties.
132
Rates of high mortality in distressed communities are multifacto-
rial, likely accounting for differences in age, number of chronic
medical conditions per person, and socio-economic status. One of
the strongest predictors of mortality from COVID-19 is age, where



Fig. 3. Adjusted predicted COVID-19 cases per 100,000 persons for the two strongest socio-economic factors. (A) Percentage of adults without a high school degree and (B)
percentage of population Black. Estimates are shown holding all other predictors at mean values (Supplemental Table 1). COVID-19 ¼ coronavirus disease 2019.

Fig. 4. Adjusted predicted COVID-19 fatalities per 100,000 persons for the three strongest socio-economic factors. (A) Percentage of adults without a high school degree and (B)
percentage of population Black. Estimates are shown holding all other predictors at mean values (Supplemental Table 1). COVID-19 ¼ coronavirus disease 2019.
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in Italy the case fatality rate in octogenarians was more than
20%.3,17 Distressed communities are rapidly aging and have a
greater proportion of elderly residents.18 In addition, lower socio-
economic status has been associated with a higher burden of
chronic medical conditions and comorbidities.13 These underlying
medical comorbidities have also been shown to increase COVID-
19erelated mortality.2 However, in the present data, we demon-
strate a stronger association between socio-economic factors than
underlying medical conditions with only obesity inversely associ-
ated with COVID-19 mortality. Obesity has traditionally been
considered protective against acute respiratory distress
syndromeerelated mortality, but preliminary data on COVID-19
suggest possible increased risk.19,20 There are significant overlaps
in socio-economic status and obesity that were not accounted for in
other studies, and the independent effect of obesity of COVID-
19erelated cases and mortality requires further study.

Distressed communities tend to be disproportionately
comprising black Americans, and these individuals have higher
COVID-19 mortality rates.4e6,21 A study not yet published found
that communities with a higher proportion of black residents had
increased COVID-19 cases (relative risk 1.24) and deaths (relative
risk 1.18).22 Our study corroborates these findings where a higher
proportion of black residents were associated with both increased
cases and fatalities per 100,000 persons. The exact reasons to
explain these associations cannot be determined from the current
data sets and analysis, and a more thorough understanding of racial
inequities requires nationwide disaggregated data. The underlying
etiology for the racial inequity likely reflects trends of economic,
geographic, and health disparities seen with socioeconomically
disadvantaged populations. In addition, the impact of systemic
133
flaws in the structural organization of American society with
racism, access to health care, and community-level resources
should not be underestimated.

The COVID-19 pandemic in America is becoming increasingly a
story of economics. Significant attention has focused on how public
health measures to save lives (social distancing, closure of all non-
essential business, stopping the delivery of all non-urgent/
emergent health care) have resulted in one of the largest in-
creases in unemployment in American history. However, our data
focus on the opposite relationship, how economics is affecting who
contracts and dies from COVID-19.23 Those individuals in frontline
jobs who maintain employment are at increased risk of contracting
coronavirus, particularly with concerns related to asymptomatic
spread in the setting of inadequate testing.24 Our data are sup-
portive of this theory in two ways. First, higher income and less
poverty both were associated with higher rates of COVID-19 cases
while higher unemployment was associated with fewer COVID-19
fatalities. These findings suggesting a significant amount of trans-
mission is through the workplace. Second, lower education levels
were also associated with contracting COVID-19. This could be due
to frontline jobs being disproportionately low paying and without a
requirement of an advanced degree.23 The education relationship is
relatively strong (RR 1.10) compared with other metrics, whichmay
be due to the highest paying jobs being more amenable to remote
working, making employment and income imperfect markers of
risk.

This public health trope of economics underpinning health in-
equalities is true not only in America but also was highlighted in
1980 in Britain with the Black Report.25 One of the expectations of
establishing the National Health Service with universal healthcare
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coverage was to eliminate health disparities. However, thirty years
after, it was made clear that economic divisions (employment, in-
come, education, housing, and so on) were only widening health
disparities in the United Kingdom. The next few decades saw
focused efforts to identify the causes of morbidity and mortality
differences, develop better metrics to gauge true health disparities,
and quantify those differences.26e28 COVID-19 represents a rare
disruptive opportunity to refocus our efforts on using this knowl-
edge to reverse health disparities.

Now is the time to be proactive in the management of this
pandemic and focus allocation of federal and state-level resources
to these distressed communities. As society attempts to safely
reverse restrictive public health measures such as stay at home
orders, other more resource-intensive tools including testing and
contact tracing will be required. The DCI may help to guide public
health interventions to areas most in need. Clear and decisive ac-
tions are needed to help safeguard vulnerable populations who are
at the highest risk for complications and death.29

This study is limited by the lack of epidemiologic data available
at the zip code level or widespread detailed demographic infor-
mation, representing systemic failures of the healthcare system
which limits our ability to adequately respond in an equitable
manner. Socio-economic factors are interrelated, and collinearity
limits the utility of an epidemiologic study design such as this.
Individual-level SES analyses are required to better understand the
interaction of all aspects of Socioeconomic status on COVID-19. In
addition, the delay in testing availability and narrow testing criteria
vastly overestimate the case fatality rate, but it is unclear how this
varies across the United States. Better racial data are needed
regarding COVID-19 to truly understand the disparities by race
beyond a rough estimation for black Americans. Finally, the DCI
only accounts for a small portion of variability in case fatality rates,
suggesting social determinants of health are only one factor in
determining COVID-19erelated outcomes.

In summary, socio-economic determinants of health are asso-
ciated with COVID-19 prevalence andmortality. Severely distressed
counties with low socio-economic status have higher rates of both
COVID-19 cases and fatalities than communities with higher socio-
economic status. The socio-economic influence is broad, withmany
components of the DCI (education level, income, and poverty rates)
being associated with COVID-19 cases. However, due to the trans-
mission patterns of COVID-19 in the United States, higher income
but lower education levels were associated with COVID-19 cases
and fatalities. A higher proportion of black residents were also one
of the strongest associations with COVID-19 cases and fatalities.
Socio-economic factors and the DCI could help allocate appropriate
public health resources in areas with lower socio-economic status,
a critical step toward an equitable fight against COVID-19.
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