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Abstract
Background The COVID-19 pandemic has magnified existing health disparities for marginalized populations in the United
States (U.S.), particularly among Black Americans. Social determinants of health are powerful drivers of health outcomes that
could influence COVID-19 racial disparities.
Methods We collected data from publicly available databases on COVID-19 death rates through October 28, 2020, clinical
covariates, and social determinants of health indicators at the U.S. county level. We utilized negative binomial regression to
assess the association between social determinants of health and COVID-19 mortality focusing on racial disparities in mortality.
Results Counties with higher death rates had a higher proportion of Black residents and greater levels of adverse social deter-
minants of health. A one percentage point increase in percent Black residents, percent uninsured adults, percent low birthweight,
percent adults without high school diploma, incarceration rate, and percent households without internet in a county increased
COVID-19 death rates by 0.9% (95% CI 0.5%–1.3%), 1.9% (95% CI 1.1%–2.7%), 7.6% (95%CI 4.4%–11.0%), 3.5% (95% CI
2.5%–4.5%), 5.4% (95% CI 1.3%–9.7%), and 3.4% (95% CI 2.5%–4.2%), respectively. Counties in the lowest quintile of a
measure of economic privilege had an increased COVID-19 death rates of 67.5% (95% CI 35.9%–106.6%). Multivariate
regression and subgroup analyses suggested that adverse social determinants of health may partially explain racial disparities
in COVID-19 mortality.
Conclusions This study demonstrates that social determinants of health contribute to COVID-19 mortality for Black Americans
at the county level, highlighting the need for public health policies that address racial disparities in health outcomes.
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Introduction

In December 2019, an outbreak of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) ignited, resulting in
global spread of coronavirus disease 2019 (COVID-19) [1].
Since then, the spread of COVID-19 across the United States
(U.S.) has led to significant morbidity and mortality along
with an initial surge that overwhelmed healthcare systems
[2, 3]. Similar to past pandemics, reports have revealed stark
disparities in mortality from COVID-19 in the U.S. among
marginalized populations, particularly Black Americans
[4–12].

Many factors have been hypothesized to influence a greater
risk for infection and death from COVID-19 among Black
Americans, including densely populated housing, a greater
burden of chronic disease, limited healthcare access, higher
poverty rates, and higher likelihood of employment as essen-
tial workers [13, 14]. These factors apart from medical care,
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collectively described as social determinants of health (SDH),
can be influenced by social policies and shape health in pow-
erful ways. Rather than biological differences, many have
argued that differences in SDH are the underlying drivers of
COVID-19 disparities [5, 15–19]. The CDC identifies 5 key
areas of SDH, which include neighborhood conditions, edu-
cational attainment, economic stability, healthcare access, and
social contexts [20–23]. An increasing number of studies have
begun to suggest that racial disparities may reflect discrimina-
tion propagated by mutually reinforcing, inequitable systems–
referred to as structural racism–which could ultimately influ-
ence the way in which minorities experience COVID-19 and
other illnesses [24–27].

In this analysis, we used multiple regression models in-
formed by publicly available, county-level data to quantita-
tively explore how SDH impact COVID-19mortality in Black
Americans. Although literature suggests SDH contribute to
racial disparities in COVID-19 mortality, we aimed to provide
a quantitative analysis that formally investigates this relation-
ship. Understanding the extent to which SDH may contribute
to disparities in COVID-19 outcomes can help facilitate ratio-
nal public programs that prioritize addressing the most im-
pactful determinants.

Methods

COVID-19 Data

Weobtained COVID-19 case and death counts byU.S. county
from January 22, 2020, through October 28, 2020, from a
publicly available data repository by the Johns Hopkins
University Center for Systems Science and Engineering
(JHU CSSE) [28]. Data were available for 2831 counties.
After excluding 800 counties with fewer than 5 deaths and 5
counties with incomplete variable data, we included a total of
2026 counties in the final analysis. We calculated the case rate
and death rate per 100,000 people by county using JHU CSSE
data and publicly available census data [29].

Social Determinants of Health

Given the disparities in death rates reported in Black
Americans, we focused on the impacts of SDH during
COVID-19 as it pertains to this population, represented by
percent non-Hispanic Black residents by county. Based on
data availability at the county-level and literature on SDH,
we selected 20 potential variables of interest and categorized
them into socioeconomic, health status, educational, and
socio-demographic factors (online supplement Table 1) [20,
26]. After considering the quality, completeness, representa-
tion of each category, and potential collinearity of the vari-
ables, we chose six final variables. Socioeconomic variables

included index of concentration at the extremes (ICE) income
and percent uninsured. ICE is a metric created to measure the
spatial distribution and polarization of measures of privilege,
such as income, across a community [30]. ICE income is
defined as the difference between the number of economically
privileged households living above the 80th income percentile
and the number of deprived households living below the 20th
income percentile, divided by the total number of households
[31]. Possible values range from − 1 to +1, with more negative
numbers associated with lower levels of economic privilege
and more positive numbers associated with greater levels of
privilege. We chose this measure of income disparity because
it has been linked to racial health inequalities in recent litera-
ture, such as pre-term birth and infant mortality [31, 32].
Insurance status is relevant, particularly during a pandemic,
as inadequate access to healthcare is a pathway between rac-
ism and health outcomes [26]. Percent low birthweight, a
measure of health status, is a marker of SDH, while percent
adults without high school (HS) diploma, a measure of edu-
cation, is a well-studied SDH [26, 33, 34]. The socio-
demographic variables included incarceration rate and percent
households without internet. Given that Black Americans are
disproportionately affected bymass incarceration, inclusion of
incarceration rate helps capture the detrimental effects of in-
carceration on the health, employment opportunities, and ed-
ucational attainment of Black Americans [35]. Percent house-
holds without internet is a SDH that may be particularly rele-
vant during a pandemic given the need for timely access to
news, guidelines, online learning, and remote work [26, 36].
Data on SDH indicators came from the County Health
Rankings database and the Vera Institute of Justice [37, 38].

Covariates

We selected county-level variables known or thought to im-
pact COVID-19 outcomes as covariates for our models, in-
cluding population density per square kilometer, days since
first COVID-19 death, percent over age 65, percent smokers,
and percent with obesity, diabetes, chronic obstructive pulmo-
nary disease (COPD), and hypertension [39]. Given variation
in testing by county, we used days since first death, as op-
posed to days since first case, to adjust for differences in
outbreak timing in the models because it is relatively indepen-
dent of testing capacity. Data on clinical covariates and demo-
graphics came from the County Health Rankings database and
the Centers for Medicare & Medicaid Services [37, 40]. The
sources and definitions for all the variables in this study are
provided in Table 1.

Statistical Analysis

All statistical analysis was performed in IBM SPSS Statistics
26 (Armonk, New York). We used independent, two-tailed T
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tests to compare SDH and covariates between counties in the
lowest and highest quartile of death rates. We then conducted
three models using negative binomial regressions with log
link to assess the association that SDH had on COVID-19
mortality independent of covariate effects. The dependent var-
iable was total COVID-19 deaths, with total county popula-
tion used as an offset variable. Each variable was treated as a
continuous variable, except for ICE income which was ana-
lyzed as a categorical variable in quintiles. The highest quin-
tile contained counties in which the majority of households are
most privileged and the lowest quintile contained counties in
which the majority of households are most deprived [31]. In
model 1 (individual SDH model), we regressed COVID-19
deaths on each SDH separately, controlling for covariates. In
model 2 (full SDHmodel), we regressed COVID-19 deaths on
percent Black residents and all SDH together, again control-
ling for covariates. Finally, model 3 (subgroup and interaction
model) was a subgroup analysis, stratifying by counties below
(low adverse SDH model, model 3a) or above (high adverse

SDH model, model 3b) the median value of each SDH to
examine the association of percent Black residents and
COVID-19 death rates in counties with varying levels of
SDH. Furthermore, an interaction model was conducted (in-
teraction model, model 3c) to test for moderator effects of the
SDH on the association of percent Black residents with
COVID-19 mortality. Interaction terms were the product of
percent Black residents and a dichotomous variable that was
equal to 0 if the county was in the low adverse SDH group and
equal to 1 if it was in the high adverse SDH group. For all
models we calculated incidence rate ratios (IRR) with 95%
confidence intervals (CI). The contents of each model are
shown in Table 2.

Results

The analysis included 2026 counties from the District of
Columbia and all states (online supplement Table 2).

Table 1 Definition and source of county-level variables in the study

Variable Definition Source

% Black residents Percentage of residents that are non-Hispanic
Black or African American.

County Health Rankings [37]

Index of concentration
at the extremes (ICE) income

Represents the distribution of wealth in a
population. Difference between the number
of households ≥80th percentile income and
the number of households ≤20th percentile
income, divided by the total number of households.
Values range from − 1, all households ≤20th
percentile income, to 1, all households ≥80th percentile
income.

United States Census Bureau [29]

% uninsured Percentage of adults under age 65 without health insurance. County Health Rankings [37]

% low birthweight Percentage of live births with low birthweight,
defined as < 2500 g.

County Health Rankings [37]

% adults without high school (HS) di-
ploma

Percentage of adult residents with less than a high
school diploma from 2014 to 2018.

United States Census Bureau [29]

Incarceration rate Ratio of the total population that is in jail or prison
to the total population aged 15–64 multiplied by 100.

Vera Institute of Justice [38]

% households without internet Percentage of households reporting no internet access. United States Census Bureau [29]

Population density (population/km2) Population per square kilometer. United States Census Bureau [29]

Days since first case Number of days since the first case of COVID-19
relative to 5/10/2020.

COVID-19 Data Repository JHU [28]

Day since first death Number of days since the first death from COVID-19
relative to 5/10/2020.

COVID-19 Data Repository JHU [28]

% over age 65 Percentage of population ages 65 and older. County Health Rankings [37]

% obesity Percentage of the adult population (age 20 and older)
that reports a body mass index (BMI) greater than
or equal to 30 kg/m2.

County Health Rankings [37]

% diabetes Prevalence of diagnosed diabetes among Medicare
beneficiaries enrolled in the fee-for-service program.

Centers for Medicare & Medicaid Services
[40]

% COPD Prevalence of diagnosed COPD among Medicare
beneficiaries enrolled in the fee-for-service program.

Centers for Medicare & Medicaid Services
[40]

% smokers Percentage of adults that are current smokers. County Health Rankings [37]

% hypertension Prevalence of diagnosed hypertension among Medicare
beneficiaries enrolled in the fee-for-service program.

Centers for Medicare & Medicaid Services
[40]
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Baseline characteristics of included and excluded counties are
shown in online supplement Table 3 and online supplement
Table 4. A comparison of the SDH and covariates between
counties in the lowest and highest quartile of COVID-19
deaths rates is shown in Table 3. Counties in the lowest and
highest quartiles had mean COVID-19 death rates of 20.9 and
151.0 per 100,000 (p < 0.001), respectively. Counties in the
lowest quartile had 5.0%Black residents compared to those in
the highest quartile which had 22.7% Black residents
(p < 0.001). Counties in the highest quartile of death rates
had greater levels of adverse SDH as compared to counties
in the lowest quartile of death rates (p < 0.001). Counties in
the highest quartile had significantly lower socioeconomic
status, educational attainment, and internet access, and signif-
icantly higher rates of low birthweight and incarceration. All
covariates, except population density, days since first death,
and percent over age 65, showed differences between the
quartiles (p < 0.001). Counties in the highest quartile had a
significantly increased prevalence of medical comorbidities.
While timing of the first COVID-19 death was similar, the
days since first case was lower in counties in the highest quar-
tile than counties in the lowest quartile, suggesting a lag in
testing in counties with higher death rates.

The percent Black residents and each SDH were signifi-
cantly associated with the COVID-19 death rate (individual
SDH model, Table 4). Each one percentage point increase in
percent Black residents, percent uninsured adults, percent low
birthweight, percent adults without HS diploma, incarceration
rate, and percent households without internet in a county in-
creased the rate of COVID-19 deaths by 0.9% (95% CI
0.5–1.3%), 1.9% (95% CI 1.1–2.7%), 7.6% (95% CI
4.4–11.0%), 3.5% (95% CI 2.5–4.5%), 5.4% (95% CI
1.3–9.7%), and 3.4% (95% CI 2.5–4.2%), respectively. The
lowest and second lowest quintiles of the ICE income, which
include less privileged counties, are associated with increased
COVID-19 death rates by 67.5% (95% CI 35.9–106.6%) and

36% (95% CI 13.0–63.6%), respectively. A sensitivity analy-
sis of an alternate income measure, median income in a coun-
ty, had a similar association with COVID-19 death rates as the
ICE income measure (results not shown).

When including the six SDH together, percent Black resi-
dents, ICE income quintiles, percent uninsured adults, percent
low birthweight, and incarceration rate in a county were no
longer associated with COVID-19 death rates (full SDH
model, Table 4). Percent households without internet (IRR
1.024, 95% CI 1.013–1.034) and percent adults without HS
diploma (IRR 1.017, 95%CI 1.004–1.031) remained positive-
ly associated with COVID-19 death rate.

The predictive power of percent Black residents in a county
on COVID-19 death rate was dependent on the level of ad-
verse SDH (subgroup and interaction model, Table 5). In an
analysis of counties below median severity of adverse SDH
(low adverse SDH model), there was no significant positive
association between percent Black residents and COVID-19
death rate, except for percent uninsured adults. However, in an
analysis of counties above the median severity of adverse
SDH (high adverse SDH model) the percent Black residents
in a county was significantly associated with increased
COVID-19 death rates for each SDH, with IRRs ranging from
1.007 to 1.013. The interaction analysis showed no non-zero
interaction terms between percent Black residents and each of
the SDH variables.

Discussion

In this study, we quantitatively assessed the relationship
between SDH and COVID-19 mortality with a focus on
the racial disparities. Consistent with recent reports, our
epidemiologic assessment at the county level indicates that
the burden of COVID-19 mortality is higher in counties

Table 2 Description of regression models included in analysis

Model Counties included Independent variables included

Model 1 (individual
SDH)

2026 counties with ≥ 5 deaths Population density, days since first death, % over age 65, % obesity, % diabetes, %
COPD, % smokers, % hypertension, one SDH, or %Black residents

Model 2 (full SDH) 2026 counties with ≥ 5 deaths Population density, days since first death, % over age 65, % obesity, % diabetes, %
COPD, % smokers, % hypertension, % Black residents, ICE income quintile, %
uninsured, % low birthweight, % adults without HS diploma, incarceration rate, %
households without internet

Model 3a (subgroup
low adverse SDH)

1013 counties with ≥ 5 deaths and
lowest half of adverse SDH

Population density, days since first death, % over age 65, % obesity, % diabetes, %
COPD, % smokers, % hypertension, % Black residents

Model 3b (subgroup
high adverse SDH)

1013 counties with ≥ 5 deaths and
highest half of adverse SDH

Population density, days since first death, % over age 65, % obesity, % diabetes, %
COPD, % smokers, % hypertension, % Black residents

Model 3c (interaction) 2026 counties with ≥ 5 deaths Population density, days since first death, % over age 65, % obesity, % diabetes, %
COPD, % smokers, % hypertension, % Black residents, one high SDH binomial, %
Black residents * high SDH binomial
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Table 3 Comparison of variables between counties in the lowest and highest quartiles of COVID-19 death rates

Variables Counties in lowest quartile
of death rates (n = 506)

Counties in highest quartile
of death rates (n = 506)

p*

General

Case rate (cases/100,000) 1988.5 (1036.9) 4114.9 (1899.7) < 0.001

Death rate (deaths/100,000) 20.9 (7.2) 151.0 (60.2) < 0.001

% Black residents 5.0 (7.3) 22.7 (21.4) < 0.001

Socioeconomic

ICE income − 0.068 (0.134) − 0.189 (0.150) < 0.001

% uninsured 10.7 (4.6) 16.1 (6.6) < 0.001

Health Status

% low birthweight 7.5 (1.3) 9.7 (2.4) < 0.001

Education

% adults without HS diploma 10.8 (4.7) 17.7 (6.4) < 0.001

Socio-demographics

Incarceration rate 0.82 (0.52) 1.40 (1.72) < 0.001

% households without internet 17.7 (6.6) 28.3 (9.9) < 0.001

Covariates

Population density (population/km2) 103.8 (347.8) 187.5 (1329.6) 0.171

Days since first case 220.8 (8.9) 217.3 (10.3) < 0.001

Days since first death 174.5 (48.9) 178.8 (45.8) 0.151

% over age 65 17.9 (3.9) 18.3 (3.7) 0.087

% obesity 31.8 (5.3) 35.0 (6.2) < 0.001

% diabetes 25.7 (4.3) 30.7 (4.7) < 0.001

% COPD 12.3 (3.6) 13.3 (3.3) < 0.001

% smokers 16.8 (3.3) 18.9 (3.6) < 0.001

% hypertension 54.7 (7.8) 62.9 (6.5) < 0.001

Data presented as mean (SD)

Table 4 Regression results for
individual SDH and full SDH
models

Model 1 (individual SDH)a Model 2 (full SDH)b

Structural racism indicators Incidence rate ratio (95%
CI)

p* Incidence rate ratio (95%
CI)

p*

% Black residents 1.009 (1.005–1.013) < 0.001 1.005 (0.999–1.011) 0.100

ICE income quintile 1 1.675 (1.359–2.066) < 0.001 0.850 (0.647–1.16) 0.241

ICE income quintile 2 1.360 (1.130–1.636) < 0.001 0.895 (0.722–1.110) 0.312

ICE income quintile 3 1.125 (0.952–1.328) 0.167 0.866 (0.722–1.037) 0.118

ICE income quintile 4 1.029 (0.882–1.200) 0.720 0.864 (0.736–1.015) 0.076

ICE income quintile 5 Ref Ref Ref Ref

% uninsured 1.019 (1.011–1.027) < 0.001 1.002 (0.993–1.012) 0.640

% low birthweight 1.076 (1.044–1.110) < 0.001 1.014 (0.971–1.059) 0.535

% adults without HS
diploma

1.035 (1.025–1.045) < 0.001 1.017 (1.004–1.031) 0.011

Incarceration rate 1.054 (1.013–1.097) 0.009 1.011 (0.973–1.051) 0.570

% households without
internet

1.034 (1.025–1.042) < 0.001 1.024 (1.013–1.034) < 0.001

aModel 1: Regressed COVID-19 deaths on each SDH separately, controlling for covariates
bModel 2: Regressed COVID-19 deaths on all SDH together, controlling for covariates
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with high proportions of Black residents [4–8, 13]. We
found that this association is independent of clinical risk
factors [39] – many of which disproportionately affect
Black residents [7]. Importantly, the full SDH model re-
sults showed that when all SDH measures are included in a
regression, there is no longer a relationship between Black
race and COVID-19 mortality. Furthermore, in our sub-
group analysis stratified by SDH, we found that percent
Black residents in a county is a predictor of COVID-19
mortality only in counties with higher degrees of adverse
SDH, thus suggesting that social constructs and policies
mediate the disparate COVID-19 outcomes in Black
Americans. This precludes genetic differences as a possi-
ble explanation for COVID-19 racial disparities and chal-
lenges the harmful belief that racial disparities in illness
primarily have a biological basis. Overall, this study pro-
vides both qualitative and quantitative evidence that SDH
play a significant role in influencing increased COVID-19
mortality for Black Americans.

In the full SDH regression model, the two particularly rel-
evant SDH that emerged as significant positive predictors of
COVID-19 mortality included percent adults without HS di-
ploma and percent households without internet. Education
frequently emerges as a strong predictor of health outcomes,
including mortality, in studies examining SDH [26, 36]. The
relationship between Black race and education is largely at-
tributable to long-standing educational discrimination, resi-
dential segregation, and marginalization [36]. The finding that
internet connectivity is also associated with COVID-19 mor-
tality is particularly relevant in the climate of a pandemic. The
internet is essential for social distancing, remote work, and
online learning, as well as access to timely and accurate infor-
mation from public health entities. We were only able to an-
alyze data for this study at the county level; however, a more
detailed analysis that includes rural vs suburban vs urban lo-
cales may also provide more information about how regional
variations in internet connectivity may impact COVID-19
mortality.

Ultimately, these findings support the hypothesis that SDH
are important drivers of COVID-19 racial disparities for Black
Americans in the U.S. Our results are consistent over a diverse
set of SDH variables representing areas of economic stability,
healthcare access, educational attainment, and social contexts.
This suggests that racial disparities in COVID-19 outcomes
for Black Americans stem from multiple sources which com-
pound to create the overall effect. This study provides a meth-
od for public health policymakers to identify areas with high
adverse SDH, which is crucial because these are high-risk
areas for racial disparities in COVID-19 mortality and other
harmful health outcomes. Furthermore, this study raises the
possibility of targeting changes to SDH as a mechanism to
reduce racial disparities in COVID-19 outcomes. These find-
ings also may allow policymakers to monitor SDH indicators
as a metric for improvement in health equity in the future.
Multiple prior studies have linked SDH to structural racism,
which is deeply ingrained in the U.S. legal and economic
systems, shaped by historical injustices, and perpetuated by
bias. As a next step, further research is needed to evaluate the
effect of validated markers of structural racism on COVID-19
mortality, and to explore these associations over time as the
pandemic evolves [41, 42]. Additional studies related to bias
experienced within the healthcare system related to testing,
triage, and treatment may also shed additional insights on
COVID-19 racial disparities.

There are important limitations to this study. Firstly, our
data are at the county level due to the limited availability of
public data, thus precluding the ability to measure effects at a
more local level. This is important, because counties can in-
clude a heterogenous group of cities and neighborhoods with
different demographics and levels of adverse SDH. Secondly,
there are known limitations of COVID-19 mortality data.
Reported COVID-19 deaths are affected by the accuracy of
cause-of-death determinations and reflect the outbreak several
weeks prior because of the long course of infection [43].
Additionally, reported deaths are likely to be an underestimate
because of underdiagnosis from the lack of testing early in the

Table 5 Regression results for subgroup and interaction models

Model 3a (low adverse SDH) Model 3b (high adverse SDH) Model 3c (interaction)

SDH used for
subgroup

% Black residents incidence rate
ratio (95% CI)

p* % Black residents incidence rate
ratio (95% CI)

p* Interaction term incidence rate
ratio (95% CI)

p*

ICE income 1.005 (0.997–1.013) 0.248 1.010 (1.005–1.015) < 0.001 1.004 (0.997–1.012) 0.277

% uninsured 1.016 (1.008–1.024) < 0.001 1.007 (1.001–1.012) 0.014 0.994 (0.988–1.001) 0.092

% low birthweight 1.000 (0.985–1.016) 0.967 1.011 (1.005–1.016) < 0.001 1.008 (0.994–1.022) 0.276

% adults without HS
diploma

1.004 (0.995–1.012) 0.372 1.009 (1.003–1.014) 0.001 1.006 (0.999–1.014) 0.098

Incarceration rate 1.004 (.998–1.011) 0.216 1.013 (1.007–1.018) < 0.001 1.004 (0.993–1.011) 0.158

% households
without internet

1.005 (0.997–1.014) 0.214 1.010 (1.005–1.015) < 0.001 1.005 (0.998–1.013) 0.165
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pandemic [43]. Thirdly, the use of publicly available data
acquired at different time periods may also add a layer of
imprecision. Nonetheless, because of their chronic nature,
SDH can be expected to remain relatively stable over time.
Fourthly, confounding variables are impossible to fully con-
trol for, however, we intended the use of covariates as controls
to try to minimize this effect. Lastly, other SDH variables, that
were not able to be assessed in this study due to limited
county-level data availability, could also contribute to
COVID-19 mortality.

Conclusions

In this epidemiological assessment, we quantitatively studied
the impact of race and SDH on COVID-19 mortality and the
contribution of SDH to racial disparities in COVID-19 mor-
tality in the U.S. at the county level. Consistent with historical
health inequities for Black Americans, our analysis demon-
strates that SDH have contributed to the disproportionate im-
pact of the COVID-19 pandemic on Black Americans. By
identifying key determinants, this analysis can help inform
targeted data-driven public health policies to mitigate racial
disparities in the COVID-19 pandemic as well as future health
crises.
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