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Abstract

Objective: To evaluate the race-stratified state-level prevalence of health determinants and the racial
disparities in coronavirus disease 2019 (COVID-19) cumulative incidence and mortality in the United
States.
Patients and Methods: The age-adjusted race-stratified prevalence of comorbidities (hypertension, diabetes,
dyslipidemia, and obesity), preexisting medical conditions (pulmonary disease, heart disease, stroke, kidney
disease, andmalignant neoplasm), poor health behaviors (smoking, alcohol abuse, and physical inactivity), and
adverse socioeconomic factors (education, household income, andhealth insurance)was computed in 435,139
American adult participants from the 2017 Behavioral Risk Factor Surveillance System survey. Correlation was
assessed between health determinants and the race-stratified COVID-19 crude mortality rate and infection-
fatality ratio computed from respective state public health departments in 47 states.
Results: Blacks had a higher prevalence of comorbidities (63.3%; 95% CI, 62.4% to 64.2% vs 55.1%;
95% CI, 54.7% to 55.5%) and adverse socioeconomic factors (47.0%; 95% CI, 46.0% to 47.9% vs 30.9%;
95% CI, 30.6% to 31.3%) than did whites. The prevalence of preexisting medical conditions was similar in
blacks (30.4%; 95% CI, 28.8% to 32.1%) and whites (30.8%; 95% CI, 30.2% to 31.4%). The prevalence
of poor health behaviors was higher in whites (57.2%; 95% CI, 56.3% to 58.0%) than in blacks (50.2%;
95% CI,46.2% to 54.2%). Comorbidities and adverse socioeconomic factors were highest in the southern
region, and poor health behaviors were highest in the western region. The cumulative incidence rate (per
100,000 persons) was 3-fold higher in blacks (1546.4) than in whites (540.4). The crude mortality rate
(per 100,000 persons) was 2-fold higher in blacks (83.2) than in whites (33.2). However, the infection-
fatality ratio (per 100 cases) was similar in whites (6.2) and blacks (5.4). Within racial groups, the
geographic distribution of health determinants did not correlate with the state-level COVID-19 mortality
and infection-fatality ratio (P>.05 for all).
Conclusion: Racial disparities in COVID-19 are largely driven by the higher cumulative incidence of
infection in blacks. There is a discordance between the geographic dispersion of COVID-19 mortality and
the regional distribution of health determinants.
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A higher prevalence of coronavirus
disease 2019 (COVID-19) cases and
mortality in black individuals is being

increasingly reported nationally.1-4 Racial
inequities in the mortality from COVID-19
have been reported from several states in the
United States (US).1-4 These racial disparities
in the fatal implications of the novel pandemic
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are hypothesized to be a consequence of the
higher prevalence of comorbidities, preexist-
ing medical conditions, poor health behaviors,
and adverse socioeconomic factors in black
individuals.1-4

The demographic characteristics of the
populations in the respective US states and
the response of the various state public health
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agencies to the containment of the pandemic
have varied widely.5-7 There is a heterogeneous
geographic distribution of the biological,
behavioral, and socioeconomic health determi-
nants in the overall population.8,9 However,
there are limited contemporary data on the
race-stratified state-level prevalence of various
health determinants.8-12 Data pertaining to
comorbidities, preexisting medical conditions,
poor health behaviors, and adverse socioeco-
nomic factors may help provide insight into
the public health implications of the COVID-
19 pandemic, especially in black individuals.

We hypothesized that racial disparities
exist in the state-level prevalence of health
determinants, and these relate to the racial
disparities and geographic distribution of
COVID-19 cumulative incidence and fatality.
We evaluated the 2017 Behavioral Risk Factor
Surveillance System (BRFSS) and the respec-
tive state COVID-19 public health databases
to determine the race-stratified state-level
prevalence of health determinants in the US
and the racial disparity in the COVID-19 cu-
mulative incidence, crude mortality, and
infection-fatality ratio (IFR).
PATIENTS AND METHODS

Data Sources
The BRFSS was used to quantify state-level
health behaviors and risk factors.13 The BRFSS
is one of the largest continuously conducted
health-related surveys, collecting data from
more than 400,000 American adults annu-
ally.13 The respective state public health depart-
ment databases were used to quantify the race-
stratified COVID-19 cases and mortality. The
latest state-level population data were obtained
from the US Census Bureau.14

All American adults 18 years and older who
participated in the 2017 BRFSS survey were
included in the study.Data on all health determi-
nants were obtained from participants from all
50 states andWashington, District of Columbia,
and included in this study. Pregnant women and
those with missing data were excluded from the
analyses. Pregnant women were excluded
because of the difficulty in attributing various
health measures as being a chronic condition
or being associatedwith pregnancy only.Mortal-
ity analyses included data from residents from
Mayo Clin Proc Inn Qual Out n December 2020
the 47 states that are reporting race-stratified
COVID-19 cases and mortality.

Measures
The self-reported race from each respondent
was used to stratify them as either white or
black individuals. The baseline characteristics
assessed for BRFSS participants included age,
sex, annual household income, and highest
educational level obtained. The health deter-
minants were grouped into 4 strata, as follows:
(1) comorbidities (any of diabetes, hyperten-
sion, hypercholesterolemia, or obesity), (2)
preexisting medical conditions (any of stroke,
cardiac disease [myocardial infarction/coro-
nary heart disease], malignant neoplasm, or
pulmonary disease), (3) poor health behaviors
(any of alcohol abuse, smoking, or physical
inactivity), and (4) adverse socioeconomic fac-
tors (any of lack of health insurance, low
annual household income, or less than a
high school education). The definition of the
individual determinants is given in
Supplemental Methods (available online at
http://www.mcpiqojournal.org).

The cumulative incidence rate, crude mor-
tality rate, and IFR was computed for those
states reporting race-stratified COVID-19 cases
and deaths reported until August 16, 2020.

Statistical Analyses
All statistical analyses were performed using
the survey procedures in SAS 9.4 (SAS Insti-
tute Inc.) to account for the intricate stratified
survey sampling design.15 The national,
regional, and state-level population estimates
were generated using sample weights to
account for participant nonresponse and
noncoverage in the sample design.16,17 The
race-stratified demographic and socioeco-
nomic details of the study population were
summarized. The 2010 US Census population
proportions for the age groups of 18 to 44, 45
to 64, 65 years and older were used to
generate race-stratified age-standardized prev-
alence estimates for the biological, behavioral,
and socioeconomic determinants of health.15

The estimates were generated at the level of
state and geographic region, as defined by
the US Census Bureau. States and regions
with unreliable estimates (wide CIs crossing
zero) due to low population counts were not
reported. The states of Alaska, Hawaii, Idaho,
;4(6):703-716 n https://doi.org/10.1016/j.mayocpiqo.2020.09.005
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TABLE. Health Determinants Across the United States Regions, Stratified by Race

Variable

Prevalence (95% CI)

Northeast Midwest South West

Black individuals

Comorbidities

�1 Comorbidities 60.6 (58.8-62.5) 63.5 (61.8-65.3) 64.7 (63.4-66.0) 59.7 (56.4-62.9)

Diabetes 13.8 (12.5-15.1) 14.4 (13.3-15.6) 15.3 (14.4-16.2) 13.2 (10.3-16.1)

Hypertension 38.4 (36.5-40.2) 40.3 (38.7-42.0) 42.6 (41.5-43.8) 39.6 (36.3-43.0)

Hypercholesterolemia 29.8 (27.9-31.6) 28.6 (27.0-30.3) 31.4 (30.1-32.7) 25.6 (22.0-29.1)

Obesity 35.1 (33.1-37.2) 40.3 (38.4-42.2) 40.6 (39.2-41.9) 32.7 (28.9-36.5)

Preexisting medical conditions

�1 Medical conditions 27.5 (25.6-29.3) 30.4 (28.8-32.1) 27.8 (26.6-29.0) 30.1 (26.7-33.6)

Pulmonary disease 19.8 (18.1-21.4) 22.1 (20.6-23.6) 19.0 (17.9-20.0) 22.3 (19.3-25.3)

Malignant Neoplasm 5.7 (4.7-6.6) 5.7 (5.0-6.5) 5.4 (4.9-5.8) 5.4 (3.4-7.3)

Cardiac disease 6.1 (5.1-7.0) 7.3 (6.5-8.2) 6.0 (5.4-6.5) 3.6 (2.4-4.9)

Kidney disease 3.4 (2.7-4.1) 4.1 (3.3-5.0) 3.6 (3.1-4.1) 4.1 (2.3-5.9)

Stroke 3.5 (2.8-4.2) 5.0 (4.3-5.7) 5.0 (4.4-5.5) 3.0 (1.5-4.5)

Poor health behaviors

�1 Poor health behaviors 42.8 (40.7-45.0) 42.8 (40.9-44.7) 48.0 (47.3-48.7) 50.2 (46.2-54.2)

Alcohol 4.7 (3.7-5.6) 5.0 (4.1-5.9) 4.7 (4.0-5.4) 4.7 (3.2-6.2)

Smoking 45.1 (42.8-47.3) 44.1 (42.1-46.1) 42.1 (40.6-43.6) 53.0 (48.8-57.2)

Physical inactivity 15.7 (14.2-173) 22.5 (20.9-24.1) 18.9 (17.8-20.0) 18.7 (15.6-21.8)

Adverse socioeconomic factors

�1 Adverse socioeconomic factors 42.4 (40.4-44.5) 50.0 (48.1-51.9) 48.7 (47.3-50.0) 40.2 (36.4-43.9)

Education status 15.1 (13.4-16.7) 16.5 (14.8-18.2) 15.5 (14.5-16.5) 10.9 (8.5-13.4)

Household income 37.0 (34.8-39.2) 44.7 (42.7-46.7) 42.6 (41.1-44.1) 36.2 (32.2-40.2)

Lack of health insurance 11.0 (9.7-12.3) 13.6 (12.3-14.9) 17.6 (16.5-18.8) 10.5 (8.4-12.7)

White individuals

Comorbidities

�1 Comorbidities 53.1 (52.3-53.9) 56.0 (55.4-56.5) 57.5 (56.8-58.2) 51.9 (51.4-52.7)

Diabetes 8.2 (7.9-8.6) 9.2 (8.9-9.5) 10.2 (9.9-10.6) 8.4 (7.9-8.8)

Hypertension 27.8 (27.1-28.4) 30.1 (29.7-30.6) 32.6 (32.0-33.2) 27.4 (26.8-28.1)

Hypercholesterolemia 30.1 (29.4-30.8) 30.4 (29.9-30.9) 33.0 (32.3-33.6) 29.3 (28.6-30.1)

Obesity 27.4 (26.7-28.2) 31.9 (31.3-32.4) 31.2 (30.5-31.8) 27.0 (26.2-27.7)

Preexisting medical conditions

�1 Medical conditions 29.1 (28.4-29.8) 28.8 (28.4-29.3) 30.8 (30.2-31.4) 30.6 (29.8-31.3)

Pulmonary disease 18.7 (18.0-19.3) 17.8 (17.3-18.2) 18.5 (18.0-19.1) 18.4 (17.8-19.0)

Malignant Neoplasm 11.3 (10.9-11.7) 11.2 (11.0-11.5) 12.9 (12.5-13.3) 12.6 (12.2-13.1)

Cardiac disease 5.5 (5.2-5.9) 6.0 (5.8-6.2) 6.7 (6.4-7.0) 5.0 (4.6-5.3)

Kidney disease 2.4 (2.2-2.7) 2.8 (2.6-2.9) 3.0 (2.8-3.2) 3.1 (2.8-3.3)

Stroke 2.4 (2.2-2.6) 2.7 (2.6-2.9) 3.3 (3.1-3.5) 2.4 (2.2-2.6)

Poor health behaviors

�1 Poor health behaviors 52.8 (52.0-53.6) 51.4 (50.9-52.0) 40.3 (38.9-41.6) 57.2 (56.3-58.0)

Alcohol 7.2 (6.8-7.6) 7.3 (6.9-7.6) 6.9 (6.5-7.3) 7.3 (6.9-7.8)

Smoking 53.2 (52.3-54.0) 51.0 (50.4-51.6) 48.2 (47.5-49.0) 58.2 (57.3-59.0)

Physical inactivity 16.6 (15.9-17.2) 18.9 (18.4-19.4) 19.0 (18.5-19.6) 14.0 (13.4-14.7)

Continued on next page
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TABLE. Continued

Variable

Prevalence (95% CI)

Northeast Midwest South West

White individuals, continued

Adverse socioeconomic factors

�1 Adverse socioeconomic factors 25.1 (24.3-25.9) 27.8 (27.2-28.3) 35.0 (34.3-35.7) 32.1 (31.3-32.9)

Education status 9.1 (8.5-9.8) 9.2 (8.8-9.6) 12.8 (12.3-13.4) 13.5 (12.8-14.3)

Household income 19.1 (18.5-19.8) 21.1 (20.6-21.6) 26.5 (25.8-27.3) 23.9 (23.1-24.7)

Lack of health insurance 7.1 (6.6-7.5) 8.4 (8.1-8.8) 14.8 (14.3-15.4) 10.6 (10.1-11.2)
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Montana, New Hampshire, New Jersey, South
Dakota, Utah, Vermont, and Wyoming each
had 1 or more parameters that were not re-
ported because of low counts. The cumulative
incidence rate was calculated as the number of
cases per 100,000 persons of the given race
living in the state. The COVID-19 crude
mortality rate was computed as the number
of deaths per 100,000 persons of the particular
race living in the state. The 2018 post-census
population estimates provided by the US
Census Bureau based on the annual American
Community Survey were used to compute the
crude mortality rate.18 The IFR was computed
as the number of deaths per 100 confirmed
cases of COVID-19 in respective states. We
assessed the correlation (Pearson correlation)
of the race-stratified state-level crude mortality
rate, IFR, and the state-level race-stratified
prevalence of various health determinants.
The correlation of the COVID-19 measures
with the prespecified health determinant
groups (comorbidities, preexisting medical
conditions, poor health behaviors, and adverse
socioeconomic factors) was assessed.

RESULTS
We included 435,139 individuals from the
2017 BRFSS survey, in which self-reported
data on race were available. The demographic
distribution and socioeconomic measures of
the study population across the census regions
for the respective racial groups are described
in Supplemental Table 1 (available online at
http://www.mcpiqojournal.org).

Prevalence of Comorbidities
Nationally, the prevalence of 1 or more comor-
bidities (any of diabetes, hypertension, hyper-
cholesterolemia, and obesity) was 63.3%
Mayo Clin Proc Inn Qual Out n December 2020
(95% CI, 62.4% to 64.2%) in blacks and
55.1% (95% CI, 54.7% to 55.5%) in whites.
In black individuals, the prevalence of 1 or
more comorbidities was highest in the southern
region (64.7%; 95% CI, 63.4% to 66.0%)
(Table). There was a high prevalence of hyper-
tension (42.6%; 95% CI, 41.5% to 43.8%), dia-
betes (15.3%; 95% CI, 14.4% to 16.2%),
hypercholesterolemia (31.4%; 95% CI, 30.1%
to 32.7%), and obesity (40.6%; 95% CI,
39.2% to 41.9%) nationally and this was high-
est in the southern region in black individuals
for all 4 comorbidities. In white individuals,
the prevalence of 1 or more comorbidities was
also highest in the southern region (57.5%;
95% CI, 56.8% to 58.2%) (Table). The preva-
lence of hypertension (32.6%; 95% CI, 32.0%
to 33.2%), diabetes (10.2%; 95% CI, 9.9% to
10.6%), and hypercholesterolemia (33.0%;
95% CI, 32.3% to 33.6%) was highest in the
southern region, and the prevalence of obesity
was highest in the midwestern region (31.2%;
95% CI, 30.5% to 31.8%). Figure 1 and
Supplemental Tables 2 to 5 (available online
at http://www.mcpiqojournal.org) depict the
state-level distribution of various health
determinants for both black and white
individuals.
Prevalence of Preexisting Medical
Conditions
Nationally, the prevalence of 1 or more preex-
isting medical conditions (any of pulmonary
disease, malignant neoplasm, kidney disease,
or cardiac disease) was 28.4% (95% CI,
27.5% to 29.3%) in blacks and 30.0% (95%
CI, 29.7% to 30.3%) in whites. In black indi-
viduals, the prevalence of 1 or more preexist-
ing medical conditions was highest in the
midwestern region (30.4%; 95% CI, 28.8%
;4(6):703-716 n https://doi.org/10.1016/j.mayocpiqo.2020.09.005
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FIGURE 1. Heatmap of the prevalence of health determinants, stratified by race. Darker shades represent higher prevalence, and
lighter shades represent lower prevalence. Age-adjusted prevalence is reported along with 95% CI. A, Comorbidities. B, Preexisting
medical condition. C, Poor health behaviors. D, Adverse socioeconomic factors. The estimates and CIs are given in Supplemental
Tables 4 and 5.
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FIGURE 1. Continue
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FIGURE 2. Relationship of the geographic distribution of coronavirus disease 2019 (COVID-19) mortality and the prevalence of
health determinants in black individuals. Pink diamonds represent the northeastern region states, green diamonds represent the
midwestern states, red diamonds represent the states in the southern region, and blue diamonds represent the states in the western
region.
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to 32.1%). In blacks, the prevalence of pulmo-
nary disease was highest in the western region
(22.3%; 95% CI, 19.3% to 25.3%) and the
prevalence of cardiac disease was highest in
the midwestern region (7.3%; 95% CI, 6.5%
to 8.2%). In white individuals, the prevalence
of 1 or more preexisting medical conditions
was highest in the southern region (30.8%;
95% CI, 30.2% to 31.4%).

Prevalence of Poor Health Behaviors
Nationally, the prevalence of 1 or more poor
health behaviors (any of alcohol abuse, cur-
rent smoking, or physical inactivity) was
53.2% (95% CI, 52.2% to 54.2%) in blacks
and 60.7% (95% CI, 60.4% to 61.1%) in
Mayo Clin Proc Inn Qual Out n December 2020;4(6):703-716 n http
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whites. In black individuals, the prevalence
of poor health behaviors was highest in the
western region (50.2%; 95% CI, 46.2% to
54.2%) (Table). The prevalence of alcohol
abuse (5.0%; 95% CI, 4.1% to 5.9%) and
smoking (22.5%; 95% CI, 20.9% to 24.1%)
was highest in blacks in the midwestern re-
gion. Black individuals in the western region
had the highest prevalence of physical inac-
tivity (53.0%; 95% CI, 48.8% to 57.2%). In
white individuals, the prevalence of alcohol
abuse was highest in the midwestern (7.3%;
95% CI, 6.9% to 7.6%) and western (7.3%;
95% CI, 6.9% to 7.8%) regions. Smoking
was highest in whites in the southern region
(19.0%; 95% CI, 18.5% to 19.6%), and
s://doi.org/10.1016/j.mayocpiqo.2020.09.005 709
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physical inactivity was highest in whites in the
western region (58.2%; 95% CI, 57.3% to
59.0%).

Prevalence of Adverse Socioeconomic
Factors
Nationally, the prevalence of 1 or more
adverse socioeconomic factors (any of lack of
health insurance, low annual household
income, or less than high school education)
was 47.0% (95% CI, 46.0% to 47.9%) in
blacks and 30.9% (95% CI, 30.6% to
31.3%) in whites. In black individuals, the
prevalence of 1 or more adverse socioeco-
nomic factors was highest in the midwestern
region (50.0%; 95% CI, 48.1% to 51.9%).
The prevalence of poor educational status
Mayo Clin Proc Inn Qual Out n December 2020
(16.5%; 95% CI, 14.8% to 18.2%) and low
annual household income (44.7%; 95% CI,
42.7% to 46.7%) was highest in black individ-
uals in the midwestern region (Table). The
lack of health insurance coverage was highest
in black individuals in the southern region
(17.6%; 95% CI, 16.5% to 18.8%). In white
individuals, the prevalence of 1 or more
adverse socioeconomic factors was highest in
the southern region (35.0%; 95% CI, 34.3%
to 35.7%). In white individuals, the preva-
lence of lack of health insurance (14.8%;
95% CI, 14.3% to 15.4%) and that of low
annual household income (26.5%; 95% CI,
25.8% to 27.3%) were highest in the southern
region. The prevalence of lower educational
status was highest in white individuals in the
;4(6):703-716 n https://doi.org/10.1016/j.mayocpiqo.2020.09.005
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western region (13.5%; 95% CI, 12.8% to
14.3%).

Coronavirus Disease 2019 Mortality Rates
and Relationship With Determinants of
Health
In the states reporting race-stratified data,
there were a total of 623,177 COVID-19 cases
in black individuals and 1,272,675 cases in
white individuals. There were 33,513 total
deaths in black individuals and 78,272 deaths
Mayo Clin Proc Inn Qual Out n December 2020;4(6):703-716 n http
www.mcpiqojournal.org
in whites. The cumulative incidence rate in
blacks (1546.4 per 100,000 persons) was
nearly 3 times higher than in whites (540.4
per 100,000 persons). The crude mortality
rate in blacks (83.2 per 100,000 persons)
was more than 2 times higher than that in
whites (33.2 per 100,000 persons). The IFR
in blacks and whites was 5.4 and 6.2 per
100 cases, respectively. There was no signifi-
cant correlation of the race-stratified state-level
crude mortality and IFR with the prevalence of
s://doi.org/10.1016/j.mayocpiqo.2020.09.005 711
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comorbidities, preexisting medical conditions,
poor health behaviors, and adverse socioeco-
nomic factors (P >.05 for all) (Figures 2-4;
Supplemental Figures 1 and 2, available online
at http://www.mcpiqojournal.org).

DISCUSSION
In this study, we observed that the prevalence
of comorbidities and adverse socioeconomic
factors was higher in black individuals, and
these determinants were concentrated in
southern and midwestern US states for both
black and white individuals. Substantial
geographic heterogeneity in the prevalence
Mayo Clin Proc Inn Qual Out n December 2020
of clinical and social determinants of health
was noted within the racial groups. In states
reporting race-stratified data on COVID-19
cases and mortality, the COVID-19 cumula-
tive incidence rate was nearly 3-fold higher
and the COVID-19 mortality was more than
2-fold higher in black individuals than in their
white counterparts. Notably, the IFR in black
and white individuals was similar across all
the states with available data. Although the
pernicious influence of comorbidities and
adverse socioeconomic factors may explain
the higher proportion of COVID-19 infections
and mortality burden in black individuals, the
;4(6):703-716 n https://doi.org/10.1016/j.mayocpiqo.2020.09.005
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known health determinants did not track with
the current geographic pattern of COVID-19
fatality within the racial groups.

We found a higher prevalence of comor-
bidities in black individuals universally across
the US states, with a considerably higher con-
centration of comorbidities in the southern
and midwestern regions. Although the preva-
lence of preexisting medical conditions was
comparable between racial groups, white indi-
viduals had a higher prevalence of poor health
behaviors. There are inherent differences in
the geographic distribution of these biological
determinants within the black and white racial
groups. A higher prevalence of comorbidities
has been previously reported in the deep
south, which is often attributed to the higher
proportion of black individuals and clustering
of the socioeconomic factors in the re-
gion.16,19-22 We substantiate these reports
and provide perspective into these regional
differences by highlighting that both blacks
and whites in the southern region have a
higher comorbidity burden compared with
their counterparts in the rest of the United
States.

The population-level COVID-19 mortality
burden is presumed to follow the population
prevalence of comorbidities given that comor-
bidity burden and concomitant illnesses are
critical factors in predicting the risk of fatal
outcomes from COVID-19 in inpatient
settings.23-30 However, our investigation indi-
cates that within the racial groups, the higher
comorbidity burden does not track with the
geographic dispersion of COVID-19 fatality.
Although black individuals are evidently at a
higher risk of getting COVID-19 and bearing
a higher mortality burden, once they get the
disease, they may be deemed to be at a similar
risk as their white counterparts. This is
evident in the higher population-level
COVID-19 mortality burden in blacks. How-
ever, Blacks have a similar or lower IFR
compared with Whites. Our ecological investi-
gation aligns with the clinical reports from
inpatient settings, in which the risk of
COVID-19 mortality is similar in black and
white patients after adjusting the clinical and
socioeconomic health determinants.31 There
may be other plausible biological and environ-
mental factors governing the severity and fa-
tality from the novel and ubiquitous virus
Mayo Clin Proc Inn Qual Out n December 2020;4(6):703-716 n http
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above and beyond the population prevalence
of comorbidities.32,33

Racial disparities in exposure, susceptibil-
ity, and mortality due to a respiratory viral
pandemic have been previously reported
during the H1N1 pandemic.34,35 Although
the effect of a higher prevalence of comorbid-
ities in black individuals increases their
susceptibility to severe infection and adverse
outcomes, the malignant effect of adverse so-
cioeconomic determinants of health is height-
ened during the pandemic.34-38 Numerous
adverse socioeconomic factors prevent the at-
risk black population from assiduously
adhering to social distancing measures.1-4,38,39

Disproportionately higher numbers of blacks
are socioeconomically restricted and are at
risk for COVID-19 exposure because of
increased housing density, crowded living con-
ditions, reduced ability to work from home or
endure long unpaid furloughs, dependence
on public transportation, and decreased access
to healthy food.1-4,38,39 Racial minorities also
make up most of the workforce in areas such
as health care, government, transportation,
and food supply that are deemed as essential
services.1-4,38,39 The socioeconomic constraints
affecting the high-risk black population pre-
sents a vexing challenge to the adequate imple-
mentation of preventive measures.1-4,38,39

However, the racial effect of these determinants
may be attenuated once individuals are
infected.

We noted that a lack of health insurance
coverage was more prevalent in black individ-
uals in all US states. Lack of access to health
care is a critical factor that impedes minority
groups from seeking medical attention for
symptoms. Early in the pandemic, limited
testing capacity for COVID-19 led to a require-
ment that referral from health care workers
was necessary to be tested. Those without
health insurance were less likely to seek physi-
cian consultation, rendering them undiag-
nosed with possible COVID-19 infection,
and a source of potential viral spread within
the community. Additionally, the nationwide
response to the pandemic has varied because
of the differential burden of COVID-19 across
states and the heterogeneity in responses of
local public health agencies.5,6 The complex
equipoise of the various factors may explain
the geographic mismatch in the risk factor
s://doi.org/10.1016/j.mayocpiqo.2020.09.005 713
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prevalence and COVID-19 fatality within the
racial groups.

Our study has crucial public health impli-
cations by contextualizing the racial disparities
seen with COVID-19. The persistent racial
disparities in health care, as underlined by
our study, may predispose black individuals
to bear the hefty share of the COVID-19
pandemic. Within race, individuals are at a
higher COVID-19 risk, notwithstanding the
population prevalence of comorbidities and
socioeconomic factors. The observed racial
differences in COVID-19 cumulative incidence
and mortality may be due to variation in the
physical environment, health behaviors, access
to clinical care, low penetration of evidence-
based treatment strategies, social discrimina-
tion, poor socioeconomic status, and
education, which will continue to persist, if
not increase, after the effect of the ongoing
pandemic.20,40-47 Our data call for the prioriti-
zation of public health initiatives explicitly
targeted at minority populations with region-
specific approaches to stem these disparities.
The COVID-19 cumulative incidence and
mortality do not conform to the geographic
distribution of health and social determinants,
which is worrisome and indicate that other
modulating factors need to be explored. The
economic recession secondary to the
pandemic may disproportionately affect racial
minorities, with more people losing health in-
surance coverage and further worsening of the
preexisting medical conditions. The relaxation
of social distancing may critically affect racial
minorities who are already at a higher risk
for adverse outcomes because of a large
comorbidity burden, unemployment, food
insecurity, and limited access to health care.
Such conditions may perpetuate the deeply
entrenched racial disparities in health
outcomes48,49 and make the mitigation of
these disparities even more challenging.

Our investigation may have several
limitations. The BRFSS includes self-reported
cross-sectional survey data from which true
disease incidence cannot be discerned. How-
ever, BRFSS data have been previously vali-
dated in numerous studies.8,9 The small
population size of other racial subgroups at
the state level lead to unreliable estimates,
restricted their inclusion in the study. More-
over, because of several incongruences, lack
Mayo Clin Proc Inn Qual Out n December 2020
of uniformity, and large missing data, in the
reporting of race-stratified COVID-19 cumula-
tive incidence and mortality reported by
respective states, we were restricted unable to
make a uniform assessment. Mortality due to
COVID-19 has been assessed both at the
population level (per 100,000 individuals in
the area) and at the case level (IFR). We report
both the mortality metrics that quantify the
population mortality burden (crude mortality
rate) and case-associated fatality (IFR). The
COVID-19 pandemic is ongoing and at
various stages in different states, and the
current mortality statistics provide only a
cross-sectional picture of the current status
of the pandemic. The currently observed
patterns of COVID-19 mortality may also be
affected by physical mobility and the ability
of the existing health care infrastructure to
sustain the increased pandemic burden. The
ecological study design with no data on
individual-level measurements in patients
with COVID-19 may be susceptible to ecolog-
ical fallacies if conclusions are drawn at the
individual level. Because of a lack of
individual-level measures of comorbidities,
preexisting conditions, poor health behaviors,
and socioeconomic factors in patients with
COVID-19, we were not able to assess a
multivariable-adjusted relationship of the
various race-stratified state-level measures.
We did not assess the correlation of individual
health determinants with COVID-19 mortal-
ity, as it may lead to the ecological fallacy of
the derivation of exposure-outcome inference
at the patient level. Additionally, COVID-19
outcome data are still accumulating and are
lagging. As the understanding of the disease
advances, the accuracy of our assumptions
may be reevaluated when further research
examines individual-level data from patients
with COVID-19. Notwithstanding these
limitations, our investigation provides a robust
account of race-stratified geographic disparity
in health determinants and COVID-19
mortality.

CONCLUSION
Black individuals have a higher prevalence of
comorbidities, adverse socioeconomic factor,
and higher COVID-19 mortality burden but
similar IFR compared with their white coun-
terparts in all regions of the United States.
;4(6):703-716 n https://doi.org/10.1016/j.mayocpiqo.2020.09.005
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Within both racial groups, there was a discor-
dance between COVID-19 mortality burden,
IFR, and the prevalence of various health
determinants, indicating that there are novel
factors that contribute to the population-level
mortality burden of COVID-19.
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