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A B S T R A C T

Background: Black populations in the United States are being disproportionately affected by the COVID-19
pandemic, but the increased mortality burden after accounting for health and other demographic character-
istics is not well understood. We examined characteristics of individuals who died from COVID-19 in Michi-
gan by race stratified by their age, sex and comorbidity prevalence to illustrate and understand this disparity
in mortality risk.
Methods: We evaluate COVID-19 mortality in Michigan by demographic and health characteristics, using
individual-level linked death certificate and surveillance data collected by the Michigan Department of
Health and Human Services from March 16 to October 26, 2020. We identified differences in demographics
and comorbidity prevalence across race among individuals who died from COVID-19 and calculated mortal-
ity rates by age, sex, race, and number of comorbidities.
Findings: Among the 6,065 COVID-19 related deaths in Michigan, Black individuals are experiencing 3¢6 times
the mortality rate of White individuals (p<0.001), with a mortality rate for Black individuals under 65 years
without comorbidities that is 12¢6 times that of their White counterparts (p<0.001). After accounting for age,
race, sex, and number of comorbidities, we find that Black individuals in all strata are at higher risk of
COVID-19 mortality than their White counterparts.
Interpretation: Our findings demonstrate that Black populations are disproportionately burdened by COVID-
19 mortality, even after accounting for demographic and underlying health characteristics. We highlight
how disparities across race, which result from systemic racism, are compounded in crises.
Funding: ASP, AP and APG were funded by NSF Expeditions grant 1918784, NIH grant 1R01AI151176-01, NSF
Rapid Response Research for COVID-19 grant RAPID-2027755, and the Notsew Orm Sands Foundation. MCF
was supported by NIH grant K01AI141576.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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1. Introduction

Throughout history, epidemics have inequitably affected vulnera-
ble populations in our societies, [1,2] and the COVID-19 pandemic is
no exception. In particular, Black and Hispanic/Latinx populations are
disproportionately experiencing severe COVID-19 morbidity and
mortality in the United States (US) [3,4]. According to data from the
Centers for Disease Control, 53% and 23% of all COVID-19 deaths in
the US are among White and Black individuals, respectively, while
these races represent 42.1% and 17.0% of the population [5,6]. In
Michigan, the disparities are even starker: while Black Americans
represent 14.1% of the total population [7], 35.0% of state-wide
COVID-19 deaths as of November 5, 2020 and 23.1% of state-wide
deaths as of January 21, 2021 occurred in this group [8]. Underlying
this disparate burden are systemic inequities in socioeconomic condi-
tions, health, and access to care by race, which impact infection expo-
sure and survival [9,10].

Such inequalities in health are often perpetuated by systemic rac-
ism, which can result in reduced access to healthcare and increased
risks for health [11,12]. Systemic racism refers to the embedded
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Research In Context

Evidence before this study

Through searches of peer-reviewed and gray literature, we
found that racialized populations worldwide have borne the
brunt of the COVID-19 pandemic, and that Black populations
across the United States in particular have been disproportion-
ately affected. It has been posited that demography and under-
lying health status are primary drivers of this disparity in the
United States. However, the extent to which race influences
COVID-19 mortality, after adjusting for age, sex, and comorbid-
ity burden, is less understood.

Added value of this study

We evaluated racial disparities in COVID-19 mortality for Michi-
gan, using individual-level linked death certificate and surveil-
lance data on all COVID-19 deaths statewide. We found that the
mortality rate for the Black population overall was 3¢6 times the
mortality rate for the White population (p<0.001). Statistically
significant racial differences were present across all strata by
age, sex, and number of comorbidities. Strikingly, Black individu-
als under 65 years without comorbidities had 12¢6 times the
mortality rate of their White counterparts. Overall, the median
age of Black decedents was nine years younger thanWhite dece-
dents. In addition, we found a longer time from symptom onset
to hospitalization and an earlier peak in incidence among Black
populations compared to White, indicating potentially height-
ened exposure alongside reduced access to care.

Implications of all the available evidence

Our findings indicate that prevalence of comorbidities does not
account for the elevated mortality rate observed among Black
individuals. Additionally, we demonstrate earlier exposure to
COVID-19 and delayed hospitalization in the Black population.
In the context of literature on systemic racism as an infectious
disease risk factor, we find multiple factors have contributed to
racial disparities in COVID-19 mortality.
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power in institutions and other structures led by those with both
known and unrecognized biases that are reflected in regulations, pol-
icies and practices, perpetuating inequitable access to resources and
opportunities [13]. Amongst Black communities, longstanding mar-
ginalization has led to higher rates of housing instability, financial
insecurity, and essential service inaccessibility compared to White
communities [14-16]. For instance, Black families in Michigan report
2.5 times higher rates of poverty [17] and 43% lower household
incomes [18] than White families. With lower socioeconomic status,
health related costs can create significant challenges for obtaining
medical care, medical insurance, and often delay diagnoses and treat-
ments [19,20]. Flint and Detroit, the residents of which are predomi-
nantly Black, are the second and fourth poorest cities in the US,
respectively [21]. With the confluence of housing, urbanization and
socioeconomic disadvantage, Black communities are uniquely placed
to face the brunt of contagious and widespread infections. Socioeco-
nomic disparities can influence community-level COVID-19 transmis-
sion, as smaller living space, greater household sizes, and reliance on
public transportation each impact the potential risk for COVID-19
infection [22,23]. In addition to disparities in access to healthcare
[24], other aspects of structural racism such as environmental injus-
tice and inequities in built environment [11], contribute to higher
rates of chronic health conditions in Black populations such as diabe-
tes, [25] obesity, [26] asthma, [27] and cardiovascular disease [28] in
comparison to White populations, which affect the severity of disease
following infection [29].

This multitude of factors creates a challenge for individuals in
general, and especially those with underlying medical conditions, to
protect themselves from infection. The “stay at home” public health
guidelines implemented during the COVID-19 pandemic are in ten-
sion with the need for stable employment, wages, and housing. Pan-
demic related job losses have been experienced predominantly by
those in lower income brackets, [16] those in Black and Hispanic/Lat-
inx communities, [16] and those unable to perform work tasks at
home [30]. When a certain segment of the population is fundamen-
tally unable to avoid risk and placed in a position to ignore infection
prevention guidelines, disparities in morbidity and mortality inevita-
bly arise.

The extent to which Black individuals are being disproportion-
ately killed by the pandemic is not well-quantified. In this study, we
aim to uncover whether disparities by race in COVID-19 mortality
can be explained by demographic and underlying health characteris-
tics alone. We analyzed individual-level data on people who died
from COVID-19 in Michigan, stratified by demographic characteris-
tics, chronic conditions, and geographical location. Then, we assessed
disparities in mortality risk by race within each ZIP Code Tabulation
Area between March 16 to October 26, 2020, thereby evaluating the
interdependent crises of the COVID-19 epidemic and systemic racism
in Michigan. Further, we used statistical analyses to assess disparities
across races among individuals dying from COVID-19 in Michigan.
We found that Black individuals have 3.6 times the risk of dying from
COVID-19 asWhite individuals in Michigan overall (p<0.001). Among
those with no comorbidities under the age of 65, Black individuals
have 12.6 times the mortality rate of White individuals (p<0.001).

2. Methods

2.1. Data sources

2.1.1. Linked individual-level COVID-19 surveillance and death
certificate data

Yale IRB deemed the study as not Human Subjects research and as
such, IRB approval was not required. As the data obtained for research
purposes were de-identified, patient consent was also not required.
Linked death certificate and COVID-19 surveillance data were obtained
from the Michigan Department of Health and Human Services. The
Division of Vital Records and Health Statistics provided death certifi-
cate data for individuals with an International Statistical Classification
of Diseases and Related Health Problems, Tenth Revision (ICD-10)
code for COVID-19 (U07.1 or U07.2) as an underlying or related cause
of death and the Communicable Diseases Division provided data from
the Michigan Disease Surveillance System (MDSS) on COVID-19 deaths
occurring between March 16 and October 26, 2020. As per the Data
Use Agreement, ASP, AP, IM, and LM were given access to the linked
data on November 10, 2020 for analysis. All COVID-19 related deaths
occurred in the state of Michigan. Datasets were linked based on string
values of first name, last name, and date of birth. Names and dates of
birth were formated uniformly and combined into string variables,
and then linked using a Generalized edit distance technique which
measures dissimilarity between two strings. Generalized edit distance
scores of 0 were considered exact matches while scores �325 were
automatically excluded as non-matches. Linkages with scores ranging
from 1 to 324 were subject to individual manual review where com-
monality of first or last name, suffixes, sensical misspellings, and single
differences in date of birth were considered.

Individual level data were collected on age, sex, race, ZIP Code
Tabulation Area (ZCTAs) of residence, underlying and related causes
of death, other medical conditions of interest, pre-existing condi-
tions, immunosuppressive medications, retirement or unemploy-
ment status, and residence or employment at a high risk or
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congregate living facility. ZCTAs are generalized area representations
of the US Postal Service Zip Code service areas. Our dataset exclu-
sively contains those who were diagnosed with and whose death
was attributed to COVID-19 in Michigan.

Comorbidities were identified by combining information on
underlying causes of death, related causes of death, and other medi-
cal conditions of interest from death certificates with information on
pre-existing conditions and medications from the Surveillance Sys-
tem case report forms. Comorbidities were categorized as follows:
asthma or reactive airway disease, cardiovascular disease, cancer,
chronic lung disease, diabetes mellitus, neurologic disease, chronic
liver disease, chronic renal disease, other immunosuppressive condi-
tions, and other chronic diseases. Other immunosuppressive condi-
tions included rheumatoid arthritis and bullous pemphigoid, among
others, as well as those unspecified but noted as immunosuppressive.
Other chronic diseases included anemia, depression, and chronic
venous thromboembolism as well as those unspecified (See Supple-
ment). Cardiovascular disease corresponded to ICD-10 codes I00-I78,
and includes heart attacks and strokes. Comorbidity of cancer repre-
sented any history of cancer.

ZCTA of residence was obtained primarily from death certificate
data and from surveillance system case reports in instances of miss-
ing ZCTA on the death certificate. Only individuals who resided in
Michigan were included in the mapping. Individuals who died from
COVID-19 were categorized by their status of being residents or
employees of high risk or congregate living facilities, which include:
long-term care homes, skilled nursing facilities, assisted living facili-
ties, homeless shelters, federal prisons, Michigan Department of Cor-
rections prisons, county jail, juvenile justice facilities, foster care, and
others, including senior, retirement, and group homes.
2.1.2. Population-level demographic data
Data on Michigan population demographics by age group, sex,

and race were obtained from the Michigan Department of Health and
Human Services [31]. The prevalence of comorbidities in the Michi-
gan population by age group, sex, and race were estimated using a
combination of 2017 Michigan Medicare data [32�34] and National
Health Interview Survey data on national comorbidity distribution by
age group and sex [35] (Table S3). Given data available to us on mor-
bidity burden in the Michigan population, we assumed that the dis-
tribution of age and race and the distribution of sex and race were
independent. Populations by ZCTA for all races were obtained from
the United States Census Bureau Decennial Census [36].
2.2. Analysis

With a two-sample Z-test, we assessed equality of proportions of
decedents that are White and Black with continuity corrections in
the matched and unmatched data. Using a Chi-Square test, we deter-
mined whether a statistically significant difference (a = 0.05) existed
between the proportions of deaths which occurred among Black and
White individuals in Michigan, and the proportions of the overall
population who are Black andWhite in Michigan.

We also performed univariate and bivariate analyses on COVID-19
mortality by demographic characteristics and presence of single or
multiple comorbidities. Specifically, Chi-square and Kruskal-Wallis
tests were used to identify differences in the following variables by
race: age, sex, number of comorbidities, presence of specific COVID-
19 related comorbidities and comorbidity combinations, employ-
ment status, and high-risk or congregate living facility exposure as
resident or staff. Age was analyzed as both a continuous variable, cat-
egorical variable (<40, 40�64, 65�79, �80 years), and as a binary
variable (<65, �65 years). In addition, COVID-19 mortality rates and
mortality rate ratios were calculated for the overall sample, as well as
by race, age, sex, and number of comorbidities both separately and in
combination. Chi-square tests were performed to identify differences
in these mortality rates by race.

We combined the individual-level data on COVID-19 deaths with
ZCTA level data on total population and population by race to evalu-
ate geographic heterogeneity in mortality. For each ZCTA, we calcu-
lated the COVID-19 mortality rate overall and by race, as well as the
mortality rate ratio of Black to White deaths. A one-tailed Wilcoxon
signed-rank test was used to compare whether the mortality rates
among Black individuals were greater than those of White individu-
als across ZCTAs throughout Michigan.

We conducted descriptive analyses of the dates of COVID-19
symptom onset, hospitalization, and death due to COVID-19, strati-
fied by race, to characterize epidemic progression. We also fit distri-
butions to the time from symptom onset to hospitalization by race.
All data were analyzed using Python 3.7.4 and R-3.5.1.

2.3. Role of the funding source

The funders of the study had no role in study design, data collec-
tion, data analysis, data interpretation, or writing of the report.

3. Results

3.1. Demographics of COVID-19 decedents

Between March 16 and October 26, 2020, a total of 6065 COVID-
19 related deaths were recorded in the linked surveillance and death
certificate databases across Michigan, of which 96.3% (5838) occurred
among Black or White individuals (Fig S1). Of the total decedents, the
races and ethnicities were as follows: 3497 (57.7%) White, 2341
(38.6%) Black, 18 (0.3%) Native American, 28 (0.5%) South Asian, 25
(0.4%) Southeast Asian, 11 (0.2%) East Asian, 30 (0.5%) other Asian
ethnicity, and 115 (1.9%) were decedents of other races or did not
have a race reported. A total of 159 (2.6%) decedents were Hispanic/
Latinx, 5798 (95.6%) were non-Hispanic/Latinx, and 108 (1.8%) had
missing data for this variable. Among White decedents, 1.4% were
Hispanic/Latinx in contrast to 0.4% of Black decedents. We focused
our analyses on individuals who were White and Black, given the
small proportions of individuals of other races and ethnicities. Among
the 865 unmatched records, 469 (54.2%) were White decedents and
349 (40.3%) were Black decedents. Proportions of White and Black
decedents were not significantly different between matched and
unmatched records (White: p = 0.061, Black: p = 0.342).

Black individuals represent 15.7% of the combined Black and
White population of Michigan [31] yet accounted for 40.1% of the
COVID-19 deaths during our study period. The proportion of deaths
reported among Black individuals in Michigan is significantly higher
than the proportion of deaths we would expect based on population
representation alone (p<0.001).

Black individuals who died from COVID-19 were significantly
younger (median [IQR]: 72 [63, 81], p<0.001) than White individuals
(81 [72, 89]) and reported lower rates of being to be retired or unem-
ployed (12.9%, p<0.001) than White decedents (22.2%) (Table 1).
Among all COVID-19 deaths, 44.0% were either residents or employ-
ees of high-risk or congregate living facilities, such as long-term care
and senior homes, homeless shelters, and prisons. Black decedents
(29.7%) had lower rates of living or working in high-risk or congre-
gate living facilities than White individuals (54.8%, p<0.001). Among
all decedents who worked or resided in these facilities, 90.6% were
aged 65 and older (Table S1).

The most common comorbidity dyads among all COVID-19 deaths
were diabetes and cardiovascular disease (24.4%), and cardiovascular
and neurologic disease (21.6%). Black decedents had significantly
higher rates of reporting asthma (p = 0.016), diabetes (p = 0.002), and
chronic renal disease (p = 0.004) than White individuals who died
from COVID-19, but significantly lower rates of cardiovascular



Table 1
Demographic characteristics of individuals who died from COVID-19 in Michigan overall and by race. Data are median [IQR], n (%), or
n/N (%), and p-values were calculated by Chi-Square tests or Kruskal-Wallis tests as appropriate. The study population overall includes
deaths among individuals of all races, of which Black andWhite individuals make up 96.3%.

Race Overall* (n = 6065)

Black n = 2341 (38.6%) White n = 3497 (57.7%) p-value

Sex 0.006
Male 1274 (54.4) 1773 (50.7) 3186 (52.5)
Female 1067 (45.6) 1724 (49.3) 2879 (47.5)
Age, years (median [IQR]) 72 [63, 81] 81 [72, 89] <0.001 77 [68, 86]
<40 44 (1.9) 26 (0.7) <0.001 74 (1.2)
40�65 602 (25.7) 399 (11.4) 1053 (17.4)
65�80 1011 (43.2) 1170 (33.5) 2283 (37.6)
�80 684 (29.2) 1902 (54.4) 2655 (43.8)
Congregate Living Facility

Resident or Employee**
695 (29.7) 1915 (54.8) <0.001 2666 (44.0)

Retired or Unemployed 302 (12.9) 776 (22.2) <0.001 1128 (18.6)
Number of Comorbidities <0.001
None 675 (28.8) 566 (16.2) 1293 (21.3)
One 428 (18.3) 636 (18.2) 1116 (18.4)
Two or more 1238 (52.9) 2295 (65.6) 3656 (60.3)
Comorbidities
Asthma or Reactive Airway Disease 149 (6.4) 170 (4.9) 0.016 341 (5.6)
Cardiovascular Disease 1235 (52.8) 2293 (65.6) <0.001 3647 (60.1)
Cancer 191 (8.2) 425 (12.2) <0.001 639 (10.5)
Chronic Lung Disease 369 (15.8) 826 (23.6) <0.001 1226 (20.2)
Diabetes Mellitus 744 (31.8) 978 (28.0) 0.002 1819 (30.0)
Neurologic Disease 460 (19.6) 1242 (35.5) <0.001 1741 (28.7)
Chronic Liver Disease 64 (2.7) 76 (2.2) 0.199 149 (2.5)
Chronic Renal Disease 498 (21.3) 637 (18.2) 0.004 1181 (19.5)
Other Immunosuppressive Conditions 134 (5.7) 204 (5.8) 0.906 348 (5.7)
Other Chronic Diseases 215 (9.2) 505 (14.4) <0.001 741 (12.2)
Relevant Comorbidity Combinations***
Diabetes Mellitus, Cardiovascular,

and Chronic Renal Disease
214 (9.1) 244 (7.0) 0.003 488 (8.0)

Diabetes Mellitus and Cardiovascular Disease 576 (24.6) 828 (23.7) 0.435 1480 (24.4)
Cardiovascular and Chronic Lung Diseases 281 (12.0) 660 (18.9) <0.001 964 (15.9)
Cardiovascular and Neurologic Disease 353 (15.1) 935 (26.7) <0.001 1312 (21.6)

* Races and ethnicities of decedents presented in the column labeled Overall (n = 6065) are White (57.7%), Black (38.6%), Native American
(0.3%), South Asian (0.5%), Southeast Asian (0.4%), East Asian (0.2%), other Asian ethnicity (0.5%), and other not specified races and individ-
uals for whom race was not reported (1.9%).
** The number of individuals living in congregate living facilities by age group, sex, and race is presented in Table S1.
*** Comorbidity combinations included here represent those typical among patients with the following medical and behavioural condi-
tions in order: uncontrolled diabetes, obesity, long-term smoker, and dementia. These conditions have been found to be associated with
COVID-19 mortality [46].
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disease (p<0.001), cancer (p<0.001), chronic lung disease (p<0.001),
and neurologic disease (p<0.001). Additionally, Black decedents had
higher rates of to have the combination of diabetes mellitus, cardio-
vascular disease, and chronic renal disease (p = 0.003) than White
decedents, and lower rates of the combinations of cardiovascular and
chronic lung disease (p<0.001) and cardiovascular and neurologic
disease (p<0.001).

3.2. Mortality rates

Between March 16 to October 26, 2020, we calculated that the
COVID-19 mortality rate in Michigan was 5.4 per 10,000 population
[31]. Stratifying by race, the mortality rate was 3.6 times higher for
Black populations (15.6 per 10,000 population) than White popula-
tions (4.3 per 10,000 population, p<0.001). Stratifying by age, the
mortality rate for Black individuals under 40 years of age (0.50 per
10,000 population) is 7.4 times that for White individuals in the same
age group (0.07 per 10,000 population, p<0.001). Among those aged
40 to 69 years, the mortality rate for Black individuals (18.4 per
10,000) was 8.5 times that of White individuals (2.2 per 10,000,
p<0.001). Mortality risk for both races increased with age, where
Black individuals aged 70 years and older had a mortality rate of
121.1 per 10,000 population and White individuals had a mortality
rate of 27.7 per 10,000 population (p<0.001).

While the mortality rate in the White population did not vary sig-
nificantly by sex (4.5 per 10,000 population for males and 4.2 per
10,000 for females, p = 0.167), Black males have a significantly greater
(31.2%) mortality rate than their female counterparts (p<0.001). Com-
paringmales and females under the age of 40, the Black male mortality
rate (0.77 per 10,000 population) is 10.8 times that of White males
(0.07 per 10,000 population, p<0.001), and the Black female mortality
rate (0.23 per 10,000 population) was 3.56 times that of White females
in the same age group (0.06 per 10,000 population, p<0.001).

When stratified by age, sex, and number of comorbidities, the
mortality rate for the Black population was significantly higher than
that for the White population for every pair-wise comparison
(p<0.001). Among those with no comorbidities under the age of 65,
Black individuals have 12.6 times the mortality rate of White individ-
uals (p<0.001). Black males under the age of 65 years with no comor-
bidities had a COVID-19 mortality rate of 6.2 per 10,000 population,
while White males with no comorbidities in the same age group
experienced a lower mortality rate of 0.53 per 10,000 (p<0.001,
Fig 1). Among males aged 65 and older with no comorbidities, the
COVID-19 mortality rate was 367.5 per 10,000 for Black decedents
and 31.6 per 10,000 for White decedents (p<0.001). Black females
without comorbidities aged 65 and older had mortality rates of 363.1
per 10,000 in contrast to white females in the same stratum who
experienced mortality rates of 35.9 per 10,000 (p<0.001). The relative
difference in mortality rate is also stark when comparing Black and
White individuals with comorbidities. Black males aged 65 and older
with multiple comorbidities had a mortality rate that was 3.5 times
that of White males with multiple comorbidities (p<0.001).



Fig 1. COVID-19 mortality per 10,000 population in Michigan by age, sex, number
of comorbidities, and race. The population was first stratified by individuals under
65 years (top) and 65 years and older (bottom) then by sex (male, female), number of
comorbidities (none, one, multiple), and race (Black and White). These mortality rates
are based on 6065 COVID-19 deaths that occurred in the state of Michigan between
March 16 and October 26, 2020. Differences between the mortality rate of Black and
White populations are statistically significant for every comparison (p<0.001). Abso-
lute numbers of deaths in each stratum are presented in Table S2.
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3.3. Geographical distribution

Across the 198 ZCTAs in which at least one Black and at least one
White individual died from COVID-19, the median mortality rate for
Black populations was 167.9 per 100,000 [IQR: 89.4�251.8] com-
pared to the median mortality rate of 64.0 per 100,000 population
[IQR: 34.5�97.0] among white populations (Fig 2). Among all 569
Fig 2. COVID-19 Mortality rates per 100,000 population among Black andWhite Michigan
tality rate per 100,000 population ranges from 0 (green) to 100+ (red). The highest mortality
19 deaths for a particular race occurred and light gray regions indicate ZCTAs where no CO
deaths among Michigan residents spread across the state between March 16 and October 26
of all races. The inset map represents the Detroit Metropolitan Area and Flint. See Supplem
Black individuals by ZCTA (Fig S2).
ZCTAs in which a COVID-19 related death took place, 253 ZCTAs
reported �5 deaths.

We found that mortality rates were higher among Black individu-
als in 84.8% of these 198 ZCTAs (Fig 2, Fig 3). For those ZCTAs in which
individuals of both races died, mortality rates were significantly
higher among Black individuals, as determined by Wilcoxon signed-
rank test (p<0.001). In these ZCTAs, Black individuals had a median
of 2.3 times [IQR:1.3�4.8] greater odds of dying from COVID-19 than
White individuals (Fig 3). Detroit (524,634) and Flint (51,686) have
the largest Black populations in Michigan and were both devastated
by COVID-19 mortality (Fig S2) [5].
3.4. Date of symptom onset, hospitalization, and death

The transmission intensity driven by exposure risk within a popu-
lation is reflected by the timing of the peaks in symptom onset and
mortality. Date of symptom onset was recorded for 4110 of the indi-
viduals in our study (67.8%), with missing data on 1955 individuals
(32.2%). Among White and Black individuals, 28.2% and 39.1% of indi-
viduals are missing symptom onset date data, respectively. Among
all COVID-19 decedents in Michigan, dates of symptom onset and
death were earlier for Black populations in comparison to White pop-
ulations (Fig 4), indicating a steeper escalation in risk for Black indi-
viduals. The peak in symptom onset for Black individuals in Michigan
was 6 days earlier (March 26, 2020) than White individuals (April 1,
2020). Duration of hospitalization was 2 days longer for Black indi-
viduals (median of 10 days vs. 8 days) compared to White (p<0.001).
The median onset date and median date of death were 13 days earlier
for Black individuals who died than White, and peak daily deaths
occurred 3 days earlier for Black individuals than White (April 8,
2020 vs April 11, 2020).

Prompt medical attention is an important component of recovery.
The time between symptom onset and hospitalization was a median
of 1 day longer for Black decedents compared to White (4 days vs 3
days). Upon fitting negative binomial distributions to the time from
symptom onset to hospitalization, we observed a median of 2 days
(mean: 4.51 days) for White individuals and a median of 3 days
(mean: 5.05 days) for Black individuals (Fig S3).
residents andMichigan residents overall by ZIP Code Tabulation Area (ZCTA). Mor-
rate per 100,000 population is 5263. Dark gray regions indicate ZCTAs where no COVID-
VID-19 related deaths took place. These mortality rates are based on 6027 COVID-19
, 2020, of whom 5809 individuals are either White or Black. Total includes individuals
ent for the number of COVID-19 related deaths by ZCTA (Fig S1) and the population of



Fig. 3. Mortality rate ratio for Black to White populations at the ZIP Code Tabula-
tion Area (ZCTA) level of residence in Michigan. There were 30 ZCTAs where deaths
among Black individuals occurred yet the White COVID-19 mortality rate exceeded the
Black mortality rate (green). The Black COVID-19 mortality rate exceeds White mortal-
ity rate in 178 ZCTAs (yellow to purple). Dark gray regions indicate ZCTAs where
COVID-19 deaths occurred only among one race, Black or White. Light gray regions
indicate ZCTAs where no COVID-19 related deaths took place. The inset map represents
the Detroit Metropolitan Area and Flint. These mortality rates are based on 5809
COVID-19 deaths among Black and White Michigan residents spread across the state
between March 16 and October 26, 2020.
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4. Discussion

Our highly granular analyses demonstrate that at the individual,
ZCTA and state levels, racial disparities in the burden and impact of
COVID-19 are salient and reflective of pervasive inequities. By
accounting for pre-existing comorbidities, we show that these
Fig. 4. Date of symptom onset and date of death over time among individuals who die
(n = 6065) are displayed from February 23 to October 23, 2020 and March 16 to October 26, 2
underlying health conditions alone do not explain the racial dispar-
ities in COVID-19 mortality. In fact, when adjusting for age and health
status, the gap becomes even more striking. Overall, Black popula-
tions in Michigan have 3.6 times the mortality rate of White popula-
tions. When subset to individuals under 65 years old and without
comorbidities, Black individuals have 12.6 times the mortality rate of
White individuals. As we consider the substantial disparities
highlighted by the COVID-19 pandemic in Michigan, we can see simi-
lar patterns elsewhere in the US and around the world [37]. In the
United Kingdom (UK), a study on over 17 million adults documented
increased COVID-19-related mortality risk among those of Black and
South Asian race compared to White people (Hazard ratio 1.48,
1.30�1.69 and 1.44, 1.32�1.58, respectively), even after adjusting for
relevant risk factors [38]. Our findings are consistent with race-based
COVID-19 mortality risk results from other studies in the UK and the
US [10,39�41].

The racial disparity in mortality rate is most pronounced at youn-
ger ages. The significantly younger median age of Black deaths (72 vs.
81 years) results in even more years of life lost in this community
than the differential mortality rate alone would suggest. Among
deceased individuals, peak incidence occurred six days earlier among
Black individuals. Although this data is a subset of all exposures and
there is incomplete data on symptom onset date, our finding suggests
that Black individuals may experience heightened exposure to
COVID-19.

We found that White decedents overall and particularly those of
older age were more likely to have been living in high-risk congre-
gate living facilities than Black decedents. This may indicate that
White decedents were exposed primarily due to their living circum-
stances in long-term care and assisted living facilities. As Black
descendents were younger overall, this population's exposure may
be attributed to the vulnerabilities of individuals unable to partici-
pate in stay-at-home orders during the pandemic. For instance, the
flexibility to work from home is often linked to higher income and to
industries in which Black individuals are underrepresented. While 47
to 49% of White individuals report being able to work from home,
only 34 to 39% of Black individuals have the same privilege [42].
d from COVID-19 in Michigan by race. Date of symptom onset (n = 4110) and death
020, respectively. Date of symptom onset was missing for 1955 individuals.
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Furthermore, Black Americans are disproportionately employed in
low-wage and high-contact essential service industries [43] within
which sick leave is often discouraged and uncompensated. Com-
pounding these issues, low-wage earners have more children [44]
with an average of 2.4 dependent family members [45]. In the
absence of sick leave benefits under these circumstances, infectious
individuals in essential service industries are more likely to spread
COVID-19 to their disproportionately Black coworkers [43]. Similar
factors may be driving the higher mortality rate observed in Black
males compared to Black females, in addition to the significantly
higher risk of COVID-19 mortality experienced by men compared to
women [46] and the higher baseline mortality rate experienced by
Black men [47].

Our results regarding the duration between symptom onset and
hospitalization indicate that Black COVID-19 patients do not receive
medical attention as promptly as their White counterparts, a factor
which is known to influence survival [48]. Financial barriers and dis-
trust deterring care-seeking, [43,49] test scarcity, and racial bias
among healthcare providers [50] may be driving this delay, among
other factors. In the US, Black and Hispanic/Latinx populations repre-
sent 12.3% and 17.6% of the total employed population, and make up
25% to 40% of those employed in industries experiencing the highest
proportion of job losses due to COVID-19 [30,51]. The disproportion-
ate burden of unemployment in these communities, and the precari-
ous linkage of health insurance to employment in this country, may
be serving as a deterrent to care-seeking when COVID-19 symptoms
arise. As families struggle to endure job losses with limited resources,
the COVID-19 pandemic places the most vulnerable in the precarious
situation of having to decide between staying at home and safeguard-
ing against infection or seeking out employment as a means for finan-
cial survival. Furthermore, with the longstanding history of unethical
treatment in public health and medicine, new challenges may arise
as medical advances become available. Individuals may distrust the
medical system due to historical unethical and inhumane treatment
of marginalized populations, which could delay treatment [43]. Upon
seeking medical attention, those living in densely populated inner
cities have faced inadequate access to testing [52]. These issues inter-
play with the racial composition of an area. Detroit, the most popu-
lous city in Michigan, is also home to a larger proportion of Black
individuals than any other city in the United States. Additionally, the
SARS-CoV-2 test used in Detroit during the early months of the pan-
demic was found to miss 45% of positive cases [53,54]. Patients
receiving these false negative results are likely to have received
delayed or inappropriate care, compounding the other factors
described above. Finally, physician racial biases may affect patient
health outcomes [50,55].

Racial disparities in access to healthcare, educational opportuni-
ties and economic security predate the COVID-19 epidemic. At least
90% of the ZCTAs within the predominantly Black cities of Detroit and
Flint have rates of child poverty that are higher than the national
average [56]. The anti-Black systemic racism in our political system is
paralleled by the racialized nature of COVID-19 [43]. Inadequate gov-
ernance nationwide has hindered pandemic response, analogous to
the ongoing mishandling of the Flint water crisis that has arisen from
a series of misguided governmental, social, and economic policies
[57]. The effects of COVID-19 shown here highlight a need for correc-
tive resource allocation by federal and local governments that would
mitigate the toll of public health crises on vulnerable populations.
Universal healthcare, living wages for all workers, and paid sick leave
are essential public health interventions for addressing racial inequi-
ties in the US.

Moreover, public health must also concentrate efforts to target
and eliminate pathways to inequality. In the face of the COVID-19
pandemic, institutionalized drivers of inequality such as the prison
industrial complex have highlighted the glaring disparities affecting
racial minorities. In 2018, the State of Michigan had 8604
commitments. While breakdowns for specific races are not available,
a total of 47.0% of the male prison population and 32.2% of the female
prison population were non-White despite the state’s population
being 79.2% White [58]. Estimates from research centers suggest
Black individuals comprise 53% of the prison population and 37% of
the jail population while only comprising 15% of the state population
[59]. With overcrowding, inability to maintain social distancing,
reduced access to soap or sanitizers, and reduced availability of per-
sonal protective equipment, incarceration presents an avenue for
widespread transmission of disease in the Black prison, jail and
detention center populations as a whole [60]. As public health practi-
tioners, we must work diligently to eliminate such drivers of inequal-
ity and work to fundamentally restructure prison systems as a public
health intervention to reduce disparities and promote health.

Over the course of the epidemic in Michigan, several public health
measures were implemented to curb transmission. A statewide stay-
at-home order was placed between March 24 and June 1, 2020,
alongside business restrictions such as prohibiting dining at restau-
rants and large gatherings. Other factors such as household size,
employment in essential services, use of public transportation, and
adherence to mask-wearing and stay-at-home orders can also impact
infection exposure as well as mortality risk. In Detroit, the most
impacted area in Michigan, social distancing in April was adhered to
by 48.3% of non-Black individuals and 41.7% of Black individuals [61].
These measures likely contributed towards limiting exposure to
infection which may have impacted the eventual decline in mortality
after mid-April. However, due to lack of sufficient data, we were
unable to integrate these characteristics into our study framework.
We were only able to deduce time to hospitalization for a subset of
all decedents due to missing data on symptom onset date, hospitali-
zation date or both. There was also heterogeneity in missingness of
this data across races, indicating a possible association with delays in
receiving care. By conducting a Chi-Square test (Table S4), we com-
pared the demographic profile of decedents for whom time to hospi-
talization could not be ascertained from data with the rest of the
decedents. The demographic profile of individuals with missing time
to hospitalization best resembled individuals who were hospitalized
within 3 days of symptom onset. Therefore, it may be unlikely that
missing data is associated with delays in hospitalizations, but a
deeper understanding of this relationship requires additional evi-
dence.

There is also a complex relationship between economic depriva-
tion and systemic racism in terms of COVID-19 mortality risk. These
underlying factors could provide deeper insight into the drivers of
racial disparities in COVID-19 mortality across Michigan, as well as
other US states. Under-reporting of COVID-19 may also be driven by
racial disparities, which would exacerbate the current situation. To
address this issue, further analysis and data is required to investigate
the relationship between COVID-19 testing availability and health-
care accessibility throughout the state. While our analysis of COVID-
19 deaths is specific to Michigan, our findings of increased mortality
rates after stratifying for key demographic and health variables are
consistent with the increased mortality burden experienced by Black
individuals nationwide [4]. The mortality of COVID-19 is skewed
towards the elderly and those with one or more comorbidities, as
also observed in our data. Our study was limited by the absence of
population-level comorbidity data for those under age 65 in the state
of Michigan, and thus national-level estimates were used instead.
However, given the similar comorbidity burdens observed nationally
and in Michigan for those 65 and older, [33] this is unlikely to alter
our overall findings.

As the COVID-19 pandemic continues to unfold, it is imperative to
ameliorate disparities as both a pandemic response and prevention
measure. Systemic disenfranchisement of Black individuals in the US
underlies circumstances leading to racial disparities in COVID-19
exposure, the timeliness of treatment and case fatality rates [43].
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While structural racism as an infectious disease risk factor is increas-
ingly being recognized, [62] the US response to this pandemic dem-
onstrates our society’s continued negligence toward the wellbeing of
all Americans. It is not only the longstanding increased risk of comor-
bidities in the Black population that drives racial disparities in
COVID-19 mortality, but socio-political and economic factors that
impact COVID-19 exposure and medical care. Rectifying these inequi-
ties is urgent both to limit the devastation of COVID-19 and to protect
against future public health crises.
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