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A B S T R A C T

Background: the incidence of novel coronavirus disease (COVID19) is elevated in areas with heightened socio-
economic vulnerability. Early reports from US hospitals also implicated social disadvantage and chronic dis-
ease history as COVID19 mortality risk factors. However, the relationship between race and COVID19
mortality remains unclear.
Methods:we examined in-hospital COVID19 mortality risk factors in a multi-hospital tertiary health care sys-
tem that serves greater Detroit, Michigan, a predominantly African American city with high rates of poverty
and chronic disease. Consecutive adult patients who presented to emergency departments and tested posi-
tive for COVID19 from 3/11/2020 through 4/18/2020 were included. Using log-binomial regression, we
assessed the relationship between in-hospital mortality and residence in census tracts that were flagged for
extreme socioeconomic vulnerability, patient-level demographics, and clinical comorbidities.
Findings: a total of 1,015 adults tested positive for COVID19 during the study period; 80% identified as Black
people, 52% were male and 53% were � 65 years of age. The median body mass index was 30�4 and the
median Charlson Comorbidity Index score was 4. Patients from census tracts that were flagged for vulnerabil-
ity related to socioeconomic status had a higher mortality rate than their peers who resided in less vulnerable
census tracts (b 0.26, standard error (SE) 0.11, degrees of freedom (df) 378, t-value (t) 2.27, exp(b) 1.29, p-
value 0.02). Adjustment for age category, Black race, sex and/or the Charlson Comorbidity Index score cate-
gory reduced the magnitude of association by less than 10% [exp(b) 1.29 vs. 1.21]. Black race [p = 0.38] and
sex [p = 0.62] were not associated with mortality in this sample.
Interpretation: people who lived in areas flagged for extreme socioeconomic vulnerability had elevated mor-
tality risk in our predominantly African-American cohort of COVID19 patients who were able to seek hospital
care during the so-called ‘first wave’ of the pandemic. By contrast, Black race was not associated with mortal-
ity in our sample.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

The incidence of novel coronavirus disease (COVID19) is elevated
in US counties and ZIP codes with an increased prevalence of social
vulnerability related to socioeconomic status [1�5]. Early reports
from US hospitals also implicated social disadvantage and chronic
disease history as risk factors for elevated COVID19 mortality risk
[6,7]. However, the relationship between race and COVID19 related
mortality is not fully clear.

Multiple studies of people able to access hospital care reported no
Black-White people difference in COVID19 mortality risk after adjust-
ing for sociodemographic factors and clinical comorbidities [8�11].
Yet, not all studies agree. At least two peer-reviewed articles reported
increased COVID19 mortality risk in Black patients in adjusted mod-
els [7,12].
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Research in context

Evidence before this study

Elevated mortality rates were reported during previous infec-
tious disease outbreaks and pandemics in areas with high pov-
erty rates, racial segregation and low education attainment. US
reports have implicated chronic disease history and poverty as
risk factors for COVID19 related mortality, yet there is a dearth
of information about predominantly Black populations in
densely populated urban cities.

Added value for this study

This study uniquely examined relationships between census
tract social vulnerability characteristics and COVID19 in-hospi-
tal mortality in a large urban health system that predominantly
serves African Americans. Mortality risk was elevated among
patients from census tracts that were flagged by the Centers for
Disease Control and Prevention Social Vulnerability Index for
socioeconomic vulnerability (i.e., poverty, unemployment, low
per capita income and/or low high school diploma rates � 90th
percentile vulnerability). By contrast, there was no relationship
between COVID19 mortality and race.

Implication of all the available evidence

Our findings prompt us to infer that Black people in large urban
centers who access hospital care and test positive for COVID19
are not inherently at elevated risk of COVID19 mortality.
Rather, our results support the possibility that socioeconomic
vulnerability, not race per se, explain the elevated mortality risk
in our sample.
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We examined the antecedents of in-hospital COVID19 mortality in a
multi-hospital tertiary health care system that serves greater Detroit,
Michigan, a predominantly Black or African American city with high
rates of poverty, obesity, hypertension, diabetes, asthma and other fac-
tors that might heighten vulnerability [13]. Detroit emerged as an early
hot spot for COVID19 related mortality during the so-called ‘first wave’
of the pandemic in the US. By the 50th day of the virus in Michigan,
Detroit reported more than one thousand COVID19 related deaths; a
per capita mortality rate [149 per 100,000 residents] that briefly
exceeded New York city, then the global epicenter.

We chose to focus on the first several weeks of the so-called ‘first
wave’, prior to the emergence of COVID19 variants in metropolitan
Detroit, based on the premise that a homogenous novel exposure
within a population will identify markers of susceptibility [14]. The
case-mix at our hospitals provided us an opportunity to test for dis-
parities in a sample that is enriched with vulnerability related to both
chronic comorbidities and socioeconomic status. We collected infor-
mation about basic demographic and clinical factors, but firstly we
tested for differences between patients who lived in census tracts
with increased social vulnerability and their peers who lived in less
vulnerable census tracts. Residential characteristics were included in
our a priori study design based on our interests in identifying modifi-
able risk factors.

2. Methods

2.1. Study design and participants

This study included consecutive adult COVID19 patients who
were admitted to any of five Detroit Medical Center (DMC) hospitals
and tested positive for SARS-CoV-2 from 3/11/20 � 4/18/20. Trained
data abstractors collected demographic data, social and medical his-
tories, and discharge disposition information from medical records.
Patient addresses were collected in order to obtain census tract infor-
mation about social vulnerability. Geocoding was performed using
SAS v9.4. When address information was insufficient to identify the
census tract and ZIP codes were available, we used the HUD-USPS ZIP
code crosswalk to select the census tract with the maximum esti-
mated fraction of residents corresponding to the patients’ ZIP code
[15]. The Detroit Medical Center Clinical Research Office and the
Wayne State University Institutional Review Boards approved this
study. Informed patient consent was not required due to the retro-
spective nature of the study.

2.2. Social vulnerability index

Information about census tracts was obtained from the 2018 Cen-
ters for Disease Control and Prevention Social Vulnerability Index
(SVI) [16]. The SVI ranks census tracts on fifteen social factors (e.g.,
unemployment, minority status, and disability) that are subclassified
under four themes: Socioeconomic, Household Composition and Dis-
ability, Minority Status and Language, and Housing Type and Trans-
portation. We focused on socioeconomic vulnerability in this study.
Because of our interest in extreme vulnerability, we used a flag vari-
able that was developed by the CDC to classify extreme vulnerability.
We compared patients who lived in census tracts that were flagged
for any of the following versus patients who lived in census tracts
that were not flagged: persons below poverty estimate � 90th per-
centile; civilian (age 16+) unemployed estimate � 90th percentile
vulnerability; per capita income vulnerability � 90th percentile; per-
sons (age 25+) with no high school diploma � 90th percentile.

2.3. Comorbidities

Clinical risk factors were summarized using the Charlson Comor-
bidity Index (CCI) [17]; patient groups were created based on quar-
tiles of the frequency distribution in this cohort (0�1, bottom
quartile; 2�4, middle quartiles; and 5+, top quartile).

2.4. COVID19 diagnosis

The gold-standard diagnosis in this study was based on the real-
time polymerase chain reaction (RT-PCR) testing of a nasopharyngeal
swab or an oropharyngeal swab collected in viral transport media.
Restrictions on Sars-CoV-2 testing were widened to allow clinician
discretion in Michigan in late February 2020. The DMC began testing
in March, when the first two cases in the state were reported in Met-
ropolitan Detroit. Testing was initially performed at the State Bureau
of Laboratories using kits provided by the CDC. Next, commercial lab-
oratories were used to increase testing capacity (Quest Diagnostics
and Eurofins Viracor, Inc). In-house rapid testing for Sars-CoV-2
began at the DMC on April 3rd, 2020.

2.5. Statistical analysis

Differences in distributions were examined using the Chi-square
or Fisher’s exact test, or the Man Whitney U-Test, as appropriate.
Using log-binomial regression, we assessed the relationship between
in-hospital mortality and residence in census tracts that were flagged
for extreme socioeconomic vulnerability, patient-level demographics,
and clinical comorbidities.

First, we tested whether people who lived in census tracts that
were flagged for socioeconomic vulnerability had higher in-hospital
mortality rates than people who lived in areas that were not flagged.
Next, we adjusted for basic demographic factors (age category, sex
and dichotomous race Black vs. non-Black). After removing fixed
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effects that were not associated with mortality, a fixed effect for the
Charlson Comorbidity Index score category was added. Because of
collinearity, we used age-standardized Charlson Comorbidity Index
z-scores in models that included a fixed effect for advanced age.
Based on known associations between race and socioeconomic sta-
tus, we also fit an interaction model to test whether the association
between Black race and COVID19 mortality differed according to resi-
dence in census tracts that were flagged for socioeconomic vulnera-
bility.

We used random effects models that included a random intercept
for hospitals nested within census tracts to estimate patient specific
risks, but we also used marginal models that did not include random
intercepts to model population averages. Confounders were defined
a priori as variables that were associated with census tract socioeco-
nomic vulnerability and in-hospital mortality whose adjustment
changed estimated relative risks by >10%. Multivariable adjustment
was performed when there were at least ten outcome events per
independent variable [18]. Estimates with 95% confidence intervals
(CI) that did not cross the null value (i.e., ‘1�00) were considered sta-
tistically significant.

2.6. Role of the funding source

There was no funding source for this project. AS SK, JP, PL, RS, TC
had full access to all of the data in the study and the corresponding
authors had the responsibility to submit the manuscript.

3. Results

3.1. Cohort characteristics

A total of 1015 adults tested positive for COVID19 during the
study period; 80% identified as Black, 52% were male and 53% were �
65 years of age. The median body mass index was 30�4 (interquartile
rang-IQR, 26�37) and the median Charlson Comorbidity Index score
was 4 (IQR, 2�5). Diagnoses were based on tests performed by the
State laboratory (14%), commercial labs (72% Labcorp and 2% Viracor)
and using in-house rapid tests (12%).

Six percent of the cohort was discharged home from the ED, 75%
was admitted to the hospital, 13% was admitted to the ICU, 1% was
transferred to another facility and 3�6% died in the ED. The median
ED length of stay was 5�6 h (IQR 2�9�18�4). Of the hospitalized
patients, 51% was discharged home, 5% was discharged to long term
acute care, 5% was discharged to another facility, and 38% expired.
The median inpatient hospital length of stay was seven days (IQR
4�13).

The characteristics of COVID19 survivors (n = 640) and non-survi-
vors (n = 375) are described in Figs. 1�2; (eFigs. 1�2 describe inpa-
tients only). People who died had advanced age, multiple
comorbidities (e.g., hypertension, diabetes, dementia, chronic
obstructive pulmonary disorder, coronary artery disease), and they
were identified as residing in nursing homes prior to admission more
frequently than survivors.

3.1.1. Census tract characteristics and in-hospital mortality risk
Wewere able to identify 76% of the census tracts for patient home

addresses directly without using the HUD ZIP crosswalk; the CDC SVI
flagged 61% of these 271 distinct census tracts for socioeconomic vul-
nerability. The remaining census tracts were identified using the
HUD ZIP crosswalk. There were no differences in the frequency distri-
butions of mortality (p = 0.39), advanced age (65+, p = 0.49), Black
race (p = 0.10), sex (p = 0.71) or the Charlson Comorbidity Index score
category (p = 0.66) by crosswalk usage. By contrast, patients whose
home address was matched to a census tract using the HUD ZIP cross-
walk lived in areas that were flagged for extreme socioeconomic vul-
nerability less frequently than their peers whose addresses were
directly matched to census tracts (54vs. 68%, p = 0.0001). Conse-
quently, we used information from patients whose census tract was
identified by their ZIP code only to conduct sensitivity analyses.

3.1.2. Unadjusted model and adjustment for basic demographics. Pa-
tients from census tracts that were flagged for vulnerability related to
socioeconomic status had a 20%-to-30% higher mortality rate than
their peers who resided in less vulnerable census tracts (Fig. 3). Adjust-
ment for age category, Black race and sex changed the estimated mag-
nitude of association by less than 10% [exp(b) 1.29 vs. 1.21].

3.1.3. Adjustment for basic demographics § clinical comorbidities. -
After removing fixed effects that were not associated with elevated
mortality risk (Black race [p = 0.38] and sex [p = 0.62]), we entered a
fixed effect for the age adjusted Charlson Comorbidity Index z-score.
Adjustment for comorbidities changed the estimated magnitude of
association between socioeconomic vulnerability and mortality by
less than 5% [exp(b) 1.29 vs. 1.27].

3.1.4. Interaction between black race and residential social vulnerability Tagge-
dEnd. Based on known associations between race and socioeconomic sta-
tus, and because in our sample patients who identified as Black lived
in areas flagged for extreme vulnerability more often than their peers
who did not (67 vs. 57%, respectively, p = 0.01), we tested whether
the relationship between race and COVID19 mortality differed by res-
idence in census tracts with socioeconomic vulnerability.

Adjusting for advanced age and the Charlson Comorbidity Index z-
score, the relationship between race and mortality depended on resi-
dence in a vulnerable census tract (p = 0.01). Mortality risk was
increased by more than threefold in Black and non-Black patients
alike when both groups lived in census tracts that were flagged for
SES vulnerability (exp(b) 3.1, p = 0.005 and 3.2, p = 0.006, respec-
tively).

Black patients had elevated mortality risk compared to non-Black
patients in our sample only when both groups did not live in census
tracts that were flagged for SES vulnerability [(exp(b) 2.8, p = 0.01].
Importantly, post hoc analysis of this subcohort provided evidence
that residual confounding biased the association between race and
mortality away from the null hypothesis of no association (i.e., a false
positive). Namely, threefold more non-Black than Black patients lived
in census tracts that had socioeconomic vulnerability percentile rank-
ings below the 30th percentile (i.e., 30% vs. 8%; median (IQR) percen-
tile rankings 0.70 (0.30�0.82) vs. 0.79 (0.67�0.84), respectively).

3.1.5. Sensitivity analyses. The results were consistent in models that
did not include random intercepts and thus estimated population
averages rather than patient-specific risks. Restricting the analysis to
patients who were admitted to the hospital or excluding those identi-
fied by rapid test did not substantively alter our findings; nor did
inclusion of information from the 24% of patients whose addresses
were matched to census tracts by the HUD ZIP crosswalk [i.e., esti-
mated relative risks changed by < 10% in all scenarios].

4. Discussion

This study uniquely examined the antecedents of in-hospital
COVID19 mortality during the so-called ‘first wave’ of the pandemic,
prior to the emergence of known variants, in an urban, multi-hospi-
tal, tertiary health care system that serves a predominantly African
American population that is enriched both for socioeconomic vulner-
ability and chronic disease. We have two main findings.

First, COVID19 mortality risk was increased by 20 to 30% in
patients who resided in census tracts that were flagged for socioeco-
nomic vulnerability, irrespective of basic adjustment for potentially
confounding factors. The magnitude of this association is impressive
when balanced against the prevalence of exposure in our sample.



Fig. 1. Case-fatality rate among all patients who tested positive for SARS-cov-2 by demographic and social factors.
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Hypothetically, if our (marginal model) findings were validated and
proven to be causal, then socioeconomic vulnerability would contrib-
ute to nearly one of four COVID19 related in-hospital deaths in our
sample, and by extension in similarly vulnerable populations (i.e.,
population attributable risk percent = 24%).

Second, there was no difference in COVID19 mortality risk
between Black and non-Black patients in our sample, neither in unad-
justed nor adjusted models. Mortality risk appeared to be higher in
Black than non-Black patients only when both groups lived in census
tracts that were not flagged for socioeconomic vulnerability. This
relationship should be interpreted with caution, however, because
post hoc analysis provided evidence that residual confounding biased
the association away from the null hypothesis of no association (i.e., a
Type I Error or False Positive).

Elevated mortality rates were reported during previous infectious
disease epidemics and pandemics in areas with high poverty rates,
racial segregation, low education attainment and low SES [19�23].
Recent geographic-level analyses similarly associated elevated
COVID19 mortality risk (or risk of severe infection) with the propor-
tion of residents identified as Black or African American (or other
racial/ethnic minorities) [24�27], household overcrowding or popu-
lation density [28], and socioeconomic vulnerability [3,4,29,30]. Yet,
not all findings are consistent; e.g., there was no racial disparity in
COVID19 mortality rates among ZIP codes grouped by the proportion



Fig. 2. Case-fatality rate among all patients who tested positive for SARS-cov-2 by clinical comorbidities.
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of Black residents in a nearby (affluent) county[31]. Clinical studies
have also provided evidence that African Americans who seek hospi-
tal care are at increased risk of COVID19 mortality; however, the
racial disparities appear to be explained by social factors or differen-
ces in comorbidities in most [8�11], but not all [7,12], reports.

We found that residence in census tracts with extreme socioeco-
nomic vulnerability was over-represented among Black patients, and
COVID19 mortality risk was significantly elevated among people who
lived in vulnerable areas irrespective of race. Consequently, we infer
that socioeconomic vulnerability (and its correlates) including
upstream factors (e.g., systemic racism) and what might be related
downstream factors (i.e., chronic diseases [32]), not race per se,
explain the elevated mortality risk in our sample. Thus, we agree that
race is more useful in medical research if viewed as a social construct
rather than a biologic factor (particularly in the US) [33,34]. This view
is strongly supported by epidemiologic studies [35].

The absence of racial disparity in COVID19 mortality in our study
is consistent with adjusted models in recent reports from health sys-
tems that care for more affluent patient populations in Louisiana and
Michigan [7,11,36,37].

In contrast to the above studies, we detected an association
between mortality and socioeconomic vulnerability that was not
materially altered by adjustment for clinical comorbidities. The dis-
crepancy is probably due to differences in study design and



Fig. 3. Unadjusted and adjusted relative risks of mortality.
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participants. We studied extreme socioeconomic vulnerability
defined as living in census tracts that had unemployment, income, or
education vulnerability � the 90th percentile estimated nationally by
the CDC, whereas previous reports focused on low (or linear) income
[7,37], and population density [8]. We also used log-binomial regres-
sion instead of logistic regression because the outcome was common
in our sample, and we uniquely performed a multilevel analysis that
accounted for correlated errors among patients nested in different
census tracts. Most important is that the burden of comorbidities
(and socioeconomic vulnerability) in our cohort was substantially
greater than in prior studies (e.g., the mean Charlson Comorbidity
Index score was 3.8 in our study and ranged from 1to2.6 in previous
cohorts). Consequently, our findings may be specific to similarly vul-
nerable groups.

Our results are additionally consistent with previous reports that
patients with advanced age [38] and chronic diseases [39�45] are at
elevated risk of COVID19 related mortality. Patients from nursing
homes were particularly susceptible in our sample (and elsewhere
[46]). Indeed, COVID19 has revealed elderly care as a blind spot in
pandemic prepardeness.

There are four main strengths of our study. First, our sample is
enriched for socioeconomic vulnerability and chronic comorbidities,
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which provided sufficient power to test our hypotheses. Second, we
used data from the first several weeks of the pandemic in the US,
prior to the emergence of SARS-CoV-2 variants in metropolitan
Detroit in 2021. Third, medical record abstractors were trained.
Fourth, we performed a careful, multilevel, analysis, and we exam-
ined whether estimated population average risks were consistent
with estimated patient-specific risks.

While there are benefits to studying a sample enriched for vulner-
ability related to socioeconomic vulnerability and chronic comorbid-
ities, this also narrows generalizability. On the other hand, we aimed
to generalize to large tertiary health care systems in urban centers
that serve similarly vulnerable populations and we did just that. Nev-
ertheless bias is possible, particularly if appearance at our centers
was affected by socioeconomic vulnerability and by COVID19 (i.e.,
Berkson’s bias [47]). To offset this possibly, we modeled patient-spe-
cific risks (random effects model) as well as population average risks
(marginal model) and our findings were consistent.

We were unable to link all patient addresses to census tracts. To
minimize the potential impact, we used a ZIP code to census tract
crosswalk and selected the location with the highest estimated frac-
tion of residents to enable sensitivity analyses. Our findings were
consistent when using information from the 24% of participants
whose census tracts were identified using the HUD ZIP crosswalk.
Still, it is possible that some patients were allocated to an incorrect
census tract.

We did not have sufficient information to examine additional
parameters (e.g., ethnicity, body mass index and patient-level socio-
economic vulnerability indicators, post-discharge mortality). It is
possible that some patients had COVID19 but died prior to testing
during the study period, and that some who died may have had false
negative tests, which may have influenced our findings. Lastly, like
all observational studies, we are unable to distinguish between cau-
sation and association.

In summation, people who lived in areas flagged for extreme
socioeconomic vulnerability had elevated mortality risk in our pre-
dominantly African American cohort of COVID19 patients who sought
emergency care in a large US city during the so-called ‘first wave’ of
the pandemic. Race was not associated with mortality in this sample.
Collectively, our findings prompt us to infer that Black patients who
test positive for COVID19 are not inherently at elevated risk of mor-
tality. Rather, our results support the possibility that socioeconomic
vulnerability and its correlates including upstream contributors (e.g.,
systemic racism) and what might be related downstream factors (i.e.,
chronic diseases), not race per se, are responsible for the heightened
mortality rate we observed. Systemic racism is implicated because
we feel it shapes the circumstances that are responsible for the ineq-
uitable distribution of resources across communities of color. The
findings from this study underscore the importance to better under-
stand how policies and systematic social or political constructs might
contribute to discordant population-level health outcomes. Interven-
tions to improve health equity in areas with extreme socioeconomic
vulnerability are warranted.
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