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Objectives: The objective of the study is the identification of racial differences in characteristics and
comorbidities in patients hospitalized for COVID-19 and the impact on outcomes.
Study design: The study design is a retrospective observational study.
Methods: Data for all patients admitted to seven community hospitals in Michigan, United States, with
polymerase chain reaction confirmed diagnosis of COVID-19 from March 10 to April 15, 2020 were
analyzed. The primary outcomes of racial disparity in inpatient mortality and intubation were analyzed
using descriptive statistics and multivariate regression models.
Results: The study included 336 Black and 408 White patients. Black patients were younger (62.9 ± 15.0
years vs 71.8 ± 16.4, P < .001), had a higher mean body mass index (32.4 ± 8.6 kg/m2 vs 28.8 ± 7.5,
P < .001), had higher prevalence of diabetes (136/336 vs 130/408, P ¼ .02), and presented later (6.6 ± 5.3
days after symptom onset vs. 5.4 ± 5.4, P ¼ .006) compared with White patients. Younger Black patients
had a higher prevalence of obesity (age <65 years, 69.9%) than older Black patients (age >65 years, 39.2%)
and younger White patients (age < 65, 55.1%). Intubation did not reach statistical significance for racial
difference (Black patients 61/335 vs. 54/406, P ¼ .08). Mortality was not higher in Black patients (65/335
vs. 142/406 in White patients, odds ratio 0.61, 95% confidence interval: 0.37 to 0.99, 2-sided P ¼ .05) in
multivariate analysis, accounting for other risk factors associated with mortality.
Conclusions: Higher prevalence of obesity and diabetes in young Black populations may be the critical
factor driving disproportionate COVID-19 hospitalizations in Black populations. Hospitalized Black pa-
tients do not have worse outcomes compared with White patients.

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

Coronavirus disease 2019 (COVID-19) caused by the severe acute
respiratory syndrome coronavirus-2 affects Black populations
disproportionately.1 The Centers for Disease Control (CDC) reported
over-representation of Black patients with COVID-19 (18% Black
population accounting for 33% of admissions).2 Yancy1 opined that
the reason for COVID-19's disproportionate impact on Black pop-
ulations was socio-economic disparities, and higher rates of obesity,
diabetes, cardiovascular disease, andhypertension.Historically Black
patients have had the highest age-specific mortality in respiratory
infections such aspneumonia and influenza.3 A studyhas shown that
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although United States (US) Black men are twice as likely to die of
prostate cancer than White men, Black men have similar outcomes
when provided equal access to care.4 The outcomes for Black and
White renal transplant patients in Canada are similar, unlike the US,
probably due to more equitable health-care delivery.5 In this study,
we looked at the risk factors that may cause disproportionate hos-
pitalizations, andwe compared outcomes of Black patients toWhite
patients when provided with similar care for COVID-19.

Methods

Hospital service area population data selection

Hospital service areas (ZIP codes from which most Medicare
residents were hospitalized to a particular hospital), as defined by
ghts reserved.

mailto:Anupam.A.Sule@stjoeshealth.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.puhe.2020.11.021&domain=pdf
www.sciencedirect.com/science/journal/00333506
http://www.elsevier.com/locate/puhe
https://doi.org/10.1016/j.puhe.2020.11.021
https://doi.org/10.1016/j.puhe.2020.11.021
https://doi.org/10.1016/j.puhe.2020.11.021


Fig. 1. Age distribution for hospital service area population and admitted COVID-19
patients.

Fig. 2. Race distribution for hospital service area population and admitted COVID-19
patients.
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Dartmouth Atlas, were used. The corresponding ZIP code tabulation
areas (ZCTAs) and the demographic details of the population in the
2010 census were obtained from data.census.gov (2010 DEC sum-
mary file 1 Table 12 and its subparts B, D, H, and I). Population data
for Michigan for the year 2010 and the estimates for 2018 were
obtained from the American Community Survey from data.census.
gov (Supplementary Data Table 1).

The percent change in population for each race was calculated
from 2000 to 2018. We assumed that the rate of change remained
the same from 2018 to 2020 and calculated the net change by race
from 2010 to 2020 to be: White population �1.31%, Black
population �0.75%, other races þ27.06%. We assumed the change
was similar across Michigan, across all ages and for both genders
and adjusted each ZCTA population by the percentages mentioned
previously to obtain the current estimated demographic mix for
each hospital service area (Supplementary Data Table 2).

Study population data collection

We reviewed electronic health records (EHRs) for all patients
above the age of 15 admitted to one of the affiliated (two western
Michigan (WEMI) and five southeastern Michigan [SEMI]) hospitals
with polymerase chain reaction confirmed diagnosis of COVID-19
from March 10, 2020 to April 15, 2020. All hospitals share the
same software for EHRs and an overall data collection tool were
approved by the Institutional Review Board. Data were collected
through manual chart review by the medical students and resi-
dents involved in the project and revised by the senior authors on
this manuscript, based on the study predetermined patient inclu-
sion and exclusion criteria and clinical definitions.

Seven hundred ninety-nine records (63 from WEMI and 736
from SEMI) of patients who died or were discharged by April 22,
2020 were analyzed, with 408 (51.1%)White, 336 (42.1%) Black, and
55 (6.8%) of other races.

Study outcomes

The primary outcomes were racial disparity in inpatient mor-
tality and intubation. Comorbidities previously reported to influ-
ence mortality in patients with COVID-19 patients were studied.
These included body mass index (BMI),6 smoking,7,8 congestive
heart failure (CHF),9 hypertension (HTN),10 chronic obstructive
pulmonary disease (COPD),8 diabetes,11 glomerular filtration rate
(GFR),12 neutrophil count and lymphocyte to neutrophil ratio.13 A
patient was considered to have one of these comorbidities if it was
documented in the problem list or past medical history of the pa-
tient's chart. Smoking (current or quit within sixmonths) or alcohol
(intake of more than six drinks per week) in the chart was
considered a ‘Yes’ for that condition. GFR, neutrophil, and
lymphocyte counts within 72 h of admission were used as admis-
sion laboratory values. Documentation of medication on the home
medication list in the EHRs was considered a ‘Yes’ for aspirin and
hydroxychloroquine. When no mention was made of symptom
onset, the value was considered missing.

Data analysis

After the time from symptom onset to various chronological
events (admission, intubation) were calculated in Excel, the data
were uploaded to SPSS, version 25.0, where descriptive statistics
and univariate analyses (chi-square, Fisher's exact test, Student's t-
test, Pearson's correlation coefficient, and analysis of variance)
were performed.

Factors presumed clinically relevant (e.g. age, gender, race,
specific comorbid conditions, and so on) and additional factors
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reaching the level of statistical significance in univariate analysis
were included in exploratory multivariate logistic regression
models using stepwise regression. Based on this, the multivariate
regression models for mortality and intubation include different
covariates.

All 95% confidence intervals were narrow. Two-sided P
values < .05 were considered statistically significant. The analyses
were conducted on complete data sets.

Results

Comparing the demographics of population and patients

Younger patients were under-represented in the admissions
compared with the hospital service area population, and older
patients were over-represented in SEMI, WEMI, and all hospitals
(P < .005 for all) (Fig. 1).

Population gender distribution was similar to patient gender
distribution in SEMI (P ¼ .77), WEMI (P ¼ .80), and all hospitals
(P¼ .70). TheWhite racewas under-represented, the Black race was
over-represented, and other races were similar in SEMI hospitals,
WEMI hospitals, and total hospitals (P < .001 for all) (Fig. 2). WEMI,
western Michigan; SEMI, southeastern Michigan.

Racial disparities

Univariate analyses of the baseline characteristics for the two
main racial groups (White e 50.8% vs. Black e 41.9%) are presented
in Table 1. White patients were on average older as compared with
Black patients (71.8 vs. 62.9 years, P < .032) and presented to the
hospital a day earlier (5.4 vs. 6.6 days, P < .006). There were also
statistically significant differences between the two groups in re-
gard to BMI, smoking status, and diabetes as comorbid condition.

Risk factors associated with mortality

Univariate analyses of variables associated with mortality are
presented in Supplementary Data Table 3. In the mortality model,
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Table 1
Univariate analyses of main racial groups and risk factors.

Variable Black patients
N ¼ 336 (42.1%)

White patients
N ¼ 408 (51.1%)

P value

Age (years) e mean ± standard deviation (SD) 62.9 ± 15.0 71.8 ± 16.4 <.001*
Female gender e no. (%) 174 (51.9) 211 (52.0) 1.00
Body mass index (kg/m2) e mean ± standard deviation (SD) 32.4 ± 8.6 28.8 ± 7.5 <.001*
Alcohol e no. (%) 8 (3.3) 14 (4.6) .52
Smoking (current) e no. (%) 21 (7.5) 12 (3.6) .03*
Congestive heart failure e no. (%) 44 (13.1) 59 (14.5) .60
Hypertension e no. (%) 228 (68.1) 262 (64.5) .35
Chronic obstructive pulmonary disease e no. (%) 38 (11.3) 64 (15.8) .09
Diabetes e no. (%) 136 (40.6) 130 (32.0) .02*
Glomerular filtration rate (mL/min) e mean ± standard deviation (SD) 60.04 ± 32.2 60.34 ± 31.4 .90
Neutrophil count per mm3 e mean ± standard deviation (SD) 5.8 ± 3.5 6.0 ± 3.4 .53
Lymphocyte to neutrophil ratio multiplied by 100 e mean ± standard deviation (SD) 29.2 ± 65.6 26.1 ± 73.5 .57
Aspirin e no. (%) 97 (29.0) 134 (33.0) .27
Hydroxychloroquine e no. (%) 4 (1.2) 2 (0.5) .42
Time from symptoms onset to admission (days) e mean ± standard deviation (SD) 6.6 ± 5.3 5.4 ± 5.4 .006*

*2-sided P < .05 statistically significant.
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Black patients were 40% less likely to die, and those with diabetes
were 77% more likely to die. For each unit increase in GFR, patients
were 2% less likely to die, and for each unit increase in neutrophils,
patients were 16% more likely to die (Table 2).

Risk factors associated with intubation

Univariate analyses of variables associated with intubation are
presented in Supplementary Data Table 4. Females were 45% less
likely to be intubated, those with diabetes were 57% more likely to
be intubated, and for each unit increase in neutrophils, patients
were 16% more likely to be intubated (Table 3).

Racial disparities in obesity and diabetes

The rate of obesity (defined as BMI >30 kg/m2) was higher in
younger patients under the age of 65 compared with older patients
over the age of 65 in both White patients (65/118 ¼ 55.1% vs. 76/
273 ¼ 27.8%, P < .001) and Black patients (121/173 ¼ 69.9% vs. 60/
153 ¼ 39.2%, P < .001). The rate of obesity was lower in White
patients under the age of 65 (55.1%) compared with Black patients
under the age of 65 (69.9%), P ¼ .013.

There was no association between the presence of diabetes in
those under the age of 65 compared with those 65 and above in
White patients (27% vs. 34.3%, P ¼ .2). In contrast, Black patients
under 65 had a lower rate of diabetes than Black patients 65 and
above (34.9% vs. 46.9%, P ¼ .03). White patients with diabetes had a
higher mortality rate (43.8%) as compared to Black patients with
Table 2
Multivariate model predicting mortality.

Variable OR (95% CI)

Age (years) 1.06 (1.04e1.08)
Black racea 0.61 (0.37e0.99)
Other racea 1.42 (0.58e3.49)
Body mass index (kg/m2) 1.00 (0.97e1.04)
Congestive heart failure 1.43 (0.75e2.74)
Hypertension 0.70 (0.40e1.20)
Chronic obstructive pulmonary disease 1.37 (0.76e2.47)
Diabetes 1.77 (1.10e2.83)
Glomerular filtration rate (mL/min) 0.98 (0.97e0.99)
Neutrophil count per mm3 1.16 (1.09e1.24)
Aspirin 0.85 (0.53e1.35)
Time from symptoms onset to admission (days) 0.97 (0.92e1.01)

CI, confidence interval; OR, odds ratio.
a The reference group is White race.
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diabetes (25.0%, P ¼ .001). White patients with diabetes were older
(73.0 ± 14.2 years) than Black patients with diabetes (65.6 ± 14.3
years) with P < .001.
Discussion

Black patients were hospitalized more than seven-fold
compared with White patients (210 hospitalizations per 100,000
Black population to 29 per 100,000 for White population). Overall,
42.1% of hospitalized patients were Black, but the Black population
was only 8.9% of the total population. Our findings from community
hospitals are similar to those reported by Price-Haywood et al.14 in
a metropolitan health system that showed Black patients are over-
represented in hospitalizations. Similar to prior reports, those aged
greater than 75 years constituted a significantly higher proportion
of hospitalized patients than their presence in the service area.2

Older age was not a factor in disproportionate hospitalization in
Black populations as Black patients (mean age: 62.9 years)
requiring hospitalization were significantly younger than White
patients (mean age: 71.8 years), confirming higher morbidity in
Black populations.

Obesity has been identified as a risk factor for severe COVID-19
illness by CDC, with younger patients hospitalized for COVID-19
more likely to be obese.6 Obesity prevalence is higher in younger
(age <64) populations compared with older populations and Black
populations comparedwithWhite populations inMichigan and the
US.15,16 A study on hospitalized patients in New Jersey reported a
prevalence of obesity of 41.8% in Black patients and 29.3% in White
patients which was slightly higher than the prevalence of obesity in
the New Jersey Black population (37.6%) and White population
(27.0%).17,18 In Michigan, the prevalence of obesity in the Black
population was 39.9% and in the White population was 31.8%.15 In
our COVID-19 hospitalized patients, the prevalence of obesity in
Black patients was 55.5% and in the White population was 36.1%.
Table 3
Multivariate model predicting patient intubation.

Variable OR (95% CI)

Age (years) 0.99 (0.98e1.01)
Female gendera 0.55 (0.37e0.83)
Diabetes 1.57 (1.04e2.37)
Neutrophil count per mm3 1.16 (1.10e1.22)

CI, confidence interval; OR, odds ratio.
a The reference group is male gender.



G. Krishnamoorthy, C. Arsene, N. Jena et al. Public Health 190 (2021) 93e98
Furthermore, younger Black patients had a higher prevalence of
obesity (age <65, 69.9%) than older Black patients (age >65, 39.2%)
and younger White patients (age <65, 55.1%). A higher prevalence
of obesity in younger Black populations may be responsible for
more younger Black patients being admitted to the hospital.

Although Black populations have a higher prevalence of HTN,
CHF, diabetes, kidney disease, and a lower prevalence of COPD, we
did not detect a significant difference in CHF, HTN, GFR, and COPD
between Black and White patients.19e22

CHF, HTN, kidney disease, and COPD may not play a role in the
disparate increased hospitalization of Black patients with COVID-
19. Hospitalized Black patients had a significantly higher preva-
lence of diabetes (40.6%) when compared with White patients
(32.0%, P < .02) similar to that reported in other studies.14 The
prevalence of diabetes in the Black population is 1.4 times higher
than the White population in Michigan adults (8.7% in the White
population vs. 12.6% in the Black population).23 Thus diabetes may
be the other factor responsible for increased COVID-19 hospitali-
zations in Black communities.

Although a racial difference has not been reported in the general
population in the use of tobacco, smoking prevalence was higher in
hospitalized Black patients (7.5%) compared with White patients
(3.6%, P ¼ .03).24 Smoking has been reported to be a risk factor for
disease progression in COVID-19.7 Black populations who smoke
may be more vulnerable to COVID-19 than White populations who
smoke.

Black patients (19.4%) had lower mortality than White patients
(35.0%) in univariate (P < .001) as well as multivariate analysis (OR
0.61, 95% confidence interval [CI]: 0.37 to 0.99, 2-sided P ¼ .05).
Univariate predictors of mortality, namely CHF, HTN, COPD, GFR,
total neutrophil count, and aspirin use at home,werenot different in
the Black patients compared with the White patients.8,10 Older age
was a predictor of mortality in univariate and multivariate analyses
similar to prior reports.9 Black patients were younger than White
patients, and this may have provided a better chance of survival in
our patient population. Another study reported similar findings
with Black race not being associated with in hospital mortality.14

Patients who died had a significantly lower BMI compared to
those who survived, in univariate analysis, but this difference was
not statistically significant in multivariate analysis. The ‘obesity
paradox,’ where obese patients have better outcomes than non-
obese patients, has been reported in several conditions, including
community-acquired pneumonia.25e29 The higher BMI of Black
patients (mean 32.4 kg/m2 vs. 28.8 kg/m2 for White patients) may
have provided survival benefit.

Diabetes was statistically significant in multivariate analysis
(independent of obesity) as a predictor of mortality (77% more
likely to die), similar to prior reports.11 Although Black patients had
a higher prevalence of diabetes (40.6% vs. 32.0%, P ¼ .02), the
mortality was not higher in Black diabetic patients (25.0%)
compared with White diabetic patients (43.8%, P ¼ .001). The
higher mortality observed in White diabetic patients compared
with Black diabetic patients was likely due to White diabetic pa-
tients being older than Black diabetic patients.

Shorter time from onset of symptoms to admission was asso-
ciated with mortality on univariate analysis. However, it did not
reach significance in multivariate analysis, likely indicating a rapid
progression of the disease. White patients had a significantly
shorter duration from symptom onset to admission compared to
Black patients (mean 5.4 vs. 6.6 days), which could either reflect a
faster progression of disease in the White population due to older
age or later presentation to the hospital in the younger Black
population. The late presentation could be due to a lower level of
health insurance coverage and poorer socio-economic status,
leading to hesitancy to seek care.30
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There were no racial disparities in length of stay and time to
intubation. The decision to intubate was undertaken on a case by
case basis at each hospital by the intensivist managing that case. At
the time of the study period, non-invasive positive pressure
ventilationwas being avoided due to fear of aerosol generation and
patients were intubated early if they were hypoxic on 15 L per
minute of oxygen.

The univariate mortality analysis for intubated patients failed to
reach statistical significance for Black patients (mortality 62.3%)
compared with White patients (79.6%). Black patients had a longer
length of intubation compared withWhite patients (mean five days
vs. seven days in survivors), but this difference was not significant.
Although BMI did not predict intubation, a higher BMI was signif-
icantly correlated with longer length of intubation in patients who
survived (r ¼ 0.396, P ¼ .014). Our Black patients had significantly
higher BMI and required longer periods of intubation with lower
mortality in intubated patients when compared with White pa-
tients (although the difference failed to reach a significant level)
similar to that reported in a prior meta-analysis of non-COVID-19
mechanically ventilated adults in intensive care units which re-
ported that higher BMI is associated with a longer duration of
mechanical ventilation but lower mortality.31

Some incidental findings that did not have a role in racial dis-
parities merit further discussion. Although there was no gender
difference in hospitalizations or mortality, females were 45% less
likely to be intubated (95% CI: 0.37 to 0.83, 2-sided P¼ .005), similar
to that reported in Wuhan, where only 35% of intubated patients
were females.32 A study of cancer patients with COVID-19 disease
found that prostate cancer patients treated with androgen depri-
vation therapy were four-fold less likely to be infected with COVID-
19 compared with prostate cancer not treated with androgen
deprivation.33 Thus androgens might be associated with a higher
incidence of severe disease (intubation) in males, and further study
of this disparity may reveal strategies to decrease intubation.

A lower GFR was significantly associated with mortality in the
multivariate analysis, similar to prior reports associating elevated
serum creatinine with in-hospital mortality.12 Our study is limited
in distinguishing between acute kidney injury and chronic kidney
disease. A higher neutrophil count was associated with a higher
risk for death and intubation in univariate and multivariate ana-
lyses similar to prior reports.13 The ability of neutrophils to form
neutrophil extracellular traps has been proposed as a mechanism
for organ damage and mortality in COVID-19.34 As previous studies
have shown, GFR and total neutrophil count can be used as markers
for disease severity,12,13,34,35 and therefore we included them in our
analyses. A meta-analysis by Fend et al.35 has shown that multiple
inflammatory markers such as White blood cell, lymphocyte, pro-
calcitonin, C-reaction protein, neutrophil count and neutrophil-
lymphocyte ratio were used to assess COVID-19 disease progres-
sion in different studies, and particularly the neutrophil-
lymphocyte ratio could be used to identify at an earlier stage
high-risk patients diagnosed with COVID-19.

Taking aspirin at home was associated with higher mortality in
univariate but not multivariate analysis. Cardiovascular and cere-
brovascular disease combined have been reported to increase
mortality in COVID-19.9,36 The World Health Organization has not
found any harm with non-steroidal anti-inflammatory drugs.37

Increased mortality observed in our patients is likely due to
aspirin being an innocent bystander, associated with the presence
of atherosclerotic cardiovascular disease. The increased mortality
associated with aspirin is less likely to be due to the activation of
50adenosine monophosphate-activated protein kinase (AMPK),
which is anti-inflammatory and immunosuppressive.38 Only six
patients of 799 were taking hydroxychloroquine as a home medi-
cation, and the sample size was not large enough to meaningfully
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analyze for mortality or intubation. We did not have the data on the
total number of patients taking hydroxychloroquine at home in our
service areas to investigate the severity of COVID-19 infection in
patients on chronic hydroxychloroquine.

The limitations of our study include a small sample size, which
could have resulted in some of the factors not reaching statistical
significance. The hospital service area populationwas estimated, as
the 2020 census data is not available yet. The authors believe that
the variation will be small enough to keep the baseline population
data valid. Covariates with a potential confounding or mediator
effect such as insurance status, having a primary care physician,
area-level access to health-care facilities and social history data
were not recorded for many patients, and therefore they were
excluded from analyses. Our patient population had a higher
burden of all risk factors associated with mortality (older age and
comorbidities) compared with other populations reported earlier
and hence experienced a higher rate of mortality. All the charts
were reviewed manually, and some risk factors (coronary artery
disease) were not collected. As multiple hospitals were involved,
the laboratory tests sent at admission were different, and only
comprehensive metabolic panel and complete blood count with
differential were available consistently, limiting our ability to study
other inflammatory markers.

We found that Black patients are disproportionately hospital-
ized with COVID-19, and hospitalized Black patients had higher
prevalence of diabetes and obesity compared with White patients.
In Black populations, younger patients are being affected and pre-
senting later, likely due to socio-economic disparities in access to
care. Aggressive public health preventive measures are needed to
prevent the spread of COVID-19 in Black communities to decrease
the rate of COVID-19 infection and hospitalization. Our study
showed that when given an equal standard of care, Black patients
did not suffer worse COVID-19 outcomes, compared with White
patients.
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