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Abstract
Objectives Investigate whether or not race is associated with differences in hospitalization and survival to discharge among
patients with coronavirus disease-2019 (COVID-19) at the height of the pandemic in New York City (NYC).
Methods Single-center retrospective cohort study of COVID-19 patients hospitalized at our university-affiliated NYC hospital
from 3/10/20 through 4/13/20 with follow-up to 5/1/20. Our primary endpoint was hospitalization rate among patients with
confirmed COVID-19 compared with the regional population based on race. Our secondary endpoint survival to discharge
among hospitalized COVID-19 patients. NYC Department of Health data were used to calculate hospitalization odds ratios.
Chi-square and t tests were used to compare categorial and continuous variables, respectively. Cox proportional hazards regres-
sion and predictive analysis were used to investigate our endpoints further.
Results Our cohort of 734 patients included 355 women (48.4%), 372 Blacks (50.7%), 214 Whites (29.2%), and 92 Hispanics
(12.5%) in our analysis. Blacks were nearly twice as likely asWhites to require hospitalization for COVID-19 (OR 1.89, 95%CI,
1.59–2.24, p < 0.001). Hispanics were also more likely to suffer in-hospital mortality from COVID-19 compared with Whites
(HR 1.84; 95% CI 1.21–2.80; p = 0.005). There was a non-significant increased hazard of in-hospital mortality among Blacks
when compared with Whites (HR, 1.30; 95% CI, 0.95–1.78; p = 0.09).
Conclusions and Relevance Blacks were more likely thanWhites to require hospitalization for COVID-19 while Hispanics were
more likely to experience in-hospital mortality. Further investigation into the socioeconomic factors underlying racial disparities
in COVID-19 survival and severity requiring hospitalization is needed on a national scale.
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Introduction

The novel severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) pandemic has tested the infrastructure of health
systems worldwide. At the writing of this article, over 5 million
people nationwide have been confirmed to be infected with
coronavirus disease-2019 (COVID-19), the illness caused by
SARS-CoV-2 [1]. The mortality rate for COVID-19 remains
more than 10 times higher than that of influenza despite the
lower prevalence rate [1–3]. Risk factors for intensive care unit
(ICU) admission and negative outcomes with COVID-19 in-
clude obesity, hypertension, chronic lung disease, and cardio-
vascular disease [4–6]. Racial disparities in COVID-19 mortal-
ity have emerged with Black and Hispanic patients in particular
having higher mortality than theirWhite counterparts [7]. Some
have ascribed the mortality trends to higher rates of hyperten-
sion and diabetes among Black patients [8] as well as to lower
socioeconomic status among both populations [9, 10].
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The National Medical Association has highlighted the in-
creased exposure risk among patients from poorer back-
grounds, especially Black patients, that is compounded by
underlying risk factors of heart disease, diabetes, and asthma
[11, 12]. New York City (NYC) was the epicenter of the
COVID-19 pandemic at the time of our study and Brooklyn
had more COVID-19-related deaths (4132) than any other
urban locale in the United States (U.S.) through 5/12/2020.
Indeed, for much of April and May 2020, New York state
alone had more confirmed COVID-19 cases than any country
outside the U.S. Primary data analyzing hospitalization rate by
race has been limited. We aim to describe hospitalization rate
by race among COVID-19 patients and to investigate how
race may affect COVID-19 inpatient survival to discharge at
the height of the pandemic in NYC.

Methods

Population and Setting

We performed a retrospective study on all adults hospitalized
with COVID-19 from 3/10/2020 to 4/13/2020 with follow-up
to 5/1/2020. We included all adults ≥ 18 years old who were
hospitalized and tested positive on nasal swab polymerase
chain reaction (PCR) for SARS-CoV-2. We excluded patients
≤ 17 years old, those still hospitalized at the time of analysis,
those who tested positive for SARS-CoV-2 but who did not
require hospitalization, and persons under investigation (PUI)
for COVID-19 but whose nasal swab PCR was negative. This
is a single-center study at a large university-affiliated teaching
hospital in NYC that was approved by our Institutional
Review Board (IRB #1591128-1).

Procedures and Endpoints

Data abstraction from the electronic health recordwas uniform
for all patients. We collected demographic and clinical data
including race, age, sex, length of hospitalization, initiation of
COVID-19-directed medical treatments, need for intubation,
and cardiac arrest requiring resuscitation. Our primary end-
point was odds of hospitalization with COVID-19 by race
compared with the regional population. Our secondary end-
points included comparative and overall survival to discharge
among Blacks, Hispanics, Whites, and Asians.

Statistical Analysis

We used two methods for analysis: traditional hypothesis test-
ing and predictive analysis, a novel technique that allows di-
rect estimation of relevant probabilities [13–15]. We calculat-
ed rates of hospitalization by comparing our hospitalization
data with demographic data provided by the US Census

Bureau and NYC Department of Health [16, 17]. We used
chi-square tests to compare the survival percentages by sex,
race, and underlying comorbidities. We then examined con-
tinuous variables and their relationship to survival with t tests.
Univariate logistic regressions for target variables were used
to construct a predictive model for probability of survival
along with odds ratios (OR) for hospitalization. Cox propor-
tional hazards regression models were used to investigate in-
hospital mortality by race when adjusting for significant var-
iables identified on univariable analysis. Regression models
were reported as hazard ratios (HR) with 95% confidence
intervals (CI). Kaplan-Meier plots were used to display sur-
vival analysis by race and age. A two-tailed p value < 0.05
was considered statistically significant.

To corroborate our findings, we used predictive analysis to
provide direct probabilities of survival to discharge based on
race and sex. The predictive forms of these models are pre-
sented in plots that depict the probability of surviving at each
level of the variables of interest, specifically race and sex.
Since predictive analysis gives direct probabilities, there are
no confidence bounds or p values involved. Predictive analy-
sis begins in the traditional way of building a model on an
observable outcome—in this case, survival to discharge—as a
function of other measures, specifically race or sex. It does not
end with the analysis of parameters, as in traditional analysis,
but adjusts for uncertainty in the parameters to produce direct
probabilities of the outcomes for any given measure. In nota-
tional form, we produce equations like this: Pr (Survival | Sex,
Data) = p. All analyses were carried out in R version 3.5.2 (R
Foundation for Statistical Computing, Vienna, Austria) using
the rstanarm version 2.18.2, andmodels fit using default priors
and 10,000 iterations per chain, 4 chains per model until con-
vergence was reached.

Results

Baseline Characteristics

During the study period of 3/10/20 through 4/13/20, a total of
865 patients were admitted to our institution with a positive
SARS-CoV-2 test. Based on our exclusion criteria, our anal-
ysis ultimately included 734 patients (84.8% of all COVID-19
hospitalizations). Our cohort included 355 women (48.4%),
372 Blacks (50.7%), 214 Whites (29.2%), and 92 Hispanics
(12.5%). A total of 497 patients were discharged alive
(67.7%). The mean age for the cohort was 66.1 years ± 15.6
(median 68 years, range 18–99 years) and the mean body
mass index (BMI) was 29.6 ± 7.9 kg/m2 (median 27.9, range
14.5–83.3). Among patients who died, the mean age was
72.7 years ± 13.9 (median 74 years) while those who survived
to discharge had mean age 62.9 years ± 15.4 (median
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63 years), which was statistically significant (p < 0.001). The
cohort’s baseline characteristics are summarized in Table 1.

Primary and Secondary Endpoints

Based upon our hospital data, Blacks in Brooklyn were twice
as likely to require hospitalization for COVID-19 compared
with Whites (42.9 per 100,000 compared with 22.7 per
100,000; OR, 1.89, 95% CI 1.59–2.24, p < 0.001). This was
based on US Census estimates for Brooklyn’s White and
Black population in 2019 [16] and our own cohort. There
was no statistically significant difference in odds for
COVID-19 hospitalization between Hispanics and Whites
(OR 0.84, 95% CI 0.66–1.07, p = 0.15).

Among those who died, 46% (109/237) were Black, 30%
(71/237) were White, 15% (35/237) were Hispanic, and 5%
(11/237) were Asian. Moreover, we found that 109/372
Blacks (29.3%), 71/214 Whites (33.2%), 35/92 Hispanics
(38.0%), 11/20 Asians (55.0%), and 11/36 other ethnicities
(30.6%) experienced in-hospital mortality (p = 0.1). Patients
were more likely to die if they had a documented history of
hypertension (35.8% vs. 25.0%, p = 0.004), chronic kidney

disease (40.2% vs. 29.8%, p = 0.013), coronary artery disease
(45.3% vs. 24.8%, p < 0.001), or diabetes mellitus (37.9% vs.
27.9%, p = 0.005). After adjusting for age and the aforemen-
tioned variables, Hispanics had a statistically significant in-
creased hazard of in-hospital mortality (HR 1.84; 95% CI
1.21–2.80; p = 0.005) along with Asians (HR 2.06; 95% CI,
1.08–3.93; p = 0.03). There was a non-significant increase in
hazard of in-hospital mortality among Blacks when compared
with Whites (HR, 1.30; 95% CI, 0.95–1.78; p = 0.09). When
compared with women, men were more likely to experience
in-hospital mortality (HR, 1.50; 95% CI 1.15–1.96;
p = 0.002). In-hospital mortality increased per every year in-
crease in age (HR, 1.03; 95% CI 1.02–1.04; p = <0.001). The
outcomes are summarized in Tables 2 and 3 with predictive
models and Kaplan-Meier plots provided in Figs. 1, 2, and 3.

Discussion

Among hospitalized COVID-19 patients, Blacks were more
likely than Whites to require hospitalization while Hispanics
were more likely than Whites to suffer in-hospital mortality.

Table 1 Cohort characteristics and associations with in-hospital survival

Variables Survived to discharge? p value
(chi-squared analysis)

Probability of survival
(predictive analysis)

Yes (n (%)) No (n (%))

Sex Women 244 (49.1) 111 (46.8) 0.62 0.69

Men 253 (50.9) 126 (53.2) 0.67

Documented race Asian 9 (1.8) 11 (4.6) 0.1 0.48

Black 263 (52.9) 109 (46.0) 0.70

Hispanic 57 (11.5) 35 (14.8) 0.62

White 143 (28.8) 71 (30.0) 0.67

Other Specified 25 (5.0) 11 (4.6) 0.70

Active malignancy? Yes 16 (3.2) 11 (4.7) 0.45 0.59

No 479 (96.8) 224 (95.3) 0.69

Autoimmune disease? Yes 49 (9.9) 25 (10.5) 0.87 0.66

No 448 (90.1) 212 (89.5) 0.68

Chronic kidney disease? Yes 104 (20.9) 70 (29.5) 0.01 0.60

No 393 (79.1) 167 (70.5) 0.72

Chronic liver disease? Yes 18 (3.6) 8 (3.4) 1 0.69

No 479 (96.4) 229 (96.6) 0.67

Chronic lung disease? Yes 87 (17.5) 51 (21.5) 0.23 0.63

No 410 (82.5) 186 (78.5) 0.70

Coronary artery disease? Yes 156 (31.5) 125 (52.7) < 0.001 0.55

No 340 (68.5) 112 (47.3) 0.75

Hypertension? Yes 317 (63.8) 177 (74.7) 0.004 0.64

No 180 (36.2) 60 (25.3) 0.75

Diabetes mellitus? Yes 198 (39.8) 121 (51.1) 0.005 0.63

No 299 (60.2) 116 (48.9) 0.72
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To our knowledge, this is one of the most comprehensive
studies analyzing race and its association with COVID-19
hospitalization and mortality based upon primary data. We
had a roughly even split of male and female patients and a
large number of Black patients to compare with White and
Hispanic counterparts. Blacks represented 50.7% (372/734) of
our COVID-19 hospitalizations and 46% (109/237) of our
COVID-19-related deaths despite their comprising just
35.2% of the borough’s population [16].

Our findings are consistent with population data reported
from the Center for Disease Control (CDC) with Blacks
representing a disproportionate amount COVID-19-related
hospitalizations and overall mortality. The NYC Department
of Health has released data regarding the higher rates of
COVID-19 hospitalization and death for Blacks and
Hispanics in Brooklyn and NYC as a whole compared with
Whites [17, 18]. Our own cohort revealed similar findings
with Blacks representing half of our hospitalized and
COVID-19-related mortality patients, though we found no
statistically significant difference in survival to discharge be-
tween Black and White patients. This finding is similar to
outcomes identified in other NYC boroughs. Golestaneh
et al. found that Blacks and Hispanics with COVID-19 were
more likely than Whites with COVID-19 to require hospital-
ization, but in-hospital mortality was equivalent across all
three groups [19]. The authors also observed that both
Hispanics and Blacks were more likely to test positive for
SARS-CoV-2 than Whites, even when adjusting for medical
comorbidities and sociodemographic factors, thereby hinting
at a greater risk for SARS-CoV-2 exposure among these mi-
nority groups compared with Whites. Another possibility is
that with Hispanics and Blacks more likely to be exposed to
SARS-CoV-2, they may not also have equal access to medical

treatment and so their overall COVID-19 mortality is
underreported in both literature and health department reports.

Black patients were overrepresented among our hospital-
ized COVID-19 patients at the height of the pandemic in
NYC. We suspect this inequality is multifactorial. Health dis-
parities permeate medical care and researchers have noted that
many marginalized ethnic minorities are considered frontline
essential workers and do not have the socioeconomic backing
to shelter in place [20, 21]. Researchers have revealed a three-
fold increased risk of positive COVID-19 testing among front-
line healthcare workers in western countries [22]. The dispro-
portionate occupational hazard among Blacks and Hispanics
has been well documented [23], and the prevalence of work-
related disabilities is nearly twice as high among Blacks over
50 years old when compared with their White counterparts
[24]. Researchers have also identified an inverse relationship
between income and COVID-19 hospitalization among the
various NYC boroughs, with lower-income boroughs such
as the Bronx, which has more Hispanics and Blacks compared
with Whites, having higher hospitalization rates [25]. These
findings suggest that socioeconomic disparities increase the
risk of occupation-related disease and COVID-19 severity.

Ethnic minorities and elderly patients can be at increased risk
for poor outcomes due to issues such as polypharmacy and
comorbid conditions, and our own cohort demonstrated that
age was significantly associated with in-hospital mortality.
Blacks, Hispanics, and Native Americans nationwide suffer dis-
proportionately from chronic illnesses compared with White pa-
tients and may be at higher risk for COVID-19 infection and
severity [11, 26, 27]. In Chicago, for instance, Blacks make up
30%of the population, but 50% of COVID-19 cases and 70% of
deaths [11]. Despite this, Blacks are more likely than Whites to
report lack of concern for COVID-19 and less likely to report

Table 2 Multivariable analysis for in-hospital mortality by age, sex, and race

Hazard ratio per year-increase in age 95% confidence interval p value (Cox regression)

Mortality by age 1.03 1.02–1.04 < 0.001

Hazard ratios for in-hospital mortality 95% confidence interval p value (Cox regression)

Men (relative to women) 1.50 1.15–1.96 0.002

Asian patients (relative to White patients) 2.06 1.08–3.93 0.03

Black patients (relative to White patients) 1.30 0.95–1.78 0.09

Hispanic patients (relative to White patients) 1.84 1.21–2.80 0.005

Other specified race (relative to White patients) 2.12 1.11–4.06 0.02

Table 3 Odds of COVID-19 hospitalization at our hospital by race

Documented race Included in cohort Brooklyn residents
(2019 US Census)

Hospitalization rate for
our institution (per 100,000)

Odds rfor COVID-19
hospitalization (relative to Whites)

p value

Black patients 372 865,247 42.9 1.89 (95%CI 1.59–2.24) < 0.001

Hispanic patients 92 483,821 19.0 0.84 (95%CI 0.66–1.07) 0.15

White patients 214 942,044 22.7 1 1
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changed behavior [28], which may be due to limited alternatives
in occupational risk exposure or decreased ability to engage in
social isolation. Much like other researchers, we found that un-
derlying comorbidities including hypertension, chronic kidney
disease, coronary artery disease, and diabetes all increased mor-
tality risk in COVID-19 patients [29, 30].

There are several limitations to our study, beginning with
the single-center retrospective design and its susceptibility to
selection bias. We concede that our cohort may not be a true
representation of the nation’s population nor does our institu-
tion’s COVID-19 hospitalizations necessarily represent that of
the greater NYC area. Our institution’s location can likewise
lend itself to selection bias since it is located in a relatively
more affluent area of Brooklyn. Moreover, critically ill pa-
tients in underserved areas may seek medical care elsewhere;
therefore, our hospitalization rates may actually underestimate
the true odds of hospitalization among ethnic minorities in
Brooklyn. We also did not have enough information docu-
mented regarding employment status or health insurance for
this cohort to include for analysis. Still, our institution’s loca-
tion did not preclude us from admitting the full spectrum of
patients, including those from socioeconomically disadvan-
taged areas. Our hospitalization rates and odds ratios are based
upon 2019 US Census population records for Brooklyn, so
they may not exactly reflect the borough’s population at the
time of our study and they do not account for patients that do

not reside in Brooklyn or who went to different hospitals.
These data are the most up to date for Brooklyn’s population
and our cohort, however, and they do not take away from our
central message regarding healthcare inequities. Risk assess-
ment scores such as Acute Physiology and Chronic Health
Evaluation (APACHE) II were not collected due to inconsis-
tent data reporting at the onset of the pandemic. In addition,
we did not include patients hospitalized at time of analysis or
patients with clinical findings strongly suggestive of COVID-
19 despite having negative swab testing. Although our find-
ings suggest that Asians have increased risk of in-hospital
mortality, we recognize that the small cohort size limits reli-
able interpretation and generalization. The patients’ own pre-
ventive care and outpatient follow-up prior to hospitalization
was likewise outside the scope of our study.

In conclusion, Blacks weremore likely thanWhites to require
hospitalization for COVID-19 while Hispanics were more likely
to experience in-hospital mortality than whites for the same ill-
ness in our NYC teaching hospital. Further investigation into the
socioeconomic factors underlying racial disparities in COVID-
19 infection and survival is needed on a national scale.
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