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A B S T R A C T

Background: Racial and ethnic minority groups have been disproportionately affected by the US coronavirus
disease 2019 (COVID-19) pandemic; however, nationwide data on COVID-19 outcomes stratified by race/eth-
nicity and adjusted for clinical characteristics are sparse. This study analyzed the impacts of race/ethnicity on
outcomes among US patients with COVID-19.
Methods: This was a retrospective observational study of patients with a confirmed COVID-19 diagnosis in
the electronic health record from 01 February 2020 through 14 September 2020. Index encounter site, hospi-
talization, and mortality were assessed by race/ethnicity (Hispanic, non-Hispanic Black [Black], non-Hispanic
White [White], non-Hispanic Asian [Asian], or Other/unknown). Associations between racial/ethnic catego-
ries and study outcomes adjusted for patient characteristics were evaluated using logistic regression.
Findings: Among 202,908 patients with confirmed COVID-19, patients from racial/ethnic minority groups
were more likely than White patients to be hospitalized on initial presentation (Hispanic: adjusted odds ratio
1¢690, 95% CI 1¢620�1¢763; Black: 1¢810, 1¢743�1¢880; Asian: 1¢503, 1¢381�1¢636) and during follow-up
(Hispanic: 1¢700, 1¢638�1¢764; Black: 1¢578, 1¢526�1¢633; Asian: 1¢391, 1¢288�1¢501). Among hospitalized
patients, adjusted mortality risk was lower for Black patients (0¢881, 0¢809�0¢959) but higher for Asian
patients (1¢205, 1¢000�1¢452).
Interpretation: Racial/ethnic minority patients with COVID-19 had more severe disease on initial presentation
thanWhite patients. Increased mortality risk was attenuated by hospitalization among Black patients but not
Asian patients, indicating that outcome disparities may be mediated by distinct factors for different groups.
In addition to enacting policies to facilitate equitable access to COVID-19�related care, further analyses of
disaggregated population-level COVID-19 data are needed.
Funding: None.
© 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 coronavirus disease 2019 (COVID-19) pandemic has been
devastating in the US, crippling the economy and overburdening the
healthcare system [1,2]. As of November 30, 2020, there had been
more than 13.9 million US cases of COVID-19 and over 280,000
deaths [3].

There is abundant evidence that racial and ethnic minority popu-
lations have been disproportionately affected by the pandemic. Over
60% of COVID-19 cases and nearly 50% of deaths in the US have
occurred among patients in racial/ethnic minority groups; in particu-
lar, the mortality rate in the US Black population is more than twice
that in the White population [3,4]. The existence of racial and ethnic
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Research in context

Evidence before this study

It is clear that racial and ethnic minority populations have been
disproportionately affected by the coronavirus disease 2019
(COVID-19) pandemic in the US; however, most studies of
racial/ethnic disparity in COVID-19 outcomes to date have not
adjusted for comorbidities and other clinical characteristics, or
have been limited to specific geographies or health systems.
We searched PubMed in August 2020 using the string “rac*
AND covid AND outcomes,” focusing on US studies in order to
identify analyses that were most relevant to the patient popula-
tion in our database. Although this search returned hundreds of
results, closer investigation revealed no studies conducted
across a nationwide population.

Added value of this study

Using information from a large electronic health record dataset
consolidated from hospital systems and provider networks
across the US, we found that patients from racial/ethnic minor-
ity groups were more likely than White patients to have their
initial COVID-19�related healthcare encounter in a hospital
setting and to require subsequent hospitalization after adjust-
ing for demographic and clinical characteristics. Notably,
adjustment for comorbidities moderately reduced follow-up
mortality risk for Black patients, but not for Asian patients.
Among those who had been hospitalized, adjusted mortality
risk was lower among Black patients but remained elevated for
Asian patients relative to White patients.

Implications of all the available evidence

Our findings suggest that racial/ethnic disparities in COVID-19
outcomes may be due in part to members of racial/ethnic
minority groups who have asymptomatic or mild disease
receiving less evaluation and testing and/or accessing treat-
ment later in the disease process, missing the opportunity for
early interventions that could slow or prevent disease progres-
sion. Together with existing evidence, our findings support the
promotion of policy changes that facilitate timely access to
COVID-19�related healthcare for racial and ethnic minority
populations, such as improving access to COVID-19 vaccination,
testing, and screening; conducting culturally appropriate out-
reach in underserved communities to emphasize the impor-
tance of vaccination and early medical attention for COVID-19;
and ensuring that healthcare costs or fear of income loss are
not barriers to receiving care.
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disparities in COVID-19 morbidity and mortality is due in part to
longstanding economic and educational disadvantages that have cul-
minated in reduced healthcare utilization and prevalent mistrust of
the healthcare system among minority individuals [5�7]. There also
has been speculation that the increased vulnerability of racial/ethnic
minority groups to COVID-19�related complications, especially
among Black patients, is attributable to a higher burden of comorbid-
ities—including hypertension, diabetes, kidney disease, and obesity—
and/or other factors, such as pro-inflammatory changes in immune
response and coagulation resulting from the psychosocial stress of
living with systemic racism [8�10]. These factors are compounded
by members of racial/ethnic minority groups being disproportion-
ately likely to reside in areas of high population density, rely on pub-
lic transportation, and work in public-facing “essential” occupations,
making social distancing more difficult and increasing COVID-19
infection risk [11,12].

Until recently, nationwide analyses of COVID-19 morbidity and
mortality stratified by race/ethnicity and adjusted for comorbidities
have not been available. Many studies conducted thus far have relied
on local and state health department data, either as collected on
COVID-19 reporting websites or as aggregated by the US Centers for
Disease Control and Prevention (CDC) [13�17]. Unfortunately, much
of these data are at the population level rather than at the individual
level, lack race/ethnicity information, and/or do not include clinical
details necessary to assess confounding clinical factors. Other analy-
ses have utilized data with comprehensive race/ethnicity and clinical
information, but were limited to certain geographic areas or hospital
systems [18�26]. In the present study, we analyzed the impacts of
race/ethnicity and comorbidities on clinical outcomes among
patients with confirmed COVID-19 using electronic health records
(EHR) from a healthcare database representing over 31 million
patients and spanning multiple payers and providers across the US.

2. Methods

2.1. Study design and data source

This was a retrospective observational study conducted using the
Optum EHR Research Database, [27] a deidentified patient-level data-
base that incorporates administrative and clinical data as recorded
during routine clinical practice in both ambulatory and inpatient set-
tings. Data are collected from tens of thousands of providers and hun-
dreds of hospitals representing more than 50 provider/hospital
networks across the US and include over 31 million lives, with
patients covered by a variety of payers (including both commercial
plans and government-administered plans such as Medicare/Medic-
aid) as well as uninsured patients.

Because the data used in this study were deidentified in accor-
dance with the Health Insurance Portability and Accountability Act,
[28] institutional review board approval or waiver of approval was
not required. Authors Andrade, Johnson, Raja, Cao, and Hulbert had
direct access to the database, and the data used for this analysis were
available in November 2020.

2.2. Study sample

The study included all patients with a confirmed clinical COVID-
19 diagnosis (ICD-10-CM U07.1) or positive COVID-19 polymerase
chain reaction (PCR) or antigen test result in the EHR database during
the identification period (01 February 2020 through 14 September
2020). The index date was defined as the earliest observed healthcare
encounter associated with a confirmed COVID-19 diagnosis (includ-
ing a positive COVID-19 PCR or antigen test; or diagnosis codes for
confirmed or suspected COVID-19, coronavirus-related or severe
acute respiratory syndrome [SARS]-related infection, or pneumonia
due to coronavirus or SARS [Supplementary Table 1]). These criteria
were developed in consideration of COVID-19 coding guidance pro-
vided by the CDC [29].

2.3. Study measures

Patient demographic characteristics, insurance type, and body
mass index were assessed as of the index date; comorbidities and
medication use were assessed during the baseline period, which
began 13 months prior to the index date and ended 1 month prior to
the index date. The month prior to the index date was excluded out
of concern that it could reflect healthcare utilization associated with
early effects of COVID-19 infection. Patient race/ethnicity (patient-
reported or provider-documented) was identified from the EHR and
categorized as Hispanic, non-Hispanic Black (Black), non-Hispanic
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Asian (Asian), non-Hispanic White (White), or Other/unknown. The
Asian category includes patients identified as East Asian or Southeast
Asian. The Other/unknown category includes patients with unknown
race/ethnicity, those identified as Native Hawaiian/other Pacific
Islander or American Indian/Alaskan Native, and those with multiple
races reported (race/ethnicity was masked for these groups because
sample sizes were too small to maintain the deidentified classifica-
tion of the data source).

Study outcomes (index encounter site, all-cause hospitalization,
and all-cause mortality) were assessed during the follow-up period,
which began on the index date and ended on the last date of data
availability (14 October 2020), with a minimum follow-up of 1
month. Index encounter site was defined as the highest level of
healthcare intensity on the date of the index encounter (classified in
mutually exclusive hierarchies of inpatient hospital admission, emer-
gency department [ED] visit, ambulatory care visit, other visit [eg,
laboratory, imaging, or report/result], or unknown/missing). In addi-
tion to index encounter site, an outcome of all-cause hospitalization
during follow-up was defined as the first inpatient admission on the
index date or during the follow-up period. All-cause mortality during
the follow-up period was assessed from EHR (eg, hospital discharge
status or medical record death indicator) and linked information
from obituary data and the public-use Social Security Administration
Death Master File.

2.4. Statistical analysis

All analyses were performed with SAS software version 9¢4 (SAS
Institute Inc). Patient characteristics and study outcomes were ana-
lyzed descriptively and stratified by race/ethnicity. Differences in
patient characteristics and study outcomes across race/ethnicity cate-
gories were assessed using analysis of variance for continuous meas-
ures and Pearson chi-square tests for binary measures. Pairwise
comparisons between racial/ethnic minority groups and White
patients (referent group) were assessed using 2-sample t-tests. Statis-
tical significance was defined as p � 0¢05.

The association between race/ethnicity categories and outcomes
(index encounter site, follow-up hospitalization, and follow-up mor-
tality) was evaluated using unconditional logistic regression. For each
outcome, two multivariable models are presented: minimally
adjusted (age group [0�44, 45�64, 65�74, 75�84, and 85+ years],
sex, geographic region, insurance type, index month) and fully
adjusted (age group, sex, geographic region, insurance type, index
month, index body mass index, baseline Charlson comorbidity score,
[30] baseline comorbidities, and baseline medication use) (Supple-
mentary Tables 2�5). Comorbidity indicators and medications
included in the fully adjusted models were selected on the basis of
potential clinical relevance to COVID-19�related outcomes and sta-
tistical significance within the models using stepwise regression with
a threshold of p < 0¢10.

3. Results

3.1. Study sample

During the identification period, there were 2,014,956 patients
with a COVID-19�related healthcare encounter or test in the EHR.
Among these, 158,548 had a COVID-19 diagnosis code and 133,767
had a positive PCR or antigen test for COVID-19. As 89,158 patients
met both criteria, this yielded a total of 202,908 unique patients with
confirmed COVID-19 as the total study population (mean age
46¢9 years, 55¢3% women, 14¢5% Hispanic, 15¢6% Black, 2¢6% Asian,
52¢5% White, 14¢9% Other/unknown) (Table 1). Among the 2,014,956
patients with a COVID-19�related healthcare encounter/test, the
proportion with confirmed COVID-19 was 10¢1% overall but varied
significantly by race/ethnicity: Hispanic, 20¢2%; Black, 15¢2%; Asian,
11¢9%; White, 7¢8%; Other/unknown, 12¢2% (p < 0¢001) (data not
shown).

Patients in racial/ethnic minority groups who had confirmed
COVID-19 were significantly younger than White patients (mean
[SD] age range 41¢2 [18¢2] to 47¢3 [18¢9] years vs 49¢6 [21¢0] years, p
< 0¢001 for all pairwise comparisons of racial/ethnic minority groups
vs White patients) (Table 1). Racial/ethnic differences in comorbidity
burden as assessed by Charlson comorbidity scores were generally
too small to be clinically meaningful; however, Black patients had a
higher burden of hypertension, obesity, diabetes, and kidney disease
thanWhite patients (p < 0¢001 for all) (Table 1).

3.2. Study outcomes

3.2.1. Index encounter site
Overall, the largest proportion of index encounters for COVID-

19�related care occurred in an ambulatory setting (42¢2%); the
remainder occurred in the hospital (14¢5%), other setting (16¢5%), ED
(12¢7%), or unknown setting (14¢1%) (Fig. 1, Panel A). The proportion
of patients whose index encounter was an ambulatory visit differed
across race/ethnicity groups (global p < 0¢001) and was highest
among White patients (45¢4%) and lowest among Black patients
(32¢6%) (Fig. 1, Panel A). In contrast, a greater proportion of Hispanic
and Black patients than White patients had an ED visit as their index
encounter (20¢8% and 19¢6%, respectively, vs 9¢2% for White patients;
p < 0¢001 for both comparisons). Notably, over one-fifth of Black
patients were hospitalized at their index encounter (20¢8%, compared
with 12¢7% of White patients; p < 0¢001) (Fig. 1, Panel A). After
adjusting for demographics and baseline clinical characteristics,
patients from racial/ethnic minority groups were more likely to have
a hospitalization as their index encounter; Black patients were 81%
more likely thanWhite patients to be hospitalized on initial presenta-
tion (odds ratio [OR] [95% CI] 1¢810 [1¢743�1¢880], p < 0¢001), while
Hispanic patients and Asian patients were 69% and 50% more likely
to be hospitalized, respectively, than White patients (OR [95% CI]
1¢690 [1¢620�1¢763] and 1¢503 [1¢381�1¢636], respectively; p <

0¢001 for both) (Table 2, Model B).

3.2.2. Follow-up hospitalization
Overall, 19¢5% of patients were hospitalized during follow-up,

including those admitted on the index date (Fig. 1, Panel B). The like-
lihood of hospitalization varied by race/ethnicity group (global p-
value < 0¢001), with Black patients having the highest proportion of
follow-up hospitalizations (26¢5%) (Fig. 1, Panel B). After adjusting for
demographics and baseline clinical characteristics, Black patients
were 58% more likely than White patients to be hospitalized during
follow-up (OR [95% CI] 1¢578 [1¢526�1¢633], p <0¢001) (Table 2,
Model B); patients in other racial/ethnic minority groups were also
significantly more likely than White patients to be hospitalized dur-
ing follow-up (Table 2, Model B; p <0¢001 for all). Older age was the
strongest predictor of follow-up hospitalization, with patients aged �
85 years having 5-fold higher likelihood of hospitalization than those
aged 0�44 (OR [95% CI] 5¢052 [4¢733�5¢392]) (Supplementary Table
3, Model B).

3.2.3. Follow-up death
The unadjusted proportion of deaths during follow-up differed

across race/ethnicity groups, with higher mortality observed among
White (4¢7%) and Black (4¢5%) patients and lower mortality observed
among Hispanic patients (2¢4%) (Figure, Panel C; global p-value <

0¢001). After adjusting for demographic differences, Black patients
were 15% more likely than White patients to die during the follow-
up period (OR [95% CI] 1¢152 [1¢077�1¢233], p <0¢001), while differ-
ences for other racial/ethnic minority groups relative to White
patients were not statistically significant (Table 2, Model A; p > 0¢05
for all). However, after further adjustment for baseline clinical



Table 1
Demographic and Clinical Characteristics of Patients With Confirmed COVID-19

Characteristic Totala

N = 202,908
100.0%

Hispanic
n = 29,326
14.5%

Non-Hispanic
Black n = 31,547
15.6%

Non-Hispanic
Asian n = 5,311
2.6%

Non-Hispanic
White
n = 106,547
52.5%

Other/
unknownb

n = 30,177
14.9%

Global
p-valuec

Hisp. vs
White
p-valued

Black vs
White
p-valued

Asian vs
White
p-valued

Other vs
White
p-valued

Age, years, mean (SD) 46.9 (20.2) 41.2 (18.2) 47.3 (18.9) 45.9 (18.1) 49.6 (21.0) 43 (19.1) <.001 <.001 <.001 <.001 <.001
Age category, years, n
(%)
0-5 2,858 (1.4) 777 (2.7) 422 (1.3) 64 (1.2) 1,073 (1.0) 522 (1.7) <.001 <.001 <.001 0.160 <.001
6-19 12,466 (6.1) 2,329 (7.9) 1,432 (4.5) 205 (3.9) 6,458 (6.1) 2,042 (6.8) <.001 <.001 <.001 <.001 <.001
20-44 78,329 (38.6) 13,700 (46.7) 12,112 (38.4) 2,320 (43.7) 35,917 (33.7) 14,280 (47.3) <.001 <.001 <.001 <.001 <.001
45-64 67,404 (33.2) 9,466 (32.3) 11,528 (36.5) 1,864 (35.1) 35,524 (33.3) 9,022 (29.9) <.001 <.001 <.001 0.008 <.001
65-74 22,081 (10.9) 1,947 (6.6) 3,565 (11.3) 498 (9.4) 13,644 (12.8) 2,427 (8.0) <.001 <.001 <.001 <.001 <.001
75-84 12,250 (6.0) 807 (2.8) 1,778 (5.6) 229 (4.3) 8,289 (7.8) 1,147 (3.8) <.001 <.001 <.001 <.001 <.001
85+ 7,520 (3.7) 300 (1.0) 710 (2.3) 131 (2.5) 5,642 (5.3) 737 (2.4) <.001 <.001 <.001 <.001 <.001

Female sex, n (%) 112,292 (55.3) 16,066 (54.8) 18,826 (59.7) 2,953 (55.6) 58,901 (55.3) 15,546 (51.5) <.001 <.001 <.001 0.160 <.001
Geographic region, n (%)
Northeast 62,715 (30.9) 9,865 (33.6) 8,641 (27.4) 2,300 (43.3) 31,485 (29.6) 10,424 (34.5) <.001 <.001 <.001 <.001 <.001
Midwest 77,538 (38.2) 8,013 (27.3) 14,061 (44.6) 1,517 (28.6) 46,430 (43.6) 7,517 (24.9) <.001 <.001 0.002 <.001 <.001
South 36,776 (18.1) 7,071 (24.1) 6,268 (19.9) 615 (11.6) 18,685 (17.5) 4,137 (13.7) <.001 <.001 <.001 <.001 <.001
West 18,458 (9.1) 3,421 (11.7) 1,284 (4.1) 770 (14.5) 6,743 (6.3) 6,240 (20.7) <.001 <.001 <.001 <.001 <.001
Other 7,421 (3.7) 956 (3.3) 1,293 (4.1) 109 (2.1) 3,204 (3.0) 1,859 (6.2) <.001 0.026 <.001 <.001 <.001

Index month
February 715 (0.4) 70 (0.2) 111 (0.4) 14 (0.3) 456 (0.4) 64 (0.2) <.001 <.001 0.063 0.071 <.001
March 13,488 (6.7) 1,613 (5.5) 3,211 (10.2) 470 (8.9) 6,201 (5.8) 1,993 (6.6) <.001 0.037 <.001 <.001 <.001
April 38,116 (18.8) 5,806 (19.8) 8,420 (26.7) 1,247 (23.5) 16,893 (15.9) 5,750 (19.1) <.001 <.001 <.001 <.001 <.001
May 30,012 (14.8) 5,183 (17.7) 4,884 (15.5) 867 (16.3) 13,998 (13.1) 5,080 (16.8) <.001 <.001 <.001 <.001 <.001
June 28,388 (14.0) 5,270 (18.0) 3,765 (11.9) 928 (17.5) 13,822 (13.0) 4,603 (15.3) <.001 <.001 <.001 <.001 <.001
July 47,515 (23.4) 6,718 (22.9) 6,798 (21.6) 990 (18.6) 25,677 (24.1) 7,332 (24.3) <.001 <.001 <.001 <.001 0.479
August 32,361 (16.0) 3,650 (12.5) 3,340 (10.6) 574 (10.8) 20,782 (19.5) 4,015 (13.3) <.001 <.001 <.001 <.001 <.001
September 12,313 (6.1) 1,016 (3.5) 1,018 (3.2) 221 (4.2) 8,718 (8.2) 1,340 (4.4) <.001 <.001 <.001 <.001 <.001

Insurance type, n (%)
Commercial 99,636 (49.1) 12,377 (42.2) 14,747 (46.8) 2,820 (53.1) 57,217 (53.7) 12,475 (41.3) <.001 <.001 <.001 0.389 <.001
Medicaid 18,393 (9.1) 3,915 (13.4) 4,495 (14.3) 639 (12.0) 5,737 (5.4) 3,607 (12.0) <.001 <.001 <.001 <.001 <.001
Medicare 24,770 (12.2) 1,439 (4.9) 4,043 (12.8) 452 (8.5) 16,498 (15.5) 2,338 (7.8) <.001 <.001 <.001 <.001 <.001
Multiplee 15,579 (7.7) 2,007 (6.8) 2,968 (9.4) 282 (5.3) 8,964 (8.4) 1,358 (4.5) <.001 <.001 <.001 <.001 <.001
Uninsured 4,380 (2.2) 1,965 (6.7) 728 (2.3) 55 (1.0) 952 (0.9) 680 (2.3) <.001 <.001 <.001 0.285 <.001
Missing/unknown 40,150 (19.8) 7,623 (26.0) 4,566 (14.5) 1,063 (20.0) 17,179 (16.1) 9,719 (32.2) <.001 <.001 <.001 <.001 <.001

Index BMI category, n
(%)
<18.5 kg/m2 4,348 (3.2) 681 (3.7) 682 (2.9) 143 (4.0) 2,348 (3.0) 494 (3.6) <.001 0.149 <.001 0.001 <.001
18.5 to <25 kg/m2 31,552 (23.0) 3,282 (17.8) 3,911 (16.4) 1,480 (41.1) 19,453 (25.2) 3,426 (24.9) <.001 <.001 <.001 <.001 0.562
25 to <30 kg/m2 39,741 (29.0) 5,624 (30.5) 5,925 (24.8) 1,261 (35.0) 22,445 (29.0) 4,486 (32.6) <.001 <.001 <.001 <.001 <.001
≥30 kg/m2 61,396 (44.8) 8,832 (48.0) 13,386 (56.0) 717 (19.9) 33,115 (42.8) 5,346 (38.9) <.001 <.001 <.001 <.001 <.001

Baseline Charlson
comorbidity score,
mean (SD)

0.51 (1.27) 0.35 (1.03) 0.61 (1.41) 0.37 (1.05) 0.62 (1.38) 0.23 (0.86) <.001 <.001 0.586 <.001 <.001

Baseline Charlson
comorbidity score cat-
egory, n (%)
0 159,734 (78.7) 24,640 (84.0) 23,691 (75.1) 4,423 (83.3) 79,912 (75.0) 27,068 (89.7) <.001 <.001 0.730 <.001 <.001
1-2 29,210 (14.4) 3,500 (11.9) 5,169 (16.4) 661 (12.5) 17,622 (16.5) 2,258 (7.5) <.001 <.001 0.517 <.001 <.001
3-4 8,780 (4.3) 750 (2.6) 1,653 (5.2) 147 (2.8) 5,666 (5.3) 564 (1.9) <.001 <.001 0.587 <.001 <.001
5+ 5,184 (2.6) 436 (1.5) 1,034 (3.3) 80 (1.5) 3,347 (3.1) 287 (1.0) <.001 <.001 0.225 <.001 <.001

Baseline comorbidity, n
(%)

(continued on next page)
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Table 1 (Continued)

Characteristic Totala

N = 202,908
100.0%

Hispanic
n = 29,326
14.5%

Non-Hispanic
Black n = 31,547
15.6%

Non-Hispanic
Asian n = 5,311
2.6%

Non-Hispanic
White
n = 106,547
52.5%

Other/
unknownb

n = 30,177
14.9%

Global
p-valuec

Hisp. vs
White
p-valued

Black vs
White
p-valued

Asian vs
White
p-valued

Other vs
White
p-valued

≥1 comorbidity 77,549 (38.2) 9,060 (30.9) 14,254 (45.2) 1,683 (31.7) 46,802 (43.9) 5,750 (19.1) <.001 <.001 <.001 <.001 <.001
Hypertension 45,406 (22.4) 4,349 (14.8) 9,647 (30.6) 931 (17.5) 27,568 (25.9) 2,911 (9.7) <.001 <.001 <.001 <.001 <.001
Hyperlipidemia 38,585 (19.0) 3,694 (12.6) 5,909 (18.7) 976 (18.4) 25,469 (23.9) 2,537 (8.4) <.001 <.001 <.001 <.001 <.001
Obesity 27,682 (13.6) 3,797 (13.0) 5,846 (18.5) 312 (5.9) 15,925 (15.0) 1,802 (6.0) <.001 <.001 <.001 <.001 <.001
Diabetes 22,590 (11.1) 3,161 (10.8) 5,088 (16.1) 599 (11.3) 11,965 (11.2) 1,777 (5.9) <.001 0.030 <.001 0.913 <.001
CKD 17,415 (8.6) 2,014 (6.9) 3,841 (12.2) 364 (6.9) 9,998 (9.4) 1,198 (4.0) <.001 <.001 <.001 <.001 <.001
IHD 12,156 (6.0) 878 (3.0) 1,825 (5.8) 218 (4.1) 8,484 (8.0) 751 (2.5) <.001 <.001 <.001 <.001 <.001
Asthma 12,404 (6.1) 1,745 (6.0) 2,602 (8.3) 223 (4.2) 6,913 (6.5) 921 (3.1) <.001 <.001 <.001 <.001 <.001
Obstructive sleep
apnea

9,972 (4.9) 908 (3.1) 1,906 (6.0) 129 (2.4) 6,537 (6.1) 492 (1.6) <.001 <.001 0.542 <.001 <.001

Heart failure 7,237 (3.6) 477 (1.6) 1,587 (5.0) 79 (1.5) 4,691 (4.4) 403 (1.3) <.001 <.001 <.001 <.001 <.001
COPD 7,324 (3.6) 366 (1.3) 1,183 (3.8) 78 (1.5) 5,378 (5.1) 319 (1.1) <.001 <.001 <.001 <.001 <.001
Atrial fibrillation 6,481 (3.2) 288 (1.0) 770 (2.4) 78 (1.5) 5,064 (4.8) 281 (0.9) <.001 <.001 <.001 <.001 <.001
Inflammatory autoim-
mune disease

3,901 (1.9) 378 (1.3) 666 (2.1) 79 (1.5) 2,511 (2.4) 267 (0.9) <.001 <.001 0.011 <.001 <.001

Stroke 2,329 (1.2) 247 (0.8) 479 (1.5) 29 (0.6) 1,455 (1.4) 119 (0.4) <.001 <.001 0.043 <.001 <.001
Inflammatory bowel
disease

1,061 (0.5) 62 (0.2) 106 (0.3) 16 (0.3) 831 (0.8) 46 (0.2) <.001 <.001 <.001 <.001 <.001

HIV 639 (0.3) 125 (0.4) 242 (0.8) 3 (0.1) 211 (0.2) 58 (0.2) <.001 <.001 <.001 0.021 0.840
Baseline medication use,
n (%)
Statin 25,118 (12.4) 2,483 (8.5) 4,326 (13.7) 647 (12.2) 16,115 (15.1) 1,547 (5.1) <.001 <.001 <.001 <.001 <.001
ACE inhibitor 13,938 (6.9) 1,606 (5.5) 2,639 (8.4) 258 (4.9) 8,569 (8.0) 866 (2.9) <.001 <.001 0.065 <.001 <.001
ARB 10,518 (5.2) 923 (3.2) 2,193 (7.0) 292 (5.5) 6,399 (6.0) 711 (2.4) <.001 <.001 <.001 0.128 <.001
Autoimmune and
rheumatic treatments

1,372 (0.7) 125 (0.4) 223 (0.7) 32 (0.6) 882 (0.8) 110 (0.4) <.001 <.001 0.034 0.075 <.001

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; Hisp., Hispanic; IHD, ischemic heart disease.
a Among the 2,328,387 patients with a COVID-19–related healthcare encounter/test, the proportion with confirmed COVID-19 was 10.1% in the total population and varied significantly by race/ethnicity: Hispanic, 20.2%; Black, 15.2%;

Asian, 11.9%; White, 7.8%; Other/unknown, 12.2% (global p<.001).
b Ninety-nine percent of patients in the Other/unknown category had unknown race; the remaining 1% comprised those identified as Native Hawaiian/Pacific Islander or American Indian/Alaska Native.
c Analysis of variance was used for continuous measures; Pearson chi-square test was used for binary measures.
d Two-sample t-test was used for continuous measures; Pearson chi-square test was used for binary measures.
e Includes commercial and Medicaid; commercial and Medicare; Medicare and Medicaid; and commercial, Medicare, and Medicaid.
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Fig. 1. Evidence of racial and ethnic disparities among patients with confirmed COVID-19. In each panel, p < 0.001 for difference across racial/ethnic groups. ED, emergency
department.

A, Distribution of index encounter site. Percentages may not sum to 100.0% because of rounding.
B, Follow-up all-cause hospitalization. Error bars represent 95% CIs.
C, Follow-up all-cause mortality. Error bars represent 95% CIs.
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characteristics, the likelihood of follow-up death relative to White
patients was 11% for Black patients and 19% for Asian patients (OR
[95% CI] 1¢110 [1¢036�1¢189], p = 0¢003 and 1¢187 [1¢011�1¢395], p =
0¢036, respectively) (Table 2, Model B). Older age was the strongest
predictor of follow-up death. Odds ratios (95% CI) relative to patients
aged 0�44 years ranged from 7¢344 (6¢443�8¢371) for ages 45�64 to
94¢685 (82¢006�109¢324) for ages 85 and above (p < 0¢001 for all)
(Supplementary Table 4, Model B).

Among the subset of patients hospitalized during follow-up, Black
patients were significantly less likely to die than White patients after
adjusting for demographics and baseline clinical characteristics (OR
[95% CI] 0¢881 [0¢809�0¢959], p = 0¢003), but Asian patients had a



Table 2
Multivariable Logistic Regression Models for Hospitalization and Mortality Among Patients With Confirmed
COVID-19

Models and independent variables Model Aa Model Bb

Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

Hospitalization on date of index encounter (n=202,908)
Hispanic 1.711 (1.642-1.784) <.001 1.690 (1.620-1.763) <.001
Non-Hispanic Black 1.905 (1.836-1.977) <.001 1.810 (1.743-1.880) <.001
Non-Hispanic Asian 1.440 (1.325-1.565) <.001 1.503 (1.381-1.636) <.001
Non-Hispanic White Ref. – Ref. –

Other/unknown 1.343 (1.287-1.400) <.001 1.379 (1.321-1.441) <.001
Hospitalization during follow-up (n=202,908)

Hispanic 1.671 (1.611-1.733) <.001 1.700 (1.638-1.764) <.001
Non-Hispanic Black 1.673 (1.618-1.729) <.001 1.578 (1.526-1.633) <.001
Non-Hispanic Asian 1.272 (1.179-1.371) <.001 1.391 (1.288-1.501) <.001
Non-Hispanic White Ref. – Ref. –

Other/unknown 1.152 (1.109-1.197) <.001 1.283 (1.234-1.334) <.001
Death during follow-up among all patients (n=202,908)

Hispanic 1.026 (0.940-1.121) 0.565 1.041 (0.952-1.138) 0.375
Non-Hispanic Black 1.152 (1.077-1.233) <.001 1.110 (1.036-1.189) 0.003
Non-Hispanic Asian 1.096 (0.935-1.285) 0.256 1.187 (1.011-1.395) 0.036
Non-Hispanic White Ref. – Ref. –

Other/unknown 1.020 (0.943-1.103) 0.623 1.040 (0.960-1.128) 0.337
Death during follow-up among patients hospitalized during follow-up (n=39,459)

Hispanic 0.965 (0.869-1.073) 0.514 0.977 (0.879-1.087) 0.673
Non-Hispanic Black 0.887 (0.816-0.965) 0.005 0.881 (0.809-0.959) 0.003
Non-Hispanic Asian 1.177 (0.979-1.416) 0.083 1.205 (1.000-1.452) 0.050
Non-Hispanic White Ref. – Ref. –

Other/unknown 1.034 (0.934-1.144) 0.523 1.048 (0.945-1.162) 0.379

Ref., reference.
a Adjusted for age group, sex, geographic region, insurance type, and index month. See Supplementary

Tables 2-5 for full models.
b Adjusted for age group, sex, geographic region, insurance type, index month, index body mass index,

baseline Charlson comorbidity score category, baseline comorbidities, and baseline medication use. See Sup-
plementary Tables 2-5 for full models.
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21% higher adjusted likelihood of death thanWhite patients (OR [95%
CI] 1¢205 [1¢000�1¢452], p = 0¢050) (Table 2, Model B). Differences in
mortality between Hispanic patients and White patients were not
statistically significant (OR [95% CI] 0¢977 [0¢879�1¢087], p = 0¢673)
(Table 2, Model B).

4. Discussion

The results of this retrospective study of 202,908 US patients with
confirmed COVID-19 provide additional context to a large body of
evidence that members of racial and ethnic minority groups—and the
Black population, in particular—bear a disproportionate burden of
morbidity and mortality due to the COVID-19 pandemic in the US
[13�17,19�23,25,26,31]. Although older age was the strongest risk
factor for hospitalization and death, patients from racial/ethnic
minority groups were more likely than White patients to be hospital-
ized or visit the ED upon initial presentation and to require hospitali-
zation during the course of illness, despite being significantly
younger. This finding is consistent with prior research
[13,19,21�23,25,26] and likely driven by differential distribution of
disease severity by race/ethnicity among confirmed COVID-19 cases,
due in part to underrepresentation of patients with asymptomatic
disease from racial/ethnic minority groups in the study population.

Our observation that members of racial/ethnic minority groups
required a higher intensity of health care at initial presentation with
COVID-19 supports this hypothesis and is congruent with previous
studies indicating Black patients hospitalized for COVID-19 are more
likely to present with worse vital signs and more severe disease on
chest x-ray, which is associated with poorer clinical outcomes
[18,32]. These findings suggest that patients from racial/ethnic
minority groups may receive testing and/or treatment for COVID-19
later in the disease process than White patients, potentially missing
the opportunity for early interventions that could help improve out-
comes. Delayed access to COVID-19�related resources may be due in
part to differential access to healthcare resources, as patients from
racial/ethnic minority groups are more likely than White patients to
be uninsured [33] and to reside in communities lacking in physicians
and other health services [5,34�36]. However, testing and treatment
delays may also be attributable to individual reluctance to pursue
medical care. Mistrust of the healthcare system resulting from famil-
iarity with historical mistreatment of marginalized groups in medical
research, as well as personal experiences of discriminatory treatment
and/or substandard medical care in healthcare settings, are important
barriers to receiving healthcare among racial/ethnic minority popula-
tions [6,37]. Such mistrust has been associated not only with health-
care underutilization but also with increased use of the ED as usual
site of care, consistent with our results [6,7,38,39]. Additional factors
likely contributing to delayed presentation among patients with
COVID-19 from racial/ethnic minority groups include essential
worker status; [11,12] lack of paid time off to seek medical care; [40]
suboptimal understanding of COVID-19 symptoms warranting medi-
cal attention; [41] and the myth that Black people are immune to the
coronavirus, which arose from early reports of low COVID-19 infec-
tion rates in Africa [42].

It is also possible that COVID-19 disease progression among some
racial/ethnic minority groups is exacerbated by a generally higher
comorbidity burden [13,18,31]. We observed that greater proportions
of Black patients vs White patients with COVID-19 had diabetes, obe-
sity, hypertension, and kidney disease, which have been associated
with poorer outcomes; [43,44] moreover, adjusting for baseline clini-
cal status in addition to demographics reduced Black patients’ risk of
death during follow-up from approximately 15% to 11% relative to
White patients, suggesting that a portion of mortality risk among
Black patients with COVID-19 may be attributable to comorbidities.

Notably, adjustment for comorbidities increased the risk of fol-
low-up death for Asian patients relative to White patients, and
among those who were hospitalized, Asian patients remained more
likely to die than White patients. These findings suggest that for
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people of Asian descent, the disparity in mortality outcomes may be
mediated by other mechanisms. Socioeconomic and cultural factors
such as disproportionate representation in high-contact essential
occupations, higher prevalence of multigenerational households, and
limited access to critical healthcare information among individuals
whose primary language is not English may all play a role; [45] how-
ever, data regarding these factors are not readily available in the EHR
database and could not be analyzed in the present study.

Disparate access to healthcare resources among racial/ethnic
minority groups—and the resulting disproportionate prevalence of
chronic conditions associated with increased COVID-19 severity—are
multifaceted problems driven by longstanding systemic inequities,
and their dismantling will require solutions of similar scale and com-
plexity. Our findings highlight increased access to healthcare as a crit-
ical element of such solutions. Although we found that Black,
Hispanic, and Asian patients diagnosed with COVID-19 were more
likely than White patients to require hospitalization, outcomes of
hospitalization for some racial/ethnic minority groups were similar
to those of White patients. Our results echo those from other large
retrospective analyses of patients with COVID-19 in which adjusted
in-hospital mortality was similar or lower for Black patients relative
to White patients [18,21,31,46]. Together, these findings suggest that
equitable in-hospital care may help to equalize racial/ethnic disparity
in COVID-19 mortality rates, [47] underscoring the need to promote
earlier entry of racial/ethnic minorities into the healthcare system for
COVID-19�related preventive services and treatment. Strategies to
be considered include expanding access to COVID-19 vaccination,
testing, and screening in marginalized communities; conducting cul-
turally appropriate outreach to members of underrepresented racial/
ethnic groups to emphasize the importance of vaccination as well as
early testing and prompt medical attention for suspected COVID-19;
and ensuring that cost or fear of income loss are not barriers to
receipt of care [48]. Such endeavors are imperative given the avail-
ability of highly effective preventive vaccines and antiviral treat-
ments that are most effective when administered early in the course
of infection.

Including over 202,000 patients from healthcare systems across the
US, this is the largest and most diverse analysis of racial and ethnic dis-
parities in COVID-19 to date; however, it also has certain limitations.
First, because the EHR data are sourced from hospital systems and inte-
grated delivery networks (IDNs), the study sample is heavily weighted
towards hospitalized patients. Those receiving ambulatory care outside
of the hospital systems and IDNs in our database, testing positive at
public testing sites, or not seeking formal medical care are not repre-
sented; therefore, our results are limited to patients seeking COVID-
19�related care, may undercount deaths occurring outside of the hospi-
tal, and are more representative of patients with higher disease severity.
Second, race/ethnicity information was not available for a substantial
number of patients identified with confirmed COVID-19, which also
may have affected the generalizability of the results; furthermore, out-
comes among individuals identified as American Indian/Alaska Native
or Native Hawaiian/other Pacific Islander or reporting multiple race cat-
egories could not be analyzed because these groups were included in
the Other/unknown category to maintain patient privacy, given their
small sample sizes (< 0¢2% of patients altogether). Third, information
such as patient occupation, education level, economic status, detailed
geographic location, and urban/rural environment were not available.
These factors are known to contribute to disparities among racial/ethnic
minority groups and may also affect COVID-19 infection risk, testing
availability, and treatment access, [49,50] but could not be analyzed in
this study. Fourth, as we did not require a minimum history of clinical
activity in the EHR, a subset of patients may have been new to the sys-
tem because of COVID-19 triaging (eg, patients who were transferred
from out-of-system hospitals in other communities due to capacity
issues); in addition, not every pertinent detail of a patient’s health status
is reflected in EHR, especially for patients who do not typically seek care
within the contributing healthcare systems. These factors may have
resulted in incomplete capture of comorbid conditions and other clinical
details. Furthermore, information on smoking status, which has been
shown to affect COVID-19 outcomes, [51] was not captured. Finally,
although the definition used to identify patients’ first COVID-19�related
healthcare encounter was relatively expansive, it is possible that some
relevant encounters were not attributed to COVID-19 and therefore
were missed. Conversely, some patients with incorrect COVID-19 diag-
noses may have been inadvertently included. These scenarios may have
been more likely early in the study period, when there was still consid-
erable uncertainty around COVID-19 symptoms and a lack of formal
ICD-10 codes to identify COVID-19�related care; however, 84.9% of
diagnosed patients also had a positive PCR or antigen test, somewhat
mitigating this concern.

In this nationwide sample of patients with confirmed COVID-19,
patients from underrepresented racial and ethnic groups were more
likely than White patients to receive care in a hospital setting on ini-
tial presentation and to require hospitalization during their disease
course; these differences could not be explained by differences in
demographics and comorbidity burden. Black and Asian patients
were also more likely to die than White patients; however, mortality
risk was lower among Black patients who were hospitalized,
highlighting the importance of equitable access to health care in the
community setting. While further analyses of population-level data
on COVID-19 care and clinical outcomes disaggregated by race and
ethnicity are still needed, our findings confirm, on a larger scale,
observations from studies with smaller patient samples. Now that
the COVID-19 pandemic has helped bring longstanding racial and
ethnic health disparities into sharp focus, it is incumbent on the
healthcare community to not only facilitate timely access to COVID-
19 testing and vaccination for underserved racial and ethnic minority
populations, but also work toward identifying meaningful and sus-
tainable policies to address the underlying systemic inequities that
are driving these disparities.
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