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Background.  Data on the characteristics of coronavirus disease 2019 (COVID-19) patients disaggregated by race/ethnicity re-
mains limited. We evaluated the sociodemographic and clinical characteristics of patients across racial/ethnic groups and assessed 
their associations with COVID-19 outcomes.

Methods.  This retrospective cohort study examined 629  953 patients tested for severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) in a large health system spanning California, Oregon, and Washington between March 1 and December 31, 
2020. Sociodemographic and clinical characteristics were obtained from electronic health records. Odds of SARS-CoV-2 infection, 
COVID-19 hospitalization, and in-hospital death were assessed with multivariate logistic regression.

Results.  A total of 570 298 patients with known race/ethnicity were tested for SARS-CoV-2, of whom 27.8% were non-White 
minorities: 54 645 individuals tested positive, with minorities representing 50.1%. Hispanics represented 34.3% of infections but only 
13.4% of tests. Although generally younger than White patients, Hispanics had higher rates of diabetes but fewer other comorbidities. 
A total of 8536 patients were hospitalized and 1246 died, of whom 56.1% and 54.4% were non-White, respectively. Racial/ethnic 
distributions of outcomes across the health system tracked with state-level statistics. Increased odds of testing positive and hospital-
ization were associated with all minority races/ethnicities. Hispanic patients also exhibited increased morbidity, and Hispanic race/
ethnicity was associated with in-hospital mortality (odds ratio [OR], 1.39; 95% confidence interval [CI], 1.14–1.70).

Conclusion.  Major healthcare disparities were evident, especially among Hispanics who tested positive at a higher rate, required 
excess hospitalization and mechanical ventilation, and had higher odds of in-hospital mortality despite younger age. Targeted, cul-
turally responsive interventions and equitable vaccine development and distribution are needed to address the increased risk of 
poorer COVID-19 outcomes among minority populations.

Keywords.   COVID-19; SARS-CoV-2; race/ethnicity; health disparity; public health.

Since the coronavirus disease 2019 (COVID-19) was first re-
ported in Washington state, the United States has documented 
the highest number of confirmed cases and deaths in the world. 
Increasing evidence has indicated that COVID-19 dispropor-
tionately affects patients of minority race and ethnicity [1–3]. 
Although reports have identified different rates of infection, 
hospitalization, and mortality among minority populations, 
there is limited information on the characteristics of COVID-
19 patients disaggregated by race/ethnicity [4, 5].

The prevalence of comorbidities and social environments 
vary between racial/ethnic groups [6, 7]. Some of these 

characteristics, including obesity and crowded housing, are 
potential risk factors for COVID-19 and disease severity [8, 9]. 
Therefore, understanding how the characteristics of patients 
differ between races/ethnicities and which factors are associ-
ated with disease outcomes are critical for public health and 
designing community-based interventions. Unfortunately, 
such detailed characteristics remain sparse, and certain ra-
cial/ethnic groups, specifically Asian Americans, Native 
Hawaiians/Pacific Islanders (NH/PI), and American Indians/
Alaska Natives (AI/AN) remain yet to be characterized in de-
tail [10, 11]. Furthermore, although sociodemographic and 
health characteristics vary across geography, multistate com-
parisons are limited. The objective of this study therefore is 
to examine the characteristics of and factors associated with 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, hospitalization with COVID-19, and 
in-hospital mortality in a large diverse population of patients 
in a large health system operating in California, Oregon, and 
Washington.
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METHOD

Study Design, Setting, and Population

This retrospective cohort study included patients from 
California, Oregon, and Washington who were tested for 
SARS-CoV-2 with a polymerase chain reaction assay of a 
nasopharyngeal sample and were seen at a Providence St. 
Joseph Health (PSJH) facility between March 1, 2020, and 
December 31, 2020. In-hospital outcomes were monitored 
through January 31, 2020. PSJH is one of the largest health 
systems in the United States. In 2019, approximately 3.5 
million patients in California, Oregon, and Washington 
received care at the facilities included in this study, of 
whom 62.5% identified as non-Hispanic White, 11.5% as 
Hispanic, 6.8% as non-Hispanic Asian American, 3.6 % 
as non-Hispanic Black, 0.6% non-Hispanic AI/AN, 0.5% 
non-Hispanic NH/PI, 5.7% non-Hispanic other, and 8.8% 
unknown. The protocol for this study was approved by the 
PSJH institutional review board (#STUDY2020000203).

Data Collection

Patient demographic and clinical data were extracted from 
PSJH’s Epic electronic health record system. Patients with a 
positive polymerase chain reaction test for SARS-CoV-2 were 
considered to have a confirmed SARS-CoV-2 infection. For 
patients who had multiple tests, only the initial positive test 
result was considered. Extracted demographic data included 
age, sex, race, ethnicity, and insurance plan. One hundred 
thirty eight patients with missing sex were excluded from the 
study. Missing race or ethnicity was grouped as unknown. 
ZIP codes were used to identify the neighborhood-level 
median income, crowded housing (> 1 person per room), 
minority population (race/ethnicity except non-Hispanic 
white), and limited English-proficient speakers from the US 
Census Bureau’s American Community Survey. Clinical data 
include underlying medical conditions identified using ICD-
10-CM codes or direct clinical measurements linked to past 
encounters between January 1, 2019, and the date of SARS-
CoV-2 testing. We included underlying medical conditions 
that have previously been associated with COVID-19 [12, 
13]. Charlson Comorbidity Index (CCI) was used to capture 
the risk from multiple comorbidities. Obesity and hyper-
tension, which are not part of CCI, were also included. We 
used previously defined diagnosis codes for components of 
CCI [14]; code I10 was used for hypertension and body mass 
index classified based on Centers for Disease Control and 
Prevention definitions for obesity. Inpatient encounter data 
included presenting vital signs, baseline laboratories, supple-
mental oxygen use, length of stay, transfer to intensive care 
unit, and discharge disposition.

For comparison with state-level data, COVID-19 cases and 
deaths for California, Oregon, and Washington was obtained 

from the COVID Racial Data Tracker, which aggregates his-
torical data from state agencies [15]. Data on COVID-19 hos-
pitalization for California and Oregon were obtained from the 
Centers for Disease Control and Prevention’s COVID-NET, 
whereas Washington data were obtained from the COVID 
Racial Data Tracker [15, 16].

Statistical Analysis

We compared the sociodemographic and clinical charac-
teristics of patients across COVID-19 outcomes and race/
ethnicity categories, defined as Hispanic, non-Hispanic 
Black (Black), non-Hispanic Asian American (Asian), 
non-Hispanic NH/PI; non-Hispanic AI/AN, non-Hispanic 
white (White), and non-Hispanic other (other), which in-
cludes multirace/ethnicity. For COVID-19 hospitalized pa-
tients, presenting clinical characteristics were available and 
included clinical status on the World Health Organization 
(WHO) 9-point Clinical Progression Scale; [17] presenting 
vitals within the first 6 hours of admissions; and baseline 
laboratory test results within 24 hours of admissions. The 
WHO Clinical Progression Scale was developed to measure 
clinical illness of an COVID-19 infection and consists of the 
following categories: 0, uninfected; 1, ambulatory, no lim-
itation of activity; 2, ambulatory, limitation of activity; 3, 
hospitalized, no oxygen therapy; 4, hospitalized, oxygen by 
mask or nasal prongs; 5, hospitalized, noninvasive ventila-
tion or high-flow oxygen; 6, hospitalized, intubation and me-
chanical ventilation; 7, hospitalized, ventilation + additional 
organ support; and 8, death.

Associations with SARS-CoV-2 infection, COVID-19 hos-
pitalization, and in-hospital mortality was assessed using 
mixed-effect logistic regression models with state and month 
of diagnosis as random effect variables to account for geo-
graphic and temporal variations. For each outcome, we fitted 
both unadjusted univariate models and adjusted multivar-
iate models. All multivariate models included race/ethnicity 
as an independent variable, with demographic factors (age, 
age squared, sex), socioeconomic factors (insurance, neigh-
borhood median income, crowded housing, limited English 
proficiency, and minority), and comorbidities (CCI, hyper-
tension, obesity) as covariates. An age-squared term was in-
cluded in addition to age to capture the nonlinear relationship 
between COVID-19 outcomes and age [18]. For analyses of 
hospital mortality, additional covariates included presenting 
WHO Clinical Progression Scale score and baseline labora-
tory results. Covariates were selected based on previously 
identified risk factors and patterns of missingness and collin-
earity. Certain characteristics—body mass index, insurance 
coverage, and baseline laboratory results—were not available 
for all patients. Alanine transaminase was excluded because of 
high correlation with aspartate transaminase and had higher 
missingness. For variables with less than 20% missingness, 
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missing values were imputed with multiple imputation by 
fully conditional specification (15 imputations). Statistical 
analyses were performed with R v3.6.2.

RESULTS

Characteristics of Patients Tested for SARS-CoV-2

A total of 629  953 patients tested for SARS-CoV-2 were in-
cluded. 570  298 patients (90.5%) reported race/ethnicity, of 
which 72.2% were White, 13.4% were Hispanic, 5.4% were 
Asian, 3.8% Black, 0.9% were AI/AN, 0.6% were NH/PI, and 
3.7% were other (Table 1). The mean age among all tested pa-
tients was 51.5 ± 19.4 years and 57.0% were female. The ma-
jority of patients (53.7%) had public insurance (Medicaid, 
30.0%; Medicare, 23.7%), with higher percentages of Hispanic, 
Black, and AI/AN patients on Medicaid than White, Asian, and 
NH/PI patients (Table S1). The most common comorbidities 
were obesity (37.1%), hypertension (23.3%), diabetes (9.4%), 
and asthma (6.5%). The median score on the CCI was 1.0 (95% 
CI, 0.0–3.0).

Characteristics of Patients Positive for SARS-CoV-2 Infection

Of the 629 953 patients tested for SARS-CoV-2, 54 645 (8.7%) 
were positive. Among the 49 081 patients with known race/eth-
nicity, the rate of positive test results was higher for minority 
patients than White patients (5.9%; Table S1). Hispanic and 
NH/PI patients had the highest rates (22.1% and 13.5%, respec-
tively). Consequently, the racial/ethnic composition of SARS-
CoV-2–infected patients were 49.9% White, 34.3% Hispanic, 
5.0% Asian, 4.8% Other, 4.2% Black, 1.0% NH/PI (1.4%), and 
0.9% AI/AN patients (Table 1).

Among all SARS-CoV-2–infected patients, the mean age was 
47.8 ± 19.2 years and 52.6% were female (Table 1). Compared 
with White patients, mean ages were lower among patients of 
minority race/ethnicity, except for Asians, which had a sim-
ilar mean age (Table 2). CCI scores were also lower among mi-
nority patients. The prevalence of diabetes, however, was higher 
among minority patients. Additionally, relative to White pa-
tients, Hispanic, Black, NH/PI, and AI/AN patients had higher 
prevalence of obesity; Asian, Black, NH/PI, and AI/AN patients 
had higher prevalence of hypertension; and Black, NH/PI, and 
AI/AN patients had higher prevalence of both asthma and 
kidney disease.

Hispanic, Black, NH/PI, and AI/NH patients were more 
likely to have Medicaid insurance than were White and Asian 
patients (Table 2). All minority patients were more likely than 
White patients to reside in neighborhoods with higher per-
centages of crowded housing and minorities. Hispanic, Asian, 
and Black patients in particular were also more likely to live in 
neighborhoods with a higher percentage of limited English-
proficient population. All minority patients were more likely 
to have received their tests in the emergency department than 
White patients.

Characteristics of Patients Hospitalized With COVID-19

A total of 15.6% (n  =  8536) of the patients who tested pos-
itive for COVID-19 were hospitalized. 8210 (96.2%) had 
known race/ethnicity, of which 45.7% were White, 35.3% were 
Hispanic, 6.5% were Asian, 4.5% were Black, 1.2% were NH/
PI, 0.9% were AI/AN, and 5.9% were other (Table 1). The mean 
age of all patients was 64.7 ± 17.6 years and 54.5% were male. 
The median CCI score was 3.0 (2.0–6.0) and the most common 
comorbidities were obesity (42.4%), hypertension (40.2%), and 
diabetes (28.3%).

White patients had the highest mean age (70.5 ± 16.2 years; 
Table 3) and median CCI score (4.0 [3.0–7.0]). NI/PI patients 
had the lowest mean age (55.9  ±  17.3  years), and lowest me-
dian CCI score (2.0 [1.0–5.0]). The prevalence of obesity was 
highest among AI/AN, NH/PI, and Hispanic patients and 
lowest among Asian patients. However, Hispanics had the 
lowest prevalence of hypertension, whereas Asian and Black pa-
tients had the highest. The majority of Hispanic, Black, and AI/
AN patients were on Medicaid; and Hispanic, Black, and Asian 
patients resided in neighborhoods with higher percentages of 
crowded housing, minorities, and limited English speakers than 
other racial/ethnic subgroups.

On admission, a higher percentage of Hispanic patients 
(11.1%) than White patients (6.7%) had a score of 5 or above on 
the WHO Clinical Progression Scale, and a higher percentage 
of Hispanic patients than White patients were febrile, had low 
oxygen saturation, and had high respiration rates. Over the 
course of hospitalization, a higher percentage of Hispanic pa-
tients (18.5%) than White patients (11.1%) needed mechanical 
ventilation.

Characteristics of SARS-CoV-2–infected Patients Over Time

Throughout the pandemic, rates of positive test, hospitaliza-
tion, and in-hospital mortality per 100 000 patients were on av-
erage higher for Black, Hispanic, NH/PI, and AI/AN patients 
than Asian and White patients (Figure 1). Hispanic patients, in 
particular, had the highest rates, especially during the June–July 
and November–December resurgence of COVID-19. The mean 
age of SARS-CoV-2–infected patients generally decreased over 
time, whereas the mean age of COVID-19 hospitalized patients 
and patients who experienced in-hospital mortality remained 
relatively consistent.

Comparison With State-level SARS-CoV-2 Cases, COVID-19 Hospitalization, 
and Death

The distribution of race/ethnicity among patients in this study 
generally reflected state-level distributions for COVID-19 out-
comes (Figures S1–3), including for mortality in which state-level 
data captured both in-hospital and out-of-hospital deaths. High 
proportions of Hispanics were consistently observed in both the 
statewide data and the health system. The differences in racial/
ethnic distributions between the health system population and the 

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab154#supplementary-data
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Table 1.  Characteristics of Patients Tested and Positive for SARS-CoV-2 and Hospitalized for COVID-19

 Tested Patients, No. (%) Positive Patients, No. (%) Hospitalized Patients, No. (%)

Sociodemographics    

Total no. of patients 629 953 54 645 8536

Age, y 51.5 ± 19.4 47.8 ± 19.2 64.7 ± 17.6

Sex    

  Female 359 246 (57.0) 28 765 (52.6) 3885 (45.5)

  Male 270 707 (43.0) 25 880 (47.4) 4651 (54.5)

Known race/ethnicity 570 298 (90.5) 49 081 (89.8) 8210 (96.2)

  Hispanic 76 300 (13.4) 16 836 (34.3) 2898 (35.3)

  Black 21 709 (3.8) 2066 (4.2) 368 (4.5)

  Asian 30 736 (5.4) 2456 (5.0) 533 (6.5)

  NH/PI 3460 (0.6) 468 (1.0) 98 (1.2)

  AI/AN 5201 (0.9) 434 (0.9) 77 (0.9)

  White 411 852 (72.2) 24 468 (49.9) 3751 (45.7)

  Other 21 040 (3.7) 2353 (4.8) 485 (5.9)

Unknown race/ethnicity 59 655 (9.5) 5564 (10.2) 326 (3.8)

Insurance    

  Commercial 280 300/616 048 (45.5) 23 617/52 764 (44.8) 1494/8432 (17.7)

  Medicaid 184 547/616 048 (30.0) 20 937/52 764 (39.7) 4327/8432 (51.3)

  Medicare 146 041/616 048 (23.7) 6989/52 764 (13.2) 2495/8432 (29.6)

  Uninsured/self-pay 5001/616 048 (0.8) 1211/52 764 (2.3) 113/8432 (1.3)

  Other insurance 159/616 048 (0.0) 10/52 764 (0.0) 3/8432 (0.0)

Neighborhood-level    

  Median income 74 604 ± 25 144 68 522 ± 21 589 68 843 ± 22 432

  % Crowded housing 4.4 ± 4.6 6.4 ± 6.4 7.8 ± 7.1

  % Minority 34.3 ± 21.4 42.4 ± 26.3 49.4 ± 27.0

  % Limited English 9.3 ± 8.6 12.8 ± 10.5 15.9 ± 11.3

Comorbidities    

Hypertension 146 957 (23.3) 10 847 (19.8) 3433 (40.2)

Diabetes 59 452 (9.4) 5946 (10.9) 2419 (28.3)

Weight    

  Underweight 11 719/548 795 (2.1) 781/47 184 (1.%) 262/8503 (3.1)

  Normal 159 034/548 795 (29.0) 11 277/47 184 (23.9) 2070/8503 (24.3)

  Overweight 174 105/548 795 (31.7) 15 363/47 184 (32.6) 2573/8503 (30.3)

  Class 1 obesity 108 833/548 795 (19.8) 10 499/47 184 (22.3) 1801/8503 (21.2)

  Class 2 obesity 52 914/548 795 (9.6) 5214/47 184 (11.1) 924/8503 (10.9)

  Class 3 obesity 42 190/548 795 (7.7) 4050/47 184 (8.6) 873/8503 (10.3)

Chronic respiratory disease    

  Asthma 40 808 (6.5) 2894 (5.3) 574 (6.7)

  COPD 25 313 (4.0) 1424 (2.6) 712 (8.3)

Cardiovascular disease    

  Coronary artery disease 34 549 (5.5) 1976 (3.6) 829 (9.7)

  Myocardial infarction 13 979 (2.2) 872 (1.6) 473 (5.5)

  Congestive heart failure 33 675 (5.3) 2128 (3.9) 1129 (13.2)

Kidney disease 35 154 (5.6) 2897 (5.3) 1 469 (17.2)

Liver disease 19 772 (3.1) 1353 (2.5) 345 (4.0)

Cancer 38 453 (6.1) 1663 (3.0 539 (6.3)

Charlson Comorbidity Index (range) 1.0 (0.0–3.0) 0.0 (0.0–2.0) 3.0 (2.0–6.0)

Geographic distribution    

California 157 407 (25.0) 18 701 (34.2) 4237 (49.6)

Oregon 167 874 (26.6) 13 486 (24.7) 1047 (12.3)

Washington 304 672 (48.4) 22 458 (41.1) 3252 (38.1)

Abbreviations: AI/AN, American Indian/Alaska Native; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; NH/PI, Native Hawaiian/Pacific Islander; SARS-
CoV-2, severe acute respiratory syndrome coronavirus 2.



Coronavirus Disease 2019 Outcomes by Race/Ethnicity  •  cid  2021:73  (15 December)  •  2197

Ta
bl

e 
2.

 
Ch

ar
ac

te
ri

st
ic

s 
of

 S
A

RS
-C

oV
-2

–i
nf

ec
te

d 
Pa

tie
nt

s 
by

 R
ac

e/
Et

hn
ic

ity

 
H

is
pa

ni
c,

 N
o.

 (%
)

B
la

ck
, N

o.
 (%

)
A

si
an

, N
o.

 (%
)

N
H

/P
I, 

N
o.

 (%
)

A
I/A

N
, N

o.
 (%

)
W

hi
te

, N
o.

 (%
)

O
th

er
, N

o.
 (%

)
U

nk
no

w
n,

 N
o.

 (%
)

S
oc

io
de

m
og

ra
ph

ic
s

 
 

 
 

 
 

 
 

To
ta

l n
o.

 o
f 

pa
tie

nt
s

16
 8

36
20

66
24

56
46

8
43

4
24

 4
68

23
53

55
64

 
H

os
pi

ta
liz

ed
28

98
 (1

7.
2)

36
8 

(1
7.

8)
53

3 
(2

1.
7)

98
 (2

0.
9)

77
 (1

7.
7)

37
51

 (1
5.

3)
48

5 
(2

0.
6)

32
6 

(5
.9

)

A
ge

, y
44

.7
 ±

 1
7.

3
46

.4
 ±

 1
8.

5
51

.7
 ±

 1
9.

4
45

.6
 ±

 1
6.

5
44

.8
 ±

 1
7.

9
51

.1
 ±

 2
0.

3
49

.7
 ±

 1
9.

1
41

.8
 ±

 1
7.

4

S
ex

 
 

 
 

 
 

 
 

 
Fe

m
al

e
90

64
 (5

3.
8)

10
80

 (5
2.

3)
13

47
 (5

4.
8)

26
2 

(5
6.

0)
25

2 
(5

8.
1)

12
 8

42
 (5

2.
5)

11
81

 (5
0.

2)
27

37
 (4

9.
2)

 
M

al
e

77
72

 (4
6.

2)
98

6 
(4

7.
7)

11
09

 (4
5.

2)
20

6 
(4

4.
0)

18
2 

(4
1.

9)
11

 6
26

 (4
7.

5)
11

72
 (4

9.
8)

28
27

 (5
0.

8)

In
su

ra
nc

e
 

 
 

 
 

 
 

 

 
C

om
m

er
ci

al
58

78
/1

6 
19

2 
(3

6.
3)

68
8/

20
15

 (3
4.

1)
12

26
/2

40
1 

(5
1.

1)
19

5/
45

7 
(4

2.
7)

11
3/

42
4 

(2
6.

7)
11

 5
13

/2
4 

07
7 

(4
7.

8)
90

4/
22

71
 (3

9.
8)

31
00

/4
92

7 
(6

2.
9)

 
M

ed
ic

ai
d

87
51

/1
6 

19
2 

(5
4.

0%
)

11
19

/2
01

5 
(5

5.
5%

)
86

1/
24

01
 (3

5.
9%

)
20

4/
45

7 
(4

4.
6%

)
26

0/
42

4 
(6

1.
3%

)
74

64
/2

4 
07

7 
(3

1.
0%

)
11

08
/2

27
1 

(4
8.

8%
)

11
70

/4
92

7 
(2

3.
7%

)

 
M

ed
ic

ar
e

86
3/

16
 1

92
 (5

.3
)

16
8/

20
15

 (8
.3

)
29

0/
24

01
 (1

2.
1)

41
/4

57
 (9

.0
)

51
/4

24
 (1

2.
0)

49
64

/2
4 

07
7 

(2
0.

6)
21

4/
22

71
 (9

.4
)

39
8/

49
27

 (8
.1

)

 
U

ni
ns

ur
ed

/s
el

f-
pa

y
69

3/
16

 1
92

 (4
.3

)
40

/2
01

5 
(2

.0
)

23
/2

40
1 

(1
.0

)
17

/4
57

 (3
.7

)
0 

(0
.0

)
13

5/
24

 0
77

 (0
.6

)
44

/2
27

1 
(1

.9
)

25
9/

49
27

 (5
.3

)

 
O

th
er

 in
su

ra
nc

e
7/

16
 1

92
 (0

.0
)

0 
(0

.0
)

1/
24

01
 (0

.0
)

0 
(0

.0
)

0 
(0

.0
)

1/
24

 0
77

 (0
.0

)
1/

22
71

 (0
.0

)
0 

(0
.0

)

N
ei

gh
bo

rh
oo

d-
le

ve
l

 
 

 
 

 
 

 
 

 
M

ed
ia

n 
in

co
m

e
63

 4
54

 ±
 1

7 
11

0
65

 5
25

 ±
 1

9 
80

5
74

 4
91

 ±
 2

3 
56

9
65

 5
28

 ±
 2

0 
27

6
68

 2
86

 ±
 1

8 
07

3
70

 5
11

 ±
 2

2 
88

6
71

 4
27

 ±
 2

3 
51

8
72

 6
30

 ±
 2

3 
84

5

 
%

 C
ro

w
de

d 
ho

us
in

g
10

.3
 ±

 7
.8

6.
9 

±
 6

.0
5.

7 
±

 4
.8

5.
2 

±
 4

.8
3.

6 
±

 2
.7

3.
7 

±
 3

.7
6.

2 
±

 5
.4

6.
5 

±
 6

.7

 
%

 M
in

or
ity

59
.0

 ±
 2

7.
2

53
.0

 ±
 2

6.
7

45
.8

 ±
 2

1.
0

39
.0

 ±
 2

2.
0

29
.5

 ±
 1

5.
9

29
.2

 ±
 1

8.
3

44
.7

 ±
 2

2.
5

44
.7

 ±
 2

6.
1

 
%

 L
im

ite
d 

E
ng

lis
h

19
.2

 ±
 1

1.
0

14
.5

 ±
 9

.3
14

.0
 ±

 8
.7

11
.1

 ±
 8

.4
6.

2 
±

 5
.2

8.
0 

±
 7

.7
14

.4
 ±

 9
.8

12
.9

 ±
 1

0.
5

C
om

or
bi

di
tie

s
 

 
 

 
 

 
 

 

H
yp

er
te

ns
io

n
27

26
 (1

6.
2)

58
5 

(2
8.

3)
62

0 
(2

5.
2)

11
7 

(2
5.

0)
11

3 
(2

6.
0)

57
18

 (2
3.

4)
46

4 
(1

9.
7)

50
4 

(9
.1

)

D
ia

be
te

s
20

25
 (1

2.
0%

)
33

8 
(1

6.
4%

)
38

7 
(1

5.
8%

)
10

5 
(2

2.
4%

)
63

 (1
4.

5%
)

24
96

 (1
0.

2%
)

26
7 

(1
1.

3%
)

26
5 

(4
.8

%
)

B
M

I
 

 
 

 
 

 
 

 

 
U

nd
er

w
ei

gh
t

14
7/

15
 0

62
 (1

.0
)

40
/1

83
2 

(2
.2

)
88

/2
16

2 
(4

.1
)

6/
42

3 
(1

.4
)

6/
39

1 
(1

.5
)

40
1/

21
62

1 
(1

.9
)

37
/2

08
8 

(1
.8

)
56

/3
60

5 
(1

.6
)

 
N

or
m

al
25

19
/1

5 
06

2 
(1

6.
7)

41
6/

18
32

 (2
2.

7)
97

6/
21

62
 (4

5.
1)

81
/4

23
 (1

9.
1)

70
/3

91
 (1

7.
%

)
57

13
/2

1 
62

1 
(2

6.
4)

52
7/

20
88

 (2
5.

2)
97

5/
36

05
 (2

7.
0)

 
O

ve
rw

ei
gh

t
51

32
/1

5 
06

2 
(3

4.
1)

55
7/

18
32

 (3
0.

4)
72

2/
21

62
 (3

3.
4)

11
2/

42
3 

(2
6.

5)
98

/3
91

 (2
5.

1)
67

80
/2

1 
62

1 
(3

1.
4)

70
6/

20
88

 (3
3.

8)
12

56
/3

60
5 

(3
4.

8)

 
C

la
ss

 1
 o

be
si

ty
40

02
/1

5 
06

2 
(2

6.
6)

40
1/

18
32

 (2
1.

9)
26

3/
21

62
 (1

2.
2)

97
/4

23
 (2

2.
9)

97
/3

91
 (2

4.
8)

44
62

/2
1 

62
1 

(2
0.

6)
47

0/
20

88
 (2

2.
5)

70
7/

36
05

 (1
9.

6)

 
C

la
ss

 2
 o

be
si

ty
18

87
/1

5 
06

2 
(1

2.
5)

21
5/

18
32

 (1
1.

7)
70

/2
16

2 
(3

.2
)

58
/4

23
 (1

3.
7)

56
/3

91
 (1

4.
3)

23
46

/2
1 

62
1 

(1
0.

9)
20

9/
20

88
 (1

0.
0)

37
3/

36
05

 (1
0.

3)

 
C

la
ss

 3
 o

be
si

ty
13

75
/1

5 
06

2 
(9

.1
)

20
3/

18
32

 (1
1.

1)
43

/2
16

2 
(2

.0
)

69
/4

23
 (1

6.
3)

64
/3

91
 (1

6.
4)

19
19

/2
1 

62
1 

(8
.9

)
13

9/
20

88
 (6

.7
)

23
8/

36
05

 (6
.6

)

C
hr

on
ic

 r
es

pi
ra

to
ry

 d
is

ea
se

 
 

 
 

 
 

 
 

 
A

st
hm

a
73

1 
(4

.3
%

)
16

4 
(7

.9
%

)
13

5 
(5

.5
%

)
30

 (6
.4

%
)

63
 (1

4.
5%

)
15

06
 (6

.2
%

)
10

4 
(4

.4
%

)
16

1 
(2

.9
%

)

 
C

O
P

D
13

3 
(0

.8
%

)
71

 (3
.4

%
)

40
 (1

.6
%

)
7 

(1
.5

%
)

28
 (6

.5
%

)
10

56
 (4

.3
%

)
52

 (2
.2

%
)

37
 (0

.7
%

)

C
ar

di
ov

as
cu

la
r 

di
se

as
e

 
 

 
 

 
 

 
 

 
C

or
on

ar
y 

ar
te

ry
 d

is
ea

se
28

1 
(1

.7
)

54
 (2

.6
)

97
 (3

.9
)

26
 (5

.6
)

17
 (3

.9
)

13
46

 (5
.5

)
86

 (3
.7

)
69

 (1
.2

)

 
M

yo
ca

rd
ia

l i
nf

ar
ct

io
n

17
0 

(1
.0

)
46

 (2
.2

)
52

 (2
.1

)
14

 (3
.0

)
9 

(2
.1

)
49

5 
(2

.0
)

45
 (1

.%
)

41
 (0

.7
)

 
C

on
ge

st
iv

e 
he

ar
t 

fa
ilu

re
37

4 
(2

.2
)

11
1 

(5
.4

)
90

 (3
.7

)
22

 (4
.7

)
25

 (5
.8

)
13

28
 (5

.4
)

10
2 

(4
.3

)
76

 (1
.4

)

K
id

ne
y 

di
se

as
e

75
5 

(4
.5

)
17

0 
(8

.2
)

15
9 

(6
.5

)
46

 (9
.8

)
29

 (6
.7

)
15

30
 (6

.3
)

11
7 

(5
.0

)
91

 (1
.6

)

Li
ve

r 
di

se
as

e
47

4 
(2

.8
)

45
 (2

.2
)

93
 (3

.8
)

13
 (2

.8
)

27
 (6

.2
)

59
2 

(2
.4

)
50

 (2
.1

)
59

 (1
.1

)

C
an

ce
r

32
3 

(1
.9

)
60

 (2
.9

)
77

 (3
.1

)
7 

(1
.5

)
16

 (3
.7

)
10

69
 (4

.4
)

44
 (1

.9
)

67
 (1

.2
)

C
ha

rls
on

 C
om

or
bi

di
ty

 In
de

x 
(r

an
ge

)
0.

0 
(0

.0
–2

.0
)

1.
0 

(0
.0

–3
.0

)
1.

0 
(0

.0
–3

.0
)

0.
0 

(0
.0

–2
.0

)
1.

0 
(0

.0
–3

.0
)

1.
0 

(0
.0

–3
.0

)
1.

0 
(0

.0
–3

.0
)

0.
0 

(0
.0

–1
.0

)

Lo
ca

tio
n 

of
 t

es
tin

g
 

 
 

 
 

 
 

 

E
m

er
ge

nc
y

51
14

 (3
0.

4)
65

2 
(3

1.
6)

42
2 

(1
7.

2)
11

7 
(2

5.
0)

70
 (1

6.
1)

33
67

 (1
3.

8)
66

3 
(2

8.
2)

37
1 

(6
.7

)



2198  •  cid  2021:73  (15 December)  •  Dai et al

 
H

is
pa

ni
c,

 N
o.

 (%
)

B
la

ck
, N

o.
 (%

)
A

si
an

, N
o.

 (%
)

N
H

/P
I, 

N
o.

 (%
)

A
I/A

N
, N

o.
 (%

)
W

hi
te

, N
o.

 (%
)

O
th

er
, N

o.
 (%

)
U

nk
no

w
n,

 N
o.

 (%
)

In
pa

tie
nt

28
54

 (1
7.

0)
38

5 
(1

8.
6)

53
8 

(2
1.

9)
98

 (2
0.

9)
73

 (1
6.

8)
39

94
 (1

6.
3)

50
3 

(2
1.

4)
34

3 
(6

.2
)

U
rg

en
t 

ca
re

41
42

 (2
4.

6)
39

0 
(1

8.
9)

62
8 

(2
5.

6)
10

6 
(2

2.
6)

70
 (1

6.
1)

80
29

 (3
2.

8)
53

8 
(2

2.
9)

13
22

 (2
3.

8)

O
th

er
 o

ut
pa

tie
nt

41
65

 (2
4.

7)
56

4 
(2

7.
3)

79
2 

(3
2.

2)
12

4 
(2

6.
5)

20
4 

(4
7.

0)
77

23
 (3

1.
6)

56
6 

(2
4.

1)
31

67
 (5

6.
9)

O
th

er
 s

er
vi

ce
 a

re
a

56
1 

(3
.3

)
74

 (3
.6

)
75

 (3
.1

)
23

 (4
.9

)
17

 (3
.9

)
13

55
 (5

.5
)

83
 (3

.5
)

36
1 

(6
.5

)

A
bb

re
vi

at
io

ns
: A

I/A
N

, A
m

er
ic

an
 In

di
an

/A
la

sk
a 

N
at

iv
e;

 B
M

I, 
bo

dy
 m

as
s 

in
de

x;
 C

O
P

D
, c

hr
on

ic
 o

bs
tr

uc
tiv

e 
pu

lm
on

ar
y 

di
se

as
e;

 N
H

/P
I, 

N
at

iv
e 

H
aw

ai
ia

n/
Pa

ci
fic

 Is
la

nd
er

; S
A

R
S

-C
oV

-2
, s

ev
er

e 
ac

ut
e 

re
sp

ira
to

ry
 s

yn
dr

om
e 

co
ro

na
vi

ru
s 

2.

catchment population were consistent or smaller than the differ-
ences observed at the state level (Figures S4–5).

Factors Associated With SARS-CoV-2 Infection

Minority populations including Hispanic, Black, Asian, NH/
PI, and AI/AN had increased odds of SARS-CoV-2 infection 
compared with Whites in unadjusted and adjusted analysis 
(Table 4). In adjusted multivariate analysis, increased odds of 
positive SARS-CoV-2 results were independently associated 
with Hispanic (OR, 3.09; 95% CI, 2.99–3.18), NH/PI (OR, 
2.23; 95% CI, 2.01–2.48), Black (OR, 1.35; 95% CI, 1.28–1.43), 
Asian (OR, 1.31; 95% CI, 1.25–1.38), and other (OR, 1.69; 
95% CI, 1.6–1.78) race/ethnicity, with White patients as the 
reference category. Increasing age and age squared, male sex, 
overweight, obesity (all categories), Medicaid insurance, lack 
of insurance, and residence in a neighborhood with higher 
percentage limited English-proficient individuals were also 
independently associated with increased odds of infection. 
Higher CCI score, Medicare insurance, and higher median 
income, however, were associated with lower odds of positive 
SARS-CoV-2 infection.

Factors Associated With Hospitalization for COVID-19

Minority races/ethnicities were also associated with increased 
odds for COVID-19 hospitalization (Table 4). In multivariate 
analysis, the OR for COVID-19 hospitalization was highest 
among NH/PI patients (OR, 2.01; 95% CI, 1.55–2.61]), fol-
lowed by Asian (OR, 1.62; 95% CI, 1.43–1.84), AI/AN (OR, 
1.56; 95% CI, 1.17–2.06), other (OR, 1.32; 95% CI, 1.16–1.5), 
Hispanic (OR, 1.31; 95% CI, 1.22–1.42), and Black (OR, 1.18; 
95% CI, 1.02–1.36) patients. Increasing age, male sex, public 
insurance, no insurance, higher CCI score, being underweight, 
having class 2 or 3 obesity, having hypertension, and residence 
in a neighborhood with higher rates of limited English profi-
ciency were also independently associated with increased odds 
of hospitalization.

Factors Associated With Hospital Mortality in Admissions for COVID-19

In adjusted multivariate analysis, Hispanic race/ethnicity was 
significantly associated with increased odds of in-hospital mor-
tality (OR, 1.41; 95% CI, 1.15–1.71). Other minority races/
ethnicities, however, were not significantly associated (Table 
4). Hospital mortality was also independently associated with 
age; class 3 obesity; public insurance; higher score on the WHO 
Clinical Progression Scale and CCI; and high white blood cell 
count, low lymphocyte, low platelet count, high aspartate trans-
aminase, high blood urea nitrogen, high creatinine, and high 
bilirubin. Interaction analysis of race/ethnicity and age further 
identified disproportionately increased odds of hospital mor-
tality among Hispanic patients as age increased (OR, 1.30; 95% 
CI, 1.04–1.62]; Pinteraction = 0.021; Figure S6).Ta
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Figure 1.  Characteristics of COVID-19 patients over time (rolling 7-day average). Left column represents patients who have tested positive for SARS-CoV-2 infection; middle 
column represents patients who have been hospitalized for COVID-19; and right column represents COVID-19 hospitalized patients who experienced in-hospital death. The 
first row of each column represents the rolling 7-day mean count of patients for the event; the second row represents the rolling 7-day mean age of patients; and the third row 
represents the 7-day mean rate of event per 100 000 patients. Rate per 100 000 patients were calculated out of total patients under care since 2019 for each race/ethnicity. 
Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

DISCUSSION

This study examined the characteristics and clinical out-
comes of 629  953 patients tested for SARS-CoV-2 across 
California, Oregon, and Washington. Overall, we high-
light how characteristics of SARS-CoV-2–infected patients 
vary by race/ethnicity and show differential associations of 
COVID-19 hospitalizations, morbidity, and mortality across 
race/ethnic subpopulations. Although patients of minority 
race/ethnicity represented 27.8% of patients tested for SARS-
CoV-2, they constituted 50.1% of SARS-CoV-2–infected 
patients and 54.3% of COVID-19 hospitalized patients. 
Hispanic patients in particular represented 34.3% of SARS-
CoV-2 infected and 35.3% of hospitalized patients despite 
making up only 13.4% of tested patients, a pattern consistent 
with state-level statistics. Race/ethnicity was associated with 
SARS-CoV-2 infection and COVID-19 hospitalization, with 
increased odds of both outcomes highest among Hispanics 
and NH/PI patients. Hispanic race/ethnicity was also sig-
nificantly associated with increased odds of hospital mor-
tality. These findings showcase the disproportionate burden 
of COVID-19 born by Hispanics in these western US states, 
despite being of younger age and having generally fewer 
comorbidities than White patients.

Understanding racial and ethnic disparities in COVID-19 
cases and outcomes is important for understanding the nature 
of the disease and guiding public health prevention efforts and 
medical interventions. This study comprehensively detailed 
and compared the clinical and epidemiological characteristics 
of COVID-19 across all major races/ethnicities, highlighting in 
particular Asian, NH/PI, and AI/AN patients who have been 
underrepresented in COVID-19 literature to date. In doing so, 

we show that these populations, particularly NH/PI patients, 
have similar or higher odds of SARS-CoV-2 infection and hos-
pitalization as Black and Hispanic patients. Concomitantly, we 
show that factors associated with COVID-19 severity vary across 
race/ethnicity. These findings demonstrate the need to further 
focus resources on addressing COVID-19 in all minority com-
munities through efforts such as culturally appropriate public 
health messaging, data collection, improving access to testing, 
and possibly actively intervene earlier in the disease course [19].

The significant associations of minority races/ethnicities with 
SARS-CoV-2 infection and COVID-19 hospitalization builds 
on previous analyses of Black and Hispanic patients [20–23]. 
However, unlike previous studies, we also found a significant 
association between Hispanic race/ethnicity and hospital mor-
tality and a significant interaction between Hispanic race/eth-
nicity and age that signifies the relationship between Hispanic 
race/ethnicity and hospital mortality is moderated by age. The 
clinical characteristics of Hispanic patients at hospital admis-
sion suggest that they are presenting with more severe illness 
than White patients because Hispanic patients are more likely 
to be febrile, have low oxygen saturation, and high respiration 
rates. The higher percentage of Hispanic patients presented 
with WHO Clinical Progression Scale scores of 5 or higher re-
flects a need for high-flow supplemental oxygen or mechanical 
ventilation. These clinical findings indicate a delay in seeking 
care among Hispanic patients. Although this study cannot iden-
tify the causes behind the observed associations, certain social, 
structural, or biologic determinants of health have been sug-
gested [3]. Social and structural determinants could include 
occupation risk and limited access to healthcare and testing 
[3]. Additional studies are needed to identify the causal factors 
driving disparities in COVID-19.
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Racial/ethnic disparities continue to persist as the pandemic 
endures. Our temporal analysis revealed that resurgences of 
COVID-19 particularly burdened minority patients. As vac-
cines and treatments against COVID-19 are studied, mean-
ingful representation of diverse populations in clinical trials, 
particularly of those disproportionately affected by COVID-
19, is necessary to ensure their safety and efficacy [24]. Such 
representation can also   help build public trust in the studied 
vaccine or treatment. Distribution of vaccines should also take 
into consideration racial equity because it can help mitigate 

the disproportionate impact of the virus and prevent widening 
health disparities [25]. Unfortunately, minority populations 
face various barriers to vaccination, including lack of access 
to healthcare, distrust of the healthcare system, communica-
tion barriers, and misinformation. Thus, additional resources 
should be placed on reaching high-risk populations, building 
trust, and reducing barriers to vaccination among minorities.

Although the large size of this study’s diverse cohort and its 
multistate distribution are strengths of this study, there are limita-
tions. This study was limited to a single health system and certain 

Table 4.  Factors Associated With SARS-CoV-2 Infection, COVID-19 Hospitalization, and COVID-19–related In-hospital Mortality

OR for Testing Positive OR for Hospitalization OR for In-Hospital Mortality

Variable Unadjusted Multivariate Unadjusted Multivariate Unadjusted Multivariate

White (ref) (ref) (ref) (ref) (ref) (ref)

Hispanic 4.21 (4.12–4.31) 3.09 (2.99–3.18) 0.85 (0.8–0.9) 1.31 (1.22–1.42) 0.89 (0.77–1.03) 1.41 (1.15–1.71)

Black 1.65 (1.57–1.73) 1.35 (1.28–1.43) 0.98 (0.87–1.1) 1.18 (1.02–1.36) 0.89 (0.65–1.21) 1.05 (0.73–1.52)

Asian 1.32 (1.26–1.38) 1.31 (1.25–1.38) 1.36 (1.23–1.52) 1.62 (1.43–1.84) 0.97 (0.75–1.25) 0.93 (0.69–1.25)

NH/PI 2.55 (2.31–2.82) 2.23 (2.01–2.48) 1.4 (1.11–1.77) 2.01 (1.55–2.61) 0.85 (0.47–1.54) 1.17 (0.6–2.28)

AI/AN 1.51 (1.36–1.67) 1.33 (1.2–1.48) 1.3 (1.01–1.67) 1.56 (1.17–2.06) 1.53 (0.87–2.68) 1.92 (0.96–3.81)

Other 1.92 (1.83–2.01) 1.69 (1.6–1.78) 1.12 (1–1.25) 1.32 (1.16–1.5) 0.88 (0.67–1.15) 1.09 (0.8–1.49)

Unknown 1.6 (1.55–1.65) 1.49 (1.41–1.56) 0.32 (0.28–0.36) 0.65 (0.57–0.74) 0.79 (0.56–1.12) 1.01 (0.69–1.49)

Age, y 0.83 (0.82–0.83) 1.12 (1.1–1.14) 2.93 (2.85–3.01) 2.32 (2.21–2.44) 2.13 (1.97–2.29) 5.37 (2.74–10.56)

Age squared 1.03 (1.02–1.04) 1.13 (1.12–1.15) 1.63 (1.59–1.66) 0.86 (0.83–0.88) 1.93 (1.81–2.06) 0.42 (0.23–0.75)

Female (ref) (ref) (ref) (ref) (ref) (ref)

Male 1.21 (1.19–1.23) 1.27 (1.25–1.29) 1.43 (1.36–1.5) 1.6 (1.51–1.69) 1.23 (1.09–1.39) 1.1 (0.95–1.27)

CCI 0.94 (0.94–0.95) 0.97 (0.96–0.98) 1.42 (1.4–1.43) 1.15 (1.13–1.17) 1.19 (1.17–1.21) 1.07 (1.04–1.1)

Hypertension 0.85 (0.83–0.87) 0.97 (0.95–1) 3.29 (3.12–3.46) 1.12 (1.05–1.19) 1.19 (1.05–1.34) 0.72 (0.62–0.84)

Underweight 0.92 (0.85–0.99) 0.94 (0.87–1.03) 2.2 (1.87–2.58) 1.43 (1.18–1.74) 1.1 (0.79–1.52) 0.85 (0.59–1.21)

Normal (ref) (ref) (ref) (ref) (ref) (ref)

Overweight 1.26 (1.22–1.3) 1.15 (1.12–1.19) 0.88 (0.83–0.94) 0.89 (0.83–0.96) 0.9 (0.77–1.05) 1.04 (0.87–1.25)

Class 1 obesity 1.38 (1.25–1.52) 1.21 (1.16–1.25) 0.93 (0.87–1) 1.06 (0.97–1.15) 0.77 (0.65–0.93) 1.05 (0.85–1.3)

Class 2 obesity 1.38 (1.18–1.62) 1.24 (1.19–1.3) 0.99 (0.91–1.08) 1.32 (1.2–1.47) 0.73 (0.58–0.92) 1.14 (0.86–1.49)

Class 3 obesity 1.41 (1.15–1.74) 1.25 (1.2–1.31) 1.29 (1.17–1.41) 1.99 (1.79–2.21) 0.82 (0.65–1.04) 1.56 (1.17–2.06)

Commercial insurance (ref) (ref) (ref) (ref) (ref) (ref)

Medicaid 1.49 (1.46–1.52) 1.14 (1.11–1.17) 3.82 (3.58–4.07) 2.84 (2.64–3.04) 2.87 (2.27–3.63) 1.63 (1.25–2.12)

Medicare 0.6 (0.59–0.62) 0.59 (0.57–0.61) 8.38 (7.79–9.02) 2.05 (1.87–2.24) 3.86 (3.03–4.92) 1.48 (1.11–1.96)

Uninsured/self-pay 4.58 (4.27–4.91) 2.85 (2.66–3.07) 1.36 (1.11–1.67) 1.57 (1.27–1.94) 1.63 (0.82–3.24) 1.27 (0.59–2.72)

Median income (log) 0.72 (0.71–0.72) 0.84 (0.83–0.85) 0.96 (0.94–0.98) 1.06 (1.03–1.1) 0.98 (0.93–1.05) 0.97 (0.89–1.05)

% Crowded housing 1.39 (1.38–1.4) 1.01 (0.99–1.03) 1.06 (1.03–1.08) 0.92 (0.87–0.98) 1.06 (1–1.12) 1.03 (0.87–1.21)

% Minority 1.47 (1.46–1.49) 0.99 (0.97–1.01) 1.07 (1.03–1.1) 0.92 (0.86–0.98) 1.07 (1.01–1.14) 1.07 (0.92–1.25)

% Limited English 1.44 (1.43–1.45) 1.13 (1.11–1.15) 1.17 (1.13–1.2) 1.33 (1.24–1.43) 1 (0.93–1.08) 0.96 (0.81–1.14)

WHO score 3 … … … … (ref) (ref)

WHO score 4 … … … … 1.94 (1.68–2.22) 1.79 (1.54–2.08)

WHO score 5 … … … … 7.52 (6.15–9.19) 6.5 (5.17–8.17)

WHO score 6 … … … … 6.8 (4.62–10) 5.32 (3.4–8.3)

WHO score 7 … … … … 9.65 (6.45–14.42) 6.57 (4.15–10.38)

WBC > 12 × 109/L … … … … 2.19 (1.91–2.52) 1.67 (1.41–1.98)

Lymphocyte < 1 × 109/L … … … … 1.5 (1.31–1.71) 1.26 (1.08–1.47)

Platelet, < 150 000 × 109/L … … … … 1.57 (1.37–1.81) 1.32 (1.13–1.55)

AST > 40 U/L … … … … 1.73 (1.53–1.96) 1.66 (1.44–1.92)

BUN > 20 mg/dL … … … … 4.18 (3.66–4.76) 1.95 (1.66–2.31)

Creatinine > 1.5 mg/dL … … … … 2.97 (2.59–3.4) 1.38 (1.16–1.65)

Total bilirubin > 1.2 mg/dL … … … … 1.91 (1.45–2.53) 1.45 (1.00–2.11)

Sodium < 130 mmol/L … … … … 1.33 (1.06–1.67) 1.25 (0.96–1.61)

Abbreviations: AI/AN, American Indian/Alaska Native; AST, aspartate transaminase; BUN, blood urea nitrogen; CCI, Charlson Comorbidity Index; COVID-19, coronavirus disease 2019; NH/PI, 
Native Hawaiian/Pacific Islander; OR, odds ratio; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; WBC, white blood cell; WHO, World Health Organization.
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catchment areas within California, Oregon, and Washington. Thus, 
the results may be less generalizable to other regions. In particular, 
the racial/ethnicity composition of COVID-19 patients in our 
study may not reflect those in other states and at the national level. 
For example, Black patients are underrepresented in our study 
when compared with national-level statistics. At the same time, 
electronic health records are subject to the quality, consistency, and 
completeness of entry by providers. Some patients may have also 
received care at other institutions and therefore certain outcomes 
or characteristics may be underreported. Our use of International 
Classification of Diseases, 10th Revision, Clinical Modification 
code may not capture diagnoses that are not billable or represented 
by a given code. Despite these limitations, however, our results 
highlight how the impact of COVID-19 vary across race/ethnicity 
in a large geographical area.
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