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ABSTRACT
Introduction  Early reports highlighted racial/ethnic 
disparities in the severity of COVID-19 seen across the 
USA; the extent to which these disparities have persisted 
over time remains unclear. Our research objective was to 
understand temporal trends in racial/ethnic variation in 
severity of COVID-19 illness presenting over time.
Methods  We conducted a retrospective cohort analysis 
using longitudinal data from Cedars-Sinai Medical 
Center, a high-volume health system in Southern 
California. We studied patients admitted to the hospital 
with COVID-19 illness from 4 March 2020 through 5 
December 2020. Our primary outcome was COVID-19 
severity of illness among hospitalised patients, assessed 
by racial/ethnic group status. We defined overall illness 
severity as an ordinal outcome: hospitalisation but no 
intensive care unit (ICU) admission; admission to the ICU 
but no intubation; and intubation or death.
Results  A total of 1584 patients with COVID-19 with 
available demographic and clinical data were included. 
Hispanic/Latinx compared with non-Hispanic white 
patients had higher odds of experiencing more severe 
illness among hospitalised patients (OR 2.28, 95% CI 
1.62 to 3.22) and this disparity persisted over time. 
During the initial 2 months of the pandemic, non-
Hispanic blacks were more likely to suffer severe illness 
than non-Hispanic whites (OR 2.02, 95% CI 1.07 to 
3.78); this disparity improved by May, only to return later 
in the pandemic.
Conclusion  In our patient sample, the severity of 
observed COVID-19 illness declined steadily over time, 
but these clinical improvements were not seen evenly 
across racial/ethnic groups; greater illness severity 
continues to be experienced among Hispanic/Latinx 
patients.

INTRODUCTION
The emergence and rapid spread of the novel 
SARS-CoV-2 have exposed and exacerbated 
racial and ethnic health disparities across 
the country.1–5 Prior analyses of disparities in 
COVID-19 illness have not fully accounted 
for variations in underlying comorbidities 
or assessed the extent to which severity of 
COVID-19 clinical presentations is evolving 
over the course of the pandemic.6–11 There 
is strong reason to suspect that severity of 

illness is not only changing over time but 
also varying by race and ethnicity—at least 
partly due to the dynamic interplay between 
public health efforts to limit disease spread, 
improvements in medical therapies, and 
racial/ethnic clustering of socioeconomic 
factors such as essential employment status, 
neighbourhood infrastructure and trust in 
the medical system.12 To better understand 
racial/ethnic variation in how COVID-19 
illness severity is changing over time, while 
accounting for the effects of pre-existing 
conditions and socioeconomic factors, we 
conducted multivariable-adjusted temporal 
trends analyses using longitudinal data 
collected from our healthcare system, 
which serves as a primary high-volume clin-
ical centre for treating COVID-19 illness 
affecting the diverse urban population of 
the greater Los Angeles County.

What this paper adds

►► The COVID-19 pandemic has disproportionately af-
fected minority communities. Datafrom early in the 
pandemic demonstrated worse outcomes, particu-
larly amongAfrican Americans.

►► COVID-19 severity of illness among non-Hispanic 
blacks initially improved, however, but is showing 
signs of returning.

►► Severity of COVID-19 illness among the Hispanic/
Latinx population remained higher than non-
Hispanic whites during most of the pandemic and 
shows signs of worsening.

►► COVID-19 severity of illness among minority popula-
tions has changed during the course of the pandem-
ic, but has been persistently worse among Hispanic/
Latinx patients. Growingdisparities in severity of 
illness may reflect decreased ability of the minori-
ty population to limit exposure to the virus, aswell 
as obtaining less benefit from novel treatments for 
COVID-19.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-0587-1572
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjnph-2021-000253&domain=pdf&date_stamp=2021-06-27
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METHODS
Study population
In this retrospective cohort study, we identified all patients 
admitted to the hospital with confirmed SARS-CoV-2 
infection in our large multisite health system based in 
Los Angeles, California (Cedars-Sinai Medical Center, 
CSMC), from 4 March through 5 December 2020. As the 
largest non-profit hospital in western USA, CSMC serves a 
catchment area of >1.8 million people, with over a quarter 
million inpatient hospital days for admitted patients, >90 
000 emergency department visits and nearly 800 000 
outpatient appointments each year. All laboratory testing 
for SARS-CoV-2 were performed using reverse transcrip-
tase PCR of extracted RNA from nasopharyngeal swabs 
at the Los Angeles Department of Public Health from 
4 March to 21 March 2020 and thereafter at the CSMC 
Department of Pathology and Laboratory Medicine. A 
limited number of patients (1.0%) received SARS-CoV-2 
testing at an outside facility, and documentation of a posi-
tive test result was reviewed by medical staff and consid-
ered comparable for accuracy.

Data collection
We curated demographic, clinical and outcomes data 
from the electronic health record (EHR) and confirmed 
all key variables with manual adjudication. We defined 
race and ethnicity membership as follows: Hispanic/
Latinx ethnicity (all races), non-Hispanic black (NHB), 
Asian/Pacific Islander, non-Hispanic white (NHW) and 
other (including individuals with multiple races listed). 
We used data from the American Community Survey 2019 
to calculate neighbourhood socioeconomic status (SES) 
for each patient census tract based on the Agency for 
Healthcare Research and Quality (AHRQ) SES index,13 
which includes measures of unemployment, household 
income, property value, poverty level and educational 
attainment. We mapped patients to a census tract using 
their primary address listed in the EHR.

To capture relative comorbid status at the time of 
presentation to medical care, the Elixhauser Comorbidity 
Index (ECI) score, using van Walraven weighting,14 was 
calculated for all patients based on the International 
Classification of Diseases-10 codes present prior to or at 
the time of initial presentation for COVID-19. Hospital-
isation characteristics including length of stay, admission 
to an intensive care unit (ICU), intubation and in-hos-
pital death were ascertained from time stamps recorded 
for admission, unit transfers and discharge. Interventions 
such as intubation were identified through time-stamped 
orders in the EHR and verified by manual chart review.

Clinical outcomes
Our primary objective was to evaluate temporal trends of 
COVID-19 severity of illness among hospitalised patients 
by race and ethnicity. Hospitalised patients, rather than 
all patients diagnosed with COVID-19, were selected 
given the known variation in rates of presentation to care 
over time, particularly in relation to periodically imposed 

lockdowns that may have influenced patterns of detection 
and diagnosis of the milder forms of COVID-19 illness. 
We defined severity of illness as an ordinal variable, based 
on a modified core outcome measure scale15: 0=required 
hospitalisation but no ICU or intubation (least severe); 
1=required hospitalisation and ICU but no intubation; 
and 2=required hospitalisation, ICU, and intubation or 
death (most severe).

Statistical analysis
We summarised demographic and clinical character-
istics using mean and SD for continuous variables and 
counts with percentages for categorical variables. We 
used χ2 test and one-way analysis of variance to compare 
demographic and clinical characteristics, by racial/
ethnic subgroups, within four discrete time periods. 
Time periods were calculated based on quartiles of the 
cumulative distribution of daily COVID-19 admissions (in 
our sample) to account for variations in incidence over 
the course of the pandemic: period 1, from 4 March to 
7 May; period 2, from 8 May to 14 July; period 3, from 
15 July to 20 October; and period 4, from 21 October to 
5 December. We conducted multivariate ordinal logistic 
regression to examine the association between race/
ethnicity and severity of illness adjusting for age, sex, ECI 
and SES index both overall and for each distinct time 
period. We fit models using restricted cubic splines with 
seven knots to account for dynamic non-linear temporal 
trends in illness severity observed over the course of the 
study period for all patients as well as among hospitalised 
patients. Racial/ethnic differences in temporal trends 
in illness severity were evaluated using likelihood ratio 
tests between models with and without interaction terms 
between race/ethnicity and the cubic spline variable 
representing time. To further evaluate severity of illness 
at different time points throughout the study period, we 
also fit models stratified by time period. Racial/ethnic 
differences in illness severity across the four discrete time 
periods were evaluated using joint hypothesis testing. All 
analyses were conducted using R V.3.4.1 (R Foundation 
for Statistical Computing, Vienna, Austria) and p values 
<0.05 were considered significant.

Patient and public involvement
Patients and the public were not involved in the develop-
ment of this study.

RESULTS
Cohort characteristics
We identified a total of 1636 COVID-19-positive patients 
admitted to the hospital, of whom 51 (3.1%) did not have 
documented race or ethnicity and 1 did not have a docu-
mented date of birth and were thus excluded from anal-
yses. For the final sample, including 1584 patients, the 
mean age was 61.6±19.8 years, 874 (55.2%) were men, the 
median household income was estimated at $36 118 (IQR 
$23 359–$54 207), and the mean SES index was 56.6±6.8 
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(table  1). Hypertension was the most common comor-
bidity (47.1%), followed by diabetes mellitus (29.3%) 
and prior myocardial infarction or heart failure (24.5%). 
A total of 651 (41.1%) identified as NHW, 262 (16.5%) 
as NHB, 491 (31.0%) as Hispanic/Latinx, 93 (5.9%) as 
Asian and 87 (5.5%) as other race/ethnicity. Compared 
with NHWs, Hispanic/Latinx and NHB patients tended 
to be younger, have lower estimated median income and 
higher rates of diabetes mellitus; NHBs also tended to 
have higher frequency of hypertension, while hyperten-
sion was less common among Hispanic/Latinx patients 
(table 2).

During the study period, 201 (12.7%) patients required 
ICU admission without need for intubation and 156 
(9.8%) required intubation or suffered in-hospital death. 
The frequency of clinical outcomes, by level of illness 
severity, is shown by racial/ethnic group in online supple-
mental table 1. Among patients admitted to the hospital 
for whom vital sign data from the emergency department 
were available (n=1551), we examined the first-encounter 
vital signs. The distribution of first-encounter vital signs 
overall and by racial/ethnic group is shown in online 
supplemental table 2. We observed statistically signifi-
cant differences across racial/ethnic groups in certain 

first-encounter vital signs, although for very narrow 
average ranges of difference: oxygen saturation (differ-
ence range <1%), heart rate (<5 beats per minute) and 
systolic blood pressure (<6 mm Hg).

Crude temporal variations
The average daily rate of new COVID-19 admissions was 
5.7±3.9 cases per day over the study period, with variations 
seen over time (figure 1). We observed COVID-19 admis-
sion rates peaked in periods 1 and 4 (6.1±3.5 and 8.6±6.0 
cases per day, respectively) and nadir in periods 2 and 3 
(5.9±2.7 and 4.0±2.5 cases per day, respectively) (table 1). 
The average patient age was highest at the beginning of 
the pandemic in period 1 (66.9±19.1), lowest in period 3 
(58.8±20.2) and increased again in period 4 (61.7±18.6). 
Overall comorbidity status, as measured by the ECI, was 
highest in periods 1 and 4 (11.2±12.5 and 11.9±13.7, 
respectively) and lowest in period 2 (8.9±11.8). Similar 
trends were observed among NHWs in analyses stratified 
by race/ethnicity (online supplemental table 3). NHBs 
did not demonstrate similar reductions in ECI during 
period 2 and ECI was relatively lower for Hispanic/Latinx 
patients throughout the study period. Rates of intuba-
tion and death steadily decreased over time, while ICU 
utilisation initially declined from periods 1 to 3 before 
increasing again during period 4 (table 2). Similar trends 
were appreciated when outcomes were stratified by race/
ethnicity.

Multivariable-adjusted temporal variations by race and 
ethnicity
In multivariable analysis, we observed that the risk of devel-
oping more severe illness steadily decreased over time 
(figure 2). When stratified by race/ethnicity, Hispanic/
Latinx patients were more likely to experience severe 
illness compared with NHWs (OR 2.28, 95% CI 1.62 to 
3.22). This finding was consistent across time periods, 
except for time period 3, although a non-significant trend 
towards more severe disease for Hispanic/Latinx popu-
lations was still observed. Similar to analyses of overall 

Figure 1  Cumulative COVID-19 cases over time by race/ethnicity.

Figure 2  Predicted probability of severe COVID-19 illness 
over time, among hospitalised patients. ICU, intensive care 
unit.

https://dx.doi.org/10.1136/bmjnph-2021-000253
https://dx.doi.org/10.1136/bmjnph-2021-000253
https://dx.doi.org/10.1136/bmjnph-2021-000253
https://dx.doi.org/10.1136/bmjnph-2021-000253
https://dx.doi.org/10.1136/bmjnph-2021-000253
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illness severity, NHB patients were more likely to experi-
ence more severe illness than NHWs in periods 1 and 4 
(2.02, 1.07 to 3.78; and 2.66, 1.08 to 6.48, respectively), 
without significant differences appreciated during the 
remainder of the study period (table  3, online supple-
mental figure 1).

DISCUSSION
In our high-volume academic medical centre, serving 
a diverse urban population that has been substantially 
affected by the pandemic, we found that COVID-19 
illness severity steadily decreased over time. However, the 
temporal improvement in severity of COVID-19 illness 
among our patients was not seen evenly across racial/
ethnic groups. Importantly, among patients hospitalised 
for COVID-19, Hispanic/Latinx patients were consistently 
at the highest risk for the most severe forms of COVID-19 
illness compared with NHWs, and this disparity not only 
persisted throughout the course of the pandemic but may 
be worsening with time. Further, improvements in dispa-
rate outcomes for NHBs seen earlier in the pandemic 
appear to be re-emerging.

Our findings extend from prior reports of minority 
populations experiencing greater severity of illness and 
poorer outcomes due to COVID-19. As early as March 
2020, emerging studies indicated that NHBs were being 
hospitalised at 33% higher rates than expected across 
the USA.16 Data collected from subsequent single-site17–21 
and regional studies nationally22 23 and globally24 25 also 
confirmed disproportionately worse COVID-19 outcomes 
being experienced by racial/ethnic minority populations. 
Our findings confirm that racial/ethnic disparities in 
COVID-19 outcomes not only exist across a large metro-
politan population in Southern California, but that these 
disparities are persisting over time—even after accounting 
for variations in underlying pre-existing comorbidities 
that are known to influence illness susceptibility. In fact, 
Hispanic/Latinx patients in our sample have greater risk 

for more severe forms of COVID-19 illness even while 
consistently being younger and with fewer comorbid 
conditions compared with NHWs. Importantly, our data 
highlight an elevated risk of severe COVID-19 illness in 
Hispanic/Latinx patients has not only been constant 
over time but appears to be increasing. For most of the 
study period, hospitalised Hispanic/Latinx patients were 
more than twice as likely to require ICU admission, be 
intubated or die than NHW patients; now, by the end of 
the study period, Hispanic/Latinx are nearly four times 
as likely to suffer severe COVID-19 illness. By contrast, 
initially observed disparities for NHBs disappeared within 
2–3 months into the pandemic, but are now re-emerging, 
with NHBs 2.7 times as likely to suffer severe COVID-19 
illness during the most recent time period in our study.

There are several potential explanations for our find-
ings. The overall decline in COVID-19 illness severity, with 
a reported mortality rate as high as 16.6% in January–
April and declining to 9.3% by May–June,26 has been asso-
ciated with broadening demographics of the populations 
at risk, in addition to rapidly advancing therapeutics such 
as remdesivir, baricitinib and monoclonal antibodies.27–29 
As for other disease states, new therapeutics are often not 
available to all segments of society simultaneously and thus 
can exacerbate disparities in healthcare access, utilisation 
and outcomes.30–32 Beyond variations in access to thera-
peutics, racial/ethnic disparities in clinical outcomes can 
arise from the complex interplay between sociodemo-
graphic factors and intrinsic disease risk.33 For Hispanic/
Latinx compared with NHW patients in our sample, the 
only characteristic that consistently differed was lower 
SES index (driven in part by lower estimated median 
household income). Factors related to lower SES may 
have led to a greater delay in presentation with COVID-19 
illness even though we did not observe clinically mean-
ingful racial/ethnic differences in first-encounter vital 
signs. Unmeasured or otherwise undetected subclinical 
risk factors may also be driving the persistent disparities 

Table 3  Odds of increased severity of COVID-19 illness by time period*†§

Overall
OR (95% CI)

Time period 1
OR (95% CI)

Time period 2
OR (95% CI)

Time period 3
OR (95% CI)

Time period 4
OR (95% CI) P value

Race/ethnicity‡

 � Non-Hispanic white Ref Ref Ref Ref Ref

 � Hispanic/Latinx 2.28 (1.62 to 3.22) 2.67 (1.34 to 5.34) 2.40 (1.25 to 4.69) 1.80 (0.86 to 3.87) 3.87 (1.75 to 8.86) 0.105

 � Non-Hispanic black 1.46 (1.00 to 2.13) 2.02 (1.07 to 3.78) 1.22 (0.54 to 2.67) 0.58 (0.21 to 1.48) 2.66 (1.08 to 6.48) 0.530

 � Asian or other 1.11 (0.72 to 1.69) 0.98 (0.47 to 1.98) 3.35 (1.39 to 7.86) 0.28 (0.04 to 1.02) 1.55 (0.58 to 3.89) 0.022

Bold indicates a statistically significant vaue.
*Outcome of COVID-19 illness severity score in hospitalised patients was defined as an ordinal variable where 0=required admission 
but never ICU-level care; 1=required ICU-level care but never intubation; 2=required intubation. Models adjusted for race/ethnicity, van 
Walraven Elixhauser comorbidity score, age, census tract, SES index and sex.
†Time periods defined based on quartiles of cumulative cases. Time period 1 ranges from 4 March to 7 May; period 2 from 8 May to 14 
July; period 3 from 15 July to 20 October; and period 4 from 21 October to 5 December. P value represents joint test for difference in OR 
across time periods for each race/ethnicity category.
‡Asian and other race collapsed due to small sample size among hospitalised patients.
ICU, intensive care unit; Ref, reference; SES, socioeconomic status.
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seen in our sample. For example, malnutrition and low 
levels of vitamin D have each been associated with adverse 
COVID-19 outcomes, but were unable to be adequately 
controlled for in this analysis.34 35 Notably, at least one 
prior study of racial/ethnic disparities in COVID-19 
severity, involving over 2600 patients hospitalised in New 
York City during the first few months of the pandemic, 
paradoxically found that NHBs and Hispanic/Latinx 
patients had less illness severity than NHW patients.36 In 
accordance with other studies reporting more affluent 
and travelled individuals more affected earlier in the 
pandemic,37 followed by less affluent and more essen-
tial worker individuals increasingly affected later in the 
pandemic,33 severity of COVID-19 illness may be deter-
mined by relative dose, type, timing and chronicity of 
SARS-CoV-2 exposure on top of factors specific to race/
ethnicity and SES.

Several limitations to our study merit consideration. 
Our data were derived from a single healthcare system, 
although high-volume and serving a dense and diverse 
urban population. The extent to which our findings are 
generalisable to other populations requires further inves-
tigation. Our analyses relied on the AHRQ SES index as 
a surrogate for patient SES. Importantly, this variable is 
a marker of SES of the entire community in the census 
tract in which a patient lives and may not be reflective 
of an individual patient’s own SES. While this is a well-
accepted method for controlling for SES, patient-level 
data (individual patient employment status, income, 
housing and so on) would allow for improved controlling 
for SES but were not readily available through medical 
records for the present study. Finally, race and ethnicity 
are complex sociocultural entities38 which often oversim-
plify the heterogeneity that exists within broadly defined 
categories. For example, more granular analyses of ethnic 
disparities can be pursued by examining subgroups of 
Hispanic/Latinx communities identified using data on 
ancestry, immigration status and degree of acculturation. 
Although the racial/ethnic categories in this analysis 
are widely used to examine group differences across the 
population, they do not represent the range of experi-
ences, situations and other factors pertinent to the indi-
vidual members of these various populations.

In summary, our study findings highlight temporal 
trends in the severity of COVID-19 illness that are partic-
ularly relevant to the health of racial/ethnic minorities. 
Specifically, while severity of illness decreased among the 
entire population over time, Hispanic/Latinx patients 
consistently experienced greater illness severity than 
NHWs throughout the pandemic, despite having similar 
hospitalisation rates and a lower burden of pre-existing 
risk factors. Whereas NHBs in our patient population 
experienced more severe illness when the pandemic first 
began, their clinical outcomes improved in the middle 
of the study period‚ only to re-emerge later on. Further 
concerning is the finding that this disparity is not only 
persisting but potentially even worsening over time. 
Future studies are needed to comprehensively determine 

the extent to which this Hispanic/Latinx and NHB 
disparity represents biological differences in suscepti-
bility to severe COVID-19 illness or variations in the social 
determinants of health, or both.
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