
Use of Hydroxychloroquine, Remdesivir, and Dexamethasone
Among Adults Hospitalized With COVID-19 in the United States
A Retrospective Cohort Study
Hemalkumar B. Mehta, MS, PhD; Huijun An, MS; Kathleen M. Andersen, MSc; Omar Mansour, MHS; Vithal Madhira, MS;
Emaan S. Rashidi, MHS; Benjamin Bates, MD; Soko Setoguchi, MD, DrPH; Corey Joseph, MPH; Paul T. Kocis, PharmD, MPH;
Richard Moffitt, PhD; Tellen D. Bennett, MD, MS; Christopher G. Chute, MD, DrPH; Brian T. Garibaldi, MD, MEHP;
and G. Caleb Alexander, MD, MS; for the National COVID Cohort Collaborative (N3C)*

Background: Relatively little is known about the use pat-
terns of potential pharmacologic treatments of COVID-19 in
the United States.

Objective: To use the National COVID Cohort Collaborative
(N3C), a large, multicenter, longitudinal cohort, to character-
ize the use of hydroxychloroquine, remdesivir, and dexameth-
asone, overall as well as across individuals, health systems,
and time.

Design: Retrospective cohort study.

Setting: 43 health systems in the United States.

Participants: 137870 adults hospitalized with COVID-19
between 1 February 2020 and 28 February 2021.

Measurements: Inpatient use of hydroxychloroquine, remdesivir,
or dexamethasone.

Results: Among 137870 persons hospitalized with confirmed
or suspected COVID-19, 8754 (6.3%) received hydroxychloro-
quine, 29272 (21.2%) remdesivir, and 53909 (39.1%) dexa-
methasone during the study period. Since the release of
results from the RECOVERY (Randomised Evaluation of COVID-
19 Therapy) trial in mid-June, approximately 78% to 84% of
people who have had invasive mechanical ventilation have
received dexamethasone or other glucocorticoids. The use of

hydroxychloroquine increased during March 2020, peaking at
42%, and started declining by April 2020. By contrast, remdesi-
vir and dexamethasone use gradually increased over the study
period. Dexamethasone and remdesivir use varied substantially
across health centers (intraclass correlation coefficient, 14.2%
for dexamethasone and 84.6% for remdesivir).

Limitation: Because most N3C data contributors are aca-
demic medical centers, findings may not reflect the experi-
ence of community hospitals.

Conclusion: Dexamethasone, an evidence-based treatment
of COVID-19, may be underused among persons who are
mechanically ventilated. The use of remdesivir and dexa-
methasone varied across health systems, suggesting varia-
tion in patient case mix, drug access, treatment protocols,
and quality of care.
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Institute; and National Institute on Aging.
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As of 9 July 2021, more than 33 million infections and
598000 deaths directly attributable to the COVID-

19 pandemic have occurred in the United States (1).
Because of this, major investments have been made to
repurpose existing medications, as well as to develop
new therapies, to prevent and treat COVID-19.

Although many investigational studies remain under way,
3 medications—hydroxychloroquine, remdesivir, and dexa-
methasone—have been subject to particular scientific scrutiny.
Early interest in hydroxychloroquine, an antiinflammatory treat-
ment of rheumatologic conditions and malaria, was based on
evidenceof in vitro activity against SARS-CoV-2 and small stud-
ies that assessed viral load andmortality (2). Although the U.S.
Food and Drug Administration (FDA) issued an emergency
use authorization (EUA) for hydroxychloroquine inMarch 2020
(3), that EUA was rescinded in June 2020 (4) on the basis of
observational and randomized evidence failing to show bene-
fit (5, 6). By contrast, remdesivir received an EUA in May 2020
on the basis of preliminary results from ACCT (Adaptive
COVID-19 Treatment Trial) (7) and full FDA approval in
October 2020 (8). Dexamethasone, already approved by the
FDA for various indications, has been shown to reduce

COVID-19mortality among hospitalized patients requiring ox-
ygen alone or mechanical ventilation (9, 10). Current clinical
guidelines from the National Institutes of Health include both
remdesivir and dexamethasone as treatments for some adults
hospitalized with clinically suspected or laboratory-confirmed
SARS-CoV-2 infection (11).

Despite rapidly accumulating evidence on safety and
efficacy, far less is known about how treatments have
been used in the United States. For example, although
several studies have documented increases in use of
hydroxychloroquine (12, 13) and remdesivir (14) and
others have examined potential drivers of such use (14),
analyses have generally been limited to aggregated,
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national-level claims or single institutions. Furthermore,
how much the use of these products has varied across
patients and health systems is unclear (15, 16). We used
the National COVID Cohort Collaborative (N3C), a large,
multicenter, longitudinal cohort of persons with confirmed
or suspected COVID-19 in the United States, to compre-
hensively characterize the use of hydroxychloroquine,
remdesivir, and dexamethasone to treat COVID-19. In
addition to quantifying adoption, we also characterized
hydroxychloroquine de-adoption and variation in treatments
across varied health systems.

METHODS

Data, Design, and Cohort Derivation
The N3C is a unique electronic health record reposi-

tory supported by the National Institutes of Health whose
structure, access, and analytic process have been previ-
ously described (17). In brief, the N3C represents the
largest cohort of patients with COVID-19 in the United
States to date and contains detailed, patient-level data
for a racially, ethnically, and geographically diverse
group of individuals. It queries electronic health record
data from single- and multihospital health systems across
the United States and stores data in a central location. As
of 27 May 2021, the N3C included more than 2 million
patients positive for COVID-19 (18). We used the limited
data set, which contains deidentified data, patient ZIP
codes, and exact dates of service use.

This retrospective cohort study included adults hos-
pitalized with COVID-19 from 43 health centers between
1 February 2020 and 28 February 2021. We used the
N3C definition to define COVID-19 (Supplement Table,
available at Annals.org) (19–21). We limited our cohort to
persons with an inpatient encounter and required the en-
counter to have occurred no longer than 21 days after
the patient was designated as COVID-19–positive; we
also allowed individuals to be diagnosed with COVID-19
within 5 days of their hospitalization to account for delays
in access to testing and reporting. Given our interest in
the use of therapeutics, we restricted analyses to people
who remained hospitalized for at least 1 day. We consid-
ered only a first hospital stay related to COVID-19 and
excluded subsequent inpatient encounters after initial dis-
charge. Finally, we excluded 24 persons (0.02%) with
missing information about sex, as well as all individuals
younger than 18 years because of different treatment indi-
cations and COVID-19 trajectory in pediatric populations.

The results from the RECOVERY (Randomised Evaluation
of COVID-19 Therapy) trial on dexamethasone were released
in mid-June and showed clinical benefit among patients who
received invasivemechanical ventilation or oxygen (9). In sub-
analyses todeterminedexamethasoneuseper the clinical evi-
dence, we restricted our cohort to persons hospitalized
between July 2020 and February 2021. Furthermore, except
in Figure 1, we did analyses for dexamethasone stratified by
invasivemechanical ventilation.

Key Variables of Interest
We used date-stamped records of inpatient medication

to capture use of hydroxychloroquine, remdesivir, and

dexamethasone. We examined sociodemographic and clini-
cal characteristics, including age, sex, body mass index,
comorbidity burden, and calendar week of hospital admis-
sion. We also examined race and ethnicity (non-Hispanic
White, non-Hispanic Black, Hispanic, Asian, or another race),
which are generally self-reported by patients or family mem-
bers (24). We used information from COVID-19 admission
and inpatient and outpatient data in the 1 year before the
date of COVID-19 admission to characterize comorbid condi-
tions using the Charlson Comorbidity Index, a validatedmea-
sure that applies weights to 17 comorbid conditions (25).
Severity of COVID-19 was measured by the development of
acute kidney injury during hospitalization, use of invasive me-
chanical ventilation, or need for extracorporeal membrane
oxygenation (20). All patients were classified into mutually
exclusive categories of COVID-19 severity—for example,
receipt versus no receipt of mechanical ventilation. For each
center, we calculated weekly case volume of hospitalized
patients with COVID-19 over the study period.

Statistical Analysis
In the overall cohort, we used descriptive statistics to

examine trends in product use. First, we separately quanti-
fied the weekly proportion of persons within each health
system exposed to each product of interest. Here, the de-
nominator included all persons whowere hospitalized at any
point during the week. Next, we characterized and visually
inspected time trends for the 3 products of interest, looking
for inflection points, influential outliers, and general trends.
We superimposed selected events of interest, including FDA
regulatory actions and publication of major clinical trial
results, as we evaluated trends in use. We also used box
plots to visually show variation in drug use across the centers.

Among ventilated patients who were hospitalized
between July 2020 and February 2021, we used descrip-
tive statistics to quantify potential underuse of dexametha-
sone. Because glucocorticoids other than dexamethasone
may have been used (26), we included any oral glucocorti-
coid use among patients hospitalized with COVID-19 from
July 2020 to February 2021. Furthermore, we restricted
analysis to patients who remained hospitalized for at least 1
day to ensure that they were eligible to receive dexametha-
sone or other glucocorticoids. We plotted percentage of
dexamethasone use for each center to visualize variation
across centers, stratified bymechanical ventilation status.

We used 2-level hierarchical logistic regression models,
nesting patients within health centers, tomodel the odds of a
given individual receiving hydroxychloroquine, remdesivir,
or dexamethasone. Health centers were included as random
intercepts in the model, and we did not control for any
patient or hospital characteristics. We quantified variation
in use across health systems and used a latent variable
approach to estimate intraclass correlation coefficients (ICCs)
for each product of interest. The ICCs from these models
represent the amount of variation in the underlying propen-
sity to be prescribed medication due to systematic differen-
ces between health centers.

We did 2 sensitivity analyses. First, because patients
with diabetes may have been less likely to receive gluco-
corticoids because they can increase blood glucose lev-
els, we examined glucocorticoid use stratified by
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diabetes status. Second, we determined variation in time
to dexamethasone use and duration of use by race/eth-
nicity and health center.

We extracted data using queries in Spark SQL
(Apache Software Foundation) and Python (Python Software
Foundation) in theN3CData Enclave and completed all analy-
ses using R (R Foundation), version 3.5.1. The Johns Hopkins
Medicine Institutional Review Boards waived the requirement
for informed consent and deemed work in the N3C Data
Enclave to be exempt research.

Role of the Funding Source
The funders had no influence on the study's design,

conduct, or reporting.

RESULTS

Characteristics of the Study Sample
Among 1109631 persons with confirmed or sus-

pected COVID-19 in the N3C cohort through 5 March

2021, a total of 162150 (14.6%) were hospitalized during
the study period. After excluding individuals from 2 sites
because of data quality issues (n= 6336), those who
were younger than 18 years (n= 5828), those whose
length of stay was 0 days (n= 12092), and those with
missing information on sex (n= 24), we had a final cohort
of 137870 persons (Appendix Figure, available at
Annals.org). The Table describes characteristics of the
study cohort. Among the 137870 hospitalized patients,
the mean age was 59.4 years (SD, 18.8), 50.4% were
male, and 47.8% were non-Hispanic White. Nearly 34.2%
of hospitalized participants had none of the comorbid
conditions assessed by the Charlson Comorbidity Index,
whereas 19.8% had a score of one, 11.9% a score of two,
8.4% a score of three, and 25.8% a score of four or
greater. Overall, 6.3% patients received hydroxychloro-
quine, 21.2% remdesivir, 39.1% dexamethasone, and
17.2% both remdesivir and dexamethasone during their
COVID-19 hospitalization.

Figure 1. Use of hydroxychloroquine, remdesivir, and dexamethasone among individuals hospitalized with COVID-19, 1 February
2020 to 28 February 2021 (n= 137870).
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Supplement Figure 2 (available at Annals.org) shows dexamethasone use among persons with and without mechanical ventilation. EUA= emergency
use authorization; FDA= U.S. Food and Drug Administration; RECOVERY= Randomised Evaluation of COVID-19 Therapy.
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Trends inHydroxychloroquine, Remdesivir, and
Dexamethasone Use

Figure 1 shows trends in the use of hydroxychloroquine,
remdesivir, and dexamethasone between February 2020 and
February 2021. Beginning inMarch 2020, hydroxychloroquine
use increased sharply, peaking at 42% of patients in late
March before rapidly decreasing to approximately 7% by late
April 2020 and subsequently to 0.6% by February 2021
among hospitalized individuals with COVID-19. By contrast,
remdesivir use first increased rapidly in May 2020 from
approximately 2% to 10% of patients, and since May 2020 it
has increased gradually to 27% of those hospitalized in
February 2021. Finally, about 4% of individuals or fewer used
dexamethasone throughMay2020; this percentage increased

markedly during June and July 2020 to approximately 33%,
continued to increasemore gradually thereafter to about 53%
of hospitalized individuals as of November 2020, and then
declined to33%byFebruary2021.Combineduseof remdesi-
vir and dexamethasone increased from 0.2% in May 2020 to
22.7% in February 2021 (Supplement Figure 1, available at
Annals.org).

Characteristics of Persons Receiving
COVID-19 Drugs

TheTable shows the characteristicsofpersons in the cohort
as well as those receiving each product. Dexamethasone was
more commonly used among older adults (45.3% among
those aged ≥75 years vs. 20.2% among those aged 18 to 34

Table. Drug Use, by Patient Characteristics, Among Persons Hospitalized With COVID-19*

Characteristic All Patients
(n = 137 870), n (%)

Hydroxychloroquine
(n = 8754 [6.3%]), %

Remdesivir
(n = 29 272 [21.2%]), %

Dexamethasone
(n = 53 909 [39.1%]), %

Age
18–34 y 17 770 (12.9) 3.1 8.1 20.2
35–49 y 22 853 (16.6) 6.1 16.6 31.4
50–64 y 37 590 (27.3) 7.5 23.1 41.8
65–74 y 27 272 (19.8) 7.1 26.3 46.9
≥75 y 32 385 (23.5) 6.4 25.3 45.3

Sex
Female 68 371 (49.6) 5.8 19.3 36.8
Male 69 499 (50.4) 6.9 23.1 41.3

Race/ethnicity
Non-Hispanic White 65 945 (47.8) 4.1 24.4 45.4
Non-Hispanic Black 30 999 (22.5) 5.9 18.0 33.6
Hispanic 23 353 (16.9) 8.9 19.2 33.3
Asian 4632 (3.4) 8.5 16.9 32.1
Another race 1031 (0.8) 3.7 22.4 41.4
Missing 11 910 (8.6) 14.6 17.4 32.5

Charlson Comorbidity Index†
0 47 139 (34.2) 6.4 14.2 53.2
1 27 238 (19.8) 7.0 23.6 26.4
2 16 409 (11.9) 6.5 25.3 31.4
3 11 556 (8.4) 6.3 26.0 32.5
≥4 35 528 (25.8) 5.7 25.4 35.8

Body mass index
≤18.0 kg/m2 17 159 (12.5) 7.4 20.1 34.8
18.1–25.0 kg/m2 1514 (1.1) 6.1 17.0 34.1
25.1–30.0 kg/m2 22 731 (16.5) 7.9 24.5 39.8
30.1–40.0 kg/m2 27 794 (20.2) 7.4 28.7 43.9
40.1–45.0 kg/m2 5212 (3.8) 6.8 30.5 46.8
≥45.1 kg/m2 4920 (3.6) 6.6 34.3 49.3
Missing 58 540 (42.5) 4.9 14.9 36.4

AKI while in hospital
No 112 390 (81.5) 5.1 20.4 37.3
Yes 25 480 (18.5) 11.7 25.1 47.0

Required mechanical ventilation
No 124 519 (90.3) 5.9 20.0 37.3
Yes 13 351 (9.7) 10.4 32.9 55.9

ECMO
No 137 109 (99.5) 6.3 21.2 39.0
Yes 761 (0.6) 6.7 28.5 55.5

AKI = acute kidney injury; ECMO = extracorporeal membrane oxygenation.
* Values in parentheses in the first column are column percentages; values in the second, third, and fourth columns are row percentages.
† Ranges from 0 to 33, where a higher score indicates greater likelihood of death within 1 y.
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years), males (41.3% vs. 36.8%), non-Hispanic White compared
with non-Hispanic Black persons (45.4% vs. 33.6%), and those
requiringmechanical ventilation (55.9%vs. 37.3%).Wesawsimi-
lar patterns when examining remdesivir use, with greater use
among patients who were older, male, non-Hispanic White, or
obese and those with more severe COVID-19 or comorbid
illness.

Over the study period, dexamethasone use was higher
among those who received mechanical ventilation than
among those who did not (Supplement Figure 2, available at
Annals.org). From July 2020 to February 2021, between 70%
and 77% of mechanically ventilated patients received dexa-
methasone. After other glucocorticoids were accounted for,
the use of dexamethasone or other glucocorticoids ranged
from 78% to 84% (Supplement Figure 3 [A], available at
Annals.org), and the results persisted when we restricted the
analysis to patients who remained hospitalized for 2 days or
more (Supplement Figure 3 [B], available at Annals.org).

Variation in Drug Use AcrossHealth Centers
Figure 2 characterizes variation in the use of each

product across the 43 health centers included in the

study. We found wide variation in hydroxychloroquine
use across health centers in March 2020, with reductions
in such variation by late April 2020 (ICC, 36.7%).
Remdesivir use varied substantially across health centers
(ICC, 84.6%), and variation persisted from May 2020 to
February 2021. The ICC for dexamethasone was lower
(14.2%), indicating lower variation across health centers
over the study period (February 2020 through February
2021). We saw greater variation in dexamethasone use
across health centers among those who received me-
chanical ventilation than those who did not (ICC, 25.7%
vs. 13.0%) (Figure 3 and Supplement Figure 4, available
at Annals.org).

Sensitivity Analyses
Among mechanically ventilated persons, use of dexa-

methasone or other glucocorticoids was more frequent
among those with diabetes than those without (56.2% vs.
42.6%). The median time to initiation of dexamethasone
therapy was 0 days (interquartile range, 0 to 1 days)
among ventilated and nonventilated patients; median du-
ration of use was 7 days (interquartile range, 1 to 10 days)

Figure 2. Variation in hydroxychloroquine, remdesivir, and dexamethasone use across health centers over time, 1 February 2020 to
28 February 2021 (n= 137870).
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among ventilated patients and 3 days (interquartile range,
1 to 7 days) among nonventilated patients (Supplement
Figure 5, available at Annals.org). Time to dexamethasone
initiation and duration of dexamethasone use did not dif-
fer by race/ethnicity (Supplement Figure 6, available at
Annals.org) or health center (Supplement Figure 7, avail-
able at Annals.org).

DISCUSSION

Despite enormous investments in the development of
therapeutics to address COVID-19, relatively little is known
about how treatments to address coronavirus infection have
been used in the United States. Using the N3C, a large, mul-
ticenter, longitudinal, U.S. cohort, we characterized the use
of hydroxychloroquine, remdesivir, and dexamethasone,
overall as well as across individuals, health systems, and
time. We found that brisk uptake and abandonment of
hydroxychloroquine early in the pandemic has been offset
by increases in use of remdesivir and, to an even greater
degree, dexamethasone. Despite this, approximately one
fifth of patients who were mechanically ventilated after the
release of the RECOVERY trial results inmid-June, and there-
fore were potentially eligible for use, did not receive dexa-
methasone or any other glucocorticoid, and substantial
variation in dexamethasone use was observed across sites.
These findings are important because of continued high lev-
els of morbidity and mortality in the United States due to
COVID-19, as well as a robust evidence base supporting the
value of dexamethasone in reducing the likelihood of death
among persons with COVID-19 who require mechanical
ventilation (10, 11).

There are many potential drivers of the treatment
trends that we described. In the case of hydroxychloro-
quine, early enthusiasm and media coverage about its

potential benefit was rapidly followed by accruing evi-
dence of its ineffectiveness (27) and potential harms (28,
29), ultimately leading the FDA to revoke the EUA govern-
ing its use to treat COVID-19 (30). By contrast, both remde-
sivir and dexamethasone are supported by a rapidly
growing body of evidence. Among hospitalized patients,
remdesivir use was far less common than dexamethasone
use—an interesting finding that may be due in part to
remdesivir shortages and cost in the United States (31).

We also found that despite treatment guidelines from
theNational Institutes of Health regarding the use of dexa-
methasone for COVID-19, approximately one fifth of
mechanically ventilated patients during the most recent
months of observation in our cohort did not receive a glu-
cocorticoid, a finding that persisted after those who may
not have been eligible because of early discharge or
death were excluded. Drug shortages of dexamethasone
have been reported (32), and hospital policies may restrict
its use to subsets of patients who are critically ill with
COVID-19. The relatively high mortality in the control
group of the RECOVERY trial (26%) might also raise ques-
tions about the applicability of those results to patients in
the United States, where the in-hospital mortality from
COVID-19 has been closer to 8% (33).

We found marked treatment variation across the
43 centers that we examined, consistent with a large
and constantly evolving evidence base from other
settings documenting variation across systems beyond
that explainable by observable patient or provider char-
acteristics alone (34–36). The centers contributing to the
N3C represent a diverse group of health systems that
differ in geographic region, size, profit status, staffing
ratio, and managerial structure; although our study was
not designed to evaluate the independent effect of
these and other center characteristics, including clinical

Figure 3. Variation in dexamethasone use across health centers, stratified by invasive mechanical ventilation, 1 July 2020 to
28 February 2021 (n= 106039).
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All individuals were classified into mutually exclusive categories of mechanical ventilation. Left. Among patients who were mechanically ventilated; 40
centers were included. The dotted line shows the overall median of 79.7% of hospitalized adults with COVID-19 who were mechanically ventilated and
received dexamethasone. Right. Among patients who were not mechanically ventilated; 43 centers were included. The dotted line shows the overall
median of 44.9% of hospitalized adults with COVID-19 who were not mechanically ventilated and received dexamethasone.
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policies, they may nevertheless contribute to the varia-
tion that we found (37, 38). Clinicians may be reluctant to
use corticosteroids in critically ill patients with COVID-19
because of the conflicting evidence for steroids in other
forms of acute respiratory distress syndrome (39, 40).
The fact that other trials of steroids in COVID-19 were
stopped early and did not uniformly show the samemor-
tality benefit may also contribute to the lack of universal
use of steroids in mechanically ventilated patients with
COVID-19 (41). Potential drug shortages, as well as a
lack of clear and consistent communication about treat-
ments in the context of an “infodemic,” has likely com-
pounded matters (42–44). As we expected, variation in
use was largest for remdesivir, a product shown to
reduce hospital length of stay but not mortality (22), and
smallest for dexamethasone, which has an established
mortality benefit (10). Although not the direct focus of
our research, several questions remain regarding how
individual-level and health system characteristics may
account for the variations in drug use that we describe.

Our study has limitations. First, the N3C is a database
of aggregate reports from health systems with differing
common data models, and thus some data of interest,
such as oxygen delivery, were not available. Second,
although the N3C is the largest U.S. cohort of patients
with COVID-19 that has been assembled to date, the
centers it includes are clustered in the Southeast, Mid-
Atlantic, and Midwest regions, and because most data
contributors are academic medical centers, our findings
may not generalize to community-based hospitals (18,
45). However, the distributions of age, sex, race, and eth-
nicity in the N3C indicate a cohort that is representative
of many segments of the U.S. population (18, 21). Third,
our information on prescription drug exposure is a com-
bination of information about medication ordering and
medication administration, depending on the contribut-
ing center, and we do not have information about drug
dose. Fourth, no baseline inpatient or outpatient infor-
mation was available for about one third of individuals,
and our data likely underestimate their comorbidity
burden. Fifth, some persons may not have received
dexamethasone because of its antecedent use before
hospitalization. Finally, because of imprecise information
on the start date of mechanical ventilation, we classified
individuals as mechanically ventilated if they received
ventilation at any point during their hospitalization.

Despite progress in identifying treatments of COVID-19,
the pandemic continues to cause enormous morbidity and
mortality in the United States. In this retrospective cohort
study of theN3C, brisk uptake and abandonment of hydroxy-
chloroquine early in the pandemic has been offset by
increases in useof remdesivir and, to an evengreater degree,
dexamethasone. However, as many as one fifth of mechani-
cally ventilated patients potentially eligible for dexameth-
asone did not receive it, and we noted substantial variation
in remdesivir and dexamethasone use across sites.
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Appendix Figure. Study flow diagram.

Persons in the N3C Data Enclave with a
COVID-19–positive designation through 

18 April 2021 (n = 1 130 410)

Excluded persons who were
COVID-19–positive after 5 March
2021 (n = 20 779)

Persons in the N3C Data Enclave with a
COVID-19–positive designation through 

5 March 2021 (n = 1 109 631)*

Excluded persons who were not
hospitalized for COVID-19 by 
28 February 2021 (n = 947 481)

Persons hospitalized for COVID-19
between 1 February 2020 and 
28 February 2021 (n = 162 150)

Excluded (n = 24 280)
   Patients from 2 sites with data quality issue: 6336
   Patients aged <18 y: 5828
   Patients with length of stay of 0 d: 12 092†
   Patients missing gender information: 24

Final analytic cohort
(n = 137 870)

N3C = National COVID Cohort Collaborative.
* Our cohort definition allowed for persons to be designated as COVID-19–positive up to 5 d after admission, to account for delays in test reporting. For
this reason, the first step allowed COVID-19–positive designation through 5 March 2021 and hospitalization through 28 February 2021.
†Of 12092 individuals discharged on the same day who were excluded from the analysis, 188 (1.6%) died on that day.
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