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ABSTRACT

Introduction: To compare the mortality of
hospitalized patients with COVID-19 between
those that required supplemental oxygen and
received dexamethasone with a comparable set
of patients who did not receive dexamethasone.
Methods: We utilized the Premier Health
Database to identify hospitalized adult patients
with COVID-19 from July 1, 2020–January 31,
2021. Index date was when patients first initi-
ated oxygen therapy. The primary endpoint was
in-hospital mortality for patients receiving
dexamethasone versus those not receiving dex-
amethasone 1-day pre- to 1-day post-index
period. Secondary endpoints included 28-day
mortality, time to in-hospital mortality, pro-
gression to invasive mechanical ventilation or
death, time to discharge, and proportion

discharged alive by day 28. Twenty-three mod-
els using weighting, matching, stratification,
and regression were deployed through the
concept of frequentist model average (FMA) to
estimate the effect of dexamethasone on all-
cause mortality up to the 28-day hospitalization
period.
Results: A total of 1,208,881 patients with
COVID-19 were screened; as an inpatient
255,216 used oxygen, and 251,536 were inclu-
ded in the analysis. In the dexamethasone
group, odds of in-hospital mortality were higher
than those of the comparator (FMA: odds ratio
[OR] 1.15, 95% CI 1.08, 1.22). Using a best fit
model, OR for in-hospital mortality was non-
significant for the dexamethasone group com-
pared with the comparator (OR 1.02, 95% CI
0.92, 1.14). Dexamethasone treatment was
associated with poorer outcomes versus the
comparator group across the majority of sec-
ondary endpoints, except for number of days in
hospital, which was lower in the dexametha-
sone group versus the comparator group (mean
difference - 2.14, 95% CI - 2.43, - 1.47).
Conclusions: Hospitalized adult patients with
COVID-19 who required supplemental oxygen
and received dexamethasone did not have a
survival benefit versus similar patients not
receiving dexamethasone. The dexamethasone
group was not associated with favorable
responses for outcomes such as progression to
death or mechanical ventilation and time to in-
hospital death.
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Key Summary Points

Why carry out this study?

Dexamethasone has demonstrated a
survival benefit in patients with COVID-
19 who required supplemental oxygen

COVID-19 is an emerging, rapidly
evolving pandemic. The validity of the
effectiveness of dexamethasone needs to
be re-established or re-evaluated in the US
population and to fit the current needs

To our knowledge, limited real-world
evidence studies to date have assessed
comparative effectiveness among a vast
network of private and public hospitalized
patients with SARS-CoV-2 infection in the
US who initiated dexamethasone versus
patients who were on hospital supportive
care without dexamethasone treatment,
especially in the population with
background mortality risk

Therefore, our study aims to compare
hospitalized patients with COVID-19 who
required supplemental oxygen and were
treated with dexamethasone versus
patients who were not treated with
dexamethasone for mortality during their
in-hospital stay, 28-day all-cause
mortality, and time to in-hospital death
(all-cause)

What was learned from the study?

Our results showed that hospitalized adult
patients with COVID-19 who required
supplemental oxygen and received
dexamethasone did not have a survival
benefit compared with similar patients
who did not receive dexamethasone

The dexamethasone group was not
associated with favorable responses for
outcomes such as progression to death or
mechanical ventilation and time to in-
hospital death. Future studies are
warranted to validate the findings of our
study

INTRODUCTION

Coronavirus disease 2019 (COVID-19) caused
by severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) infection is the largest
global pandemic in the past 100 years with
423.4 million confirmed cases and 5.89 million
deaths worldwide as of February 2022 [1].
Approximately 77 million confirmed cases of
COVID-19 and 926,287 COVID related deaths
have been reported in the USA alone as of
February 2022 [1]. The Center for Disease Con-
trol (CDC) and Prevention reported a total of
2,302,744 laboratory-confirmed hospitaliza-
tions in the US as of February 2022 [2].
Although reportedly hospitalization has been
substantially reduced after the mass vaccination
program in the US [3], a few regions continue to
experience surges, therefore, increasing the
burden on the healthcare system [4]. The liter-
ature suggests that among hospitalized patients
with COVID-19, 14–30% developed acute res-
piratory distress syndrome, with an associated
mortality rate of 45–75% [5, 6].

A previous study suggested that the severity
of COVID-19 was reported to be positively cor-
related with decreased immune resilience,
increasing age, male sex, and underlying
comorbidities, including cardiovascular disease,
chronic kidney disease, chronic lung disease,
diabetes, obesity, and malignancy [7, 8].
Patients with severe COVID-19 disease require
supplemental oxygen to manage hypoxemia.
Most critically ill patients require mechanical
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ventilation or extracorporeal membrane oxy-
genation (ECMO) for refractory hypoxemia [9].

In the RECOVERY trial, treatment with dex-
amethasone demonstrated a survival benefit in
patients with COVID-19 disease who required
supplemental oxygen at enrollment (death in
the dexamethasone arm within 28 days of
enrollment: 23.3% vs. standard of care arm:
26.2%; rate ratio 0.82; 95% CI 0.72–0.94) or
invasive mechanical ventilation (death in the
dexamethasone arm within 28 days of enroll-
ment: 29.3% vs. the standard of care arm:
41.4%; rate ratio 0.64; 95% CI 0.51–0.81) [10].
After the results from the RECOVERY trial,
dexamethasone was recommended as standard
of care for patients with COVID-19 who require
oxygen or mechanical ventilation [11, 12, 13].

Multiple treatment options have been
approved/authorized since the results of the
RECOVERY trial were published [14]. Since
COVID-19 is an emerging, rapidly evolving sit-
uation, the validity of the effectiveness of dex-
amethasone needs to be re-evaluated to fit the
current needs. To date, there are limited real-
world evidence studies assessing comparative
effectiveness of dexamethasone among hospi-
talized patients with COVID-19 versus those
receiving supportive care without dexametha-
sone, especially in the population with back-
ground mortality risk similar to that of the US
health care system [15]. Therefore, our study
aimed to compare hospitalized patients with
COVID-19 who required supplemental oxygen
and received dexamethasone with patients who
did not receive dexamethasone for mortality
during in-hospital stay (hereon referred as in-
hospital mortality).

METHODS

Study Design

This retrospective cohort study utilized the
Premier Health Database (PHD) [16] to identify
hospitalized adult patients (C 18 years) with
COVID-19 from July 1, 2020, to January 31,
2021. This study period was selected because
dexamethasone was considered the standard of
care for hospitalized COVID-19 patients from

July 2020 onwards. The index date was the date
when patients first initiated any oxygen therapy
(Supplementary Fig. S1). The baseline period
starts from admission to the index date.

Data Source

The PHD is one of the most comprehensive
inpatient electronic health databases in the US
and represents approximately 25% of annual
inpatient admissions [16]. With more than a
thousand contributing hospitals or healthcare
systems, PHD contains information on inpa-
tient discharges from geographically diverse
non-profit, non-governmental, community,
teaching hospitals, and health systems from
rural, and urban areas. The data include demo-
graphics, early diagnosis, admission and dis-
charge diagnoses, and information on billed
services, including costs at the departmental
level. The PHD contains de-identified, Health
Insurance Portability and Accountability Act
compliant data and is exempted from Institu-
tional Review Board oversight [16].

Compliance with Ethics Guidelines

This is an observational study that uses previ-
ously collected data and does not impose any
form of intervention and was performed in
accordance with the Helsinki Declaration of
1964 and its later amendments. Data have been
deidentified to protect subject privacy and to be
fully compliant with the US patient confiden-
tiality requirements, including the Health
Insurance Portability and Accountability Act of
1996, and did not require institutional review
board waiver or approval.

Patient Population

Patients were included in this study if they had
at least one inpatient diagnosis of COVID-19
and initiated oxygen therapy during the study
period. For the dexamethasone group, patients
with the following were included: (1) C 1 report
of a COVID-19 diagnosis (ICD-10 CM: U07.1)
from an inpatient hospital stay during the study
period; (2) gender entry not missing; (3)
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presence of oxygen use (as defined in the
Adaptive COVID-19 Treatment Trial Ordinal
Scale [ACTT OS] 5, 6, or 7) [17, 18]; (4) who
initiated dexamethasone between 1-day pre- to
1-day post-index period. Similar criteria were
used for including patients in the comparator
group except for the use of dexamethasone
between 1-day pre- to 1-day post-index period.
The differences in steroid usage between the
dexamethasone group and the comparator
group were balanced using all the baseline
characteristics available in the database.
Patients with death recorded before or on index
date were excluded from both the groups. For
the comparator group, patients with dexam-
ethasone use within 7 days prior to index were
also excluded (Fig. 1).

Analyses of Primary Endpoint

The primary endpoint was the binary outcome
of in-hospital mortality (includes patients that
were discharged and deceased at the hospice)
for patients receiving dexamethasone versus
those who did not receive dexamethasone at
the time of receiving oxygen therapy. The effect
of dexamethasone on in-hospital mortality was
estimated using multiple methods through a
frequentist model averaging framework (FMA).
FMA is an ensemble approach in which multi-
ple pre-specified candidate methods/models are
entered and cross-validation is used to select or
upweight the methods/models that perform
best. FMA addresses model uncertainty and has
been shown to produce more robust estimates
of treatment effects than using a single pre-se-
lected method [19]. Specifically, the mean
squared prediction error (MSPE) for each can-
didate method is computed via (five fold) cross
validation and weights are derived for each
candidate method with higher weights given to
candidate methods with smaller MSPE. For
binary and continuous outcomes (including the
primary outcome of in-hospital mortality) final
treatment estimates are obtained by either
selecting the method with the smallest MSPE
(averaged across bootstrap samples) or a
weighted average of the treatment effect esti-
mates across all methods is computed.

However, as there is no guidance in the litera-
ture on FMA weighting for time to event out-
comes, such analyses were ranked by model fit,
e.g., Akaike information criterion or Bayesian
information criterion followed by the lowest
average absolute standardized difference of
means.

Table 1 provides the details of the pre-speci-
fied individual methods used in the FMA anal-
ysis. A total of 23 pre-specified individual
models/methods were entered into the FMA
analysis, including analyses based on weight-
ing, matching, stratification, and regression. For
those models that used propensity score (PS),
the variables used in balancing the baseline
covariates are presented in Supplementary
Table S1. In brief, the following variables were
used to adjust for confounding: any underlying
comorbidities during in-hospital stay, baseline
demographics, serious infection, background
treatments (remdesivir, enoxaparin, and corti-
costeroid), ACTT OS scale, and hospital admis-
sion status.

Prior to conducting the analysis of treatment
effects, the feasibility of the analysis was con-
firmed by first assessing the positivity assump-
tion through quantifying the overlap in
population characteristics between the two
treatment groups. This was done both graphi-
cally through overlapping histogram plots and
quantitatively through statistics summarizing
differences in populations (standardized mean
difference, Tipton’s index). Second, the ability
of PS to produce balance in baseline patient
characteristics between the two treatment
groups was assessed using standardized mean
differences, variance ratios, and graphical
assessment of the distribution of each covariate
between groups. This feasibility step was com-
pleted prior to conducting outcome analyses.

The validity of the treatment effect estimates
depends on the statistical assumption of no
unmeasured confounding. To quantify the
strength of the findings relative to potential
unmeasured confounding variables, the E-value
was estimated [20]. The E-value is the minimum
strength of association on the risk ratio scale
that an unmeasured confounder would need to
have with both the treatment and outcome to
fully explain the observed outcome, conditional
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Table 1 Summary of models

Adjustment
method

Specifications Detailed specifications

1 Matching Greedy (1:1) matching Matching A: Distance = BaS(#1) Caliper: 0.2SD(LPS)

Matching B: Distance = BaS(#2) Caliper: 0.2SD(LPS)

Matching C: Distance = BaS(#1) Caliper: 0.2SD(LPS); ycat = #1

Matching D: Distance = BaS(#2) Caliper: 0.2SD(LPS); ycat = #2

Matching E: Distance = BaS(#2) Caliper: 0.2SD(LPS); ycat = #3

Matching F: Distance = BaS(#1) Caliper: 0.2SD(LPS); exact Matching on = (ageGroup2 gender
indexMonth)

Matching G: Distance = BaS(#1) Caliper: 0.2SD(LPS); exact Matching on = (ageGroup2 gender

indexMonth); ycat = #1

Matching H: Distance = BaS(#1) Caliper: 0.2SD(LPS); exact Matching on = (ageGroup2 gender

indexMonth); ycat = #1

2 Stratification Fixed, #strata = 5 Within stratum estimator:

Stratification A: No regression model

Stratification B: Regression adjusted model; ycat = #1

Stratification C: Regression adjusted model; ycat = #2

Stratification Data driven using
BaS(#1;#2)

Stratification D: Regression adjusted model; ycat = #1

Stratification E: Regression adjusted model; ycat = #2

3 Regression Regression Regression A: No baseline covariates

Regression B: Variables in regression models ycat = #1

4 Weighting Weight = IPW using
BaS(#1;#2)

Weighting A: PS from logistic regression with automated adding covariates/interactions to balance on
covariate list #1.; imbalance strata criteria = 0.25, maximum number of iterations = 800

Weighting B: PS from logistic regression with a fixed list of covariates (#1); penalized regression model

Weighting C: PS from logistic regression with automated adding covariates/interactions to balance on

covariate list (#1); imbalance strata criteria = 0.25, maximum number of iterations = 800; ycat#1

Weighting D: PS from logistic regression with a fixed list of covariates (#1); penalized regression model;

ycat#1

Weighting E: PS from logistic regression with automated adding covariates/interactions to balance on

covariate list (#2); imbalance strata criteria = 0.25, maximum number of iteractions = 800

Weighting F: PS from logistic regression with a fixed list of covariates (#2); penalized regression model

Weighting G: PS from logistic regression with automated adding covariates/interactions to balance on
covariate list (#2); imbalance strata criteria = 0.25, maximum number of iterations = 800; ycat#2

Weighting H: PS from logistic regression with a fixed list of covariates (#2); penalized regression model;
ycat#2

#1: covariates included in model: ageGroup2; anticoagulantUsePI; indexMonth; asthma; autoimmuneDiseases; cOPD; censusDivision; corticosteroidUsePI;
diabetes; hypertension; gender; teaching; nIAIDOnIndex; payor; smoke; raceWithMissing
#2: covariates included in model: ageGroup2; anticoagulantUsePI; indexMonth; asthma; autoimmuneDiseases; cOPD; censusDivision; corticosteroidUsePI;
diabetes; hypertension; gender; teaching; nIAIDOnIndex; payor; smoke; raceWithMissing; anySeriousInfectionPI; DexaAndRem;
#3: covariates included in model ageGroup2; indexMonth; nIAIDOnIndex
#Elastic net,lasso or Ridge
BaS = Balancing scores will be calculated using logistic regression (1), automatic logistic model selection (2), and gradient boosting (3)
Imputations for missing covariates used in balancing scores were mean/median

PS propensity score, SD standard deviation, LPS logit propensity score
Note caliper width of 0.2 may be altered
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on the observed covariates. To aid in the inter-
pretation of the E-value, we compared the E-
value with the strength of associations of select
observed covariates.

Finally, sensitivity analyses were performed
to check whether the primary endpoint analysis
varied according to the various choices on the
patient population and modeling strategies
described in Table 1. We conducted nine sensi-
tivity analyses, categorized in five ways—(1)
restricting the analysis to patients who were
classified as ACTT OS 5–7 and ACTT OS 5 or 6 at
index date, (2) FMA including additional mod-
els based on alternative PS models, (3) exclud-
ing patients who received dexamethasone prior
to the index date or for the comparator cohort
that received dexamethasone post-index, (4)
including patients with an index date from
April 2020, and (5) including patients with an
index date from April 2020, but not including
the index date as part of the PS.

All analyses were conducted using SAS 9.4
and R version 4.0.3 (R Foundation for Statistical
Computing, Vienna, Austria).

Analyses of Secondary Endpoints

Secondary endpoints included 28-day mortal-
ity, time to in-hospital mortality, progress to
invasive mechanical ventilation or death for
patients who were not receiving invasive
mechanical ventilation on the index date, time
to discharge, proportion discharged alive by day
28, and length of hospital stay. The effect of
dexamethasone on all the secondary endpoints
was compared between patients who received
dexamethasone versus those who did not,
within 1 day of index, adjusting for con-
founders, using the same statistical approach
used for the primary outcome measure (see
Table 1).

Fig. 1 Flow chart for patient selection. Index date was the date when patients first initiated any oxygen therapy
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Table 2 Patient demographics and clinical characteristics

Variables Total
(N = 251,536)

Comparator
(N = 47,781)

Dexamethasone
(N = 203,755)

P value

Demographics characteristics

Age, n (%)

18–24 2220 (0.88) 720 (1.51) 1500 (0.74) \ 0.001

25–34 8169 (3.25) 1799 (3.77) 6370 (3.13)

35–44 15,995 (6.36) 2802 (5.86) 13,193 (6.47)

45–54 31,056 (12.35) 4967 (10.4) 26,089 (12.8)

55–64 51,465 (20.46) 8799 (18.42) 42,666 (20.94)

65–74 63,322 (25.17) 11,552 (24.18) 51,770 (25.41)

75–84 52,775 (20.98) 10,783 (22.57) 41,992 (20.61)

85 ? 26,534 (10.55) 6359 (13.31) 20,175 (9.9)

Female, n (%) 115,905 (46.08) 23,263 (48.69) 92,642 (45.47) \ 0.001

Race, n (%)

Asian 5416 (2.15) 858 (1.8) 4558 (2.24) \ 0.001

Black 36,933 (14.68) 8342 (17.46) 28,591 (14.03)

Caucasian 178,075 (70.8) 33,179 (69.44) 144,896 (71.11)

Other 22,455 (8.93) 3924 (8.21) 18,531 (9.09)

Unknown 8657 (3.44) 1478 (3.09) 7179 (3.52)

Census divisions, n (%)

East North Central 40,931 (16.27) 8334 (17.44) 32,597 (16.00) \ 0.001

East South Central 24,255 (9.64) 3931 (8.23) 20,324 (9.97)

Middle Atlantic 18,997 (7.55) 3783 (7.92) 15,214 (7.47)

Mountain 21,735 (8.64) 4060 (8.50) 17,675 (8.67)

New England 4756 (1.89) 1100 (2.30) 3656 (1.79)

Pacific 16,051 (6.38) 2432 (5.09) 13,619 (6.68)

South Atlantic 66,611 (26.48) 13,024 (27.26) 53,587 (26.3)

West North Central 14,979 (5.96) 2666 (5.58) 12,313 (6.04)

West South Central 43,221 (17.18) 8451 (17.69) 34,770 (17.06)

Payor, n (%)

Commercial 59,083 (23.49) 8344 (17.46) 50,739 (24.90) \ 0.001

Medicaid 23,936 (9.52) 5353 (11.2) 18,583 (9.12)

Medicare 148,113 (58.88) 30,548 (63.93) 117,565 (57.7)

Other 20,404 (8.11) 3536 (7.4) 16,868 (8.28)
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Table 2 continued

Variables Total
(N = 251,536)

Comparator
(N = 47,781)

Dexamethasone
(N = 203,755)

P value

Teaching, n (%)

Academic 102,400 (40.71) 21,387 (44.76) 81,013 (39.76) \ 0.001

Community 149,136 (59.29) 26,394 (55.24) 122,742 (60.24)

Levels of care on index, n (%)

ACTT OS 5 93,908 (37.33) 17,825 (37.31) 76,083 (37.34) \ 0.001

ACTT OS 6 141,925 (56.42) 25,660 (53.7) 116,265 (57.06)

ACTT OS 7 15,703 (6.24) 4296 (8.99) 11,407 (5.6)

Index month, n (%)

Jul-20 29,272 (11.64) 7180 (15.03) 22,092 (10.84) \ 0.001

Aug-20 19,074 (7.58) 4584 (9.59) 14,490 (7.11)

Sep-20 14,210 (5.65) 3319 (6.95) 10,891 (5.35)

Oct-20 24,224 (9.63) 4800 (10.05) 19,424 (9.53)

Nov-20 47,475 (18.87) 8046 (16.84) 39,429 (19.35)

Dec-20 62,797 (24.97) 10,702 (22.4) 52,095 (25.57)

Jan-21 54,226 (21.56) 9077 (19) 45,149 (22.16)

Feb-21 258 (0.1) 73 (0.15) 185 (0.09)

Clinical characteristics

Smokers, n (%) 90,574 (36.01) 18,678 (39.09) 71,896 (35.29) \ 0.001

Asthma (with), n (%) 24,306 (9.66) 4589 (9.6) 19,717 (9.68) 0.636

Autoimmune diseases (with),

n (%)

10,154 (4.04) 2082 (4.36) 8072 (3.96) \ 0.001

COPD (with), n (%) 43,116 (17.14) 9964 (20.85) 33,152 (16.27) \ 0.001

Diabetes (with), n (%) 111,248 (44.23) 20,999 (43.95) 90,249 (44.29) 0.173

Hypertension (with), n (%) 183,449 (72.93) 35,957 (75.25) 147,492 (72.39) \ 0.001

Any Serious Infection, n (%) 181,502 (72.16) 27,559 (57.68) 153,943 (75.55) \ 0.001

APR-DRG severity, n (%)

Extreme 134,245 (53.37) 22,909 (47.95) 111,336 (54.64) \ 0.001

Major 112,254 (44.63) 22,672 (47.45) 89,582 (43.97)

Minor 604 (0.24) 203 (0.42) 401 (0.2)

Moderate 4433 (1.76) 1997 (4.18) 2436 (1.2)

Obesity diagnosis, n (%) 86,422 (34.36) 13,441 (28.13) 72,981 (35.82) \ 0.001

Anticoagulant use, n (%) 58,122 (23.11) 13,836 (28.96) 44,286 (21.73) \ 0.001
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RESULTS

Of the 1,208,881 patients diagnosed with
COVID-19, 389,442 (32.2%) were hospitalized
(Fig. 1). A total of 255,216 patients used oxygen
during their hospital stay. After excluding
patients per the criteria mentioned above, a
total of 251,536 patients were included in the
current analysis. These patients were further

categorized into dexamethasone (with dexam-
ethasone use ± 1 day from index; N = 203,755;
81%) and comparator groups (without dexam-
ethasone use; N = 47,781; 19%). Overall, most
patients belonged to the 65–74 years age group;
46.08% of the patients were female, and 70.8%
were White (Table 2). A history of diabetes was
reported in 44.23% of the patients, and hyper-
tension in 72.93%, with 72.16% having any

Table 2 continued

Variables Total
(N = 251,536)

Comparator
(N = 47,781)

Dexamethasone
(N = 203,755)

P value

Corticosteroid use, n (%) 37,849 (15.05) 15,753 (32.97) 22,096 (10.84) \ 0.001

Remdesivir use, n (%) 121,357 (48.25) 7850 (16.43) 113,507 (55.71) \ 0.001

Time between admission to oxygen requirement in days

Mean (SD) 0.78 (1.96) 1.05 (2.98) 0.72 (1.63) \ 0.001

P value: Fisher’s exact test or chi-square for categorical (see R function Fisher test, hybrid = T for[ 2 levels) and F-test for
continuous variables
APR-DRG all patient refined diagnosis-related group, COPD chronic obstructive pulmonary disease, SD standard deviation

Fig. 2 Treatment by index date. Dexamethasone group
included patients with: a C 1 report of a COVID-19
diagnosis (ICD-10 CM: U07.1) from an inpatient hospital
stay during the study period; b gender entry not missing;
c presence of oxygen use [as defined in the Adaptive
COVID-19 Treatment Trial Ordinal Scale (ACTT OS) 5,

6, or 7 and d who initiated dexamethasone between 1-day
pre- to 1-day post-index period. Similar criteria were used
for including patients in the comparator group except for
the use of dexamethasone between 1-day pre- to 1-day
post-index period
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serious co-infection post-index. The time
between admission to oxygen use in all patients
was 0.78 ± 1.96 days.

Baseline (before receiving oxygen support)
demographic and clinical characteristics varied
significantly across both the groups for the
majority of variables except asthma and dia-
betes. These small differences in baseline char-
acteristics were shown as being statistically
significant because of a large sample size in each
cohort. Mean ± SD time between admission to
oxygen use was 0.72 ± 1.63 days in the dex-
amethasone group and 1.05 ± 2.98 days in the
comparator group. Compared with the dexam-
ethasone group (10.84%), a higher proportion
of patients in the comparator arm received
corticosteroids other than dexamethasone
(32.97%) in the baseline period. In the dexam-
ethasone group, 21.73% of the patients used
anticoagulants and corticosteroids at baseline

compared with the comparator group (28.96%).
A higher proportion of patients in the dexam-
ethasone group received remdesivir concomi-
tantly (55.71%) versus the comparator arm
(16.43%, Table 2). At each index month, a
higher proportion of patients initiated dexam-
ethasone (Fig. 2).

Propensity Score Model

For those models that used a PS to balance
between treatment cohorts, there was good
overlap between the PS for the dexamethasone
and comparator groups (Tipton index = 0.94
[acceptable range C 0.9]; SMD = 0.69 [accept-
able range B 0.25 or\ 0.1]) (Fig. 3). After using
PS for matching and re-weighting, the absolute
standardized differences were reduced to \ 0.1

Fig. 3 Distribution of propensity scores among the
dexamethasone and comparator groups. Best models can
be identified based on the description below: SMD
standardized difference of means between treatment
groups (difference in means between group divided by
the pooled standard deviation). Acceptable ranges are\
0.25 or\ 0.1 (Austin). SMD = 0.69. Ratio of variances
(treated/controls). Acceptable ranges 0.5–2.0. Preference

score: A transformation of the PS representing the
preference for one treatment over another for an individ-
ual based on baseline patient characteristics (Walker et al.
2013). Value reported is the percentage of patients with a
preference score between 0.3 and 0.7. PS = 0.79 and 0.7.
Tipton index: a single metric describing the similarity of
two distributions combining the SMD and variance ratios
(Tipton 2014). Should be[ 0.9.T = 0.94

4732 Adv Ther (2022) 39:4723–4741



for all the covariates listed in Supplementary
Figure S2.

Primary Endpoint

In the dexamethasone group, the odds of in-
hospital mortality were higher than those in the
comparator group (FMA: odds ratio [OR] 1.16,
95% CI 1.09, 1.23, Fig. 4). However, in the best
fit model, the OR for in-hospital mortality was
non-significant for the dexamethasone group
compared with the comparator group (OR 1.02,
95% CI 0.93, 1.14). Of the 23 individual meth-
ods used in the FMA analysis (including analy-
ses based on weighting, matching,
stratification, and regression), 21 models
demonstrated a higher odd of in-hospital mor-
tality for the dexamethasone group (Fig. 4 and
Table 1). The two models (matching band
weighting F) showed higher odds of in-hospital
mortality for the comparator group.

However, no single model was consistently
identified as best fitting; the weights for each
model did not vary greatly (from 0.029 to

0.058). The stratification, including regression-
adjusted models (Fig. 4), had higher weights
(0.047–0.058) than those based on matching
0.029–0.031.

To further understand whether the primary
analysis result is robust to potential uncon-
trolled confounders, we computed the E-value
for both the estimate (E-value = 1.36) and the
lower confidence interval limit of the estimated
risk ratio (E-value = 1.26) for in-hospital mor-
tality. Thus, if there were an unmeasured con-
founder with an association with treatment
selection and outcome equating to risk ratios of
1.36, such a confounder could produce suffi-
cient bias to produce an observed RR for the
primary analysis of 1.36 even when there was
no true treatment effect. While there is no clear
guidance on what a robust E-value is, Fig. 5
demonstrates that covariates with the similar
explanatory power of ‘Age’ would be sufficient,
if not accounted for in the analysis, to produce a
RR higher than the observed RR even under the
situation of no true treatment effect.

Fig. 4 Forest plot of models for in-hospital mortality. *See Table 1 for detailed model description. ESS explained sum of
squares, MSPE mean squared prediction error, FMA frequentist model averaging, OR odds ratio
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The results of the sensitivity analyses were
similar to the data obtained in the primary
analysis and remained robust. Except for the
sensitivity analysis 6 in Table 3 excluding
patients in the dexamethasone group who
received dexamethasone prior to index date or
for the comparator cohort that received dexam-
ethasone post-index with minor difference (FMA
OR 1.47) when compared to the in-hospital
mortality estimate of 1.157, the FMA OR for all
other analyses were in the range of 1.07–1.25.

Secondary Endpoints

Dexamethasone treatment was associated with
poorer outcomes compared with the compara-
tor group across the majority of endpoints,
except for number of days in hospital, which
was lower in the dexamethasone group versus
the comparator group (mean difference: - 2.14,
95% CI - 2.43, - 1.48) (Table 4). However, it
also included patients who died while

estimating the average hospital stay. Patients
receiving dexamethasone were 7% less likely to
be discharged within 28 days from the hospital
(FMA: OR 0.93, 95% CI 0.86, 0.99) and 3% less
likely to have reduced number of days between
index and date of hospital discharge (average
hazard ratio 0.97, 95% CI 0.93, 1.00) compared
with the comparator group. Patients in the
dexamethasone group had a higher likelihood
of time to in-hospital death versus the com-
parator group (hazard ratio 1.10, 95% CI 1.02,
1.15). E-values for all secondary endpoints were
low, which suggests an unmeasured confounder
could influence the results from our analysis
(Table 5).

DISCUSSION

This is the first real-world evidence study that
observed a lack of survival benefit with dexam-
ethasone versus comparators in 251,536

Fig. 5 E-value for in-hospital mortality. CI confidence
interval, RR relative risk. E-value was calculated from the
FMA OR (converted to RR) for the primary objective, and
a separate E-value (CI) was calculated from the lower limit
of the FMA OR for the primary objective. The y-axis

characterizes the strength of association between the
unmeasured confounder and the outcome. The x-axis
characterizes the extent to which the prevalence of the
unmeasured confounder is unbalanced between the two
treatment cohorts
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hospitalized patients with COVID-19 in the US
who received supplemental oxygen. The
demographic and clinical characteristics of the
patients analyzed in this study are consistent
with the previous reports on hospitalized
patients with COVID-19 from the PHD [16–,
21, 22, 23]. Most of the patients in our study
received dexamethasone, and the reasons for
patients who did not receive dexamethasone
were most likely due to their characteristics,
drug access, or treatment protocols of the
health system. Due to reported drug shortages

of dexamethasone and hospital policies that
may restrict its use in a subset of critically ill
patients with COVID-19 [24], clinicians may be
reluctant to use corticosteroids because of the
conflicting evidence for steroids in other forms
of acute respiratory distress syndrome [25, 26].
In our study, the comparative effectiveness of
in-hospital mortality and time to all-cause in-
hospital death were assessed through the con-
cept of model averaging. We found that except
for the number of days in the hospital, the
dexamethasone group showed unfavorable

Table 3 Sensitivity analysis of the primary endpoint

Sensitivity

analysis

Description Total number of

patients

(dexamethasone;

comparator)

FMA Best model

Estimate 2.5

Percentile

97.5

Percentile

Estimate 2.5

Percentile

97.5

Percentile

In-hospital

mortality

– – 1.16 1.09 1.23 1.02 0.93 1.14

Sensitivity-

1

Restrict the analysis to patients who

were classified as ACTT OS5 at

index date

93,908 (76,083;

17,825)

1.10 1.04 1.16 1.01 0.96 1.06

Sensitivity-

2

Restrict the analysis to patients who

were classified as ACTT OS6 at

index date

141,925 (116,265;

25,660)

1.26 1.21 1.29 1.13 1.08 1.17

Sensitivity-

3

Restrict the analysis to patients who

were classified as ACTT OS7 at

index date

15,703 (11,407;

4296)

1.07 0.99 1.16 0.97 0.89 1.07

Sensitivity-

4

Restrict the analysis to patients who

were classified as ACTT OS5 or

ACTT OS6 at index date

235,833 (192,348;

43,485)

1.20 1.16 1.24 1.08 1.02 1.11

Sensitivity-

5

FMA included additional models based

on alternative PS models

251,536 (203,755;

47,781)

1.13 1.10 1.16 0.99 0.96 1.02

Sensitivity-

6

Exclude patients who received

Dexamethasone pre index date

198,822 (151,320;

47,502)

1.24 1.21 1.29 1.13 1.09 1.17

Sensitivity-

7

Exclude patients who received

Dexamethasone pre index date, or for

the comparator cohort received

dexamethasone post index

186,489 (151,320;

35,169)

1.47 1.41 1.52 1.30 1.25 1.35

Sensitivity-

8

Includes patients with index date from

April 2020

302,916 (210,538,

92,378)

1.16 1.13 1.19 1.06 1.02 1.09

Sensitivity-

9

Includes patients with index date from

April 2020, but does not include

index date as part of the PS

302,916 (210,538,

92,378)

1.10 1.07 1.11 1.04 1.02 1.06

FMA frequentist model averaging, PS propensity score

Bolded text is the results from primary analysis
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outcomes for all other endpoints compared
with the comparator group, which could be due
to a survival enrichment/bias for those who did
not receive dexamethasone; however, the
cause-effect relationship cannot be addressed
using the PHD database. The E-values were low
and could be influenced by an unmeasured
confounder showing similar confounding to
variables in our database (such as age). The
uncertainty in the impact of unmeasured con-
founders could have impacted the results;
therefore, the results should be interpreted with
caution. Results of sensitivity analyses are
robust across all models and were similar to the
data in the primary analysis.

Overall, dexamethasone showed higher odds
of in-hospital mortality contrary to previous
results from the RECOVERY trial [10]. While the
RECOVERY study was an open-label clinical
trial executed in the UK, our study used PHD
claims database, and use of remdesivir was
reported to be high in the US. The RECOVERY
trial evaluated dexamethasone use and found a
significant benefit in survival in hospitalized
patients with oxygen use or mechanical venti-
lation and a 1-day shorter length of hospital
stay [10]. Also, our results were in contrast with
an early terminated trial, REMAP-CAP (Ran-
domized, Embedded, Multifactorial Adaptive
Platform Trial for Community-Acquired Pneu-
monia), which suggested benefit for hydrocor-
tisone in patients with severe COVID-19 [27].
Despite a rigorously designed study and a mul-
tiple analysis approach, our results did not
demonstrate the benefits of dexamethasone in
hospitalized COVID-19 patients with oxygen
use in a real-world setting. However, we
observed a decrease in the hospital stay, which
was consistent with that observed in the
RECOVERY trial. The effectiveness of corticos-
teroid or dexamethasone in the treatment of
COVID-19 remains to be explored further in
detail; the findings from a meta-analysis by
Cheng et al. suggest that corticosteroid therapy
was associated with the clinical recovery and a

Table 4 FMA and best models summarised for all endpoints

Outcome FMA Best model

Estimate 2.5
Percentile

97.5
Percentile

Estimate/
SMD*

2.5
Percentile

97.5
Percentile

28-day mortality# 1.16 1.08 1.23 1.07 0.95 1.17

28-day hospital discharge# 0.93 0.86 0.99 0.99 0.95 1.01

Progression to death or

MV#

1.37 1.26 1.42 1.20 1.01 1.23

Time to in-hospital death^ 1.10 1.02 1.15 1.10 1.07 1.14

Time to hospital discharge^ 0.97 0.93 1.01 1.07 1.05 1.08

Number of days in

hospital*
- 2.14 - 2.43 - 1.48 - 1.13 - 1.22 - 0.95

FMA frequentist model averaging, MV mechanical ventilation
#Odds ratio, ^Hazard ratio, *Mean differences

Table 5 E-values for other endpoints

Outcome E-value Lower limit

28-day mortality 1.36 1.25

28-day hospital discharge 1.23 1.09

Progression to death or MV 1.62 1.50

Time to in-hospital death 1.34 1.14

Time to hospital discharge 1.63 1.00

MV mechanical ventilation
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significantly shortened length of ICU hospital-
ization, but it did not affect the mortality, the
utilization of mechanical ventilation, and the
virus clearance time in COVID-19 patients.
Although corticosteroids appeared to improve
prognosis and promote clinical recovery in
patients with severe COVID-19, these may cause
easily managed adverse outcomes such as tran-
sient hyperglycemia, hypokalemia, skin erup-
tion, and increased blood pressure in some
patients [28, 29]. Hence, corticosteroid therapy
might not demonstrate similar efficacy in all
patients with COVID-19.

Earlier studies related to other distinct coro-
navirus-mediated pandemics such as MERS also
provide a similar finding when retrospectively
analyzed for the mortality benefit of corticos-
teroids, particularly dexamethasone. Arabi et al.
have used a marginal structure modeling in
MERS patients and concluded that corticos-
teroid therapy in patients with MERS was not
associated with a difference in mortality (ad-
justed odds ratio 0.75; 95% CI 0.52–1.07;
P = 0.12) but was associated with a delay in
MERS coronavirus RNA clearance (adjusted
hazard ratio 0.35; 95% CI 0.17–0.72; P = 0.005)
after adjustment for time-varying confounders
[30]. A meta-analysis that included 16 studies
comparing the use of corticosteroids between
severe and non-severe patients with COVID-19
observed that there is no statistical difference
between survivors and non-survivors regarding
the use of corticosteroids (risk ratio = 1.38, 95%
CI = 0.87–2.18, P = 0.17) [31]. A recent retro-
spective cohort study reported that corticos-
teroid treatment in non-severe patients with
COVID-19 was significantly associated with
worse clinical outcomes [32].

Another meta-analysis by Ma et al. with 7
randomized clinical trials (RCTs) including
6250 patients suggested that corticosteroids
were associated with a decreased all-cause mor-
tality (27.3 vs. 31.1%; risk ratio 0.85; 95% CI
0.73–0.99; P = 0.04; low-certainty evidence).
However, the survival benefit diminished after
excluding the RECOVERY trial in their sequen-
tial analysis (risk ratio 0.83; 95% CI 0.65–1.06;
P = 0.13) [33]. Results from another meta-anal-
ysis by Kow and Hasan, 34, observed no signif-
icant difference in the risk of developing a fatal

course of COVID-19 with preadmission use of
inhaled corticosteroids in patients with COVID-
19 relative to non-use of inhaled corticosteroids
(pooled OR = 1.28; 95% confidence interval
0.73–2.26).

Another meta-analysis of peer-reviewed
RCTs showed no difference in survival in criti-
cally ill hospitalized COVID-19 patients who
received systemic corticosteroid therapy com-
pared to usual care or placebo (OR 0.82, 95% CI
0.64–1.05, P = 0.09). However, a subgroup
analysis of the 1967 critically ill patients
showed improved survival in patients who
received systemic corticosteroid therapy (OR
0.67, 95% CI 0.51–0.87, P = 0.01) [35]. The
results of the meta-analysis by Robinson et al.
[35] are likely to be influenced by the early ter-
mination of three of the included RCTs (CAPE
COVID [36], CODEX [37], and REMAP-CAP [27]
trials) because of the preliminary results of the
RECOVERY trial. It is often challenging to
replicate RCT results in a real-world setting
because of multiple confounders, such as dif-
ferences in healthcare settings, study popula-
tions, endpoint measurement, effect measures,
statistical analyses, and bias or confounding.
The lack of agreement in findings between our
study and the RECOVERY trial could be attrib-
uted to the aforementioned challenges. How-
ever, combined RCTs and observational studies
can provide valuable and complementary
information about patient outcomes and facili-
tate regulatory and clinical decision-making
[38]. Therefore, the usefulness of our study is
not just limited to current treatment of COVID-
19, but potentially for future pandemics as well.
Future prospective studies that can reflect
practices in the US may be needed to confirm
the findings from our study.

Given the aforementioned conflicting evi-
dence, our study also provides an improved
understanding of the effect of dexamethasone
in hospitalized COVID-19 patients in the US
[35]. From the public health standpoint, the
current guidance for using dexamethasone in
COVID-19 could benefit from the addition of a
cautionary note that it may not be effective in
all hospitalized patients requiring supplemental
oxygen. Therefore, this study adds value to the
literature regarding clinical treatment of
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hospitalized COVID-19 patients and future
management of the disease.

STRENGTHS AND LIMITATIONS

This analysis has various strengths: a large
sample size, robust analyses, and the use of the
FMA method. The FMA framework encompasses
any estimation strategy and accounts for model
uncertainty by computing a cross-validated
estimate of MSPE. In this approach, the perfor-
mance of each modeling approach is assessed,
and a weighted average of these models is
reported, with the better fitting models receiv-
ing the highest weights. The advantage of using
FMA over an individual model approach is that
the choice of modeling approach (for example,
matching vs, reweighting) minimizes the influ-
ence one model has on the conclusions. A total
of 23 candidate models were included in the
FMA in this study, and the differences observed
through the choice of model, and the levels of
uncertainty with different model choices, were
reported. Other strategies, such as linear
regression, are reported to perform well in sim-
ple scenarios but are inferior to the FMA in a
scenario with complex confounding [19]. The
study derived data from the PHD, a compre-
hensive and diverse inpatient electronic health
database in the US that includes both rural and
urban areas [16].

However, there are some limitations of this
study. First, our study results are not from a
clinical database or a registry and are rather
from a medical claims database, which lacks
data on acute physiology such as oxygen satu-
ration and other laboratory data that may be
important predictors of mortality; hence, these
results may not be generalizable to other pop-
ulations beyond those identified in the PHD.
The PHD also does not include clinical events
and encounters outside of the hospital [16]. Any
of these unmeasured confounders could be
strong enough to affect the results observed in
our analysis. Second, this analysis was con-
ducted prior to the introduction of the vaccines,
and since the course of COVID-19 is continu-
ously evolving, changes in clinical practice and
clinical strategies along with the available

vaccination protocols must be accounted for
while assessing the effectiveness of existing
therapies. Third, this analysis may reflect that
time to discharge is shorter for the dexametha-
sone group, which may be biased because nearly
20% of patients died in this group, which may
be erroneously imputed as a shorter time to
discharge. Additionally, since ER physicians
may be more aggressive with the hospitalized
COVID-19 patients, it is possible that this
intrinsic treatment bias could be due to the
dexamethasone group being sicker than the
comparator group. Furthermore, since the des-
ignated hospitals were providing care to
COVID-19 patients during the pandemic, most
of the patients received healthcare services at
hospitals that they had not visited before. Thus,
most of the patients did not have an encounter
with the hospital system prior to their first
hospital admission. This limits the analytical
approaches to adjust for risk factors of COVID-
19 severity prior to hospital admission.

We attempted to balance these differences
between the groups using all the baseline char-
acteristics available in the database. As stated
earlier, in June 2020, dexamethasone shortages
were reported, and hospital policies may also
have restricted its use to subsets of patients
critically ill with COVID-19 [24]. In addition,
clinicians may be unwilling to use corticos-
teroids in critically ill patients with COVID-19
because of the conflicting evidence for steroids
in other forms of acute respiratory distress syn-
drome [25, 26]. The fact that other trials of
steroids in COVID-19 were stopped early and
did not uniformly show the same mortality
benefit may also contribute to the lack of uni-
versal use of steroids in mechanically ventilated
patients with COVID-19 [39].

CONCLUSIONS

In summary, our results showed that hospital-
ized adult patients with COVID-19 who
required supplemental oxygen, including
mechanical ventilation, and received dexam-
ethasone did not have a survival benefit com-
pared with patients who did not receive
dexamethasone. Dexamethasone use was not
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associated with favorable responses for out-
comes such as progression to death or
mechanical ventilation and time to in-hospital
death. The size of the treatment effect observed
in our study could possibly be explained by
unmeasured confounders. Future studies are
warranted to validate the findings of this study.
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