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Abstract
The optimal timing of initiating corticosteroid treatment in hospitalized patients is unknown. We aimed to assess the relation-
ship between timing of initial corticosteroid treatment and in-hospital mortality in COVID-19 patients. In this observational 
study through medical record analysis, we quantified the mortality benefit of corticosteroids in two equally matched groups of 
hospitalized COVID-19 patients. We subsequently evaluated the timing of initiating corticosteroids and its effect on mortality 
in all patients receiving corticosteroids. Demographic, clinical, and laboratory variables were collected and employed for 
multivariable regression analyses. 1461 hospitalized patients with confirmed COVID-19 were analyzed. Of these, 760 were 
also matched into two equal groups based on having received corticosteroid therapy. Patients receiving corticosteroids had 
a lower risk of death than those who did not (HR 0.67, 95% CI 0.67–0.90; p = 0.01). Timing of corticosteroids was assessed 
for all 615 patients receiving corticosteroids during admission. Patients receiving first dose of corticosteroids > 72 h into 
hospitalization had a lower risk of death compared to patients with first dose at earlier time intervals (HR 0.56, 95% CI 
0.38–0.82; p = 0.003). There was a mortality benefit in patients with > 7 days of symptom onset to initiation of corticoster-
oids (HR 0.56, 95% CI 0.33–0.95; p = 0.03). In patients receiving oxygen therapy, corticosteroids reduced risk of death in 
mechanically ventilated patients (HR 0.38, 95% CI 0.24–0.60; p < 0.001) but not in patients on high-flow or other oxygen 
therapy (HR 0.46, 95% CI 0.20–1.07; p = 0.07) and (HR 0.84, 95% CI 0.35–2.00; p = 0.69), respectively. Timing of corti-
costeroids initiation was related to in-hospital mortality for COVID-19 patients. Time from symptom onset > 7 days should 
trigger initiation of corticosteroids. In the absence of invasive mechanical ventilation, corticosteroids should be initiated if 
the patient remains hospitalized at 72 h. Hypoxia requiring supplemental oxygen therapy should not be a trigger for initiation 
of corticosteroids unless the timing is appropriate.
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Introduction

The novel coronavirus (severe acute respiratory syndrome 
coronavirus 2, SARS-CoV-2) has spread rapidly to nearly 
every continent across the globe in a matter of months. [1, 
2] The United States is the world leader in number of cases 
and deaths with little signs of reversing trends in the near 
future [2, 3]. Aside from social distancing and masking to 
prevent disease transmission, there are currently no cures for 

COVID-19 [4]. While a number of investigational therapies 
have been used for infected patients, most treatments have 
been ineffective or marginally beneficial in altering the dis-
ease course or reducing mortality. [5, 6]

With the recent publication from the RECOVERY col-
lective, corticosteroids have become the first therapeutic 
option for COVID-19 patients that has shown any mortal-
ity benefit [7]. While their data showed a clear benefit to 
patients requiring respiratory support, it is still unclear when 
the optimal time to initiate corticosteroid therapy is. Prior 
research on SARs-CoV suggested that “early” initiation of 
corticosteroid therapy resulted in prolonged clearance of 
viral RNA from the plasma [8]. Indeed the evidence from the 
RECOVERY collaborative also suggests that benefit from 
corticosteroids is clear only after > 7 days since symptom 
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onset, suggesting that timing of administration is a key ele-
ment in its effectiveness.

While the RECOVERY trial and some smaller inves-
tigations have suggested early corticosteroid therapy may 
improve mortality outcomes, there is limited evidence avail-
able and no clear recommendations on when corticosteroids 
should be initiated [7, 9]. It is our objective to assess the 
optimal timing to initiate corticosteroid therapy in hospital-
ized COVID-19 patients to improve in-hospital mortality.

Methods

Study design and participants

This was observational study through medical record analy-
sis to assess the impact of initial timing of systemic corti-
costeroid therapy on mortality for hospitalized patients with 
COVID-19. The study was approved by the Institutional 
Review Board at the home institution. Written informed 
consent requirement was waived due to the rapid emergence 
of COVID-19. Data were analyzed and interpreted by the 
authors. We adopted propensity score methods to reduce 
the effects of confounding within our patient population to 
ascertain the impact of corticosteroid therapy on mortality. 
The mortality benefit was assessed via one-to-one matched 
analysis and additional analyses included all COVID-19 
patients hospitalized during our study period were used to 
examine the robustness of the results of the matching analy-
sis. These methods established that the mortality benefit 
from corticosteroids existed in our study population, con-
trolling for the influence of the confounders.

The study was conducted at Beaumont Health, an eight-
hospital acute care regional health system caring for 2.2 mil-
lion people across the communities within the Metro Detroit 
catchment area. The hospitals range from a large tertiary 
care academic center to intermediate-sized and smaller 
community hospitals. As the epidemic evolved, the health 
system converted one of the smaller hospitals to a complete 
COVID-19 center, including converting the emergency 
department into additional intensive care beds. As the surge 
in COVID-19 volume developed across the region, hospital 
systems collaborated to optimize the transfer process and 
accommodate capacity constraints. While many patients 
were transferred within Beaumont Health, many patients 
were also transferred to other hospitals.

Data source

Data were obtained from the integrated electronic health 
record (EHR; Epic Systems, Verona, WI). Patients over 

18 years of age who were admitted with COVID-19 from 
March 1 through March 31, 2020 were included. All 
patients had a laboratory-confirmed case of COVID-19 
as defined by a positive result on a reverse-transcriptase-
polymerase-chain-reaction (RT-PCR) test of nasopharyn-
geal swab. Exclusions consisted of patients who left the 
hospital against medical advice or were transferred to 
external hospitals. Transfers within Beaumont Health were 
included as investigators had full access to these medical 
records. Epidemiological, demographic, therapeutic, clini-
cal, and outcomes data were extracted. The integrity of the 
data was verified by two attending emergency medicine 
physicians.

Hospital admission was based on the clinical judgment 
of the treating emergency medicine provider. Laboratory 
and radiological testing was conducted at the discretion 
of the treating physicians. After initial COVID labora-
tory testing, patients were not routinely serially tested to 
evaluate for clearance of acute infection due to paucity of 
testing supplies. Discharge disposition post-hospitalization 
was based on patients’ clinical condition. Patients were 
either discharged to home, skilled nursing facility or reha-
bilitation, hospice, or expired in the hospital.

Admission data included demographics, such as age, 
race, and gender. Clinical data included comorbidities, 
body mass index (BMI), number of previous ED visits 
within the past 6 months, vital signs including lowest 
oxygen level on room air within first 24 h of admission 
and maximum temperature, and laboratory findings. Com-
mon laboratory analyses included complete blood count 
(CBC) with absolute lymphocyte count, metabolic chemis-
try panel (BMP/CMP), lactate dehydrogenase, lactic acid, 
procalcitonin, troponin, ferritin, and D-dimer. Laboratory 
data depicted the first test result occurring within the first 
24 h of presentation to the ED.

Hospital treatment data included use of systemic corti-
costeroids, adjunctive medical therapies, and oxygen and 
ventilation therapy. Systemic glucocorticoids and miner-
alocorticoids were included in the analysis with various 
routes of administration. Data on the use of different medi-
cations were made available to us via EHR in the form 
of name and dosage ordered. These data did not include 
frequency of administration. We identified all steroid-
class medications within this list and then excluded some 
of these medications from our analysis. We attempted to 
exclude any steroids with very low dosages that appeared 
to be used for chronic conditions as well as steroids that 
are generally used for specific diagnoses. These exclusions 
included medications, such as fludrocortisone, doses of 
prednisone 10 mg or less, and any inhaled steroids. See 
appendix for full list of corticosteroids as the data were 
extracted from the EHR as well as which steroids were 
included and excluded in the analysis.
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Statistical analysis

We continuously analyzed consecutive patients with 
COVID-19 from an existing study cohort [10]. Bivariate 
analyses were stratified by receipt of corticosteroid treatment 
using means ± standard deviations and medians with inter-
quartile ranges (IQRs) for continuous variables and frequen-
cies with percentages for categorical variables. Cox propor-
tional hazards regression models were used to assess the 
association between corticosteroid use and the mortality in 
hospital. We applied the test for proportionality assumption 
based on the Schoenfeld residuals. Stratified Cox regression 
was further applied to adjust the potential non-proportional 
hazards. An initial multivariable Cox regression model was 
built, controlling for demographic characteristics, laboratory 
tests, and clinical variables including vital signs, coexisting 
medical therapies and Charlson weighted index of comor-
bidities. In addition, to correct for the nonrandomized treat-
ment administration of corticosteroids, a Cox model that 
used the inverse probability treatment weighting (IPTW) 
with propensity score was employed to reduce the effects 
of observed confounding. The propensity score for receipt 
of corticosteroid treatment was constructed from a multi-
variable logistic regression model with the c-statistic of 0.81 
that included the same covariates as the multivariable Cox 
regression. Moreover, a propensity score 1:1 ratio matching 
was also conducted using a caliper of 0.20 without replace-
ment matching. In the propensity score matching, the quality 
of matching was examined on ability to evaluate compa-
rability of corticosteroid and non-corticosteroid recipients 
in the matched cohort using the standardized difference of 
0.1 or 0.2. Kaplan–Meier method was used to assess dif-
ferences in survival between the propensity score-matched 
corticosteroid and non-corticosteroid recipients. Missing 
data were imputed by the procedure of multiple imputation 
[10]. In analysis, the effect of corticosteroid treatment on in-
hospital mortality was combined from 20 imputed datasets, 
accounting for the additional variability introduced by the 
multiple imputation. All statistical tests were two-sided, with 
p < 0.05 considered to be statistically significant. Analyses 
were performed using R-4.0.2 (R Foundation for Statistical 
Computing) and SAS v9.4 (SAS Institute, Inc., Cary, NC).

Results

1461 patients with laboratory-confirmed COVID-19 were 
admitted at Beaumont Health between March 1 and March 
31, 2020. Patients were defined as receiving corticosteroids 
if administered after arrival at the emergency department 
and during follow-up period. 615 (42.1%) received corticos-
teroid and 846 (57.9%) did not. For the treatment efficacy 
portion of our analysis, propensity matching resulted in 770 

patients with the equal matching ratio on treatment with or 
without corticosteroids. Table 1 illustrates demographic, 
clinical, and laboratory data stratified by treatment with or 
without corticosteroids for the entire and matched cohorts. 
The standardized differences for all patient characteristics 
were substantially smaller than 10% in propensity match-
ing cohort than those in the entire cohort. The imbalance 
in patient characteristics between corticosteroid and non-
corticosteroid was controlled after matching.

The overall mortality rate was 22.4% (327 out of 1461). In 
a multivariable analysis of the entire cohort, treatment with 
corticosteroids was associated with a significantly lower risk 
of in-hospital death [hazard ratio (HR) 0.67, 95% confidence 
interval (CI) 0.50–0.90; p = 0.01]. The multivariable IPTW 
regression model and regression with propensity matching 
produced the similar results (Table 2). Kaplan–Meier sur-
vival curves for the propensity score-matched corticosteroids 
and non- corticosteroids groups are shown in Fig. 1. Once 
mortality benefit was established, the timing of initial cor-
ticosteroid therapy was evaluated using the entire cohort of 
COVID-19 patients who had received corticosteroids during 
our evaluation period.

615 COVID-19 patients who had received corticoster-
oids during hospitalization were evaluated. Average age 
was 63.3 ± 14.5, 42.8% were female and 63.3% of patients 
identified as Black or African American. The most common 
comorbidity was hypertension existing in 57.2% of patients. 
The average Charlson weighted score was 3.2 ± 2.4. The 
majority of patients within the corticosteroid group were 
hypoxic at initial presentation with 76.9% having a pulse 
ox < 94% on room air upon arrival to the emergency depart-
ment. 84.9% had an initial D-dimer > 500 ng/mL, 83.7% had 
an initial CRP > 50 mg/L, and only 25.2% had an initial lac-
tate ≥ 2 mmol/L (Table 1).

Timing of corticosteroid administration was related to in-
hospital death. In 615 patients that received corticosteroids, 
results of the multivariable analysis indicate that compared 
to the first dose within 24 h, the first dose at > 72 h was asso-
ciated with significant reduction in mortality (HR 0.56, 95% 
CI 0.38–0.82; p = 0.003). When corticosteroids were initi-
ated less than 72 h into hospital course, there was no clear 
benefit or harm in relation to mortality (Table 3, Fig. 2).

Timing of corticosteroid administration was also rele-
vant to survival when considering timing of symptom onset 
to initiation of therapy. We confirmed the findings of the 
Recovery collaborative that there was no mortality benefit 
for steroids initiated < 7 days from symptom onset. Table 4 
illustrates the mortality impact when time from symptom 
onset was considered for successive time intervals. There 
was a mortality benefit in patients with > 7 days since symp-
tom onset (HR 0.56, 95% CI 0.33–0.95; p = 0.03).

Additionally, we analyzed all admitted COVID-19 
patients receiving oxygen therapy to assess the difference 
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between level of oxygen requirement and mortality as it 
related to corticosteroid treatment. In separate multivari-
able IPTW regression analyses of 1347 patients receiv-
ing oxygen therapy, corticosteroids reduced in-hospital 
mortality significantly in those patients requiring inva-
sive mechanical ventilation (HR 0.38, 95% CI 0.24–0.60; 
p < 0.001). Patients on high-flow oxygenation therapy had 
a marginal mortality benefit on corticosteroids treatment 
(HR 0.46, 95% CI 0.20–1.07; p = 0.07). Patients receiv-
ing oxygen therapy via other routes did not experience a 
mortality benefit (HR 0.84, 95% CI 0.35–2.00; p = 0.69) 
(Table 5 and Fig. 3).

Table 2   Association between 
corticosteroid use and 
in-hospital mortality

HR hazard ratio, CI confidence interval
a Multivariable Cox regression analysis in the entire cohort, with stratification on race and azithromy-
cin, was adjusted for age, gender, BMI, myocardial infarction, diabetes mellitus, hypertension, Charlson 
weighted score, number of ED visits prior to 6 months, initial vital signs, current medications, and labora-
tory tests on presentation
b Multivariable Cox regression analysis adjusted for propensity score was a multivariable Cox model with 
the same strata, covariates, and an additional adjustment for the propensity score in the entire cohort
c Inverse probability weighting of pooling propensity score analysis was a multivariable Cox model with the 
same strata, covariates, and the stabilized weight based on the propensity score in the entire cohort
d Propensity score matching analysis was Cox regression in the matched cohort

Methods a,b,c,d HR (95% CI) Corticosteroid versus 
Non-Corticosteroid

p value

Multivariable analysis 0.67 (0.50–0.90) 0.01
Multivariable analysis adjusted for propensity score 0.67 (0.50–0.90) 0.01
Inverse probability weighting of pooling propensity score 

analysis
0.68 (0.52–0.90) 0.01

Propensity score matching analysis 0.67 (0.48–0.93) 0.02

Figure 1.   Kaplan-Meier survival curve for corticosteroids treatment. 
Figure shows overall survival for propensity score-matched patients 
treated with or without corticosteroids. The estimated survival curves 
were pooled from 20 imputed datasets

Table 3   Association between corticosteroid administration and in-
hospital mortality on corticosteroid recipients

HR = hazard ratio; CI = confidence interval
a  Multivariable Cox model was adjusted for age, gender, BMI, myo-
cardial infarction, diabetes mellitus, hypertension, Charlson weighted 
score, number of ED visits prior to 6 months, initial vital signs, cur-
rent medications, and laboratory tests on presentation

Initial corticosteroid n Death HR (95% CI) a p value

 ≤ 24 h 206 64 Reference –
24 to 48 h 95 43 1.19 (0.79–1.81) 0.41
48 to 72 h 70 21 0.79 (0.46–1.34) 0.38
 > 72 h 244 90 0.56 (0.38–0.82) 0.003

Figure 2.   Survival curve for the timing of corticosteroids treatment. 
Figure shows overall survival of study patients associated with the 
initial receipt of corticosteroids treatment during the hospitalization. 
The direct adjusted survival curves were estimated based on a multi-
variable analysis and pooled from 20 imputed datasets
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Discussion

Our analysis demonstrated that timing is a key element in 
the effectiveness of corticosteroids in COVID-19. We found 
that initiation of corticosteroids at greater than 72 h dura-
tion of hospitalization offered a significant mortality benefit. 
Treatment prior to this time period did not reduce the like-
lihood of death. While some evidence has suggested that 
early use of corticosteroids may be beneficial in hospitalized 
COVID-19, there have been no previous clear recommenda-
tions for timing of initial treatment dose. [9] It is notewor-
thy that in other similar respiratory illnesses, the evidence 
supports delayed use or withholding corticosteroids. In an 
evaluation of SARS patients, early initiation of corticoster-
oids increased plasma viral load. [8] Among patients with 
influenza pneumonia, corticosteroids have been shown to 
increase mortality. [11] Contrary to the findings from Fadel 
et al.’s publication in which earlier therapy demonstrated 

Table 4   Association between initial corticosteroid use since symptom 
onset and in-hospital mortality on corticosteroid recipients

HR hazard ratio, CI confidence interval
a Corticosteroid recipients who had records of symptom onset were 
used for analysis (n = 571)
b Multivariable Cox model was adjusted for age, gender, BMI, myo-
cardial infarction, diabetes mellitus, hypertension, Charlson weighted 
score, number of ED visits prior to 6 months, initial vital signs, cur-
rent medications, and laboratory tests on presentation

Initial corticosteroid use 
since symptom onset a

n Death HR (95% CI) b p value

 ≤ 3 days (72 h) 56 25 Reference –
4–7 days 149 59 0.88 (0.51–1.53) 0.66
 > 7 days 366 118 0.56 (0.33–0.95) 0.03

Table 5   Association between corticosteroid use and in-hospital mortality for oxygen therapy

HR hazard ratio, CI confidence interval
a Multivariable Cox model with inverse probability weighting of propensity score was adjusted for age, gender, BMI, myocardial infarction, dia-
betes mellitus, hypertension, Charlson weighted score, number of ED visits prior to 6 months, initial vital signs, current medications, and labora-
tory tests on presentation

Therapy Medication Use Mortality HR (95% CI) (Reference: 
Non-Corticosteroid)

p value

A. Invasive Mechanical Ventilationa Corticosteroid 168/243 (69.1%) 0.38 (0.24–0.60)  < 0.001
Non-Corticosteroid 51/65 (78.5%)

B. High Flow Oxygena Corticosteroid 38/153 (24.8%) 0.46 (0.20–1.07) 0.07
Non-Corticosteroid 26/63 (41.3%)

C. Other Oxygen Therapya Corticosteroid 12/214 (5.6%) 0.84 (0.35–2.00) 0.69
Non-Corticosteroid 31/609 (5.1%)

Figure  3.   Survival curve for receipt of corticosteroids treatment by 
oxygen therapy. Figure shows overall survival of study patients asso-
ciated with receipt of corticosteroids treatment for patients receiv-
ing oxygen therapy with different levels of oxygen requirement. The 

direct adjusted survival curves were estimated based on the inverse 
probability weighting of propensity score analyses and pooled from 
20 imputed datasets
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benefit, we did not find a mortality benefit with treatment 
initiated prior to 72 h since hospitalization. [9] Both the 
treatment and placebo groups in the RECOVERY collabora-
tive had a median number of days since hospitalization of 2 
making it difficult to draw any conclusions on optimal timing 
of corticosteroid initiation as it related to hospitalization. 
[7] They did however show that dexamethasone showed no 
mortality benefit among patients with ≤ 7 days since symp-
tom onset, which we also observed within our cohort. [7]

We were able to reinforce the findings of recent studies 
that corticosteroid therapy was associated with a signifi-
cantly lower in-hospital mortality among admitted COVID-
19 patients. [7, 9, 12, 13] Our study also involved assess-
ment of a well-matched cohort of hospitalized, COVID-19 
patients differentiated based on corticosteroid usage. The 
propensity-score-matched approach was used to construct 
a randomized experiment-like situation by comparing 
corticosteroid and non-corticosteroid groups with similar 
observed characteristics. The finding of a mortality ben-
efit from corticosteroid was robust with regard to results 
obtained using probability-weighted and multivariable 
regression analyses. Prior trials have mostly only included 
ICU patients, while our cohort was composed of all admitted 
patients [12, 14, 15].

The subgroup of patients that benefited the most from cor-
ticosteroid therapy in our analysis was the critically ill patients 
receiving invasive mechanical ventilation. This was similar 
to the results from the RECOVERY collaborative in which 
patients requiring ventilator support had the greatest reduc-
tion in mortality. The mortality benefit of corticosteroids 
related to hypoxia and other modes of oxygenation was less 
clear. In our cohort of 615 patients receiving corticosteroids, 
the degree of hypoxia was profound and unique compared to 
the RECOVERY cohort with nearly 77% of our patients pre-
senting to the ED with hypoxia (pulse ox less than 94% on 
room air). Comparatively, a large subset of patients (24%) in 
the RECOVERY cohort did not even require supplemental 
oxygen. The data in our cohort suggest hypoxia alone prior 
to 72 h of hospitalization may not be an indication for ini-
tiation of corticosteroid therapy. Fadel et al.’s investigation 
regarding early versus delayed in corticosteroids in COVID-
19 hypoxic patients (4 L via nasal cannula) also suggested 
that the benefit from timing of corticosteroid administration 
is likely independent of hypoxia. We were able to categorize 
hypoxic patients into three groups: invasive mechanical ven-
tilation, high-flow therapy, and other including nasal cannula 
and non-re-breather. In contrast to the data presented by the 
RECOVERY collaborative, we did not observe a mortality 
benefit from corticosteroids among patients who only required 
oxygen via nasal cannula or non-re-breather. There was a mar-
ginally statistically significant benefit among patients requir-
ing high-flow therapy and a clear significant mortality benefit 
among patients requiring mechanical ventilation. Both of these 

results are consistent with many recent publications suggesting 
that critically ill COVID-19 patients benefit from corticoster-
oids. [7, 9, 12, 13]

The retrospective design of the study was a limitation as 
we could not control the type, dose, or frequency of corti-
costeroid that was administered. EHR data were collected as: 
steroid name, dose, and route; this formatting created some 
difficulty in analyzing specific steroids and doses adminis-
tered, particularly with dosage changes and in patients that 
received more than one type of steroid. Nevertheless, we were 
able to closely estimate the breakdown amongst steroid types 
and provide ranges for dosages. In our study cohort, approxi-
mately 87% received methylprednisolone, 13% received pred-
nisone, and 4% received dexamethasone. As discussed above, 
we attempted to limit our analysis to steroid types and doses 
that would be used in the treatment of ARDS or sepsis, how-
ever, it is possible that some steroids were prescribed for other 
indications. Additionally, other investigational therapies may 
have been given in combination with corticosteroids and the 
impact on mortality was not specifically assessed in this study. 
Another limitation was that we were unable to evaluate the 
impact of corticosteroids on patients not receiving supplemen-
tal oxygen as only 7.8% of our cohort did not receive any oxy-
gen therapy. The RECOVERY data suggested that patients not 
receiving oxygen did not benefit from corticosteroids and may 
possibly be harmed from this treatment. Given the rapid spike 
in cases during the investigational period, ED practitioners 
generally did not admit any patients who did not require sup-
plemental oxygen. Therefore, it was difficult to draw any con-
clusions on the use of corticosteroids in COVID-19 patients 
who did not requiring oxygen. Finally, 63% of our popula-
tion identified as African American, therefore, the outcomes 
observed within our study population may not be generalizable 
to a more diverse group.

Timing of corticosteroids initiation was related to in-hospi-
tal mortality in our cohort of COVID-19 patients. Time from 
symptom onset > 7 days should trigger initiation of corticoster-
oids. In the absence of invasive mechanical ventilation, corti-
costeroids should be withheld for the first 48 h of hospitaliza-
tion, may be considered during the period of 48 to 72 h, and 
should be initiated if the patient remains hospitalized at 72 h. 
Hypoxia requiring supplemental oxygen therapy should not 
be a trigger for initiation of corticosteroids unless the timing 
is appropriate.
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Appendix

Appendix. List of corticosteroids

Observed fre-
quency

Given dose

Included steroids—as any 
given medications were 
recorded in EHR

n (%) (Low, high)

DEXAMETHASONE 2 
MG PO TABS

1/615 (0.16%) 10 mg

DEXAMETHASONE 4 
MG PO TABS

1/615 (0.16%) 16 mg

DEXAMETHASONE 
SOD PHOS 10 MG/ML 
IJ SUPERORDERABLE 
OHS

11/615 (1.79%) (0.8 mg, 10 mg)

DEXAMETHASONE 
SOD PHOS 4 MG/ML 
IJ SUPERORDERABLE 
OHS

2/615 (0.33%) (4 mg, 10 mg)

DEXAMETHASONE 
SODIUM PHOSPHATE 
10 MG/ML INJ SOLN

3/615 (0.49%) 10 mg

DEXAMETHASONE 
SODIUM PHOSPHATE 
4 MG/ML INJ SOLN

11/615 (1.79%) (1 mg, 8 mg)

HYDROCORTISONE NA 
SUCCINATE PF 100 MG 
INJ SOLR

57/615 (9.27%) (12.5 mg, 100 mg)

HYDROCORTISONE SOD 
SUCC 100 MG IJ SOLR 
SUPERORDERABLE 
OHS

16/615 (2.60%) (25 mg, 100 mg)

METHYLPREDNISO-
LONE IVPB 126—999 
MG

1/615 (0.16%) 500 mg

METHYLPREDNISO-
LONE SODIUM SUCC 
125 MG INJ SOLR

187/615 (30.41%) (1 mg, 250 mg)

METHYLPREDNISO-
LONE SODIUM SUCC 
40 MG INJ SOLR

431/615 (70.08%) (20 mg, 80 mg)

METHYLPREDNISO-
LONE TO 500 MG IVPB 
OHS

2/615 (0.33%) (40 mg, 500 mg)

PREDNISONE 20 MG PO 
TABS

76/615 (12.36%) (10 mg, 80 mg)

PREDNISONE 50 MG PO 
TABS

9/615 (1.46%) 50 mg

HYDROCORTISONE 
(SOLU-CORTEF) 100 
MG INJECTION CABI-
NET OVERRIDE

4/615 (0.65%) (45 mg, 100 mg)

Appendix. List of corticosteroids

Observed fre-
quency

Given dose

Included steroids—as any 
given medications were 
recorded in EHR

n (%) (Low, high)

METHYLPREDNISO-
LONE SODIUM SUCCI-
NATE (SOLU-MEDROL) 
125MG / 2ML INJEC-
TION CABINET OVER-
RIDE

1/615 (0.16%) 125 mg

Note: Each of 615 patients who were counted as recipients of 
corticosteroid treatment was given one or more than one included 
steroids during hospitalization

Excluded steroids—as any given medications were recorded in 
EHR

PREDNISONE 10 MG PO 
TABS

PREDNISONE 5 MG PO 
TABS

BUDESONIDE 3 MG PO 
CPEP

PREDNISOLONE 5 MG 
PO TABS

HYDROCORTISONE 10 
MG PO TABS

PREDNISONE 1 MG PO 
TABS

METHYLPREDNISO-
LONE 4 MG PO TABS

FLUTICASONE FURO-
ATE-VILANTEROL 
100–25 MCG/INH 
INHAL AEPB

FLUTICASONE FURO-
ATE-VILANTEROL 
200–25 MCG/INH 
INHAL AEPB

BUDESONIDE 0.5 
MG/2ML INHAL SUSP

FLUTICASONE PROPI-
ONATE HFA 44 MCG/
ACT INHAL AERO
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