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Background.  Corticosteroids use in severe coronavirus disease 2019 (COVID-19) improves survival; however, the optimal dose 
is not established. We aim to evaluate clinical outcomes in patients with severe COVID-19 receiving high-dose corticosteroids 
(HDC) versus low-dose corticosteroids (LDC).

Methods.  This was a quasi-experimental study conducted at a large, quaternary care center in Michigan. A corticosteroid dose 
change was implemented in the standardized institutional treatment protocol on November 17, 2020. All patients admitted with se-
vere COVID-19 that received corticosteroids were included. Consecutive patients in the HDC group (September 1 to November 15, 
2020) were compared to the LDC group (November 30, 2020 to January 20, 2021). High-dose corticosteroids was defined as 80 mg 
of methylprednisolone daily in 2 divided doses, and LDC was defined as 32–40 mg of methylprednisolone daily in 2 divided doses. 
The primary outcome was all-cause 28-day mortality. Secondary outcomes included progression to mechanical ventilation, hospital 
length of stay (LOS), discharge on supplemental oxygen, and corticosteroid-associated adverse events.

Results.  Four-hundred seventy patients were included: 218 (46%) and 252 (54%) in the HDC and LDC groups, respectively. No 
difference was observed in 28-day mortality (14.5% vs 13.5%, P = .712). This finding remained intact when controlling for additional 
variables (odds ratio, 0.947; confidence interval, 0.515–1.742; P = .861). Median hospital LOS was 6 and 5 days in the HDC and LDC 
groups, respectively (P < .001). No differences were noted in any of the other secondary outcomes.

Conclusions.  Low-dose methylprednisolone had comparable outcomes including mortality to high-dose methylprednisolone 
for the treatment of severe COVID-19.
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The use of corticosteroids in hospitalized hypoxic patients with 
coronavirus disease 2019 (COVID-19) has become the standard 
of care based on improvement in clinical outcomes from a ro-
bust body of literature [1–5]. It is well known that pharmaco-
dynamic differences exist between corticosteroids, and their 
effects vary when different doses are used [6].

Early reports from China described a mortality benefit with 
methylprednisolone in patients with COVID-19 and acute 
respiratory distress syndrome (ARDS) [7]. Based on this in-
formation, in March 2020, our center initiated a protocol using 
80 mg (1 mg per kg) of methylprednisolone daily for patients 
with severe COVID-19 [8]. Methylprednisolone was selected 
as the corticosteroid due to prior trial data in ARDS, favorable 

pharmacokinetic properties, and pharmacogenomic data sug-
gesting it may be the optimal corticosteroid in COVID-19 
[9–12]. After publication of randomized clinical trials in the 
subsequent months, evidence-based guidelines (such as the 
National Institutes of Health treatment guidelines) recom-
mended adopting trial regimens or administering an alternate 
corticosteroid at an equivalent glucocorticoid dose (Supplement 
Table 1) [1]. Based on these recommendations, in November 
2020, our center modified treatment protocol to a lower dose of 
32–40 mg (0.5 mg per kg) of methylprednisolone daily.

Although corticosteroids improve outcomes in severe 
COVID-19, the optimal dose is undefined. Methylprednisolone 
has been used in varying doses ranging from 40 to 500 mg per 
day [4, 13–15]. This study compares outcomes, including 28-day 
mortality, of high- versus low-dose methylprednisolone within 
our standardized institutional treatment protocol in those with 
severe COVID-19.

METHODS

Patient Consent Statement

This study does not include factors necessitating patient con-
sent because it is based on an observational cohort (pre- and 
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poststudy design). The design of the work has been approved 
by the institutional review board of the Henry Ford Health 
System.

Study Population

Patients were eligible for inclusion in this study if they were 
admitted to Henry Ford Hospital (HFH), age >18 years, had 
laboratory-confirmed severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), and had severe COVID-19, defined 
as hypoxia requiring supplemental oxygen [16]. Patients who 
were excluded from this study were those who died within 
24 hours, received less than 48 hours of corticosteroids, and 
lacked a 28-day follow up. A confirmed case of COVID-19 
was defined as having a positive reverse-transcription poly-
merase chain reaction assay for SARS-CoV-2 by nasopharyn-
geal sample.

Study Design

This was a single-center, quasi-experimental study at HFH, an 
877-bed quaternary care hospital in Detroit, Michigan. We expe-
rienced a surge of COVID-19 admissions from September 2020 
to February 2021. The treatment protocols for severe COVID-
19 remained unchanged during the surge, except for a reduction 
in the dose of methylprednisolone initiated on November 17, 
2020 (see below). Consecutive patients that met study criteria 
were included in the high-dose corticosteroid (HDC) group 
from September 1, 2020 to November 15, 2020 and were com-
pared with consecutive patients in the low-dose corticosteroid 
(LDC) group from November 30, 2020 to January 20, 2021. A 
2-week washout period was completed from November 17 to 
November 30, 2020.

Corticosteroid Groups

High-dose corticosteroid was defined as 80  mg of 
methylprednisolone daily in 2 divided doses, intravenous or 
oral, for up to 7 days. Low-dose corticosteroid was defined as 
methylprednisolone, 40 mg intravenous or 32 mg oral, in 2 di-
vided doses for up to 7 days. Dosing was based on availability of 
corticosteroid formulation; methylprednisolone was available 
in 16-mg tablets and 20-mg intravenous formulation. Choice 
of oral versus intravenous corticosteroid administration was at 
the discretion of the primary team. Corticosteroids were dis-
continued upon resolution of symptoms.

Standard of Care

During this study period, standard of care was composed of 
supplemental oxygen (nasal cannula, high-flow nasal cannula, 
noninvasive positive pressure ventilation, or mechanical ven-
tilation), remdesivir, and corticosteroid administration. Other 
therapies including antibiotics, tocilizumab, vasopressor sup-
port, renal replacement therapy, and venous thromboembolism 
prophylaxis were at the discretion of the primary team.

Data Collection

Data were collected from HFH’s electronic medical record. All 
information was entered in a standardized case report form. 
Demographic, clinical, laboratory, treatment, and outcome data 
were obtained.

Primary Outcome

The primary outcome was all-cause, 28-day mortality. Twenty-
eight-day mortality data were available through updated med-
ical records, and all patients were cross-referenced with data 
from the Michigan Health Information Network [17].

Secondary Outcome

Secondary outcomes were progression to mechanical venti-
lation, length of hospital stay, discharge on supplemental ox-
ygen, and corticosteroid-associated adverse events (bacteremia, 
hospital-acquired pneumonia/ventilator-associated pneu-
monia, candidemia, and hyperglycemia).

Healthcare-associated infections were defined by standard 
National Healthcare Safety Network criteria [18]. Hyperglycemia 
was defined as glucose greater than 200 mg/dL and with addi-
tional insulin use.

Statistical Analysis

We reported continuous variables as median and interquar-
tile range (IQR) and performed comparisons using the Mann-
Whitney U test or t test, as appropriate. Categorical data were 
reported as number and percentage (no., %), and comparisons 
were performed using the χ2 test or Fisher’s exact test, as ap-
propriate. No imputation was made for missing data points. 
A 2-sided α < .05 was considered statistically significant. We 
performed bivariable and a priori multivariable logistic regres-
sion analysis to test the association between 28-day mortality 
and exposure to the HDC or LDC protocol. Covariates in the 
bivariable analysis with a P < .1 and clinical rationale were in-
cluded in the multivariable regression model that was restricted 
to an event-to-variable ratio of 10:1. We constructed a Kaplan-
Meier curve that plotted the proportion of patients who sur-
vived over 28 day based on their exposure to the HDC or LDC 
protocol (Supplemental Figure 1). Statistical analysis was per-
formed using IBM SPSS version 25 (Chicago, IL) and SAS 9.4 
(Cary, NC).

RESULTS

During the study period, there were 784 patients admitted who 
were diagnosed with COVID-19. Of these, 470 patients had se-
vere COVID-19 and met inclusion criteria; 218 patients (46%) 
in the HDC group and 252 patients (54%) in the LDC group. All 
patients within both study groups received 48 hours or more of 
corticosteroid therapy. The median age of the HDC and LDC 
group was 63 (IQR, 52–73) and 65 (IQR, 53–75) years, respec-
tively. Black patients comprised 45.0% of the HDC group and 
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48.4% of the LDC group. Patient characteristics were compa-
rable, apart from cardiovascular disease (Table 1). Severity of 
illness at presentation was also similar.

Median time from diagnosis to corticosteroid administration 
was 1 day for both groups. Oral corticosteroids were used more 
than intravenous corticosteroids in the LDC group (82.9% and 
23.8%) compared to the HDC group (61.0% and 57.3%). The 
median duration of corticosteroid treatment was 5 days in both 
study groups.

Twenty-eight-day mortality was comparable in both groups 
(14.5% vs 13.5%, P = .712) (Table 2). Multivariate analysis 
after adjusting for age >60, gender, race, cardiovascular dis-
ease, baseline intensive care unit status, antibiotic use, and 
tocilizumab use showed no difference among the HDC and 
LDC groups (odds ratio, 0.947; confidence interval, 0.515–
1.742; P = .861).

Median duration of hospital length of stay was 6 days and 5 
days in the HDC and LDC groups (P < .001). Other secondary 

outcomes including need for mechanical ventilation and sup-
plemental oxygen upon discharge were similar. Corticosteroid-
associated adverse events were comparable.

DISCUSSION

In a cohort of patients with severe COVID-19 treated with 
methylprednisolone, a reduction in dose did not impact 28-day 
mortality. Our mortality rates were lower than those reported 
in randomized trials done early in the pandemic and may re-
flect differences in study populations and improvement in sup-
portive care over time [19–22]. No differences were observed in 
corticosteroid-associated adverse events between groups sim-
ilar to previous reports with varying corticosteroid doses [3, 5]. 
Rates of hyperglycemia were similar to clinical trials that in-
cluded comparable patients with diabetes [20].

Methylprednisolone doses greater than 1.36 mg per kg per 
day have been associated with worse outcomes [13]. Both 

Table 1.  Patient Characteristics of the High-Dose and Low-Dose Corticosteroid Groups

Characteristics Total (n = 470) HDC (n = 218) LDC (n = 252) P Value 

Demographics

  Median age (IQR), years 64 (53–74) 63 (52–73) 65 (53–75) .295

  Male sex, no. (%) 245 (52.1%) 110 (50.5%) 135 (53.6%) .518

  Race, no. (%)

    Black 220 (46.8%) 98 (45.0%) 122 (48.4%) .454

    White 103 (21.9%) 53 (24.3%) 50 (19.8%) .199

    Other 147 (31.3%) 67 (30.7%) 80 (31.7%) .886

  Median BMI (IQR), kg/m2 30.7 (26.3–36.2) 30.2 (26.2–35.7) 31 (26.6–37.1) .395

Coexisting Conditions, No. (%)

  Cardiovascular disease 339 (72.2%) 140 (64.2%) 199 (79.0%) <.001

  Chronic kidney disease 103 (21.9%) 42 (19.3%) 61 (24.2%) .197

  Diabetes 195 (41.5%) 81 (37.2%) 114 (45.2%) .076

  Immunodeficiency 50 (10.6%) 20 (9.2%) 30 (11.9%) .338

  Lung disease 160 (34.0%) 65 (29.8%) 95 (37.7) .072

  Malignancy 61 (13/0%) 32 (14.7%) 29 (11.5%) .308

Severity of Illness on Admission

  Median qSOFA in ED (IQR) 2 (1–3) 2 (1–3) 2 (1–3) .870

  Direct admission to ICU from ED, no. (%)a 77 (16.4%) 41 (18.8%) 36 (14.3%) .187

  Mechanical ventilation in ED, no. (%) 10 (2.1%) 4 (1.8%) 6 (2.4%) .688

Treatment

  Remdesivir, no. (%) 330 (70.2%) 147 (67.4%) 183 (72.6%) .220

  Antibiotic, no. (%) 193 (41.1%) 120 (55.0%) 73 (29.0%) <.001

  Tocilizumab, no. (%) 12 (2.6%) 12 (5.5%) 0 (0%) <.001

Corticosteroidsb 470 (100%) 218 (100%) 252 (100%)

  Median time from diagnosis to corticosteroid administration (IQR), days 1 (1–2) 1 (1–2) 1 (1–2) .871

  Oral corticosteroids, no (%) 342 (72.8%) 133 (61.0%) 209 (82.9%) <.001

  Intravenous corticosteroids, no (%) 185 (39.4%) 125 (57.3%) 60 (23.8%) <.001

  Median duration of corticosteroids (IQR), days 5 (3–7) 5 (3–7) 5 (3–6) .072

Abbreviations: BMI, body mass index; ED, emergency department; HDC, high-dose corticosteroid; ICU, intensive care unit; IQR, interquartile range; LDC, low-dose corticosteroid; qSOFA, 
quick Sequential Organ Failure Assessment.

Definitions: lung disease = asthma, chronic obstructive pulmonary disease, obstructive sleep apnea, interstitial lung disease, pulmonary hypertension; cardiovascular disease = coronary 
artery disease, hypertension.
aAdmission to ICU = use of high-flow nasal cannula, noninvasive positive pressure ventilation, mechanical ventilation.
bSome patients received sequential intravenous followed by oral corticosteroids; 27 and 31 patients received dexamethasone or prednisone (methylprednisolone equivalents) in the HDC 
and LDC groups, respectively.
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groups in the current study received a lower dose than this 
threshold. Without evidence of superior efficacy with high-dose 
methylprednisolone, it seems prudent to use the minimal effec-
tive dose until more data are available [23].

Dexamethasone, hydrocortisone, and methylprednisolone 
have been studied in COVID-19 clinical trials [3–5]. The largest 
trial to date that first reported the benefits of corticosteroids in 
COVID-19 used a regimen of 6 mg of dexamethasone daily for 
up to 10 days [19]. Many guidelines adopted this trial regimen as 
the preferred corticosteroid regimen for COVID-19. If an alter-
nate corticosteroid is used, it is recommended to provide a daily 
dose equivalent to 6 mg of dexamethasone [1]. However, limited 
data from smaller trials have reported that methylprednisolone 
may be the preferred corticosteroid when compared with dex-
amethasone, but the total corticosteroid dose equivalency 
between the 2 agents has varied [24, 25]. These preliminary 
findings support a pharmacogenomic analysis suggesting that 
methylprednisolone may be the optimal corticosteroid [12]. 
Future research is warranted to identify whether corticosteroid 
agents selection may play a role in patient outcomes.

Most patients in the present study received oral 
methylprednisolone during their treatment course within 1 day 
of hospitalization for a median duration of 5 days. A majority 
of randomized clinical trials for COVID-19 used intravenous 
corticosteroids [3]. Our finding that oral corticosteroids are ef-
ficacious is consistent with previous literature [19]. Duration of 
corticosteroid use in randomized trials for COVID-19 ranged 
from 5 to 14 days [3]. The median duration of corticosteroids 
treatment in the present study was shorter by 2 days compared 
with trials that allowed for discontinuation of corticosteroid 
upon symptom resolution [19]. These findings highlight the 
importance of early initiation of oral methylprednisolone in se-
vere COVID-19 and utilizing a short course when symptoms 
resolve.

The current study has limitations. A quasi-experimental 
study design was used due to the changes in methylprednisolone 
dosing in the early and later months of the pandemic. However, 
methylprednisolone usage in COVID-19 was consistent due 
to the use of a standardized institutional protocol with a clear 
time point of when methylprednisolone dosing was reduced. A 
wash out period of 2 weeks was used between study groups to 
allow clinicians to adjust to the new dosing. It is notable that 
the mortality rate in our present study remained similar to our 
earlier study in March 2020, which suggests a minimal effect 
of maturation bias [8]. Our results are limited in that they are 
from real-world clinical practice and unmeasured confounding 
cannot be ruled out.

CONCLUSIONS

In conclusion, an early, short course of low-dose oral 
methylprednisolone in hospitalized patients with se-
vere COVID-19 had comparable outcomes to high-dose 
methylprednisolone. Further research is needed to clarify an 
optimal corticosteroid dose while the world continues to face 
threats of COVID-19 variants.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility of 
the authors, so questions or comments should be addressed to the corre-
sponding author.

Financial support. This work was funded by an internal source (Division 
of Infectious Diseases, Henry Ford Hospital).

Potential conflicts of interest. All authors: No reported conflicts of in-
terest. All authors have submitted the ICMJE Form for Disclosure of 
Potential Conflicts of Interest. 

Acknowledgments
We acknowledge our patients and frontline healthcare workers during the 
coronavirus disease 2019 pandemic.

References
	 1.	 National Institute of Health. COVID-19 treatment guidelines: corticoster-

oids. Available at: https://www.covid19treatmentguidelines.nih.gov/therapies/
immunomodulators/corticosteroids/. Accessed 6 August 2021.

	 2.	 Alhazzani W, Moller MH, Arabi YM, et al. Surviving sepsis campaign: guidelines 
on the management of critically ill adults with coronavirus disease 2019 (COVID-
19). Crit Care Med 2020; 48:e440–69.

	 3.	 Sterne JAC, Murthy S, Diaz JV, et al. Association between administration of sys-
temic corticosteroids and mortality among critically Ill patients with COVID-19: 
a meta-analysis. JAMA 2020; 324:1330–41.

	 4.	 Cano EJ, Fonseca Fuentes X, Corsini Campioli C, et al. Impact of corticoster-
oids in coronavirus disease 2019 outcomes: systematic review and meta-analysis. 
Chest 2021; 159:1019–40.

	 5.	 van Paassen J, Vos JS, Hoekstra EM, et al. Corticosteroid use in COVID-19 pa-
tients: a systematic review and meta-analysis on clinical outcomes. Crit Care 
2020; 24:696.

	 6.	 Czock D, Keller F, Rasche FM, et al. Pharmacokinetics and pharmacodynamics 
of systemically administered glucocorticoids. Clin Pharmacokinet 2005; 
44:61–98.

	 7.	 Wu C, Chen X, Cai Y, et al. Risk factors associated with acute respiratory dis-
tress syndrome and death in patients with coronavirus disease 2019 pneumonia 
in Wuhan, China. JAMA Intern Med 2020; 180:934–43.

	 8.	 Fadel R, Morrison AR, Vahia A, et al. Early short-course corticosteroids in hospi-
talized patients with COVID-19. Clin Infect Dis 2020; 71:2114–20.

Table 2.  Patient Outcomes

Outcomes HDC (n = 218) LDC (n = 252) P Value 

Primary Outcome

  28-day mortality, no. 
(%)

32 (14.7%) 29 (13.5%) .712

Secondary Outcomes

  Mechanical ventilation, 
no. (%)

28 (12.8%) 19 (7.5%) .056

  Median hospital length 
of stay (IQR), days

6 (4–11) 5 (3–7) <.001

  Discharged on supple-
mental oxygen, no. (%)

36 (16.5%) 51 (20.2%) .300

Adverse Events

  Bacteremia, no. (%) 7 (3.2%) 10 (4.0%) .661

  Candidemia, no. (%) 4 (1.8%) 1 (0.4%) .130

  HAP/VAP, no. (%) 18 (8.3%) 18 (7.1%) .651

  Hyperglycemia, no. (%) 93 (42.7%) 112 (44.4%) .697

Abbreviations: HAP, hospital-acquired pneumonia; HDC, high-dose corticosteroid; IQR, in-
terquartile range; LDC, low-dose corticosteroid; VAP, ventilator-associated pneumonia.

https://www.covid19treatmentguidelines.nih.gov/therapies/immunomodulators/corticosteroids/
https://www.covid19treatmentguidelines.nih.gov/therapies/immunomodulators/corticosteroids/


Low- vs High-Dose Steroids in COVID-19  •  OFID  •  5

	 9.	 Meduri GU, Siemieniuk RAC, Ness RA, et al. Prolonged low-dose 
methylprednisolone treatment is highly effective in reducing duration of mechan-
ical ventilation and mortality in patients with ARDS. J Intensive Care 2018; 6:53.

	10.	 Meduri GU, Bridges L, Shih MC, et al. Prolonged glucocorticoid treatment is 
associated with improved ARDS outcomes: analysis of individual patients’ data 
from four randomized trials and trial-level meta-analysis of the updated litera-
ture. Intensive Care Med 2016; 42:829–40.

	11.	 Meduri GU, Annane D, Confalonieri M, et al. Pharmacological principles 
guiding prolonged glucocorticoid treatment in ARDS. Intensive Care Med 2020; 
46:2284–96.

	12.	 Draghici S, Nguyen TM, Sonna LA, et al. COVID-19: disease pathways and gene 
expression changes predict methylprednisolone can improve outcome in severe 
cases. Bioinformatics 2021; btab163. doi:10.1093/bioinformatics/btab163

	13.	 Go RC, Shah R, Nyirenda T, et al. Methylprednisolone and 60 days in hospital 
survival in coronavirus disease 2019 pneumonia. Crit Care Explor 2021; 3:e0493.

	14.	 Khiali S, Entezari-Maleki T. Therapeutic application of corticosteroids in 
COVID-19: a focus on optimum dose and duration of therapy. J Clin Pharmacol 
2021. doi:10.1002/jcph.1929.

	15.	 Matsuda W, Okamoto T, Uemura T, et al. Corticosteroid therapy for severe 
COVID-19 pneumonia: optimal dose and duration of administration. Glob 
Health Med 2020; 2:193–6.

	16.	 National Institute of Health. COVID-19 treatment guidelines: oxygenation and 
ventilation. Available at: https://www.covid19treatmentguidelines.nih.gov/man-
agement/critical-care/oxygenation-and-ventilation/. Accessed 6 August 2021.

	17.	 Miller J, Fadel RA, Tang A, et al. The impact of sociodemographic factors, 
comorbidities, and physiologic responses on 30-day mortality in coronavirus 

disease 2019 (COVID-19) patients in metropolitan Detroit. Clin Infect Dis 2021; 
72:e704–10.

	18.	 Centers for Disease Control and Prevention. National healthcare safety network. 
Available at: https://www.cdc.gov/nhsn/index.html. Accessed 6 August 2021.

	19.	 Horby P, Lim WS, Emberson JR, et al. Dexamethasone in hospitalized patients 
with Covid-19. N Engl J Med 2021; 384:693–704.

	20.	 Tomazini BM, Maia IS, Cavalcanti AB, et al. Effect of dexamethasone on days 
alive and ventilator-free in patients with moderate or severe acute respiratory 
distress syndrome and COVID-19: the CoDEX randomized clinical trial. JAMA 
2020; 324:1307–16.

	21.	 Dequin PF, Heming N, Meziani F, et al. Effect of hydrocortisone on 21-day mor-
tality or respiratory support among critically ill patients with COVID-19: a ran-
domized clinical trial. JAMA 2020; 324:1298–306.

	22.	 Angus DC, Derde L, Al-Beidh F, et al. Effect of hydrocortisone on mortality and 
organ support in patients with severe COVID-19: the REMAP-CAP COVID-19 
corticosteroid domain randomized clinical trial. JAMA 2020; 324:1317–29.

	23.	 Maláska J, Stašek J, Duška F, et al. Effect of dexamethasone in patients with ARDS 
and COVID-19—prospective, multi-centre, open-label, parallel-group, random-
ised controlled trial (REMED trial): a structured summary of a study protocol for 
a randomised controlled trial. Trials 2021; 22:172.

	24.	 Ranjbar K, Moghadami M, Mirahmadizadeh A, et al. Methylprednisolone or dex-
amethasone, which one is superior corticosteroid in the treatment of hospitalized 
COVID-19 patients: a triple-blinded randomized controlled trial. BMC Infect Dis 
2021; 21:337.

	25.	 Pinzón MA, Ortiz S, Holguín H, et al. Dexamethasone vs methylprednisolone 
high dose for Covid-19 pneumonia. PLoS One 2021; 16:e0252057.

https://doi.org/10.1002/jcph.1929
https://www.covid19treatmentguidelines.nih.gov/management/critical-care/oxygenation-and-ventilation/
https://www.covid19treatmentguidelines.nih.gov/management/critical-care/oxygenation-and-ventilation/
https://www.cdc.gov/nhsn/index.html

