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a b s t r a c t 

Coronavirus disease 19 (COVID-19) is placing a major burden on healthcare, economy and social systems world- 

wide owing to its fast spread and unacceptably high death toll. The unprecedented research effort has established 

the role of a deregulated immune response to the severe acute respiratory syndrome coronavirus 2, resulting in 

systemic inflammation. After that, the immunomodulatory approach has been placed in the top list of the re- 

search agenda for COVID-19. Corticosteroids have been used for more than 70 years to modulate the immune 

response in a broad variety of diseases. These drugs have been shown to prevent and attenuate inflammation 

both in tissues and in circulation via non-genomic and genomic effects. At the bedside, numerous observational 

cohorts have been published in the past months and have been inconclusive. Randomized controlled trials with 

subsequent high quality meta-analyses have provided moderate to strong certainty for an increased chance of 

survival and relief from life supportive therapy with corticosteroids given at a dose of 6 mg per day dexametha- 

sone or equivalent doses of hydrocortisone or methylprednisolone. The corticotherapy was not associated with an 

increased risk of bacterial infection or of delayed viral clearance. In daily practice, physicians may be encouraged 

to use corticosteroids when managing patients with COVID-19 requiring oxygen supplementation. 
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ntroduction 

Coronavirus disease 19 (COVID-19), a disease caused by se-

ere acute respiratory syndrome coronavirus 2 (SARS-CoV-2),

as first described in Wuhan China in December 2019 [1] .

hen, it rapidly became a pandemic, as of November 9th 2020,

ffects 50,446,517 people worldwide and has killed 1,256,869

eople [2] . SARS-CoV-2 is a single stranded RNA virus, and clas-

ified as a beta coronavirus. Its subunit S1 of the spike, a struc-

ural protein of the virus, is responsible for virus binding to host

ell receptors such as angiotensin-converting enzyme 2 receptor,

nd the subunit S2 contributes to the fusion of the virus mem-

rane with the cell’s membrane [3] . After the binding process,

he spike proteins are activated by proteases, particularly at fu-

in cleavage site, ubiquitously expressed, making SARS-CoV-2

ery pathogenic. The penetration of the virus into lung epithe-

ial cells will release danger associated molecular patterns that

ill activate resident macrophages and dendritic cells with sub-

equent release of the inflammasome [4] . As long as the virus’s

irect and indirect cytoxicity remains located in the epithelium,

he disease remains characterized by mild to moderate lung in-
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ammation. When the endothelium is damaged by the direct

iral invasion of endothelial cells or by the inflammasome [5] ,

hen systemic hyper-inflammation and multi-organs dysfunction

ecome the hallmark of COVID-19 [6] . Therefore, modulating

he immune host response to SARS-CoV-2 has been rapidly con-

idered a top priority for the international research agenda in

he fight against the COVID-19 [7] . Among the drugs that tar-

et the immune system, corticosteroids are the most commonly

sed in the routine management of a broad variety of acute

nd chronic inflammatory disorders and autoimmune diseases.

his article summarizes the current knowledge about the ratio-

ale and practical modalities for using corticosteroids in patients

ith COVID-19. 

ationale for the corticotherapy of COVID-19 

linical evidence for excessive systemic inflammation in COVID-19 

Physicians rapidly recognized that in oxygen-dependent

OVID-19 patients, circulating levels of the acute phase reac-

ion proteins, C-reactive protein and serum amyloid A, were in-
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reased and prealbumin levels were decreased [8] . Likewise,

hese patients have increased circulating levels of proinflam-

atory cytokines such as interleukin (IL) − 6, tumor necrosis

TNF)- 𝛼, IL-1 − 𝛽, IL-2, IL-7, and IL-17 [ 9 , 10 ]. The deregulated

nterferon(IFN)-I response also likely contributes to pathological

amages to the lungs and other organs in severe COVID-19 [11] .

ore specifically, abnormal up-regulation of neutralizing auto-

ntibodies against type I IFNs may contribute to critical illness

n COVID-19 patients by impairing the binding of type I IFNs

o their receptor downstream signaling [12] . The increase in

he proinflammatory cytokines parallels clinical severity and the

igher IL-6 and TNF- 𝛼 the higher the risk of death from COVID-

9 [13] . While plasma levels of proinflammatory cytokines have

een described as being higher than in other community ac-

uired pneumonia [14] , they may mimic those reported in sepsis

r acute respiratry distress syndrme(ARDS) [15] . In practice, the

egree of circulating pro-inflammatory mediators varied fairly

etween studies [16] . On the one hand, comprehensive immune

nalysis of peripheral blood cells in severe COVID-19 found al-

erations similar to those observed during sepsis, e.g. decreased

xpression of CD16 by neutrophils, monocytes, granulocytes

nd decreased expression of human leukocyte antigen(HLA)-DR

n monocyte surface [17] . On the other hand, the same analyses

ound alterations specific to SARS-CoV-2 such as the expansion

f plasmablasts and activated T cells [18] . The immune response

o SARS-CoV-2 appears complex and heterogeneous. Some pa-

ients showed robust T and B cells activation and proliferation

hile in about one out of five patients there was minimal im-

une response compared to controls [18] . Moreover, among pa-

ients who mounted a lymphocytes response there was substan-

ial heterogeneity in the immune profiles with potentially three

istinct immune responses, with robust activation of CD4 T cells

immunotype 1), mild activation of CD4 T cells (immunotype

) or lack of detectable lymphocytes response (immunotype 3)

18] . Immunotype 1 was associated with more severe COVID-

9. 

echanisms of action of corticosteroids relevant to COVID-19 

Corticosteroids have pleiotropic effects resulting from com-

lex molecular mechanisms including non-genomic and ge-

omic effects [19] . We have recently summarized the molecular

asis underlying the benefits of corticosteroids in severe infec-

ions [20] . Briefly, glucocorticoids exert anti-inflammatory by

timulating the synthesis and release of anti-inflammatory pro-

eins and by inhibiting that of pro-inflammatory proteins. Glu-

ocorticoids bind to the glucocorticoid receptor (GR) located

n the cytoplasm of almost all cells. Upon binding with glu-

ocorticoids, the GR dissociates from chaperone proteins heat-

hock proteins 70 (Hsp70), Hsp90, and immunophilin [21] .

hen, it enters into the nucleus to interact with specific DNA

equences (glucocorticoid responsive elements) of the regu-

atory region of target genes with subsequent chromatin re-

odeling [ 22 , 23 ]. Activated GR represses the expression of

ro-inflammatory genes by inhibiting histone acetyltransferases

nd activating histone deacetylases. For instance, the expres-

ion of the interferon regulatory factor 3(IRF3) transcription

actor, implicated in interferon production and viral protec-

ion, is down-regulated by glucocorticoids [ 24 , 25 ]. The GR-

lucocorticoid complex also inhibits the production of pro-
15 
nflammatory proteins by sequestration of nuclear factor- 𝜅B(NF-

B) within the cytosol through increased expression of the in-

ibitory protein I 𝜅B 𝛼 [26] . Glucocorticoids induce the expres-

ion of glucocorticoid-induced leucine zipper (GILZ), an in-

ibitor of NF- 𝜅B [27] , and of the anti-inflammatory protein

itogen-activated protein(MAP) kinase phosphatase 1, which

nhibits nuclear translocation of transcription factor GATA-3 im-

licated in T helper (Th)2 type cytokine expression [28] . They

romote the production of annexin 1, thereby inhibiting the ex-

ression of phospholipase A2, and enhancing the resolution of

nflammation and the phagocytosis by macrophages of apoptotic

eutrophils [29] . 

Glucocorticoids suppress the production of acute phase re-

ctants and chemokines [ 30 , 31 ], thereby preventing leuco-

yte recruitment. They suppress the expression of endothelial-

eukocyte adhesion molecule 1 (ELAM-1), intracellular adhe-

ion molecule 1 (ICAM-1) and vascular adhesion molecule 1

VCAM-1), opposing to leucocytes diapedesis [ 32 , 33 ]. Target

ells for glucocorticoids include (1) myeloid cells: macrophages,

onocytes, tissue resident, migratory and plasmacytoid den-

ritic cells (DC), and granulocytes; (2) lymphocytes: CD8, Th1,

h2 and Th17 as well as Treg and B cells [ 19 , 20 ]. Glucocorti-

oids repress the maturation, differentiation and proliferation

f all subtypes of leucocytes. They reduce the number of mono-

ytes/macrophages, of DC and of eosinophil and basophil gran-

locytes [34] . Glucocorticoids increase neutrophils released by

he bone marrow and demargination, and increase DC release of

he anti-inflammatory cytokines IL-10 and transforming growth

actor 𝛽 (TGF- 𝛽) [35] . They reduce the membrane expression

f major-histocompatibility-complex (MHC) class II and Fc

eceptors [ 36 , 37 ] and suppress antigen presenting to T cells

38] . 

Glucocorticoids prevent B cell lymphocytes activation, pro-

iferation and release of immunoglobulins [39] . They de-

lete thymic stroma cells and T cells by apoptosis [ 40 , 41 ].

hey change the polarization of naive T-cell toward anti-

nflammatory Th 2 and T-reg phenotypes preventing the po-

arization to pro-inflammatory Th1 and Th17 phenotypes [42–

4] . Subsequently, glucocorticoids suppress lymphocytes, pro-

uction of the pro-inflammatory cytokines IL-2, IL-4, IL-5, IL-13

nd IFN [ 19 , 20 , 45 ]. 

ummary of the clinical evidence of corticosteroids effects 

n patients with COVID-19 

ethods 

Although this was a narrative review, the author searched the

ochrane Central Register of Controlled Trials (CENTRAL; 2020

ssue 12) using the search terms ’COVID’, ’COVID-19, ‘coron-

virus’, ‘SARS’, ‘SARS-CoV’, ’steroids’ and ’corticosteroids’. We

lso searched (up to December 2020) MEDLINE, EMBASE and

atin American Caribbean Health Sciences Literature (LILACS).

he author included observational cohort and randomized trials

here the participants were patients with suspected or proven

OVID-19, and the interventions were oral or intravenous cor-

icosteroids. The author focused on all-cause mortality in the

hort-term as the primary outcome. The risk for secondary in-

ections, more specifically ventilator associated pneumonia and

acteremia, and the risk for delayed viral clearance were also
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Table 1 

Effects of corticosteroids on mortality in patients with COVID-19 - Observational studies. 

Studies 

Date (month 

year) Design Population Main Outcomes Comments 

Guan et al. [1] February 

2020 

Country : China 

Retrospective 

552 centers 

Primary outcome: composite of 

ICU admission, need for invasive 

MV, mortality 

Descriptive statistics 

Screened, 7736 

Included, 1099 

Median age: 46 years 

Male: 58.1% 

Invasive MV: 2.3% 

Admission to ICU, 5% 

In-hospital mortality 

Corticosteroids: 

5/204 (2.5%) 

No corticosteroids: 

10/895 (1.1%) 

No data on type of corticosteroids, 

dose, duration 

Zhou et al. [46] March 

2020 

Country : China 

Retrospective 

Two centers 

Primary outcome : in-hospital 

mortality 

Logistic regression 

Screened, 813 

Included, 191 

Median Age : 56 years 

Male: 62% 

Median Time to 

hospitalization: 11 

days 

Median SOFA: 2 

Invasive MV: 17% 

In-hospital mortality: 

Corticosteroids: 

26/57 (45.6%) 

No corticosteroids: 

28/134 (20.9%) 

No data on type of corticosteroids, 

dose, duration 

Wu et al. [47] March 

2020 

Country : China 

Retrospective 

Single center 

Primary outcome : development 

of ARDS and mortality 

Survival analyses, Cox models 

Included, 201 

Median age: 51 years 

Male: 63.7% 

Invasive MV: 3% 

In-hospital mortality 

Corticosteroids: 

21/50 (46%) 

No corticosteroids: 

21/34 (61.8%) 

Methylprednisolone 

Zha et al. [48] March 

2020 

Country : China 

Retrospective 

Two centers 

Primary outcome : time to virus 

clearance 

Secondary outcomes: time to 

clinical recovery; hospital length 

of stay 

Survival analyses 

Included, 31 

Median age: 39 years 

Male: 68% 

Time to 

hospitalization: 4 days 

In-hospital mortality 

Corticosteroids: 0/11 

No corticosteroids: 

0/20 

Methylprednisolone intravenously, 

40 mg once or twice per 

day), administered within 24 h of 

admission 

for a median 5 days (interquartile 

range: 4.5–5.0 days) 

Wang et al. 

[49] 

April 2020 Country : China 

Retrospective 

Single center 

Primary outcome: 

15-day mortality 

Cox models 

Included, 548 

Median age: 63 years 

Male: 51% 

15-day mortality 

Corticosteroids: 

65/241 (19.1%) 

No corticosteroids: 

13/205 (6.3%) 

Low-dose glucocorticoid treatment 

( < 1 mg/ 

kg) or no glucocorticoid use was 

associated with a lower 

hazard ratio of 15 day mortality 

compared with high-dose 

treatment ( ≥ 1 mg/kg) 

There is no information on the 

type and duration of 

corticotherapy 

Callejas Rubio 

et al. [50] 

April 2020 Country : Spain 

Retrospective 

Single center ferritin > 300 _g/l, 

IL-6 > 40 pg/ml 

D-dimers > 1 mg/l Tryglycerides 

> 300 mg/dl 

Primary outcome 

In-hospital mortality 

Secondary outcome 

Need for invasive MV 

Logistic regression 

Included, 92 

Mean age: 64 years 

Male: 63% 

In-hospital mortality 

Corticosteroids: 

6/83 (7.2%) 

No corticosteroids: 

1/9 (11.1%) 

Methylprednisolone pulse therapy 

for 3 days at dose of 2 mg/kg/d 

(36,5%), or 250 mg/d(32,9%) 

or 500 mg/d(31,7%) 

Ramiro et al. 

[51] 

July 2020 Country : Netherlands 

Prospective cohort with historical 

controls 

Single center 

The primary outcome, ≥ 2 

stages of improvement on a 

7-item 

WHO-endorsed scale, or discharge 

from the hospital Secondary 

outcomes, hospital mortality and 

mechanical ventilation. 

Time to event analyses, Cox 

models 

Included, 172 (86 in 

each group) 

Median age: 67 years 

Male: 79% 

MV: 8% 

14 day mortality 

Corticosteroids: 

10/86 (11.6%) 

No corticosteroids: 

33/86 (38.4%) 

Methylprednisolone 250 mg 

intravenously on day 1, 

followed by 80 mg on days 2–5, 

and an option for a 2-day 

extension if considered necessary 

and safe 

Tocilizumab between day 2 and 

day 5 (single-dose 

8 mg/kg 

intravenous, max 800 mg), if lack 

of improvement 

( continued on next page ) 
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Table 1 ( continued ) 

Studies Date (month 

year) 

Design Population Main Outcomes Comments 

Li et al. [52] August 

2020 

Country : China 

Retrospective 

Two cohorts 

4 centers 

Primary outcome : need for 

invasive MV 

Secondary outcomes: safety 

Logistic regression analyses 

Shanghai cohort, 

screened 311, included 

68 

Mean age: 58 years 

Male: 62% 

Validation cohort, 

screened 187, included 

51 

Invasive MV 

Shanghai cohort: 

Corticosteroids: 

5/47 (10.6%) 

No corticosteroids: 

7/21 (33.3%) 

Validation cohort 

Corticosteroids: 

9/20 

No corticosteroids 

23/31 (74.2%) 

Methylprednisolone 40–80 mg/d 

(0.75–1.5 mg/kg/day) for 3 days, 

then was tapered to 20 mg/day, 

with a total treatment period of 

less than 7 days 

Fernández- 

Cruz-Cruz 

et al. [53] 

August 

2020 

Country : Spain 

Retrospective, 

Single center 

Primary outcome : need for 

invasive MV 

Secondary outcomes: safety 

screened 848, included 

463 

Mean age: 58 years 

Male: 62% 

In-hospital mortality 

Corticosteroids: 

55/396 (13.9%) 

No corticosteroids 

16/67 (23.9%) 

Methylprednisolone 

(or the equivalent) 1 mg/kg/day 

(22.5% of them received steroid 

pulses later on) and 86 

(21.7%) received pulses from the 

beginning 

Mikulska et al. 

[54] 

August 

2020 

Country : Italy 

Retrospective, 

Single center 

Primary outcome : 

time to failure, 

defined as intubation and 

mechanical ventilation or death, 

whichever occurred first, within 

30 days from the hospital 

admission 

Screened 295, 

Included 195, 

Median age: 67.9 years 

Male: 67.4% 

Short term mortality 

Corticosteroids: 

13/45 (28.9%) 

Corticosteroids/ 

Tocilizumab : 

5/56 (8.9%) 

No corticosteroids : 

23/66 (34.8%) 

Methylprednisolone 

(1 mg/kg for 5 days intravenously, 

then 0.5 mg/kg for 5 days) 

Tocilizumab was administered 

intravenously at the dose of 

8 mg/kg (maximum 800 mg), with 

the possibility of repeating the 

dose after 24 h if no 

response was obtained:30 

Ruiz-Irastorza 

et al. [55] 

September 

2020 

Country : Spain 

Retrospective 

Single center 

Primary outcome, time to 

mortality, time to mortality or 

invasive MV 

Survival analyses, Cox models 

Screened, 343 

Included, 242 

Mean age: 64 years 

Male: 62% 

Mean time to 

hospitalization: 6.6 

days 

In-hospital mortality 

Corticosteroid: 

4/61 (6.6%) 

No corticosteroids: 

18/181 (9.9%). 

Methylprednisolone doses around 

1 mg/Kg/d during several days and 

later as, 125 to 250 mg/d for 3 

consecutive days, 

Salton et al. 

[56] 

September 

2020 

Country : Italy 

multicenter, observational, 

longitudinal study 

Primary outcome 

composite endpoint of admission 

to ICU, need for invasive MV, or 

all-cause mortality by day 28 

ARDS Berlin definition 

Survival analysis, Cox models 

Screened, 322 

Included, 173 

Median age: 65 years 

Male: 69% 

Median SOFA: 3 

28-day mortality 

Methylprednisolone: 

6/83 (7.2%) 

Control: 

21/90 (23.3%) 

adjusted HR = 0.29, 

95% CI: 0.12–0.73 

Methylprednisolone, loading dose 

of 80 mg intravenously at study 

entry (baseline), 

followed by an infusion of 

80 mg/d in 240 ml of normal 

saline at 10 ml/h for at least 8 

days, until achieving either a 

PaO2:FiO2 > 350 mmHg or a CRP 

< 20 mg/L; after which, oral 

administration at 16 mg or 20 mg 

iv twice daily until CRP 

reached < 20% of the normal range 

or a PaO2:FiO2 > 400 (alternative 

SatHbO2 ≥ 95% on room air). 

Rivera et al. 

[57] 

October 

2020 

Country : USA 

Retrospective 

Multicenter 

Primary outcome 

30-day mortality 

Cancer patients with COVID-19 

Logistic regression 

Screened, 2956 

Included, 2186 

Median age: 67 years 

Male: 49% 

30-day mortality 

329 (92%) died within 

30 days 

OR = 2.8, 

95% CI: 0.77–10.15 

Corticosteroids: 

30/100 (30%) 

No corticosteroids: 

200/750 (26.7%) 

NA 

Liu et al. [58] November 

2020 

Country : China 

Retrospective 

Five centers 

Primary outcome 

28-day all cause mortality 

Time to event analyses, Cox 

models, logistic regression 

Screened, 2537 

Included, 774 

Median age: 64 years 

Male: 58% 

Median SOFA: 11 

Invasive MV: 1.4% 

28-day all cause 

mortality 

Corticosteroids: 

181/409 (44.3%) 

No corticosteroids: 

113/365 (31.0%) 

Methylprednisolone 396/409 

Prednisolone 32/409 

Dexamethasone 12/409 

Hydrocortisone 2/409 

Median duration 6 days 

Median dose 200 mg equivalent 

Hydrocortisone 

ICU: Intensive care unit; MV: Mechanical ventilation; SOFA: Sequential Organ Failure Assessment; ARDS: Acute respiratory distress syndrome; PaO2: Arterial 

partial pressure of oxygen; FiO2: Fraction of inspired oxygen; SatHbO2: Oxygen saturation level of hemoglo-bin; CRP: C-reactive protein; NA: not available. 
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Table 2 

Eight randomized controlled trials of the benefit and risk of corticotherapy in patients with COVID-19. 

Studies acronyms Date (month year) Design Population Interventions Main Outcomes Comments 

RECOVERY [59] June 2020 Country: United 

Kingdom Platform 

trial 

Multicenter, 

randomized 

Non blinded 

Planned n = NA 

Actual n = 6425 

Suspected or 

confirmed 

COVID-19 

Hospitalized 

Exp: Dexamethasone 

6 mg/d orally or 

Intravenously 

For 5 to 10 days 

Control: usual care 

28-day mortality 

Corticosteroids: 

482/2104 (22.9%) 

No corticosteroids: 

1110/4321 (25.7%) 

(age-adjusted rate 

ratio = 0.83; 95% 

CI: 0.75 –0.93 

Trial stopped 

prematurely for 

efficacy 

Treatment 

response was 

significantly 

greater in patients 

who required 

respiratory support 

DEXA-COVID 19 ∗ Not published Country: Spain 

Multicenter, 

randomized 

Non blinded 

Planned n = 200 

Actual n = 19 

Invasive MV 

Moderate to severe 

ARDS per Berlin 

criteria 

Confirmed 

COVID-19 

Exp: Dexamethasone 

20 mg/d 

intravenously × 5 d 

and then 10 mg/d 

intravenously × 5 d 

Control: usual care 

28-day mortality 

Corticosteroids: 

2/7 (28.6%) 

No corticosteroids: 

2/12 (16.7%) 

OR = 2.00, 95% CI: 

0.21–18.69 

Trial was stopped 

prematurely 

following external 

information from 

the RECOVERY trial 

CoDEX [62] September 2020 Country: Brazil 

Multicenter, 

randomized 

Non blinded 

Planned n = 350 

Actual n = 256 

Invasive MV 

Moderate to severe 

ARDS per Berlin 

criteria 

Onset of ARDS 

< 48 h 

before 

randomization 

Probable or 

confirmed 

COVID-19 

Exp: Dexamethasone 

20 mg/d 

intravenously × 5 d 

and then 10 mg/d 

intravenously × 5 d 

Control: usual care 

28-day mortality 

Corticosteroids: 

85/151 (56.3%) 

No corticosteroids: 

91/148 (61.5%) 

RR = 0.86, 95% CI: 

0.64–1.15 

Trial was stopped 

prematurely 

following external 

information from 

the RECOVERY trial 

CAPE COVID [61] September 2020 Country: France 

Multicenter, 

Embedded, 

randomized 

Double-blinded 

placebo 

Planned n = 290 

Actual n = 256 

Admitted to ICU or 

intermediate care 

unit Oxygen 

( ≥ 6 L/min) 

Probable or 

confirmed 

COVID-19 

Exp : Hydrocortisone, 

Continuous 

intravenous 

infusion × 8 d or 14 d 

(200 mg/ d × 4 d or 

7 d; 100 mg/ d × 2 d 

or 4 d; 50 mg/ d × 2 d 

or 3 d) 

Control: Placebo 

21-day mortality 

Corticosteroids : 

11/75 

Placebo: 

20/73 

OR = 0.46, 95% CI: 

0.20–1.04 

Trial was stopped 

prematurely 

following external 

information from 

the RECOVERY trial 

COVID STEROID 

[65] 

Unpublished Country: Denmark 

Multicenter, 

randomized 

Double-blinded 

placebo 

Planned n = 1000 

Actual n = 29 

Oxygen 

( ≥ 10 L/min) 

Confirmed 

COVID-19 

Exp: Hydrocortisone 

200 mg/d 

intravenously × 7 d 

(continuous or bolus 

dosing every 6 h) 

Control: Placebo 

28-day mortality 

Corticosteroids: 

6/15 

Placebo: 

2/14 

OR = 4.00, 95% CI: 

0.65–24.66 

Trial was stopped 

prematurely 

following external 

information from 

the RECOVERY trial 

REMAP-CAP [60] September 2020 Country: Europe, 

USA, Canada, 

Australia, New 

Zealand, Saudi 

Arabia Platform 

trial 

Multicenter, 

randomized 

Non blinded 

Three arms 

Bayesian analyses 

Planned n = NA 

Actual n = 403 

Admitted to ICU 

receiving 

high-flow nasal 

oxygen with 

FIO2 ≥ 0.4 at 

≥ 30 L/min, 

noninvasive or 

invasive 

ventilatory 

support, or 

receiving 

vasopressors 

Probable or 

confirmed 

COVID-19 

Exp: Hydrocortisone 

intravenously 

fixed 7-day course of 

50 mg or 100 mg 

every 6 h) ( n = 143), 

OR 

a shock-dependent 

course of 50 mg every 

6 h when shock was 

clinically evident) 

( n = 152) 

Control: 

Usual care ( n = 108). 

28-day mortality 

Corticosteroids: 

78/278 

No corticosteroids: 

33/99 

RR = 0.84, 

95% CI: 0.60– 1.18 

Trial was stopped 

prematurely 

following external 

information from 

the RECOVERY trial 

( continued on next page ) 
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Table 2 ( continued ) 

Studies acronyms Date (month year) Design Population Interventions Main Outcomes Comments 

Steroids-SARI ∗ Unpublished Country : China 

Randomized 

Non blinded 

Planned n = 80 

Actual n = 47 

Admitted to ICU 

with PaO2:FIO2 

< 200 mmHg on 

positive pressure 

ventilation 

(invasive 

or noninvasive) or 

high-flow nasal 

canulae > 45 L/min 

Confirmed 

COVID-19 

Exp : 

Methylprednisolone 

40 mg intravenously 

every 12 h × 5 d 

Control: 

Usual care 

30-day mortality 

Corticosteroids: 

13/24 (54.2%) 

No corticosteroids: 

13/23 (56.5%) 

OR = 0.91, 95%CI: 

0.29–2.87 

Trial was stopped 

prematurely 

following external 

information from 

the RECOVERY trial 

MetCOVID [63] August 2020 Country: Brazil 

Multicenter, 

randomized 

Double-blinded 

Placebo 

Planned n = 378 

Actual n = 393 

suspicion of 

COVID-19, 

SpO 2 ≤ 94% with 

room air, required 

supplementary 

oxygen, or 

required invasive 

mechanical 

ventilation 

Exp: 

intravenous sodium 

succinate 

methylprednisolone 

0.5 mg/kg twice daily 

for 

5 days 

Control: saline 

solution twice daily 

for 5 days 

28-day mortality 

methylprednisolone: 

72/194 (37.1%) 

Placebo: 

76/199 (38.2%) 

Post hoc analysis 

suggested survival 

benefit from 

methylpred- 

nisolone in 

patients of > 60 

years old whereas 

younger patients 

may have 

increased risk of 

death with methyl- 

prednisolone 

ARDS: Acute respiratory distress syndrome; CAPE COVID: Community-Acquired Pneumonia: Evaluation of Corticosteroids in Coronavirus Disease; CoDEX: 

COVID-19 Dexamethasone; COVID-19: Coronavirus disease 2019; COVID STEROID: Hydrocortisone for COVID-19 and Severe Hypoxia; DEXA-COVID 19: Effi- 

cacy of Dexamethasone Treatment for Patients With ARDS Caused by COVID-19; FIO2: Fraction of inspired oxygen; ICU, intensive care unit; NA, not applicable; 

RECOVERY: Randomized Evaluation of COVID-19 Therapy; REMAP-CAP: Randomized, Embedded, Multifactorial Adaptive Platform Trial for Community- 

Acquired Pneumonia; Sepsis-3: Third International Consensus Definitions for Sepsis and Septic Shock; Steroids-SARI: Glucocorticoid Therapy for COVID-19 

Critically Ill Patients With Severe Acute Respiratory Failure; MV: Mechanical ventilation; Exp: Experimental group; OR: Odd ratio: RR: Relative risk; CI: Confi- 

dence interval. 
∗ data were extracted from Sterne et al. [76] . JAMA 2020. 

a  

a  

fi  

e  

y  

a  

a  

p  

c  

s

F

F

nalyzed. We calculated a weighted treatment effect across tri-

ls. We expressed results as risk ratios (RRs) with 95% con-

dence intervals (CIs) for dichotomous outcomes. We consid-

red methods based on the random-effects model for all anal-

ses, as serious heterogeneity across studies was expected. We
ig. 1. Corticosteroids associated mortality in observational cohorts. 

orest plot showing risk ratio for mortality in the short term for corticotherapy versu

19 
nalyzed separately observational cohorts and randomized tri-

ls. In the analysis of randomized trials, sensitivity analysis was

erformed according to the use of placebo or usual care as the

omparator. All analyses were done using Review Manager 5.3

oftware. 
s usual care in observational cohorts. 
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Fig. 2. Corticosteroids effects on mortality in randomized controlled trials. 

Forest plot showing risk ratio for mortality in the short term for corticotherapy versus usual care or placebo in randomized controlled trials. 
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bservational cohorts 

There were several reports about observational cohorts on

he use of corticosteroids in patients with COVID-19 [ 1 , 46–58 ].

able 1 summarizes the main characteristics of these obser-

ational studies. Most studies were performed in China. Most

tudies were single center, and the sample size varied from 31
ig. 3. Serious infections associated with corticosteroids in randomized controlled tr

orest plot showing risk ratio for serious infectious complications with corticotherap

20 
o 2135 patients. These cohort studies provided data on mor-

ality in the short term, e.g. in-hospital mortality, or mortal-

ty at two weeks or one month. When authors provided de-

ails about the interventions, methylprednisolone was the most

ommonly used, at an average dose of 0.5 to 2 mg/kg/day

or an average duration of 5 to 10 days. Studies have en-

olled adults with a median age from 39 to 68 years, and
ials. 

y versus usual care or placebo in randomized controlled trials. 
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e

6  
 majority of males. Studies have occasionally enrolled se-

ere COVID-19 requiring invasive mechanical ventilation. Data

rom 14 observational studies accounting for 4847 patients

ith COVID-19 found a RR for short term mortality of 0.86

95% CI: 0.58–1.27; random effect models) ( Fig. 1 ). There were

36/1893 vs . 536/2954 deaths in the corticosteroid-treated

atients compared to corticosteroid-free patients. There was

trong heterogeneity across the studies (I 2 = 87%) mainly re-
Table 3 

Systematic reviews and meta-analyses. 

Reference 

Date of 

publication(month 

year) 

Type of studies, 

number 

Populations 

Category, n 

Veronese et al. 

[67] 

April 2020 Observational, 4 Severe COVID

542 

Mean age: 52

years 

Male: 55.7% 

Yang et al. [68] April 2020 Observational 

cohorts, 15 

COVID-19, 52

Ye et al. [69] May 2020 Observational 

cohorts, 6 

Randomized 

controlled trials, 0 

COVID-19 wi

ARDS, 679 

COVID-19 wi

ARDS, 84 

Li et al. [70] May 2020 Observational 

cohorts, 10 

Randomized 

controlled trials, 1 

COVID-19, 52

Singh et al. [71] June 2020 Observational 

cohorts, 5 

COVID-19, 

Hospitalized,

Hasan et al. [72] July 2020 Observational, 23 

Randomized trials, 

Reports, 2 

COVID-19 wi

without ARD

21 
ated to the heterogeneity of disease severity and of treatment

odalities. 

andomized controlled trials 

Eight randomized controlled trials have investigated the ben-

fit and risk of corticotherapy in patients with COVID-19 [59–

6] . The main characteristics of these trials are summarized in
Main Outcomes 

Certainty of 

evidence Comments 

-19, 

 

1 study reported 

increased risk of 

ICU admission, 

1 study reported 

delayed viral 

clearance from the 

airways 

1 study found no 

difference between 

patients with and 

without 

corticosteroids, 

1 study found 

increased chance 

of survival in 

methylpred- 

nisolone treated 

patients 

Very low There was no 

pooled analysis 

70 No quantitative 

data for COVID-19 

Very low This review also 

included patients 

with SARS, MERS, 

thout 

th 

In-hospital 

mortality 

MP : 21/50 (46%) 

No MP : 21/34 

(61.8%) 

HR = 0.38, 95% CI: 

0.20–0.72 

HR = 2.30, 95% CI: 

1.00–5.29 

Very low 

Very low 

This review also 

included patients 

with SARS, MERS, 

ARDS from any 

cause, and 

community 

acquired 

pneumonia from 

any cause 

49 In-hospital 

mortality 

No separate data 

for the COVID-19 

population 

Mixed population 

RR = 1.07,95% CI: 

0.81– 1.42; I 2 = 
80% 

Very low This review also 

included patients 

with SARS, MERS, 

 1832 

3 trials found 

survival benefits 

1 trial found no 

difference between 

corticosteroid- 

treated patients 

and controls 

1 trial found 

delayed viral 

clearance from the 

airways 

Very low This review also 

included patients 

with ARDS not 

related to 

COVID-19 

There was no 

quantitative pooled 

estimation 

th or 

S 

NA NA This review 

provided no 

pooled estimate 

for the association 

between 

corticosteroids and 

mortality 

( continued on next page ) 
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Table 3 ( continued ) 

Reference Date of 

publication(month 

year) 

Type of studies, 

number 

Populations 

Category, n 

Main Outcomes Certainty of 

evidence 

Comments 

Cheng et al. [73] August 2020 Observational 

cohorts, 13 

Case-series, 7 

COVID-19 broad 

range of severity, 

2840 

In-hospital 

mortality 

RR = 1.59; 95% CI: 

0.69–3.66, 

I 2 = 93.5% 

Clinical recovery 

RR = 1.30, 95% CI: 

0.98–1.72 

Very low 

Very low 

All except two 

studies were from 

China, 

This review also 

suggested 

corticosteroids 

reduced length of 

hospital stay and 

did not alter viral 

clearance or 

duration of 

mechanical 

ventilation 

Pei et al. [74] August 2020 Observational 

cohorts, 5 

COVID-19, 943 In-hospital 

mortality 

OR = 2.43; 95% CI: 

1.44–4.1, 

I 2 = 61.9% 

Very low This review also 

examined other 

interventions for 

COVID-19, e.g. 

antivirals 

Tlayjeh et al. [75] September 2020 Observational, 9 

Randomized trials, 

1 

COVID-19 broad 

range of severity, 

10,278 

Short term 

mortality – 8 trials 

adjusted RR = 0.92, 

95% CI: 0.69–1.22, 

I 2 = 81.94% 

Very low This review used 

published and 

unpublished data 

Composite 

outcome of 

mortality, ICU 

admission and 

mechanical 

ventilation – 4 

trials 

Adjusted 0.41 ; 

95% CI: 0.23 − 0.73, 

I 2 = 78.69% 

Very low 

Delayed viral 

clearance – 6 trials 

adjusted RR = 1.47, 

95% CI: 1.11–1.93, 

I 2 = 43.38% 

Very low 

Sterne et al. [76] September 2020 Randomized 

controlled trials, 7 

Critically ill 

COVID-19, 1703 

Median age: 60 

years 

Male: 61% 

30-day mortality 

Corticosteroids: 

222/678 (32.7%) 

No corticosteroids: 

425/1025 (41.5%) 

OR = 0.66, 95% CI: 

0.53–0.82 

Moderate No variation in 

treatment response 

with respect to 

age, gender, 

duration of 

disease, type of 

corticosteroids 

(dexamethasone or 

hydrocortisone), 

low versus high 

dose 

Corticosteroids 

might be more 

effective is 

vasopressor-free or 

invasive ventilation 

free patients 

Siemieniuk et al. 

[77] 

September 2020 Randomised 

clinical trials, 

Bayesian network 

meta-analysis 

Suspected, 

probable, or 

confirmed 

COVID-19 

Survival benefit 

with 

corticosteroids 

OR = 0.87, 95% CI: 

0.77–0.98; 

Moderate Living 

meta-analysis of 

intervention trials 

for COVID-19 

Budhathoki et al. 

[78] 

September 2020 Observational 

cohorts, 32 

Case-series, 9 

COVID-19 

Hospitalized, ICU 

and non-ICU 

patients, patients 

with and without 

ARDS 

Short term 

mortality 

RR = 2.01, 

95% CI: 1.12–3.63; 

participants = 4451; 

studies = 14; I 2 = 
92% 

Very low This review was 

based only on 

observational 

cohorts 

It showed also 

prolonged hospital 

stay and delayed 

conversion to 

negative PCR with 

corticosteroids 

( continued on next page ) 

22 
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Table 3 ( continued ) 

Reference Date of 

publication(month 

year) 

Type of studies, 

number 

Populations 

Category, n 

Main Outcomes Certainty of 

evidence 

Comments 

Cano et al. [79] October 2020 Observational, 72 

Randomized 

controlled trials, 1 

COVID-19 

hospitalized 

patients, 21,350 

32/73 studies 

contributed to 

mortality analysis 

OR = 2.30, 95% CI: 

1.45–3.63; with 

squared I 2 = 90% 

Very low 55 Chinese studies 

contributed to 43% 

of the sample size 

8/73 studies in 

ARDS related to 

COVID-19 

OR = 0.65, 95% CI 

0.51–0.83, 

P = 0.0006 with 

I 2 = 29% 

low 

ICU: Intensive care unit; SARS: Severe Acute Respiratory Syndrome;MERS: Middle East Respiratory Syndrome;ARDS: Acute respiratory distress syndrome; MP: 

Methylprednisolone; HR: Hazard ratio; CI: Confidence interval;RR: Relative risk; OR: Odd ratio; NA: not available. 
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able 2 . There were three placebo-controlled, double blind trials

63–65] and the remaining trials have compared corticotherapy

o usual care. There were 2 platform trials with several domains

overing the investigations of numerous potential interventions

or COVID-19 [ 59 , 60 ]. One trial was conducted at an interna-

ional level with countries from four continents [60] , the re-

aining trials were performed in Brazil [ 62 , 63 ], China [64] ,

enmark [65] , France [61] , United Kingdom [59] and Spain

66] . These trials accounted for 7737 patients with COVID-

9. There were 749/2848 (26.3%) and 1347/4889 (27.6%)

eaths in the short-term in the corticosteroids-treated and

orticosteroids-free patients, respectively. The corresponding

ooled relative risk for short term mortality was 0.90 (95% CI:

.83–0.97, P = 0.006, I 2 = 0%, random effect models) in favor

r corticosteroids ( Fig. 2 ). Corticosteroids were generally asso-

iated with improved respiratory support free days [60–62] and

mproved cardiovascular support free days [60] . There was no

vidence from data available in randomized controlled trials for

ny increase in the risk of superinfection with corticotherapy

 Fig. 3 ). The pooled relative risk for any secondary bacterial

nfection or sepsis was 0.91 (three trials; 95% CI: 0.76–1.10,

 = 0.33, I 2 = 0%, random effect models). The RR for ventilator

ssociated pneumonia and for bacteremia were 0.83 (95% CI :

.50–1.38) and 0.96 (95% CI: 0.55 –1.68), respectively. Like-

ise, data from one study did not suggest any delay in viral

learance from the airway by corticotherapy [63] . One trial sug-

ested that patients who do not require oxygen supplementation

raw no benefit from or might be harmed by dexamethasone as

ell as those whom duration of disease was lower than 7 days

t time of randomization [59] . Another trial found that patients

lder than 60 years are more likely to draw survival benefits

han younger patients [63] . 

ystematic reviews and meta-analyses 

Table 3 summarizes the characteristics and main findings

rom 13 systematic reviews and meta-analyses published since

arch 2020 [67–79] . Two of these systematic reviews included

nly randomized controlled trials [ 76 , 77 ]. The number of accu-

ulated patients ranged from 542 to 21,350. These systematic

eviews variably found that corticosteroids increased, reduced

r had no effect on survival. This heterogeneity in the results
23 
f the systematic reviews was related to the date of publica-

ion, target population and type of studies. The two systematic

eviews that included only randomized controlled trials found

n odd ratio for short term deaths of 0.66 (95% CI: 0.53–0.82)

76] and of 0.87 (95% CI: 0.77–0.98) [77] in favor of corticos-

eroids. These meta-analyses suggested that corticosteroids were

ot associated with the increased rate of serious adverse events.

he WHO prospective meta-analysis found no evidence that re-

ponse to corticosteroids may vary with age, gender, duration

f the disease before initiating treatment, the dose and type of

orticosteroids [76] . 

uggestions for practice 

In COVID-19, like in bacterial sepsis, the deregulation of the

mmune host response results in the most severe cases in over-

helming systemic inflammation. Corticosteroids are potent im-

unomodulatory drugs that may via genomic and non-genomic

ffects help preventing or attenuating the hyper-inflammation

tate that characterized severe SARS-CoV-2 infections. While

ata from observational cohorts were inconclusive, data from

andomized controlled trials and high quality systematic re-

iews and meta-analyses strongly support the use of corticos-

eroids in patients with COVID-19 that require oxygen support.

orticosteroids should not be given to patients who do not re-

uire oxygen supplementation. Corticosteroids should be given

ntravenously or orally, pending clinical severity of illness, as

examethasone, hydrocortisone, or methylprednisolone, at a

ose equivalent to 6 mg of dexamethasone and for 5 to 10 days.
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