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Abstract 

Purpose: Corticosteroids are now recommended for patients with severe COVID-19 including those with COVID-
related ARDS. This has generated renewed interest regarding whether corticosteroids should be used in non-COVID 
ARDS as well. The objective of this study was to summarize all RCTs examining the use of corticosteroids in ARDS.

Methods: The protocol of this study was pre-registered on PROSPERO (CRD42020200659). We searched online databases 
including MEDLINE, EMBASE, CDC library of COVID research, CINAHL, and COCHRANE. We included RCTs that compared 
the effect of corticosteroids to placebo or usual care in adult patients with ARDS, including patients with COVID-19. Three 
reviewers abstracted data independently and in duplicate using a pre-specified standardized form. We assessed individual 
study risk of bias using the revised Cochrane ROB-2 tool and rated certainty in outcomes using GRADE methodology. We 
pooled data using a random effects model. The main outcome for this review was 28-day-mortality.

Results: We included 18 RCTs enrolling 2826 patients. The use of corticosteroids probably reduced mortality in 
patients with ARDS of any etiology (2740 patients in 16 trials, RR 0.82, 95% CI 0.72–0.95, ARR 8.0%, 95% CI 2.2–12.5%, 
moderate certainty). Patients who received a longer course of corticosteroids (over 7 days) had higher rates of survival 
compared to a shorter course.

Conclusion: The use of corticosteroids probably reduces mortality in patients with ARDS. This effect was consistent 
between patients with COVID-19 and non-COVID-19 ARDS, corticosteroid types, and dosage.

Keywords: Corticosteroids, ARDS, COVID-19, Mechanical ventilation

Introduction

�e role of corticosteroids in acute respiratory distress 

syndrome (ARDS) remains controversial [1]. Although 

there are a number of randomized control trials (RCTs) 

[2, 3] that have shown benefit of corticosteroids in ARDS, 
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practice remains variable [1]. Also, observational data, 

although limited by confounding and imbalances in base-

line characteristics, suggest that in certain subtypes of 

ARDS, such as viral ARDS caused by influenza, corticos-

teroids may be associated with increased mortality [4]. 

Furthermore, short-term steroid use has been associated 

with opportunistic infections, even in immunocompetent 

hosts [5, 6]. Ongoing questions related to optimal dosage, 

duration, initiation of treatment, and type of corticoster-

oids likely also contribute variation in use.

�e emergence of data suggesting corticosteroids 

improve survival in severe coronavirus disease 2019 

(COVID-19) has led to renewed interest in the over-

all effects of corticosteroids in ARDS [7]. Pooled results 

from recent RCTs in critically ill patients with COVID-

19 show a reduction in mortality with the use of systemic 

corticosteroids (odds ratio [OR] 0.66, 95% confidence 

interval [CI] 0.53–0.82) [7]. �ese results informed a 

WHO clinical practice guideline which provided a strong 

recommendation for corticosteroids in patients with 

severe COVID-19 [8]. �is new evidence has led experts 

to hypothesize that the results of these COVID studies 

may be generalizable to ARDS of non-COVID etiology 

[1]. Given that all ARDS is in part a result of a hyper-

inflammatory response to a direct injury [9], data derived 

from COVID-19 studies may also inform the care of non-

COVID ARDS patients.

�e objective of this systematic review and meta-analy-

sis was to summarize the RCT data examining the use of 

corticosteroids in ARDS of any cause. We hypothesized 

that corticosteroid administration would be beneficial in 

all patients with ARDS regardless of cause. In addition, 

we examined whether the effects of corticosteroids are 

consistent across COVID-19 and non-COVID 19 ARDS, 

corticosteroid dosing regimes, time of corticosteroid ini-

tiation, duration of therapy and amongst different types 

of corticosteroid molecules.

Methods
Protocol and registration

�e protocol of this study was pre-registered on PROS-

PERO (CRD42020200659) and findings are reported 

using the PRISMA checklist (e-Table 1).

Search and information sources

Authors of this manuscript (MJM, PE, WA, BR, ZY, LCL, 

FL) have previously published three systematic reviews 

addressing a similar clinical question [4, 10, 11]. We 

made sure to incorporate all the eligible studies from 

these systematic reviews as part of our analysis and then 

proceeded to update the previous searches from Febru-

ary 15, 2020 to September 6, 2020.

For the update, we performed a comprehensive search 

of relevant databases (MEDLINE, EMBASE, Centre 

for Disease Control (CDC) library of COVID research, 

CINAHL and COCHRANE centre for trials). We lim-

ited our search to humans, but included any language. 

A copy of our search strategy can be found in our online 

Supplementary Materials. We screened reference lists of 

relevant systematic reviews and meta-analysis and also 

contacted experts in the field to ensure we were not miss-

ing any additional articles.

Study selection

We screened all citations in duplicate (DC, SS) in two 

stages. First, we screened titles and abstracts, and then 

for any citation selected in this first stage, we screened 

the full texts. We captured reasons for exclusion during 

full text review. A third reviewer (BR) adjudicated disa-

greements, when necessary.

Eligibility criteria

We included RCTs that compared corticosteroids to 

placebo or usual care in adult patients with ARDS (as 

defined by the American-European Consensus Confer-

ence (AECC) criteria [12] or the Berlin criteria for ARDS 

[13]). As some of the potentially eligible studies were not 

explicit about ARDS diagnosis, we made the decision to 

include studies of COVID-19 patients if they were receiv-

ing mechanical ventilation, as these were felt to most 

likely represent a population or subpopulation consistent 

with ARDS. We excluded case series, case studies, cohort 

studies, case reports and other observational studies. We 

focused on the following outcomes of interest: mortality 

(if multiple time points were provided, we chose the time 

point closest to 28 day mortality), duration of mechanical 

ventilation, intensive care unit (ICU) length of stay, hos-

pital length of stay, incidence of opportunistic infections 

(as defined by the study authors), muscle weakness (as 

defined by the study authors), gastrointestinal bleeding 

and hyperglycemia (both as defined by study authors).

Data collection process and data items

�ree reviewers (DC, AK, KS) abstracted data inde-

pendently and in duplicate using a pre-specified stand-

ardized data abstraction form. A fourth reviewer (BR) 

Take-home message 

Corticosteroids probably reduce mortality and duration of mechani-
cal ventilation and these results were consistent in both COVID and 
non-COVID ARDS. Corticosteroids should likely be used in most 
patients with ARDS, regardless of etiology.
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adjudicated disagreements. We collected data on trial 

characteristics, demographic data, intervention and con-

trol procedures, and outcomes of interest. In the case of 

missing data, we contacted the study authors.

Risk of bias assessment in individual studies

We assessed risk of bias independently and in duplicate 

using the Cochrane Risk of Bias 2.0 tool for RCTs. We 

used the tool to assess for risk of bias (ROB) in the fol-

lowing domains: randomization process, deviations from 

intended interventions, missing outcome data, meas-

urement of the outcome, and selection of the reported 

result. We rated each domain as “low”, “some concerns” 

or “high”. We determined overall ROB for each trial 

based on the highest risk attributed to any one domain. 

We assessed certainty of evidence for each outcome 

using the Grading of Recommendations, Assessment, 

Development, and Evaluation (GRADE) approach [14]. 

In keeping with GRADE methods, we use terminology 

consistent with the overall certainty of evidence. �is 

includes stronger language for high certainty evidence, 

and less certain language (‘probably’ or ‘may’) for moder-

ate or low certainty evidence.

Summary measures and synthesis of results

We used the DerSimonnian–Laird random effects model 

with inverse-variance weighting to generate pooled treat-

ment effects across studies. We assessed heterogeneity 

between trials using a combination of the  Chi2 test, the 

I2 statistic, and visual inspection of the forest plots. We 

present results of dichotomous outcomes using relative 

risk (RR) and continuous outcomes as mean difference 

(MD), both with 95% confidence intervals (CIs). We have 

also provided absolute differences with 95% CIs which 

we used for GRADE ratings. If medians and interquartile 

ranges (IQR) were reported instead of mean and stand-

ard deviation (SD), we assumed normality in data distri-

bution and converted IQR to SDs by dividing the IQR by 

1.35 [15].

Subgroup analysis and trial sequential analysis (TSA)

We considered a number of a priori subgroup analyses 

for the outcome of mortality, including: type of corti-

costeroid used (methylprednisolone vs dexamethasone 

vs hydrocortisone), timing of corticosteroid initiation 

after diagnosis of ARDS (early ≤ 72 h vs late corticoster-

oid initiation > 72 h), protocolize duration of corticoster-

oid therapy (≤ 7 vs > 7  days), corticosteroid dose (below 

median daily dose (< 88  mg/day of methylprednisolone 

equivalent) used in included trials vs above median daily 

dose used in included trials), ARDS etiology (COVID-19 

ARDS vs. non COVID-19 ARDS), and ROB (high ROB 

studies vs low ROB). For ROB, all studies deemed at high 

ROB or having some concerns regarding ROB were ana-

lyzed as part of the high ROB subgroup, with the remain-

der being analyzed as part of the low ROB subgroup. We 

also performed three post-hoc subgroup analyses which 

were requested by peer reviewers: (1) studies published 

before 2015 as compared to those published on or after 

2015, examining the impact in care evolution (such 

increased use of low tidal volume ventilation); (2) stud-

ies that had a placebo arm as compared to those that 

used standard or usual care and (3) studies that included 

patients who met formal ARDS criteria as per AECC or 

Berlin and studies that did not.

For all subgroup analysis, if the p value for the Chi-

squared test was < 0.05, we used the ICEMAN tool [16] 

to assess for credible subgroup effects. �is tool consid-

ers factors such as the following: whether effect modifica-

tion is based on comparisons within rather than between 

trials; whether the effect modification was correctly 

hypothesized a priori; whether the effect modification 

was supported by prior evidence; how many subgroups 

were investigated; and whether random or fixed effects 

model were used. In all other cases, we assumed that the 

subgroup differences are not important enough in influ-

ence to change our conclusions regarding the effect size 

or are due to chance.

Additionally, we performed meta-regression subgroup 

analysis assessing whether dose of corticosteroid (as a 

continuous variable) had an effect on 28-day mortality. 

For this analysis, we used methylprednisone dose (mg/d) 

or equivalent, excluding the loading dose in studies that 

gave a larger initial day 1 corticosteroid dose. We hypoth-

esized that there would be no significant difference 

between corticosteroid types, that early corticosteroid 

initiation would be more beneficial than late corticos-

teroid initiation, longer duration corticosteroid therapy 

would be more beneficial than shorter duration corti-

costeroid therapy, low-dose corticosteroid use would be 

superior to moderate–high dose corticosteroid use, that 

there would be no difference in effect between COVID-

19 patients with ARDS and non COVID-19 patients 

with ARDS, and that studies with high ROB would show 

greater benefit with corticosteroids than low ROB stud-

ies. We also hypothesized that there would be no differ-

ence in studies conducted before and after 2015 or in 

studies that included formal ARDS criteria versus those 

that did not and that studies with a placebo would show 

a smaller effect than studies used usual care as compara-

tor. Finally, we conducted sensitivity analyses excluding 

studies that reported mortality at endpoints other than 

28  days and two additional posthoc sensitivity analyses 

requested by peer review excluding studies that did not 

explicitly have ARDS as part of their inclusion criteria 

and studies that initiated corticosteroids late.
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We conducted TSA [17] using the random effects 

model for trials reporting mortality. For the TSA, we 

used a statistical significance level of 5%, a power of 80%, 

and a relative risk reduction (RRR) of 15% to represent 

a clinically important difference. Given the 20% risk of a 

false negative result with the first TSA, and at the request 

of peer reviewers, we also conducted a second posthoc 

sensitivity analysis TSA using a power of 90%. We per-

formed TSA analysis using Trial Sequential Analysis ver-

sion 0.9.5.10 beta (Copenhagen Trial Unit, Centre for 

Clinical Intervention Research, Rigshospitalet, Copenha-

gen, Denmark, www. ctu. dk/ tsa). For all other statistical 

analysis, we used RevMan 5.3 (Cochrane Collaboration, 

Oxford) software.

Results
We included six RCTs (n = 833) from previously pub-

lished meta-analyses [4, 10] addressing the topic [3, 

18–22]. �e updated search found 759 new citations, 

from which we included 12 additional RCTs (n = 1993) 

[7, 23–29] (e-Fig.  1) for a total of 18 RCTs (n = 2826) 

that met eligibility criteria. A recent meta-analysis pub-

lished in JAMA [4] included seven RCTs examining the 

role of corticosteroids in patients with COVID-19. As not 

all of these patients were mechanically ventilated or had 

ARDS, we used data only from the subgroup of patients 

that received invasive mechanical ventilation (eFigure  1 

from the JAMA report) or when not available, contacted 

individual trial authors for these subgroup results.

Table  1 shows characteristics of all included RCTs 

which randomized between 11 and 1007 patients. Five 

studies were conducted in the USA [18, 21, 23, 30], four 

in China [7, 22, 25, 26], two in Spain [3, 7], two in France 

[24], two in the UK [29], two in Brazil [27, 28], and one 

each in Denmark [7], Kuwait [20], �ailand [19], Aus-

tralia [30], Canada [30], Ireland [30], the Netherlands 

[30], and New Zealand [30]. All patients included in the 

review were invasively ventilated, 12 of the RCTs included 

1403 patients with AECC or Berlin-criteria ARDS [3, 7, 

18–27], and 6 included 1423 patients with COVID-19 [7, 

28, 29]. Additionally, while most non COVID-19 studies 

provided a breakdown of ARDS etiologies in their demo-

graphics, they did not provide outcome-based subgroup 

data based on specific aetiologies. Six trials used hydro-

cortisone [7, 19, 22, 24], eight used methylprednisolone 

[18, 20, 21, 23, 25, 26, 28], and four used dexamethasone 

[3, 7, 27, 29]. Two of the RCTs [21, 23] initiated corti-

costeroids late in the course of ARDS (defined as 1 week 

after diagnosis), whereas the other 16 RCTs initiated cor-

ticosteroids within the first week of diagnosis. Eight of 

the trials provided 7 days or less of corticosteroid therapy 

[7, 19, 22, 24–26, 28], while the rest provided 10 days or 

more. �e median dose of corticosteroid used was 88 mg 

of methylprednisolone (equivalent to 400  mg of hydro-

cortisone) per day and seven of the included trials used 

a dose less than this [7, 19, 22, 24–26, 28, 29], while the 

other 11 used a dose higher than 88 mg. �e lowest daily 

dose used was 30  mg of methylprednisolone [28, 29] 

while the highest was 120 mg of methylprednisolone [21, 

23, 25, 26]. 10 RCTs administered a placebo to their con-

trol group [7, 18–24, 28] while the remainder only pro-

vided standard care.

We judged three RCTs to be at high ROB, one due to 

concerns regarding randomization and selection of the 

reported results [20] and another two due to incomplete 

reporting regarding randomization, descriptions of inter-

ventions, and selection of the reported results [25, 26]. 

�e remainder of the trials were judged either at low 

ROB or some concern. e-Table 2 summarizes the ROB for 

each individual trial for the outcome of mortality. Table 2 

and e-Table  3 depict the pooled outcomes with associ-

ated GRADE certainty of evidence.

Corticosteroids probably reduce 28-day mortality in 

patients with ARDS (2740 patients in 16 trials, RR 0.82, 

95% CI 0.72–0.95, random effects model, absolute risk 

reduction (ARR) 8.0%, 95% CI 2.2–12.5% reduction, 

number needed to treat (NNT) 12.5, 95% CI 8.0–45.5, 

moderate certainty, Fig. 1). Both the initial TSA and post-

hoc TSA were consistent in that they showed that the 

optimal information size was not reached (n = 4690, 80% 

power; n = 6275, 90% power, Supplementary Materials).

We rated this outcome down once due to a combination 

of borderline indirectness as eight of the studies included 

mechanically ventilated patients with COVID-19 respira-

tory failure, which were not explicitly defined as ARDS, 

and for borderline imprecision as although the 95% con-

fidence interval only included benefit with corticoster-

oids, the optimal information size based on TSA was not 

met. When including trials that only enrolled patients 

meeting formal AECC/Berlin ARDS criteria, this con-

clusion and certainty of evidence did not change (1317 

patients in 10 trials, RR 0.77, 95% CI 0.63–0.94, ARR 

10.7%, 95% CI 2.8–17.3% reduction, NNT 9.3, 95% CI 

5.8–35.7, moderate certainty, Fig.  2). Subgroup analysis 

based on COVID-19 status (Fig. 1), steroid type (e-Fig. 2), 

steroid initiation time (e-Fig. 3), steroid dosage (e-Fig. 4), 

and ROB (e-Fig. 5) did not demonstrate any credible sub-

group effects. Meta-regression based on dosage of steroid 

as a continuous variable also showed no subgroup effect 

(p = 0.41, e-Fig. 6). Patients who received a longer course 

of corticosteroids (over 7  days) had higher rates of sur-

vival than those who received a shorter course (7 days or 

less) (p-value for subgroup interaction = 0.04, moderate 

credibility) (Fig.  3). We performed sensitivity analyses 

excluding the five studies that reported a mortality end-

point other than at 28 days [3, 20, 21, 23, 30] (e-Fig. 7), 

http://www.ctu.dk/tsa
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and the two studies that initiated corticosteroids late 

[21, 23] (e-Fig.  17), none of which substantially altered 

the pooled estimates or conclusions. None of our post-

hoc subgroup analyses showed credible subgroup effects 

(e-Figs. 15, 16, 19).

Corticosteroid use may reduce ICU mortality (RR 0.61, 

95% CI 0.38–0.99, ARR 18.6%, 95% CI 0.5–29.6% reduc-

tion, low certainty, e-Fig.  8) and probably reduce hos-

pital mortality (RR 0.67, 95% CI 0.46–0.96, ARR 16.6%, 

2.0–27.2% reduction, moderate certainty, e-Fig.  9) in 

critically ill patients with ARDS. �e use of corticoster-

oids may lead to fewer days of mechanical ventilation 

(MD 4.04  days fewer, 95% CI 2.53–5.53  days fewer, low 

certainty, e-Fig. 18) and a shorter hospital length of stay 

(MD 8.05 days fewer, 95% CI 3.12–12.98 days fewer, low 

certainty, e-Fig.  10). �ere was an uncertain effect on 

ICU length of stay with corticosteroids (MD 0.78  days 

more, 95% CI 4.11 days more to 5.68 days fewer, very low 

certainty, e-Fig. 11).

�ere are unclear differences in rates of neuromuscular 

weakness (271 patients in 2 trials, RR 0.85, 95% CI 0.62–

1.18, e-Fig. 12) and gastrointestinal bleeding (436 patients 

in 5 trials, RR 1.20, 95% CI 0.43–3.34, e-Fig. 13) with cor-

ticosteroids although these were all based on low or very 

low certainty evidence. �ere was probably an increase in 

hyperglycemia (915 patients in six trials, RR 1.11, 95% CI 

1.01–1.23, moderate certainty evidence, e-Fig.  14) with 

corticosteroids; however, this outcome was rated down 

for indirectness, given the variability in definitions of 

hyperglycemia used across studies. Superinfections due 

to corticosteroid use are summarized as in e-Table  4. 

Since some studies individually counted multiple infec-

tions in one individual as separate data points and oth-

ers did not, we opted not to pool this data. Although we 

could not pool data for this outcome, and understanding 

these limitations, it did not appear as though there was 

any signal for increase in superinfection (221 infections 

in corticosteroid group, 244 infections in control group).

Discussion
ARDS is in part the result of an innate immune-cell 

mediated inflammatory response that causes damage to 

the alveoli of the lung in response to a direct injury [9]. 

It has long been hypothesized that treatment with cor-

ticosteroids, as a potent anti-inflammatory agent, may 

benefit patients with ARDS, regardless of etiology [21, 

23]. �e results of our systematic review and meta-anal-

ysis is the first to support this hypothesis, indicating that 

corticosteroids may reduce mortality and the duration of 

mechanical ventilation in all patients with ARDS. Fur-

thermore, corticosteroids likely cause few side effects, 

except for an increase in hyperglycemia. �is effect on 

mortality appears to be consistent across COVID-19 T
a
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ARDS (regardless of strict ARDS criterion) and non-

COVID-19 patients, and between corticosteroid type, 

timing and dose, although a longer duration of therapy 

may be more beneficial compared to a shorter course. 

Given the consistency of the results between ARDS etiol-

ogy, this analysis supports the hypothesis that corticos-

teroids should be considered in all patients with ARDS, 

assuming no contraindications.

�e 2017 SCCM and ESICM guidelines for the Diagno-

sis and Management of Critical Illness-Related Corticos-

teroid Insufficiency (CIRCI) in Critically Ill Patients [31] 

made a conditional recommendation for corticosteroid 

use in patients with ARDS and a  PaO2/FiO2 ratio < 200. 

Prior meta-analyses examining this topic [4, 10, 32] have 

also demonstrated a consistent finding of decreased mor-

tality and decreased duration of mechanical ventilation 

with corticosteroid when used in patients with ARDS. 

Now with the addition of COVID-19 RCTs, estimates of 

effect in ARDS are more precise and based on a larger 

number of patients. In addition, more comprehensive 

subgroup analyses are possible in order to address linger-

ing questions regarding populations of interest and opti-

mal steroid administration regimes. Unfortunately, while 

no definitive conclusions could be made, this meta-anal-

ysis did indicate that longer duration corticosteroids may 

be more beneficial than a shorter course. Furthermore, 

while we cannot comment on late administration of 

corticosteroids given that almost all our included RCTs 

initiated corticosteroids within the first week of ARDS 

diagnosis, starting corticosteroids more than 2  weeks 

after ARDS diagnosis may be harmful, as illustrated by 

Steinberg et al. [21] as the exudative/inflammatory phase 

of ARDS has passed. Given the findings of this updated 

review, clinical practice guidelines addressing ARDS, 

including the SCCM/ESICM CIRCI guideline, will need 

to be re-evaluated. Despite the increased clarity, residual 

questions remain regarding the most beneficial corticos-

teroid regime. In addition, limitations of trial level data 

do not allow for a more granular assessment beyond 

considering single subgroups at once when it is possi-

ble that multiple variables could explain the differences 

or lack of differences in effect sizes. Conducting an indi-

vidual patient level meta-analysis may allow for a more 

comprehensive exploration of these subgroups of inter-

est. Specific factors affecting the response to corticoster-

oid treatment in patients with ARDS were the subject of 

a recent review addressing the role of dosage, timing of 

initiation, mode of administration, duration, and tapering 

in achieving optimal response to corticosteroid treatment 

in ARDS [33].

Recent RCTs examining the treatment of COVID-19 

respiratory failure have shown consistent benefit with 

corticosteroids, especially in the critically ill [7]. �is has 

led to multiple clinical practice guidelines strongly rec-

ommending the use of corticosteroids for the treatment 

of critically ill COVID-19 patients, including those on 

mechanical ventilation [8, 34]. Although still relatively 

early in our understanding of COVID-19 ARDS, most 

treatment regimes for COVID-induced ARDS mimic 

those of non-COVID-ARDS including low tidal volumes, 

optimal positive end expiratory pressure (PEEP), and 

prone positioning for severe cases [35]. �e results of 

this review further demonstrate the consistency of ARDS 

when it comes to treatment. While six of the included tri-

als did not include patients who met Berlin/AECC crite-

ria for ARDS, the similarity of treatment effect and lack 

of subgroup differences between studies that meet strict 

criteria and studies that do not suggest that patients in 

all these studies can be treated similarly in the context of 

corticosteroids. Furthermore, given the somewhat arbi-

trary and imprecise nature of the AECC/Berlin criteria 

[36], our study suggests that following the strict definition 

criteria itself to inform treatment with corticosteroids of 

patients with ARDS may miss patients who may benefit 

from this therapy. Additionally, we have demonstrated 

that corticosteroids have very similar effects on mortality 

in both the COVID-19 ARDS subgroup (RR 0.89, 95% CI 

0.76–1.05) and the non-COVID-19 ARDS (RR 0.70, 95% 

0.55–0.89). �is consistency suggests that COVID-19 

ARDS may be treated similarly to non-COVID-19 ARDS 

when it comes to corticosteroids.

�is is the largest and most comprehensive meta-

analysis to date examining corticosteroids in ARDS of 

any cause. Furthermore, unlike previous meta-anal-

yses [4, 10, 11], this is the only review to combine both 

COVID  −  ARDS and COVID + ARDS patients in the 

same meta-analysis. Strengths of this review include the 

comprehensive search, pre-registration of the proto-

col, careful evaluation of subgroups of interest includ-

ing COVID-19 versus non-COVID, and including 

meta-regression to evaluate the impact of corticosteroid 

dose, assessment of ROB using Cochrane 2.0, TSA and 

certainty of evidence using the GRADE approach. �is 

review also has limitations. First, as mentioned above, 

while most studies included patients with ARDS as 

defined by the AECC [12] or Berlin criteria [13], 6 RCTs 

of COVID did not strictly enroll patients with ARDS 

as per Berlin. Given that patients with COVID-19 res-

piratory failure significant enough to require invasive 

mechanical ventilation usually present with bilateral 

infiltrates [37], we felt that this population was simi-

lar enough to the ARDS population to be included. It is 

possible that we may have missed patients that would 

have met ARDS criteria but who were not intubated, e.g. 

those on non-invasive ventilation or included patients 

who did not meet ARDS criteria e.g. COVID-19 patients 
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without bilateral infiltrates or PF < 200; however, this 

would likely represent a small proportion of total ARDS 

patients. Further, when we conducted analyses exclud-

ing all trials that did not meet strict AECC/Berlin crite-

ria or separated these trials out as their own subgroup, 

treatment effect sizes remained similar, there was a lack 

of significant subgroup effects and the overall certainty 

of our conclusions remained unchanged. However, we 

recognize that the lack of formal ARDS criteria for all 

studies provides a potential source of indirectness in our 

results and have accordingly downgraded the certainty 

of outcomes to reflect this. We also recognize that not 

all studies used the same criteria to define ARDS, with 

some studies using the AECC criteria and others using 

the Berlin criteria. However, as we only included patients 

that required mechanical ventilation, studies that used 

the Berlin criteria only included patient with moderate-

to-severe ARDS [3, 7, 27]. �is makes the criteria (AECC 

and Berlin) functionally the same for the purposes of this 

review. Second, the underlying etiology of ARDS in these 

studies was heterogenous and most non-COVID stud-

ies were small. However, it is reassuring that the effect 

of corticosteroids was consistent across included studies 

(regardless of etiology or size of the trial) with low levels 

of statistical heterogeneity. Some of the trials included in 

this meta-analysis are older, including one which is more 

than 20  years old [23], and since then, standard of care 

has changed; however, again we did not observe high 

degrees of statistical heterogeneity to suggest this may 

have influenced the certainty of our results. Moreover, 

when using the GRADE methodology to rate outcomes, 

we rated importance of outcomes through consensus of 

the co-author group. In an ideal world, a wider survey 

including actual patients would have provided a more 

robust rating. Finally, we were unable to find evidence 

addressing long-term survival, as well as data on children 

or in low and middle income countries—all important 

areas for future research.

Fig. 1 Effect of corticosteroids on mortality. Studies subdivided by COVID-19 status and ARDS definition. DF degrees of freedom
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Fig. 2 Effect of corticosteroids on mortality including studies with strict ARDS definition. DF degrees of freedom

Fig. 3 Effect of corticosteroids on mortality. Studies subdivided by duration of corticosteroid therapy
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Conclusion
�e use of corticosteroids probably reduces mortal-

ity and may reduce the duration of mechanical ventila-

tion in patients with ARDS. �is effect was consistent 

between patients with COVID-19 and non-COVID-19 

ARDS and between different corticosteroid types, and 

dosage.
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