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Article type      : Systematic Review 

 

 

EFFICACY AND SAFETY OF CORTICOSTEROIDS IN ACUTE RESPIRATORY 

DISTRESS SYNDROME: AN OVERVIEW OF META-ANALYSES 

ABSTRACT 

Background: Evidence-based recommendations on efficacy and safety of corticosteroids in 

acute respiratory distress syndrome (ARDS) remains a therapeutic challenge. Findings from 

several systematic reviews and meta-analyses are inconsistent. We aimed to assess the 

published meta-analyses through a systematic review approach and provide further insight 

into the current uncertainty. 

Methodology:  We followed the Preferred Reporting Items for Systematic Review 

(PRISMA) guidelines to establish the patients, intervention, control and outcome (PICO) for 

reviewing published meta-analyses.  Data sources such as PubMed/MEDLINE, SCOPUS, 

Cochrane, and Google Scholar from inception to February 2021 were accessed. Prevention of 

ARDS, mortality, ventilator days, ICU stay and safety in terms of occurrence of adverse 

effects were the patient-related outcomes. The review also assessed meta-analysis design 

related outcomes which includes the quality of meta-analysis, factors contributing to the risk 

of bias, extent and sources of heterogeneity, publication bias and robustness of findings.  

AMSTAR-2 checklist assessed the quality of published meta-analyses. 

Results: A total of 18 meta-analyses were reviewed comprising a total of 38 primary studies 

and 3760 patients. 14 studies were in ARDS, 3 in community-acquired pneumonia, and 1 in A
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critical care. The overall quality of meta-analyses was observed to be critically low to high. A 

non-significant risk of publication bias and non-significant level of heterogeneity was 

observed in the reviewed meta-analysis. 

Corticosteroid was significantly effective in preventing ARDS among CAP patients. Effect of 

corticosteroids on mortality observed to be still inconsistent, whereas significant 

improvement was observed with ICU and ventilator outcomes, compared to the control 

group. We observed a significant reduction of mortality in RCTs (RR: 0.78; 95%CI: 0.61 to 

0.99) and duration of mechanical ventilation (MD: -4.75; 95%CI:-7.63 to -1.88); significant 

increase in ventilator-free days (MD: 6.03; 95%CI: 3.59 to 8.47) and ICU-free days (MD: 

8.04; 95%CI: 2.70 to 13.38) in ARDS patients treated with corticosteroids compared to the 

control group.  

Conclusion: The quality of included studies ranged from critically low to high demonstrating 

inconsistency in risk of bias. While older studies found no significant effect, recent meta-

analyses of RCTs found a significant mortality reduction in the corticosteroid group with 

considerable levels of heterogeneity. The updated meta-analysis by our team found a 

significant reduction in mortality in the pooled estimation of RCTs, but not in cohort studies. 

Corticosteroid therapy was effective in terms of ICU and ventilator outcomes with minimal 

safety concerns. Future meta-analyses should be well executed with specific research 

questions and well performed with minimal risk of bias to produce good quality evidence.  

Keywords: ARDS; corticosteroid; mortality; efficacy; systematic review; meta-analysis 

 

 

 

 

 

Review Criteria 

Data sources such as PubMed/MEDLINE, SCOPUS, Cochrane, and Google Scholar from 

inception to February 2021 were accessed. Prevention of acute respiratory distress syndrome, 
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mortality, ventilator days, intensive care unit stay and safety in terms of occurrence of 

adverse effects were the patient related outcomes. The overview also assessed meta-analysis 

design related outcomes which includes the quality of meta-analysis, factors contributing to 

the risk of bias, extent and sources of heterogeneity, publication bias and robustness of 

findings.  AMSTAR-2 checklist assessed the quality of published meta-analyses. For the 

purpose of meta-analysis, we extracted all primary researches considered in the included 

meta-analyses for quantitative estimation and obtained numerical data from the studies after 

eliminating the studies that were repeating. If there were any discrepancies in the values 

between different meta-analyses, we identified the primary research and collected the data or 

we tried to contact the authors if necessary. 

Message for the Clinic 

Corticosteroid therapy appeared to be effective in terms of intensive care unit and ventilator 

outcomes, with minimal safety concerns in acute respiratory distress syndrome patients. The 

mortality outcomes with corticosteroids are still inconclusive, though recent meta-analyses 

found a significant reduction. Corticosteroids can be considered as a preventive therapy in 

patients with community acquired pneumonia to control the occurrence of acute respiratory 

distress syndrome. Future meta-analyses should be well constructed with specific research 

questions and well performed with minimal risk of bias to produce good quality evidence. 

INTRODUCTION 

The first medical definition of acute respiratory distress syndrome (ARDS), a life-threatening 

common pulmonary disorder among intensive care patients, was coined in 1967
1
 and was 

characterized by severe hypoxemia, dyspnea, anomalies in the radiography of chest, and 

respiratory function decline. Later the non-hydrostatic edematous hypothesis of ARDS has 

been justified by the presence of low pulmonary artery occlusion pressure
2
. The definitions 

kept on evolving through years, and a consensus is still warranted. ARDS is a diffuse acute 

lung syndrome more prone in patients with risk factors that affect the endothelial and 

epithelial permeability. It is usually followed by hypoxemia and gas exchange anomaly, 

characterized by opacity in chest radiograph along with other physiological and pathological 

abnormalities
2,3

.   

The annual burden of ARDS in critical care is estimated to be 10% of Intensive Care Unit 

(ICU) patients, 23% of ventilated patients and 5.5 cases per ICU bed
2
. Despite   advanced 
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medical facilities, ARDS accounts for 4% of all hospital admissions and still has a mortality 

rate of 35% to 50%
4-7

. Similarly, the economic burden associated with ARDS appears to be 

high. The median treatment cost was observed to be USD 6175.9, which was less among 

those who survived (USD 5825.1) when compared to those who expired (USD 6421.2);this 

might be due to the reduced hospital stay among the patients who are survived (13 days) 

compared to those expired (19 days) and its associated cost
8
. 

There is no approved drug for the treatment of ARDS, and effectiveness of corticosteroid in 

the management of ARDS is debatable even in this modern era of medicine
9,10

. Published 

evidence from previous literature states that corticosteroids appear to be a promising agent to 

reduce mortality among ARDS patients even though conflicts exist. Early administration (< 

24 hours) of high dose corticosteroids was found to be ineffective in ARDS patients in earlier 

studies
8,11

. While later research suggests that early administration of low dose corticosteroids 

is not only ineffective, but also increases the mortality and/or ICU admission or hospital 

stay
12,13

. Newer RCTs, on the other hand, have shown that early administration of low-dose 

corticosteroids is more beneficial in the treatment group than in the control group
14-18

. A 

recent meta-analysis with low to moderate quality RCTs by Yang et al., found that early use 

of low-dose glucocorticoid may be effective in reducing mortality in patients with ARDS
19

. 

Moreover, recent evidence noticed the use of corticosteroids to prevent the complication and 

systematic inflammatory responses in SARS-COV2
20

. 

All these conflicts made the use of corticosteroids in ARDS questionable, despite of the 

availability of numerous reviews and researches Meta-analyses are the highest level of 

evidence in medical research which collect the effect estimates of homogenous individual 

studies through a systematic process and produce a single estimate by applying different 

statistical approaches, which is helpful in decision making
21,22

. However, systematic reviews 

and meta-analyses performed on the effectiveness of corticosteroids in ARDS are still 

inconclusive. Hence, we aimed to identify all the currently available literature and summarize 

the observations of meta-analyses performed on the effectiveness of corticosteroids in ARDS 

through a comprehensive systematic literature review process. Also, we aimed to perform 

meta-analysis with all the primary evidences available so far on the effectiveness of 

corticosteroids in ARDS. 

METHODOLOGY A
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We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) Guidelines
23

 to report this systematic review followed by a PICOS frame work for 

the inclusion of relevant studies. 

Criteria for Considering Studies for this Review 

Participants:  

We considered the studies including adult ARDS participants with or without acute lung 

injury (ALI) (where appropriate), admitted to hospital or ICU and receiving corticosteroids as 

a treatment option for the review. Whereas, in studies using corticosteroids as preventive 

therapy, participants with any medical diagnosis were considered for this study.  The 

diagnosis of ARDS was preferred in accordance with the American-European Consensus 

Conference on ARDS (AECC) criteria
24

 or Berlin definition
25 

and other definitions were 

allowed as per author’s discretion. 

Intervention and Comparator 

Use of corticosteroid therapy for the management of established ARDS either to improve the 

outcomes or to prevent the development of ARDS were considered as intervention of interest. 

There was no restriction on the type of corticosteroid, route, dose or duration of treatment. An 

active control group with placebo or no treatment was considered as a comparator for the 

purpose of this review.   

Outcomes 

The efficacy outcomes reported by the authors were considered, such as hospital and 

intensive care unit (ICU) mortality, duration of ICU stay and mechanical ventilation, 

ventilation free days, and ICU free days for those studies which discussed corticosteroids as a 

treatment option for ARDS. Whereas the incidence of ARDS was considered based on the 

studies which discussed preventive corticosteroids therapy. Incidence of various adverse 

effects was considered as safety outcomes. 

Study design 

Systematic reviews with meta-analyses were included if they specified a search strategy in at 

least one literature database and included primary research. Systematic reviews without a 

defined research question, search strategy, defined process of study selection and no A
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quantitative estimations were excluded from this review. Also, review, systematic reviews 

with a narrative synthesis, review of reviews and protocols were excluded.  

Search Methods for Identification of Studies 

An extensive literature search was performed in the PubMed/Medline 

(https://pubmed.ncbi.nlm.nih.gov/), Scopus (https://www.scopus.com/) and Cochrane Library 

(Cochrane database for systematic reviews; https://www.cochranelibrary.com/cdsr/reviews/) 

using all the possible key words and entry terms on March 2020. The search was further 

updated in February 2021 and included studies which were published after the initial search. 

We also did a snowball search in Google, Google Scholar and Research Gate to identify any 

relevant articles. The reference lists of all identified articles were screened to identify 

additional potentially relevant citations. A random search in PROSPERO (International 

prospective register of systematic reviews) was done to see if there are any unpublished 

registered meta-analyses. We identified all the key words for “ARDS” and “Corticosteroids” 

from databases and/or similarly published literature and compiled to prepare a comprehensive 

search strategy using the Boolean Operators “AND” and “OR”.  A detailed search strategy in 

various databases is provided as Supplementary file S1. 

Supplementary file S1: Detailed search strategy in various databases 

Study Selection 

All the identified studies from databases were retrieved to a Microsoft Excel sheet and 

screening of their title and abstracts done in accordance with a pre-defined criteria. Only 

highly irrelevant studies were excluded in this stage to avoid missing any relevant studies. 

Following this, the full-text of selected studies was downloaded and screened using the same 

criteria and the studies passing this stage were considered for final inclusion in the review.  

Two independent reviewers (MR, DD) were involved in study selection to limit bias and any 

disagreements were resolved through consensus or by discussion with another member of 

research team (VPC or GT). 

Data Extraction 

A comprehensive data extraction form which includes characteristics of studies, PICOS, 

outcomes, quality assessment and conclusion were employed to compile and collate the data. 

Author and year of publication were used to identify the studies. The initial data extraction A
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grid was piloted with first 3 studies and confirmed after necessary modification. Two 

independent reviewers (MR, DD) were involved in the data extraction to limit bias and any 

disagreements were resolved through consensus or by discussion with another reviewer (VPC 

or SN). 

Quality Assessment of meta-analyses 

We used AMSTAR 2 (A MeaSurement Tool to Assess systematic Reviews) checklist
26

 

accessed online (https://amstar.ca/Amstar_Checklist.php) for assessing the methodological 

quality of included studies. Two independent reviewers (MR, VPC) assessed the 

methodological quality of included reviews and any disagreements were resolved by mutual 

discussion or by consulting another team member (GT/SK). 

Evidence Synthesis  

All the evidence extracted through the systematic process were summarized narratively and 

presented in a tabular form. The outcomes of the studies were classified in accordance to 

study designs. The categorical outcomes were captured in ratio scales such as risk ratio, 

relative risk and hazard ratio along with 95% confidence interval [CI], whereas mean 

difference with 95% CI were considered in case of continuous outcomes. 

Quantitative analysis 

Data collection 

We extracted all primary researches considered in the included meta-analyses for quantitative 

estimation and obtained numerical data from the studies after eliminating repeating studies. If 

there were any discrepancies in the values between different meta-analyses, we identified the 

primary research and collected the data or tried to contact the authors, if necessary. 

Meta-analysis and subgroup analysis 

Review Man 5.3
27

 was used to conduct the meta-analysis. The number of events and total 

number of participants were used as categorical outcome and results were presented as 

relative risk (RR) with 95% CI, whereas mean with standard deviation (SD) was used for 

continuous outcomes and results were presented as mean difference (MD) along with 95% 

CI. The I
2
 statistics were used to estimate the heterogeneity in the analysis

28
. We used fixed 

effect model in case of non-significant heterogeneity (I
2
<50%; P>0.10), whereas a random 
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effect model was used in case of substantial heterogeneity (I
2
>50%; P<0.10). To explore the 

sources of heterogeneity, we performed subgroup analysis based on the study design (RCT or 

cohort study), wherever possible
28

. 

Publication bias and sensitivity analysis 

The visual inspection of funnel plot was used to check publication bias using RevMan 5.3
27

, 

which was further assessed for statistical significance by Egger’s and Begg’s test using 

comprehensive meta-analysis (trial version). A probability of less than 0.05 was considered to 

be statistically significant
29

. The sensitivity analysis was performed to check the robustness 

of the findings by removing the study with lowest number of participants
28

. 

RESULTS 

Study selection process 

A total of 682 non-duplicate records were initially screened by title and abstracts, in which 

491 studies were excluded with appropriate reasons. The remaining 191 full-texts were 

screened for their eligibility and 18 studies
19,30-46

 were considered for final inclusion in this 

review. A detailed study selection is depicted in Figure 1. A list of excluded studies with 

reasons were provided as Supplementary file S2.  

Figure 1: PRISMA Flow diagram of study selection process 

Supplementary file S2: List of excluded studies with reason 

Characteristics of included meta-analyses and participants 

A total of 18 meta-analyses published between the years of 2004 to 2020 were included in 

this review. Among the included studies, 3 studies
,31,33,35

 assessed the effect of corticosteroids 

in the prevention or occurrence of ARDS in CAP patients, 14 were assessing the treatment 

effect of corticosteroids in ARDS, and remaining one study
40

 assessed both prevention and 

management in critically ill patients. The included meta-analyses were from different parts of 

the world such as China (n=3)
19,31,33

 Canada (n=3)
35,37,42

, USA (n=5)
38,43,45-47

, Japan 

(n=2)
34,44

, UK (n=1)
30

, Taiwan (n=1)
36

, India (n=1)
41

, Australia (n=1)
39

 and India & Australia 

(n=1)
40

. Detailed characteristics of all the included studies is illustrated in Table 1. 

Study characteristics of primary studies included in the quantitative analysis 
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A total of 38 primary studies
11-16, 18, 48-78 

with a total of 3760 participants were considered 

from the included meta-analyses. Among them, 1887 participants received the corticosteroid 

treatment and 1873 received the placebo or no corticosteroid treatment. The characteristics of 

primary studies included in the meta-analyses were provided in Supplementary file S3. 

Supplementary file S3: Characteristics of primary studies included in the meta-analyses 

Literature Search and quality assessment characteristics of included meta-analyses 

All the meta-analyses used PubMed/Medline and Cochrane library as one of the search 

databases in their literature search except three studies
32,38,41

, where they used only Medline 

for literature search. Moreover, the databases such as Embase 
19,30,31,33-35,37,39,42,43,45

, Web of 

science
34,36,44

, CINAHL
19,30,37,42,43

, CNKI and VIP database for chinese literature
19

, 

HEALTHSTAR
42

 and Google Scholar
32,35

 were also used for the electronic search of 

literatures. Also, the authors tried to collect  additional literatures through various methods 

such as, bibliographic or citation search; random search in World Health Organization 

International Clinical Trials Registry Platform, ClinicalTrials.gov and gray literature 

databases; hand search of numerous journals, conference and meeting proceedings. Detailed 

characteristics of search and other characters is illustrated in Table 1.      

Table 1: Characteristics of included studies, participants, literature search and author’s 

conclusion 

Risk of bias in the included studies  

The tools such as GRADE criteria (n=6), standard or modified Cochrane risk of bias 

assessment tool (n=10) for RCTs and New Castle Ottawa (n=1) for Cohort studies were used 

for quality assessment. Also, other scales like Jadad scale, Chalmers checklist, and scale 

developed by Sprung et al., 1984
79

; Cronin L et al., 1995
80

 were also used in numerous 

studies. Overall, the included studies observed to be of low to moderate quality. Factors 

impacting bias are summarized in table 2. The potential biases include: inadequate sample 

size or number of events, domination of results by an unclear bias study, imbalances in 

patients group, early termination of study, inadequate pre-specification, the ascertainment 

technique of outcomes like adverse effects, inadequate information on randomization, 

allocation and blinding of participants, personnel and outcome assessors, diversity in the 

inclusion criteria of ARDS patients, discrepancies between the registered protocol and A
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published data; incomplete outcome reporting, variation in the time of initiation of treatment, 

dose, duration, follow-up and study designs.  

Extent and sources of heterogeneity in the included studies 

The level of heterogeneity varied from non-significant to substantial. Various methods such 

as subgroup analysis, meta-regression and sensitivity analysis were used to explore the 

sources of heterogeneity. Factors such as duration of corticosteroids treatment, effect model, 

severity of disease, status of inflammatory response, use of loading dose, duration of 

treatment, cumulative dose and type of mortality, risk of bias, year of publication, population 

size corticosteroid classes, early vs late ARDS were used for the subgroup analysis.  Among 

these, very few factors such as study designs, time of start of therapy
36

, dose of therapy
37

 

Chronic Health Evaluation Scores except severity score
39

 observed to be potential factors 

which contributed to the heterogeneity. 

Meta-regression analyses were based on the study-level covariates such as age, duration of 

glucocorticoids’ treatment (days), daily dose of glucocorticoid equivalent to prednisone, age, 

mean positive end-expiratory pressure, partial pressure of arterial oxygen to fractional 

inspired oxygen (PaO2/FiO2), though none of the factors revealed a positive association
45

,  

higher chances of infection were observed with a higher dose
40

. Some of the studies didn’t 

perform subgroup analysis or meta-regression due to inadequate data
30,42

 or didn’t provide 

sufficient information
38

. A detailed description of heterogeneity and sources of heterogeneity 

is illustrated in Table 2. 

Publication bias  

Visual inspection of funnel plot
19,33,36,37,44

 and statistical analysis through Egger’s
44

 

demonstrated no publication bias, except for one study
34

. Moreover, they estimated the 

presence of six potentially unreported cohorts by Duval’s trim and fill method
34

. Publication 

bias was not assessed by many studies
30,31,35,40,43

 due to fewer primary studies or other 

reasons
38,39,41,42,45,46

.  

We observed a variation in the conclusions of recent and old meta-analyses where a 

significant mortality reduction was observed in the recent meta-analyses
19,32,38,43-45

 but a non-

significant reduction in the old meta-analyses. This observation might be influenced by the 

positive reporting in recent primary researches on the effect of corticosteroids in ARDS. A
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Additionally, the factors such as inadequate number of studies, sample size, variation with 

respect to the time of initiation, dose, and duration, route of administration, follow-up and 

study design are possible contributions to the publication bias.   

Robustness of meta-analysis findings 

Majority of the studies performed a sensitivity analysis or subgroup analysis to check the 

robustness of the findings by excluding studies with low quality, high risk of selection and 

attrition bias, sequential trial removal, one study-out method or any other factors, and none of 

them observed a change in the results except Lewis SR et al.,
30

 where they  observed a slight 

change by alternative effect model.  

The detailed characteristics of the risk of bias, heterogeneity, sources of heterogeneity, 

sensitivity analysis and quality of meta-analysis is provided in Table 2. 

Table 2: Quality, Risk of bias, Heterogeneity, Publication bias and robustness of included 

meta-analysis 

Methodological Quality of included meta-analyses 

The methodological quality of included reviews was assessed using AMSTAR-2 checklist. 

Among the included studies, the quality of studies were rated as high (n=3; 17%)
 30,35,43

, 

moderate (n=5; 28%)
 33,37,39,44,45

, low (n=8; 44%) 
19,31,32,34,36,40,42,46

 and critically low (n=2; 

11%) 
38,41

 as per the AMSTAR 2 checklist. None of the studies except Lewis et al.,
 30

 and 

Adhikari N et al.,
 42

 provided the list of excluded studies along with their reason for not 

including in their reviews. As, Peter JV et al.,
 40

 provided inadequate details of excluded 

studies, hence, it was graded to be a partially Yes. All the studies had a definite PICO format 

and a detail methodology part which included the review question, comprehensive search 

strategy, selection criteria and risk of bias assessment prior to the conduct of review, except 

Meduri et al.,
38

 where they failed to report these information in the published paper. A 

detailed description of quality assessment of included meta-analyses is provided in the 

supplementary file S4. 

Supplementary file S4: Risk of bias or methodological quality assessment of included meta-

analyses 

 A
cc

ep
te

d 
A

rt
ic

le



 

This article is protected by copyright. All rights reserved 

EFFICACY OUTCOMES 

QUALITATIVE ANALYSIS 

Corticosteroids for the prevention of ARDS  

A total of 4 meta-analyses
31,33,35,40

 measured the prevention of ARDS following 

corticosteroid management. All the studies used participants with community acquired 

pneumonia (CAP), except a review conducted by Peter JV et al., where they used critically ill 

patients
40

. A significant reduction in the occurrence of ARDS was observed with 

corticosteroid treatment in patients with CAP, however no significant effect was observed in 

critically ill patients (OR: 1.55; 95% CI: 0.58 to 4.05)
40

. The detailed description with respect 

to effectiveness of corticosteroids in prevention of ARDS is illustrated in Table 3. The studies 

recording preventive treatment were found to have a low to moderate risk of bias in their 

included studies (Table 3). 

Table 3: Meta-analysis findings of effectiveness of corticosteroids for prevention of ARDS 

Corticosteroids on mortality outcome in ARDS patients 

A total of 15 meta-analyses
19,30,32,34,36-46

 provided outcomes with respect to mortality among 

the patients with ARDS who were treated with corticosteroids. The studies used RCTs and 

cohort study findings to pool the effect measures and two studies
34,39

 used a mixture of cohort 

and RCTs to pool the overall results. Various specifications were used for  interventions with 

respect to,  early or late ARDS
19,34,41

, low-dose
19,39

 or high dose corticosteroid
42

 for a short
19

 

or long duration
19,32,38,44,46

 depending on the author’s discretion. The outcomes such as 

overall mortality, hospital mortality, early or late mortality and ICU mortality were reported 

in different studies based on available data. Concerning outcome analysis, conflicting results, 

such as significant reduction, non-significant reduction, non-significant difference between 

the groups and non-significant increase in mortality among the treated group were reported 

by different analyses. A detailed description of mortality outcomes from the included studies 

is presented in Table 4. 

Table 4: Meta-analysis findings on Mortality outcome in ARDS patients treated with 

corticosteroids 

Corticosteroids on Ventilator free days  A
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A total of 10 meta-analyses considered  ventilator free days as their outcome and all of them 

recorded a significantly higher number of ventilator free days which  ranged from 3.08 (95% 

CI: 1.49-4.68)
19

 days to 7.06 (95% CI: 3.19-10.93) days
32

 in corticosteroid treated group 

compared to the control group. The detailed description on ventilator free days outcome is 

presented in Table 5. 

Corticosteroids on ICU free days 

Totally, 2 meta-analyses
32,38

 recorded  ICU free days as their outcome and both of them 

recorded  significantly higher ICU free days with corticosteroid treated group when compared 

to  control group. There was an increase ranging from 7.02 (95% CI: 3.2-10.85) days
38

 to 

7.66 (95% CI: 3.11-12.22) days
32

. The outcome of ICU free days is depicted in Table 5.  

Duration of Mechanical ventilation 

A total of 3 meta-analyses
30,39,43 

reported the duration of mechanical ventilation and reported 

a significant reduction (ranging from 4.3 days to 4.93 days) in duration of mechanical 

ventilation in corticosteroid group when compared to control group, except Lewis SR et al.,
30

 

who reported a non-significant reduction. A detailed description of studies on duration of 

mechanical ventilation is illustrated in Table 5. 

Duration of ICU stay 

Only Tang et al.,
39

 provided the outcome on duration of ICU stay from the pooled analysis of 

4 studies which included 348 participants from both RCT and Cohort studies. They recorded 

a non-significant reduction of 4 days in ICU with corticosteroid treatment (MD: -4.12; 

95%CI: -8.86 to 0.61) when compared with control group (Table 5).  

Table 5: Meta-analysis findings for Ventilation and ICU outcome in ARDS patients treated 

with corticosteroids 

Effect of corticosteroids in severity score and PaO2/FiO2 ratio in ARDS patients 

MODS Score and Lung injury score 

Only Tang BM et al.,
39

 reported the outcomes as MODS score and lung injury score. They 

reported a significant reduction of 0.76 (95% CI: 1.1 to 0.42) points in MODS Score among 

the corticosteroid group when compared to control group, in a meta-analysis of 5 studies with 
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240 participants. Whereas, a non-significant reduction was observed in lung injury score 

(MD: -0.52; 95% CI: -1.22 to 0.17; 3 studies; n=163 participants) (Supplementary file S5). 

PaO2/FiO2 ratio 

Among the included meta-analyses, 3 studies
19,39,44

 recorded the outcomes of steroid 

management in PaO2/FiO2 ratio through their meta-analysis. 2 studies
39,44

 recorded a 

significant increase in PaO2/Fi O2 ratio which ranged from 0.64 (95%CI: 0.15 to 1.13)
39,44

 to 

54.22 (95%CI: 33.5 to 74.93)
44

. Whereas, Yang ZG et al., recorded a non-significant increase 

in PaO2/FiO2 ratio (MD: 17.75; 95% CI: -65.23 to 100.73)
19

 among the corticosteroid group 

when compared to control group. (Supplementary file S5) 

Supplementary file S5: Meta-analysis findings on Effect of corticosteroids on Severity score 

and PaO2/FiO2 ratio 

QUANTITATIVE ESTIMATION 

Corticosteroids for the prevention of ARDS 

The meta-analysis of 9 RCTs
11,52,53,55,56,65,69,71,72

 with 1527 (Corticosteroid: 790; Control: 737) 

participants recorded that there was a non-significant reduction of ARDS occurrence among 

those who were treated with corticosteroids, (RR: 0.82; 95%CI: 0.48-1.40; I
2
:63%; P=0.46) 

compared to the control group (Figure 2).  

Figure 2: Effectiveness of corticosteroids for prevention of ARDS 

Corticosteroids on mortality in ARDS patients 

A pooled analysis of 34 studies
11-16,18,48-51,53-55,57-62,64-68,71,73-78,81

 with 2854 (Corticosteroid: 

1401; Control: 1453) participants recorded a non-significant reduction in mortality (RR: 0.85; 

95%CI: 0.71-1.03; I
2
: 72%; P=0.09) among the patients treated with corticosteroids 

compared to the control group. A subgroup analysis of cohort studies with 1091 participants 

reported similar non-significant reduction of mortality (RR: 0.95; 95%CI: 0.71-1.27; I
2
: 66%; 

P=0.73; 15 studies) in corticosteroids group when compared to control group. Whereas, the 

pooled estimation of 19 RCTs with 1763 patients recorded a significantly lesser mortality 

among those who were treated with corticosteroids (RR: 0.78; 95%CI: 0.61, 0.99; I2: 56%; 

P=0.04) than the control group (Figure 3). A
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Figure 3: Effect of corticosteroids on mortality among the ARDS patients 

Corticosteroids on ventilation free days 

A pooled analysis of 10 studies
12-15,18,55,67,70,75,77

 with 1071 (Corticosteroid: 555; Control: 

516) participants demonstrated that corticosteroid treatment significantly improved the 

ventilator free days (MD: 6.03; 95%CI: 3.59-8.47; I
2
: 78%; P<0.00001) compared to control. 

Moreover, subgroup analysis based on RCT (MD: 6.45; 95%CI: 3.72-9.19; 9 studies; 894 

participants) as well as cohort studies (MD: 3.10; 95%CI: 0.83-5.37; 1 study; 177 

participants) recorded significantly higher ventilator free days with corticosteroid than control 

group (Figure 4). 

Figure 4: Effect of corticosteroids on ventilator free days in ARDS patients 

Corticosteroids on ICU free days 

The quantitative analysis of 4 RCTs
12,55,67,70

 with 277 (Corticosteroid: 146; Control: 131) 

participants recorded a significantly higher ICU free days (MD: 8.04; 95%CI: 2.70-13.38; I
2
: 

91%; P=0.003) in corticosteroid group compared to the control group (Figure 5). 

Figure 5: Effect of corticosteroids on ICU free days in ARDS patients   

Corticosteroids on duration of ventilation 

 The pooled estimation of 8 studies
14,55,67,70,75-78

 recorded that, patients who were managed 

with corticosteroid treatment had a significantly lesser ventilator duration (MD: -4.75; 

95%CI: -7.63 to -1.88; I
2
: 89%; P=0.001) compared to those who did not receive the 

corticosteroid therapy (Figure 6). 

Figure 6: Effect of corticosteroid on duration of ventilation in ARDS patients 

SAFETY OUTCOMES 

QUALITATIVE ANALYSIS 

Tang BM et al.,
38

 recorded  safety outcomes as occurrence of all major adverse events, where 

they reported a non-significant reduction in all major adverse effects (RR: 0.82; 95% CI: 0.5-

1.36; 4 studies; n=494 participants) in  corticosteroid group when compared to the control 

arm.  
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Infectious complications 

A total of 7 studies
19,32,36,37,39,44,45

 reported infectious complications through meta-analysis of 

RCTs and cohort studies. All the studies recorded a non-significant difference between the 

intervention group and control group though there were conflicting results. Two studies
36,37

 

recorded non-significant increase in occurrence of infectious complications, whereas other 

studies reported non-significant decrease in infectious complications among those treated 

with corticosteroids, compared to control group. Among these, Yang ZG et al.,
 19

 recorded a 

null effect (OR: 1.00; 95% CI: 0.44-2.25). (Table 6) 

GI Bleeding 

Hirano Y et al.,
44

 a meta-analysis of 2 RCTs with 374 participants recorded a non-significant 

increase in GI Bleeding (OR: 1.39; 95% CI: 0.38-5.06) among the patients treated with 

corticosteroids compared to the control group. Rest all the studies did not report the 

occurrence of GI bleeding. (Table 6) 

Neuromyopathy 

Totally, 2 studies
39,43

 recorded the occurrence of neuropathy, with contrasting findings. The 

pooled analysis of Tang BM et al.,
39 

recorded a non-significant decrease in neuromyopathy 

(RR: 0.89; 95% CI: 0.65-1.23; 7 studies; n=569 participants), whereas, Mammen M et al.,
43

 

recorded a non-significant increase in neuromyopathy (RR: 1.3; 95% CI: 0.8-2.11; 2 RCTs; 

n=270 participants). (Table 6) 

Hyperglycemia 

A total of 3 studies
43-45

 recorded the occurrence of hyperglycemia through their meta-

analyses and all of them recorded a significantly higher risk of hyperglycemia among the 

patients treated with corticosteroid, compared to the control group. (Table 6) 

Table 6: Meta-analysis findings on Adverse effect of corticosteroid management in ARDS 

patients 

QUANTITATIVE ESTIMATION 

A total of 15 studies
11-14,18,51,54,55,67,70,71,75-77,81

 with a total of 1564 (Corticosteroids: 783; 

Control: 781) participants recorded the occurrence of adverse events in their studies. The A
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pooled analysis of studies demonstrated a non-significant increase in occurrence of an 

infectious complication (RR: 0.99; 95%CI: 0.85-1.15; 15 studies; 1564 participants; P=0.88) 

and neuromyopathy (RR: 1.14; 95%CI: 0.71-1.82; 3 studies; 317 participants; P=0.58) with 

corticosteroid treatment compared to control group in ARDS patients. Risk of hyperglycemia 

was higher in corticosteroid group (RR: 0.99; 95%CI: 0.85-1.15; 4 studies; 589 participants; 

P=0.05) compared to the control group (Figure 7).  

Figure 7:  Adverse effects of corticosteroid management in ARDS patients 

Publication bias 

The visual inspection of funnel plot by considering the mortality outcome which used highest 

number of studies for the analysis did not reveal any evidence of obvious asymmetry 

(Supplementary file S6) and no statistically significant publication bias was observed through 

Egger’s (P=0.118) and Begg’s test (0.192).  

Supplementary fie S6: Funnel plot for publication bias 

Sensitivity analysis 

Sensitivity analysis was performed by removing one study (Laggner et al., 1987; N=16 

participants; weight of the study: 2.3%)
62

 with least number of participants in the mortality 

outcome and the analysis revealed  that the result was robust and there was no change in the 

mortality outcome of the  overall outcome (RR: 0.85; 95%CI: 0.70-1.03), subgroup analysis 

by RCT (RR: 0.78; 95%CI: 0.61-0.99) and cohort (RR: 0.94; 95%CI: 0.70-1.28). The 

sensitivity analysis outcome is depicted in Supplementary file S7. 

Supplementary file S7: Sensitivity analysis  

DISCUSSION 

Corticosteroids are one of the major treatment choices for ARDS in the medical world, but 

there are still debates about their efficacy in reducing mortality, ICU stay, and mechanical 

ventilation days.  Among the included 15 individual meta-analyses, 8 meta-

analyses
19,32,38,39,43-46

 reported a significant reduction in mortality following the use of 

corticosteroids, remaining meta-analyses reported a non-significant association. We 

conducted both qualitative and quantitative estimation to produce accurate evidence on the A
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association between corticosteroid use and mortality. Our meta-analysis findings from RCTs 

supported the use of corticosteroid for the reduction of mortality which were similar to the 

latest findings by Mammen M et al.,
43

, Hirano Y et al.,
44

 and Zayed Y et al.,
45

. The pooling of 

mixed study designs, lack of primary researches with adequate samples and low 

methodological quality studies, were the likely reason for mixed evidence from the individual 

meta-analyses. The methodological quality of conducting meta-analysis needs to be improved 

further. Subgroup analysis based on different study designs and the use of maximum number 

of studies may strengthen the current evidence.  

Corticosteroid treatment significantly reduced the occurrence of ARDS in patients with CAP 

to a level of 76%
35

 from 79%
33

, whereas, a non-significant association was observed in 

patients with a critically ill condition
40

. The presence of varying comorbidities and patient 

condition might have contributed to the non-significant findings by Peter JV et al.,
40

. These 

findings give us an insight that corticosteroids can be considered to be an adjunctive 

treatment for CAP. 

Corticosteroid management was useful in significantly reducing the duration of mechanical 

ventilation by approximately 4.9 days as per the observation by Tang BM et al., and 

Mammen M et al.,
39,43

 though Lewis et al., observed a non-significant reduction of 4.3 days 

in their analysis
30

. Conflicts in results between Lewis et al. and other studies might be due to 

consideration of a smaller number of individual studies. However, our meta-analysis findings 

clarified the conflict that corticosteroid can significantly reduce the duration of mechanical 

ventilation by pooling the maximum number of individual studies.  The observations from 

individual meta-analyses recorded significant increase in ventilation free days with 

corticosteroid management compared to the non-steroid group. Moreover, our pooled 

estimate and subgroup analysis according to the study design strengthened this evidence. 

There were no conflicts with respect to ICU stay as there was only one meta-analysis with 4 

individual studies performed by Tang et al.,
39

. They reported a non-significant reduction of 

ICU stay in patients treated with corticosteroids compared to the control group. The 

individual meta-analysis findings and our pooled estimate observed a significant increase in 

ICU free days among those treated with corticosteroids. This result shows the importance of 

corticosteroid management, as reduction in mechanical ventilation and ICU days will help the 

patients for faster recovery,, better quality of life,  and decreased economic burden.  A
cc

ep
te

d 
A

rt
ic

le



 

This article is protected by copyright. All rights reserved 

The reported ADRs in the included meta-analyses were infectious complications, GI 

bleeding, neuromyopathy and hyperglycemia. Adverse events seem to be non-significant with 

corticosteroid treatment when compared to control group in ARDS patients in our pooled 

estimate. Several individual meta-analyses reported a significant association between the 

occurrences of hyperglycemia by the use of steroids. Rather than mentioning specific ADRs, 

numerous studies reported whether or not ADR occurs when corticosteroids are used. This 

weakens the strength of evidence with regards to ADR or safety of corticosteroid treatment. 

We used maximum possible databases for the literature search, along with other methods like 

a random search in online platform, and bibliographic search of included studies which 

helped us to collect as much as evidences available and limit the bias. Employing two 

independent reviewers and a settlement of disagreement in the study selection, data extraction 

and quality assessment might have helped us to limit the bias in the process of conducting 

this systematic review. The quantitative estimation employed in our study after removal of 

duplicate studies strengthened the currently available evidence as we were able to collate 

maximum possible number of individual studies on the effectiveness of corticosteroid in 

ARDS. There are some limitations to our study. We included only the English language 

studies as per the inclusion criteria, hence there is a chance that some studies might have been 

missed. However, a comprehensive search strategy might have helped to find the maximum 

number of studies.  

CONCLUSION 

In conclusion, our study from a varying quality evidences indicates that corticosteroid can 

significantly reduce the duration of ventilation and ICU stay; and non-significantly reduce 

mortality in patients with ARDS. Moreover, it can significantly increase the mechanical 

ventilation and ICU free days when compared to the control group. Corticosteroid can be 

used as a preventive treatment option among patients with community acquired pneumonia. 

Interestingly, adverse events were non-significant. While, recent meta-analyses of RCTs 

observed to have a significant mortality reduction with considerable levels of heterogeneity, 

older studies observed to have a non-significant effect. 

Conflicts of interests: Authors declare no conflicts of interest.  
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Table 1: Characteristics of included studies, participants, literature search and author’s conclusion 

Autho

r, 

year, 

Count

ry 

PROSP

ERO or 

Cochra

ne Reg 

No. 

Eligibility criteria (Participants, 

Intervention, Comparator, Outcomes and 

Study designs [PICOS]) considered and 

Funding (F) sources 

Search characteristics Number of 

studies and 

number of 

patients 

Author’s conclusion 

Databases and 

additional search 

Search Period 

Prevention of ARDS  

Bi J et 

al.,  

2016; 

China 

NR P: Adults with severe CAP 

I: Corticosteroids as adjunctive therapy 

C: Placebo or standard treatment 

O: All-cause mortality, length of ICU stay, 

length of hospital stay, risk of ARDS, need for 

MV, and adverse effects 

S: RCTs (including quasi-RCTs) Published in 

English  

F: Insufficient information 

Electronic search:  

PubMed, EMBASE, 

Cochrane Library 

 

Additional 

Reference list search 

Inception to 

December 

2015 

3 out of 8 

RCTs with 

160 (I: 80; C: 

80) 

participants 

included in 

ARDS 

outcome 

Adjunctive corticosteroids 

therapy was safe and beneficial 

for severe CAP. In addition, 

prolonged corticosteroids 

therapy was more effective. 

These results should be 

confirmed by adequately 

powered studies in the future. 

Wan 

YD et 

al., 

2016; 

China 

NR P: Adult patients with CAP 

I: use of corticosteroids  

C: Placebo or no agent 

O: In-hospital or 28-day mortality, adverse 

events, hyperglycemia, superinfection, GI 

Electronic search:  

PubMed, Embase, and 

Cochrane library 

 

Additional 

Inception to 

May 2015 

3 RCTs out 

of 15 studies 

with 913 

(I:476; C: 

437) 

Short-term treatment with 

corticosteroids is safe and may 

reduce the risk of ARDS, 

shortening the length of the 

disease in patients with CAP A
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bleeding, empyema, and Risk of ARDS, length 

of hospital stay, length of ICU stay, duration of 

IV 

antibiotic treatment, time to clinical stability, 

and readmission to hospital 

S: RCTs and cohort studies 

F: National Natural Science Foundation of 

China and an Innovative investigators project 

grant from the Health Bureau of Henan 

Province, Henan Province of Medical Scientific 

Province & Ministry Research Project 

NIL participants 

included in 

ARDS 

outcome 

Siemie

niuk 

RA et 

al., 

2015; 

Canad

a 

NR P: Hospitalized adults with CAP 

I: Systemic corticosteroids  

C: placebo or no treatment 

O: Duration of hospitalization, time to clinical 

stability, all-cause mortality, need for MV, 

need for ICU admission, or development of 

ARDS 

S: RCT 

F: No funding received 

Electronic search:  

MEDLINE, EMBASE, 

and CENTRAL 

Additional 

Manual search of the 

reference lists of 

included studies and 

existing systematic 

reviews and Google 

Scholar 

Inception to 24 

May 2015 

4 out 13 

RCTs with 

945 (I: 472; 

C: 473) 

reported 

ARDS 

outcome 

Treatment with systemic 

corticosteroids may reduce the 

risk of ARDS in patients with 

CAP 
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Treatment of ARDS  

Mam

men 

M et 

al., 

2020; 

USA 

NR P: Adults with ARDS 

I: Corticosteroids  

C: Placebo, standard therapy or no 

corticosteroid 

O: All-cause mortality, duration of MV, length 

of hospital stay, VFD, adverse effects and 

complications of corticosteroid use 

S: Parallel group RCTs  

F: NR 

Electronic search:  

MEDLINE / PubMed,  

EMBASE, CENTRAL 

and CINAHL 

Additional 

NIL 

1996 to 

February 2020 

7 trials with 

851 (I:443; 

C: 408) 

patients 

These results suggest that 

systemic corticosteroids may 

potentially improve mortality, 

shorten ventilation times, and 

increase the number of 

ventilator‑ free days in patients 

with ARDS. However, the 

studies included different 

corticosteroid classes and 

initiated drug administration at 

different times, as well as used 

various dosing regimens. Thus, 

caution in the actual clinical 

application of these results is 

recommended. 

Hirano 

Y et 

al., 

2020; 

Japan  

CRD420

2019596

9 

P: adult (≥ 18 years old) patients with a 

diagnosis of ARDS 

I: Prolonged (two consecutive days or more) 

corticosteroids administration started within 72 

h of ARDS diagnosis 

Electronic search:  

CENTRAL, 

MEDLINE, and the 

Web of Science  

 

Inception to 

June 23, 2020 

and updated in 

August 1, 2020 

4 Trials with 

742 (I:385; 

C:357) 

participants 

Prolonged corticosteroid 

treatment in early ARDS 

improved the survival 

outcomes 
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C: No prolonged corticosteroids administration 

(control or placebo) 

O: All-cause 28- or 30-day mortality and 60-

day mortality, PaO2/FiO2 ratio on days 6 or 7, 

VFD and adverse events like hyperglycaemia, 

nosocomial infections, and gastrointestinal 

bleeding  

S: Parallel group RCTs 

F: An author is receiving a grant from the 

Japan Society of the Promotion of Science 

(JSPS) 

Additional 

NIL 

Zayed 

Y et 

al., 

2020; 

USA 

NR P: Critically ill adult patients with established 

respiratory failure secondary to ARDS 

I: Glucocorticoids 

C: Placebo 

O: In-hospital mortality, 60-day mortality or 

mortality at longest follow-up duration, ICU 

mortality, VFD at day 

28, Safety such as nosocomial infections and 

hyperglycaemia 

S: RCTs with low risk of bias published in 

Electronic search:  

PubMed, Cochrane 

library, and Embase 

 

Additional 

References of 

relevant articles 

Inception 

to March 2020 

8 Trials with 

1091 (I:563; 

C:528) 

patients 

Among patients with ARDS, 

use of glucocorticoids is 

associated with a significant 

reduction in mortality and 

duration of mechanical 

ventilation, without increased 

risk of hospital-acquired 

infections. However, based on 

a trial sequential analysis, these 

findings may be secondary to a A
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English 

F: No funding 

false-positive (type I) error. 

Further studies are needed for a 

firm conclusion with guarding 

against possible statistical 

errors. 

 

 

 

 

 

 

 

Lewis 

SR et 

al., 

2019; 

UK 

CD0044

77 

P: Adults with ARDS 

I: Corticosteroids (methylprednisolone; 

hydrocortisone; and budesonide) 

C: Control (placebo or standard therapy) 

O: Early all-cause mortality, Late all-cause 

mortality, Duration of mechanical ventilation, 

Number of ventilator-free days to day 28,  

Adverse events, Fitness to return to work at 12 

months. 

Electronic search:  

CENTRAL, 

MEDLINE, Embase, 

CINAHL; World 

Health Organization 

International Clinical 

Trials Registry 

Platform; 

ClinicalTrials.gov 

1937 to 2018 7 out of 48 

RCTs with 

643 (I: 304; 

C: 270) 

participants 

assessed 

corticosteroid  

Corticosteroids may reduce all-

cause mortality within three 

months by 86 per 1000 

patients. Due to very low-

certainty evidence, we are 

uncertain whether 

corticosteroids make little or 

no difference to late all-cause 

mortality or to the duration of A
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S: RCT published after 2000 

F: NIHR Cochrane Incentive Awards Scheme 

2018, UK 

 

Additional 

Citation  search; search 

of grey literature 

mechanical ventilation. We 

found that VFD up to day 28 

may be improved with 

corticosteroids. No studies 

reported adverse events leading 

to discontinuation of study 

medication, or fitness to return 

to work at 12 months 

Yang 

ZG et 

al., 

2017; 

China 

NR P: Aged ≥18 years old with a clear diagnosis of 

ARDS regardless of aetiology, race, nation, and 

sex 

I: Glucocorticoids 

C: Placebo or standard care 

O: in-hospital mortality, MV-free days, 

improving the PaO2/FiO2 ratio and infections 

S: RCTs 

F: NR 

Electronic search:  

MEDLINE, Embase, 

Cochrane 

for English literature, 

CNKI and VIP database 

for Chinese 

literature 

 

Additional 

Published reviews and 

relevant bibliographies 

from meetings such as 

the American Thoracic 

Inception to 

November 

2013 

13 RCTs and 

1 Non-RCT 

with 1,441 (I: 

774; C: 667) 

participants  

Early use of low dose 

glucocorticoid may effectively 

reduce mortality in patients 

with ARDS. However, this 

conclusion may be affected by 

the limited quality of the 

studies included in the present 

meta-analysis 
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Society, Society of 

Critical Care Medicine, 

and the International 

Society of Intensive 

Care 

and Emergency 

Medicine 

Medur

i et al., 

2016; 

USA 

NR P: Adults with ARDS 

I: Glucocorticoids 

C: Placebo 

O: MV-free days, ICU-free days, in-hospital 

mortality, and development of nosocomial 

infections 

S: RCT 

F: Memphis VA Medical Centre 

Electronic search:  

PubMed and Google 

Scholar 

Inception to 

March 2015 

8 trials with 

651 (I: 346; 

C: 305) 

participants 

Prolonged  methylprednisolone 

treatment accelerates the 

resolution of ARDS, improving 

a broad spectrum of 

interrelated clinical 

outcomes and decreasing 

hospital mortality and 

healthcare utilization 

Horita 

N et 

al., 

2015; 

Japan 

NR P: Adult patients with ARDS or ALI 

I: Corticosteroid treatment 

C: NR 

O: Mortality in the form of odds ratio 

S: RCTs and Observational studies 

F: NR 

Electronic search:  

MEDLINE, EMBASE, 

Web of Science and 

Cochrane 

Inception to 

January 2014 

11 studies in 

which 4 

RCTs; 1 

secondary 

analysis 

of an RCT; 6 

Corticosteroid treatment was 

not significantly associated 

with the reduction in mortality 

among the ARDS patients 
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observational 

studies with 

949 (I: 461; 

C: 488) 

participants 

Ruan 

SY et 

al., 

2014; 

Taiwa

n 

CRD420

1200258

3 

P: Adult patients with ARDS  

I: Corticosteroid treatment 

C: Non-Corticosteroid therapy 

O: ICU, hospital, and 60-day mortality 

S: RCTs and Cohort studies 

F: NR 

Electronic search:  

MEDLINE, CENTRAL 

and Web of Science  

Additional 

Bibliographic screening 

of retrieved 

studies and recent 

review articles 

Inception to 

December 

2013 

8 RCTs and 

10 cohort 

studies with 

1780 (I: 868; 

C: 912) 

subjects  

The effects of corticosteroids 

on the mortality of ARDS 

differed by duration of 

outcome measures and 

aetiologies. Corticosteroids did 

not improve longer-term 

outcomes and may cause harm 

in certain subgroups. Current 

data do not support routine use 

of corticosteroids in ARDS. 

More clinical trials are needed 

to specify the favourable and 

unfavourable subgroups for 

corticosteroid therapy. 

Lamo

ntagne 

NR P: Patients with ALI, ARDS, or pneumonia 

aged 16 years or older 

Electronic search:  

MEDLINE, EMBASE, 

Inception to 

May 2008 

12 trials with 

1014 (I: 494; 

Low-dose corticosteroids 

administered within 14 days of A
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et al., 

2010; 

Canad

a 

I: Corticosteroids 

C: Placebo or standard care 

O: All cause hospital mortality, mortality at 28 

days, duration of MV, days alive and off MV at 

day 28, length of ICU stay, and length of 

hospital stay, incident infections, 

gastrointestinal bleeding, pancreatitis, 

hyperglycaemia, and neuromyopathy 

S: RCTs 

F: No funding, but one author received a 

scholarship for advanced researchers from the 

Swiss National Foundation 

CENTRAL, and 

CINAHL 

 

Additional 

Bibliographies of 

included studies and 

published reviews; 

proceedings from 

meetings of the 

societies such as: 

American Thoracic 

Society, Society of 

Critical Care Medicine, 

European Society of 

Intensive Care 

Medicine, International 

Society of Intensive 

Care and Emergency 

Medicine, and 

American College of 

Chest Physicians (2003-

C: 520) 

patients 

disease onset may reduce all-

cause mortality in patients with 

acute lung injury, acute 

respiratory distress syndrome, 

and severe pneumonia. 

However, the overall quality of 

the evidence precludes 

definitive conclusions 

regarding the use of 

corticosteroids in this 

population. 
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2008) 

Medur

i GU 

et al., 

2009; 

USA 

NR P: Adults with ARDS 

I: Prolonged glucocorticoid therapy 

C: NR 

O: Mortality, VFD, ICU free days  

S: RCTs 

F: No funding 

Electronic search:  

Medline 

 

Additional 

NR 

1966 to 

October 2008 

8 RCTs with 

628 (I: 319; 

C: 309) 

participants 

The findings of controlled 

trials provide strong evidence 

(grade 1B) for improvement in 

patient-centred outcome 

(sizable reduction in duration 

of mechanical ventilation and 

ICU length of stay) and weak 

evidence (grade 2B) for a 

survival benefit. 

Tang 

BM et 

al., 

2009; 

Austra

lia 

NR P: Adult patients with ARDS/ALI aged 18 

years or older 

I: Low-dose corticosteroid (0.5 to 2.5 mg/kg/d 

of methylprednisolone or equivalent)  

C: Any control 

O: Hospital mortality, length of MV, length of 

ICU stay, MODS Score, LIS, and PaO2/FIO2 

ratios and adverse events 

S: RCTs and observational studies 

F: Supported by Nepean Critical Care Research 

Fund 

Electronic search:  

MEDLINE, EMBASE, 

Current Content, 

Database of Abstracts 

of Reviews of Effects, 

and CENTRAL 

 

Additional 

bibliographies of 

retrieved articles 

January 1967 

to September 

2007 

5 cohort 

studies with 

307 (I: 140; 

C: 167) 

participants 

and 4 

RCTs with  

341 (I: 191; 

C: 150) 

participants 

The use of low-dose 

corticosteroids was associated 

with improved mortality and 

morbidity outcomes without 

increased adverse reactions. 

The consistency of results in 

both study designs and all 

outcomes suggests that they are 

an effective treatment for ALI 

or ARDS. The mortality 

benefits in early ARDS should A
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be confirmed by an adequately 

powered randomized trial 

Medur

i GU 

et al., 

2008; 

USA 

NR P: Patients with ARDS-ALI 

I: Prolonged glucocorticoid treatment (≥ 7 

days) 

C: No steroid treatment 

O: Improvement in gas exchange, reduction in 

markers of inflammation, duration of MV, 

duration of ICU stay,  mortality 

S: RCTs  

F: NR 

Electronic search:  

CENTRAL, MEDLINE 

 

Additional 

NIL 

1966 to May 

2007 

5 trials with 

518 (I: 276; 

C: 242) 

participants 

Prolonged glucocorticoid 

treatment substantially and 

significantly improves 

meaningful patient-centred 

outcome variables, and has a 

distinct survival benefit when 

initiated before day 14 of 

ARDS 

Agarw

al R et 

al., 

2007; 

India 

NR P: Patients with ARDS 

I: Steroid treatment 

C: No steroid treatment 

O: Mortality 

S: RCTs and Observational studies with 

historical controls 

F: NR 

 

Electronic search:  

MEDLINE 

 

Restriction 

Patient age (19+ years) 

and English language 

1980 to 

2006 

6 trials with 

535 (I: 265; 

C: 270) 

participants 

Current evidence does not 

support a role for 

corticosteroids in the 

management of ARDS in either 

the early or late stages of the 

disease. More research is 

required to establish the role of 

steroids in specific subgroups 

of patients with severe sepsis 

and early ARDS who have A
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relative 

adrenal insufficiency and 

patients with late ARDS 7–14 

days after the onset of disease 

Adhik

ari N 

et al., 

2004; 

Canad

a 

NR P: Adult patients with established ARDS/ALI 

I: Pharmacologic management including 

Steroid treatment 

C: No steroid treatment or placebo 

O: All-cause Mortality (at or before 3 months 

after randomization), duration of MV, VFD 

day 28, incidence of non-pulmonary organ 

dysfunction, or adverse events 

S: RCTs  

F: No funding 

 

Electronic search:  

CENTRAL,  

MEDLINE, EMBASE, 

CINAHL 

and HEALTHSTAR  

Additional 

Bibliographic search of 

all retrieved studies 

and recent review; 

Conference  

proceedings published 

in American Journal of 

Respiratory and 

Critical Care 

Medicine, Chest, 

Critical Care Medicine 

and Intensive Care 

Databases: 

1966 to 2004; 

Conference 

Proceeding: 

(1994 to 2003) 

3 out of 33 

described 

steroid 

management; 

Out of which, 

2 out of 3 

trails with 

180 (I: 89; 

C:91) 

participants 

included in 

MA 

Effective pharmacotherapy for 

ARDS is extremely limited. 

Corticosteroids for late phase 

ARDS and pentoxifylline for 

patients with metastatic cancer 

and ARDS reduced mortality 

in single small studies. 

However, further research is 

required to investigate their 

potential benefit in the 

treatment of ALI/ARDS 
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Medicine 

Both Prevention and Treatment of ARDS  

Peter 

JV et 

al., 

2008; 

India 

& 

Austra

lia 

NR P: Critically ill patients 

I: Steroid treatment 

C: No steroid treatment 

O: Incidence of ARDS, mortality (at 14 to 60 

days), ventilation 

S: RCTs 

F: None 

Electronic search:  

Medline, the 

CENTRAL, the 

Cochrane database of 

systematic reviews, the 

American College of 

Physicians Journal 

Club, the health 

technology assessment 

database, and database 

of abstracts of reviews 

of effects 

 

Additional 

Reference search of 

review articles, Hand 

search of journals such 

as the American Journal 

of Respiratory and 

1966 

to April 2007 

9 trials with 

1073 (I: 561; 

C: 512) 

participants 

A definitive role of 

corticosteroids in the treatment 

of ARDS in adults is not 

established. A possibility of 

reduced mortality and 

increased ventilator free days 

with steroids started after the 

onset of ARDS was suggested. 

Preventive steroids possibly 

increase the incidence of 

ARDS in critically ill adults. 

A
cc

ep
te

d 
A

rt
ic

le



 

This article is protected by copyright. All rights reserved 

Critical Care Medicine, 

Chest, Critical Care 

Medicine, European 

Respiratory Journal, 

Lancet, New England 

Journal of Medicine, 

Intensive Care 

Medicine, and Thorax; 

Electronic or manual 

search of the table of 

contents as well as 

abstracts of conference 

proceedings of the 

various societies 

ALI: Acute lung injury; ARDS: Acute Respiratory Distress Syndrome; CAP: Community-acquired pneumonia; IPD: Individual patient data; 

LIS: Lung Injury Score; MA: Meta-analysis; MODS: Multiple Organ Dysfunction Syndrome; MV: Mechanical ventilation; NR: Not Reported; 

RCT: Randomized Controlled Trials; VFD: Ventilator-free days 
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Table 2: Quality, Risk of bias, Heterogeneity, Publication bias and robustness of included meta-analysis 

Auth

or, 

year, 

Cou

ntry 

Author 

reported 

Quality or 

risk of bias in 

included 

studies 

Author reported 

factors 

contributing to 

risk of bias or 

quality 

Level of 

heterogeneity (I
2
 

statistics) 

Efforts to explore 

the sources of 

heterogeneity 

Author 

reported 

publication 

bias 

Robustness of 

the findings  

Author 

reported 

limitations 

Funding 

sources 

Metho

dologic

al 

quality 

of MA 

as per 

AMST

AR-2 

Bi J 

et al.,  

2016

; 

Chin

a 

Tool used: 

Cochrane Risk 

of bias 

assessment 

tool 

Quality of 

evidence: 

Low risk of 

bias 

- A non-significant 

heterogeneity 

ranged from 0% 

to 43.4% were 

observed across 

the results  

Subgroup analysis 

performed according 

to the  duration of 

corticosteroids 

treatment 

Didn’t assess 

due to less 

number of 

studies 

A sensitivity 

analysis by the 

sequential 

dropping of each 

study observed a 

robust finding 

Less number 

of included 

studies and 

small sample 

size, 

Inconsistent 

definition for 

diagnosis and 

severity of 

disease,  and 

an optimal 

corticosteroids 

Insufficient 

information 

Low 

quality 
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regimens were 

not clarified 

Wan 

YD 

et al., 

2016

; 

Chin

a 

Tool used: 

GRADE 

criteria and 

Cochrane Risk 

of bias 

assessment 

tool 

Quality of 

evidence: 

Low to 

moderate risk 

of bias as per 

Cochrane and 

Very Low to 

Low as per 

GRADE 

Criteria 

Inadequate 

sample size, 

Domination of 

results by an 

unclear bias 

study, imbalances 

in patients group, 

early termination 

of study, 

Inadequate pre-

specification and 

the ascertainment 

technique of 

outcomes like 

adverse effects 

A non-significant 

heterogeneity 

ranged from 0% 

to 27% were 

observed across 

the results 

Subgroup analysis 

based on effect 

model, severity of 

disease, status of 

inflammatory 

response, use of 

loading dose, 

duration of treatment, 

cumulative dose and 

type of mortality  

Funnel plots 

showed no 

evidence of 

publication 

bias 

Sensitivity 

analysis based 

on the 

multicentre 

status, large 

sample, low risk 

of bias and one 

study-out 

method 

observed a 

robust finding 

Small sample 

size, the 

severity of 

illness was not 

consistent 

across the 

studies, and 

lack of 

uniform 

diagnostic 

criteria of 

disease 

National 

Natural 

Science 

Foundation 

of China 

and an 

Innovative 

investigator

s project 

grant from 

the Health 

Bureau of 

Henan 

Province, 

Henan 

Province of 

Medical 

Scientific 

Province & 

Modera

te 

quality 
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Ministry 

Research 

Project 

Siem

ieniu

k RA 

et al., 

2015

; 

Cana

da 

Tool used: 

GRADE 

Criteria and 

Cochrane Risk 

of bias 

assessment 

tool 

Quality of 

evidence: 

Moderate 

Certainty as 

per GRADE 

and Low to 

High as per 

Cochrane 

Small number of 

events (16 total) 

No heterogeneity 

for prevention of 

ARDS outcome 

Subgroup analysis 

based on the risk of 

bias, year of 

publication, severity 

of pneumonia at 

enrolment, and 

duration of 

corticosteroid therapy 

did not show a 

consistent interaction 

across 

outcomes 

Didn’t assess 

for ARDS 

outcome due 

to less number 

of studies 

One study-out 

method had no 

appreciable 

effect on the 

results 

Lesser number 

of studies and 

events; 

exclusion of 

patients at high 

risk for 

adverse events 

No funding 

received 

High 

quality 

Mam

men 

M et 

Tool used: 

GRADE 

criteria and 

Attrition rate 

greater than 5% in 

one study 

Significant 

heterogeneity in 

the pooled 

Subgroup analysis by 

corticosteroid classes, 

steroid therapy 

Didn’t assess 

due to less 

number of 

Sensitivity 

analysis based 

on risk of bias 

Use of various 

corticosteroid 

agents at 

Not 

Reported 

High 

quality 
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al., 

2020

; 

USA 

Cochrane risk 

of bias tool 

Quality of 

evidence: 

Low to 

moderate 

certainty and 

three studies 

had lower 

RoB 

estimates of 

mechanical 

ventilation times 

timing,   had no 

impact on the 

outcomes  

studies and found the 

pooled 

estimate to be 

robust and 

consistent 

different doses, 

leaving the 

optimal choice 

of agents and 

dosing, Didn’t 

search the grey 

literature or 

conference 

abstracts and 

limited 

exploration of 

heterogeneity 

Hira

no Y 

et al., 

2020

; 

Japa

n  

Tool used: 

Cochrane Risk 

of bias 

assessment 

tool and 

GRADE 

Criteria 

 

Quality of 

Inadequate 

blinding of 

participants and 

personnel, early 

termination of the 

study, and 

diversity in the 

inclusion criteria 

of ARDS patients 

No evidence of 

heterogeneity 

(0%) except the 

outcomes 

PaO2/FiO2 (93%) 

and ventilator free 

days (61%) and 

GI bleeding 

(24%) 

Subgroup analysis 

based on early and 

moderate to severe 

ARDS retained the 

results 

Non-

significant 

publication 

bias through 

funnel 

plot and 

Egger’s test 

Didn’t perform 

any analysis 

Chances of 

publication 

bias, 

methodologica

l concerns in 

the included 

studies, 

diversity in the 

inclusion 

An author is 

receiving a 

grant from 

the Japan 

Society of 

the 

Promotion 

of Science 

(JSPS) 

Modera

te 

quality 

A
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evidence: 

Low to 

moderate 

grade 

evidence 

criteria of 

ARDS 

patients, 

variations in 

the ARDS 

treatment 

strategy and 

did not clarify 

the effect of 

corticosteroids 

on long-term 

survival 

outcomes 

Zaye

d Y 

et al., 

2020

; 

USA 

Tool used: 

Cochrane Risk 

of bias 

assessment 

tool 

Quality of 

evidence: 

Low to 

Blinding of 

participants and 

investigators 

Mild to low 

heterogeneity 

ranged from 0% 

to 67%  

Subgroup analysis 

based on timing of 

glucocorticoids 

administration, early 

vs late ARDS, 

severity of ARDS, 

and status of lung 

protective 

Not 

performed 

Sensitivity 

analysis with 

sequential trial 

removal 

revealed 

consistent 

results 

Variation in 

the critical care 

management 

between older 

and modern 

studies, 

Variation in   

types, dosages 

No funding 

received 

Modera

te 

quality 

A
cc

ep
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d 
A
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le
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moderate level 

of risk of bias 

ventilations and 

revealed no 

significant difference.  

Meta-regression 

analyses based on the 

study-level covariates 

such as age, duration 

of glucocorticoids 

treatment (days), 

daily dose of 

glucocorticoid 

equivalent to 

prednisone, age, 

mean positive end-

expiratory pressure, 

partial pressure of 

arterial oxygen to 

fractional inspired 

oxygen (PaO2/FiO2) 

revealed no 

significant effect in 

and durations 

of 

glucocorticoids

, and lack 

patient level 

subgroup data 
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outcomes 

Lewi

s SR 

et al., 

2019

; UK 

Tool used: 

Cochrane Risk 

of bias 

assessment 

tool 

Quality of 

evidence: 

Low-certainty 

evidence 

In sufficient 

information on 

methods for 

randomization 

and blinding, 

unblended 

outcome assessed 

trials, early 

stopping of 

treatment or 

study, 

unpublished 

negative results, 

discrepancies 

between the 

registered 

protocol and 

published data 

and incomplete 

outcome reporting 

Heterogeneity 

varied from 27% 

to 93% across the 

outcomes  

No subgroup analysis 

due to inadequate 

data  

Didn’t assess 

due to less 

number of 

studies 

 

 

Sensitivity 

analysis based 

on the low tidal 

volume, 

selection and 

attrition bias 

didn’t reveal a 

difference, but 

alternative effect 

model observed 

to have a slight 

change  

Uncertain or 

high risk of 

bias; less 

sample size; 

substantial 

statistical 

heterogeneity 

in some 

outcomes; 

didn’t explore 

the treatment 

specific 

adverse events 

and other 

outcomes 

NIHR 

Cochrane 

Incentive 

Awards 

Scheme 

2018, UK 

High 

quality 

A
cc

ep
te

d 
A

rt
ic

le



 

This article is protected by copyright. All rights reserved 

Yang 

ZG 

et al., 

2017

; 

Chin

a 

Tool used: 

Scoring 

method from a 

previous study 

 

Quality of 

evidence: 

Low quality of 

evidence 

Inadequate 

information on 

method of 

blinding, less 

sample size, early 

stopped treatment  

Heterogeneity 

varied from 0% to 

96% across the 

outcomes  

Subgroup analysis 

based on the low or 

high dose 

corticosteroids, early 

or late administration 

of steroids, short or 

long duration of 

steroid revealed no 

significant effect in 

outcomes 

Non-

significant 

publication 

bias through 

funnel 

plot  

Sensitivity 

analysis by 

excluding 

studies of low 

quality observed 

a consistent 

result 

Less number 

of studies; less 

sample size, 

Inconsistent 

definition of 

ARDS and the 

treatment 

regimen; 

Inadequate 

information on 

safety  

Not 

Reported 

Low 

quality 

Med

uri et 

al., 

2016

; 

USA 

Tool used: 

Modified 

Cochrane risk 

of bias 

Tool 

Quality of 

evidence: 

Moderate to 

High certainty 

evidence 

RCT recruited a 

small proportion 

(5%) of eligible 

patients, blinded 

cross-over 

between groups 

Heterogeneity 

varied from 0% to 

86.3% across the 

outcomes 

Subgroup analyses 

were performed for 

type of glucocorticoid 

used, year of 

publication (before 

2010 vs. 

after 2010), each risk 

of bias category, and 

size of study (<60 

patients vs. ≥60 

No 

publication 

bias were 

observed 

during quality 

assessment 

Sensitivity 

analysis 

excluding RCTs 

with the 

sequential 

stopping rule 

observed a 

consistent result 

Did not rule 

out potential 

confounding of 

unmeasured 

differences 

between 

individual 

studies 

Memphis 

VA Medical 

Centre 

Low 

quality 
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patients) and no 

subgroup difference 

were observed  

Horit

a N 

et al., 

2015

; 

Japa

n 

Tool used: 

Chalmers 

checklist 

Quality of 

evidence: 

Non-Excellent 

quality of 

Evidence 

Small sample size Heterogeneity 

was 73% 

Subgroup analysis 

based on the 

corticosteroid dose, 

study design, 

publication language, 

quality score, 

publication year, 

study weight, whether 

the patient was 

treated before or after 

day 14, comorbidities 

and definition of 

ARDS were not 

found to be 

significant causes of 

heterogeneity 

A strong 

publication 

bias were 

observed 

through 

funnel plot 

and Begg-

Kendall test. 

Duval’s trim 

and fill 

method 

estimated the 

presence of 

six potentially 

unreported 

cohorts 

Sensitivity 

analyses by 

evaluating the 

degree of 

heterogeneity 

among the 

subgroups 

Inclusion of 

non-RCTs, low 

quality studies 

and non-

English 

studies; 

Significant 

publication 

bias; variation 

in the 

definition of 

ARDS in the 

inclusion 

criteria 

Not 

Reported 

Low 

quality 

Ruan 

SY 

Tool used: 

Modified 

Comparability 

and 

Moderate (57%) 

heterogeneity 

Subgroup analysis by 

different mortality 

A funnel plot 

did not 

Sensitivity 

analysis was 

Small number 

of RCTs and 

Not 

Reported 

Low 

quality A
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d 
A
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et al., 

2014

; 

Taiw

an 

Cochrane risk 

of bias 

Tool for RCTs 

and 

Newcastle-

Ottawa 

Quality 

Assessment 

Scale for 

cohort studies 

Quality of 

evidence: 

Low risk of 

bias for RCTs 

and moderate 

for Cohort 

studies 

representativeness 

of the study 

patients in cohort 

studies 

endpoints, study 

designs, time of start 

of therapy suggested 

that corticosteroids 

had a possible 

but statistically 

insignificant effect on 

short-term (ICU) 

mortality 

suggest 

significant 

publication 

bias 

performed  sample size; 

concerns on 

subgroup 

analyses and 

under power; 

poor quality of 

earlier studies 

Lam

ontag

ne et 

al., 

Tool used: 

GRADE 

 

Quality of 

Early stopping for 

perceived benefit, 

unblended 

investigators 

Heterogeneity 

varied from 0% to 

68% across the 

outcome 

Subgroup analysis 

based on the dose of 

corticosteroid 

therapy, in which a 

A funnel plot 

indicated no 

evidence of 

publication 

Sensitivity 

analysis using 

only the low 

dose steroid 

Varied 

inference in 

subgroup 

analysis, risk 

No funding, 

but one 

author 

received a 

Modera

te 

quality 
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2010

; 

Cana

da 

evidence: 

Low grade 

evidence being 

downgraded 

for 

inconsistency 

and 

imprecision 

significant interaction 

was observed. 

Another subgroup 

analysis based on the 

definition of ARDS 

and duration of 

treatment observed a 

non-significant 

interaction  

bias for any of 

the end points 

studies and early 

administration 

of steroids 

observed the 

consistent 

results 

of bias in 

terms of 

stopping of 

study; 

Variation in 

the nature 

of adverse 

events that 

investigators 

tracked 

scholarship 

for 

advanced 

researchers 

from the 

Swiss 

National 

Foundation 

Med

uri 

GU 

et al., 

2009

; 

USA 

Tool used: 

GRADE 

 

Quality of 

evidence: 

Weak to 

strong 

evidence  

Different timing 

for initiation, 

different doses, 

different duration 

of treatment,  

different study 

design and 

limited sample 

size 

Moderate (43%) 

to large (77%) 

degree of 

heterogeneity 

across the 

outcomes 

Subgroup and meta- 

regression; no 

adequate data 

analyses, however, 

showed that 

heterogeneity had 

minimal effect on 

treatment efficacy 

Not reported Not reported Not reported No funding 

received 

Critical

ly Low 

quality 

Tang 

BM 

Tool used: 

Cochrane 

Not reported Moderate (51%) 

to large (78%) 

No significant 

interaction was 

Not reported Not reported Combine 

results from 

Supported 

by Nepean 

Modera

te A
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d 
A
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et al., 

2009

; 

Austr

alia 

Collaboration 

guidelines for 

RCTs and 

Health 

Technology 

Assessment 

Program 

Guidelines for 

Cohort studies 

 

Quality of 

evidence: 

Good quality 

evidence; 

RCTs (75%) 

and cohort 

(82%) 

degree of 

heterogeneity 

across the 

outcomes 

observed in subgroup 

analysis based on 

Early vs. late ARDS, 

tapering status of 

steroid, 

hydrocortisone or 

methylprednisolone, 

Year of study (Pre-

2000 vs post) and 

status of Crossover 

RCT design. None of 

the factors such as 

treatment duration, 

percentage of patients 

with sepsis, age, 

dose, sex, baseline 

PaO2/FIO2 ratios, 

and Acute Physiology 

and 

Chronic Health 

Evaluation Scores 

nonrandomize

d and 

randomized 

studies, 

inadequate 

reporting of 

adverse events 

and 

inflammatory 

effect, failed to 

assess the 

effect of 

Corticosteroids 

on non-

responders, 

Influence of 

supporting 

therapy 

couldn’t 

assess. 

Critical 

Care 

Research 

Fund 

quality 
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except severity score 

observed a positive 

interaction 

Med

uri 

GU 

et al., 

2008

; 

USA 

Tools used: 

Methodologic

al quality form 

outlined by 

Cronin L et 

al., 

Quality of 

evidence: 

A score range 

of 11.5 to 14.5 

with moderate 

quality 

Imbalance in 

baseline 

characteristics, 

Open-label 

treatment for non-

improvers, Blind 

cross-over for 

non-improvers, 

Discontinuation 

of study drug 48 h 

after extubation 

Low (0% to 17%) 

level of 

heterogeneity 

Subgroup analysis 

based on size of the 

study (small vs 

larger), timing of 

initiation of treatment 

(before day 14 from 

the onset of ALI–

ARDS), and duration 

of treatment (greater 

than 1 week) 

Not reported Not reported Not reported Not 

Reported 

Low 

quality 

Agar

wal 

R et 

al., 

2007

; 

Tools used: 

5-point scale 

(0 = worst and 

5 = best) as 

described by 

Jadad et al.,  

Variation in the 

doses of 

glucocorticoids, 

follow-up, 

variation in 

supportive care 

No significant 

heterogeneity 

(42.1% to 52.7%) 

Subgroup analysis 

based on severity of 

sepsis; early and late 

ARDS didn’t observe 

a significant 

interaction 

Not reported Not reported Variation in 

the doses of 

glucocorticoids

, follow-up, 

variation in 

supportive care 

Not 

Reported 

 

Critical

ly Low 

quality 
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India Quality of 

evidence: 

Good quality 

evidence 

and method of 

ventilation 

and method of 

ventilation 

might have 

influenced the 

analysis 

Adhi

kari 

N et 

al., 

2004

; 

Cana

da 

Tools used: 7 

scale 

assessment 

tool 

 

Quality of 

evidence: 

Variable 

quality of 

evidence 

Inadequate 

information on 

allocation 

concealment, pre-

mature 

termination of 

enrolment, 

imbalance in 

baseline 

prognostic 

characters and 

cross over design 

Not reported Not performed Not 

performed for 

corticosteroid

s 

Not reported Identification 

of less number 

of trials, less 

number of 

participants, 

Inadequate 

information on 

subgroups 

No funding 

is received  

 

Low 

quality 

Peter 

JV et 

al., 

2008

Tool Used: 

10 point 

scoring system 

developed by 

Early stopping of 

trial, selection 

bias, aspects of 

trial conduct, the 

Heterogeneity 

were observed 

(SD: 0.53 to 0.97)  

Meta-regression 

analysis observed a 

higher infection with 

increased dose; Meta-

Didn’t assess 

due to less 

number of 

studies 

Sensitivity 

analysis yielded 

a stable result 

Significant 

heterogeneity; 

small number 

of trials with 

No funding 

is received  

 

Low 

quality 
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; 

India 

& 

Austr

alia 

the meta-

analysis team 

which is 

modified from 

a previous 

meta-analysis 

by Sprung et 

al, 1984 

 

Quality of 

evidence: 

Moderate 

quality (Score 

of 6 to 8 out of 

10) 

use of interim 

analyses 

 

regression with 

initiation time of 

treatment didn’t 

observe an 

interaction;  

 sparse data 

 

CENTRAL: Cochrane Central Register of Controlled Trials; GRADE: Grading of Recommendations Assessment, Development and Evaluation; 
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Table 3: Meta-analysis findings of effectiveness of corticosteroids for prevention of 

ARDS 

Author & year Criteria 

Number 

of 

studies 

Total 

number of 

participants 

Effect 

measure 

Effect size (95% 

CI) 

Interpretation with 

respect to 

intervention 

Bi J et al., 2016 CAP 3 160  

RR 

(95% 

CI) 0.23 (0.07-0.8) 

Significant reduction 

in occurrence of 

ARDS  

Wan DY et al., 

2016 CAP 3 913  

RR 

(95% 

CI) 0.21 (0.08-0.59) 

Significant reduction 

in occurrence of 

ARDS 

Siemieniuk RA 

et al., 2015 CAP 4 945 

RR 

(95% 

CI) 0.24 (0.1-0.56) 

Significant reduction 

in occurrence of 

ARDS 

Peter JV et al., 

2008 

Critically 

ill patients 4 502  

OR 

(95% 

CI) 1.55 (0.58- 4.05) 

Non-significant 

increase in occurrence 

of ARDS 

CAP: Community acquired pneumonia; RR: Risk Ratio/Relative Risk; CI: Confidence 

Interval 
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Table 4: Meta-analysis findings on Mortality outcome in ARDS patients treated with corticosteroids 

Author & 

Year 

 

No. of 

studies 

No. of 

participants 

Participant or treatment 

specification (if any) 

Outcome 

specification 

(if any) 

Effect 

measure Effect size 

Interpretation with respect to 

corticosteroid management 

Results of analysis that used only RCTs 

Lewis SR et 

al., 2019 6 574 NS 

< 3 month 

mortality 

RR 

(95%CI) 0.77 (0.57-1.05) 

Non-significant  reduction in 

mortality 

Lewis SR et 

al., 2019 1 180 NS 

> 3 months 

mortality 

RR 

(95%CI) 0.99 (0.64-1.52) 

Non-significant  reduction in 

mortality 

Meduri et al., 

2016 8 569 

Prolonged (>7 days) 

treatment 

28 days 

mortality 

RR 

(95%CI) 0.52 (0.33-0.83) 

Significant reduction in 

mortality 

Ruan SY et 

al., 2015 2 279 NS 

60-day 

mortality 

RR 

(95%CI) 0.97 (0.75-1.26) 

Non-significant  reduction in 

mortality 

RD (95% 

CI) -0.01(-0.12 to 0.1) 

Non-significant reduction in 

mortality 

Ruan SY et 

al., 2015 2 201 NS 

Hospital 

Mortality 

RR 

(95%CI) 0.49 (0.12-2.07) 

Non-significant  reduction in 

mortality 

RD (95% 

CI) -0.28 (-0.53 to -0.03) 

Significant reduction in 

mortality 

Lamontagne 

F et al., 2010 12 966 NS 

Hospital 

mortality 

RR 

(95%CI) 0.84 (0.66-1.06) 

Non-significant  reduction in 

mortality A
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ep
te

d 
A

rt
ic

le



 

This article is protected by copyright. All rights reserved 

Lamontagne 

F et al., 2010 12 966 NS 

28 day 

mortality 

RR 

(95%CI) 0.7 (0.47-1.05) 

Non-significant  reduction in 

mortality 

Meduri et al., 

2009 8 628 

Prolonged Glucocorticoid 

Treatment any time after 

diagnosis 

Hospital 

Mortality 

RR 

(95%CI) 0.75 (0.63-0.89) 

Significant reduction in 

mortality 

Meduri et al., 

2009 NR NR 

Prolonged Glucocorticoid 

Treatment before 14 days of 

diagnosis 

Hospital 

Mortality 

RR 

(95%CI) 0.71 (0.59-0.85) 

Significant reduction in 

mortality 

Tang BM et 

al., 2009 4 341 

Low-dose corticosteroid 

(e.g., 0.5–2.5 mg kg1 d1 of 

methylprednisolone or 

equivalent) 

Hospital 

Mortality 

RR 

(95%CI) 0.51 (0.24-1.09) 

Non-significant reduction in 

mortality 

Peter JV et 

al., 2008 5 571 NS 

Hospital 

Mortality 

OR (95% 

CI) 0.62 (0.23-1.26) 

Non-significant reduction in 

mortality 

Agarwal R et 

al., 2007 3 300 Early ARDS 

Overall 

Mortality 

OR (95% 

CI) 0.57 (0.25-1.32) 

Non-significant reduction in 

mortality 

Agarwal R et 

al., 2007 3 235 Late ARDS 

Overall 

Mortality 

OR (95% 

CI) 0.58 (0.22-1.53) 

Non-significant reduction in 

mortality 

Adhikari N et 

al., 2004 2 180 High dose corticosteroids 

Overall 

Mortality 

RR 

(95%CI) 1.12 (0.72-1.74) 

Non-significant increase in 

mortality 

Yang ZG et 10 772 Low dose steroid Overall RR 0.57 (0.39-0.84) Significant reduction in A
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al., 2017 Mortality (95%CI) mortality 

Yang ZG et 

al., 2017 3 446 High dose corticosteroids 

Overall 

Mortality 

RR 

(95%CI) 0.88 (0.51-1.53) 

Non-significant reduction in 

mortality 

Yang ZG et 

al., 2017 8 501 Early administration 

Overall 

Mortality 

RR 

(95%CI) 0.37 (0.16-0.86) 

Significant reduction in 

mortality 

Yang ZG et 

al., 2017 2 271 Late administration 

Overall 

Mortality 

RR 

(95%CI) 0.59 (0.25-0.78) 

Significant reduction in 

mortality 

Yang ZG et 

al., 2017 6 588 

Short duration of steroids 

(<7 days) 

Overall 

Mortality 

RR 

(95%CI) 0.77 (0.52-1.13) 

Non-significant reduction in 

mortality 

Yang ZG et 

al., 2017 6 551 

Long duration of steroid (>7 

days) 

Overall 

Mortality 

RR 

(95%CI) 0.44 (0.3-0.64) 

Significant reduction in 

mortality 

Mammen M 

et al., 2020 7 851 NS 

Overall 

mortality 

RR 

(95%CI) 0.75 (0.59-0.95) 

Significant reduction in 

mortality 

Hirano Y et 

al., 2020 4 742 

Prolonged Glucocorticoid 

Treatment within 72 

diagnosis for 2 consecutive 

days or more 

28- or 30-day 

mortality 

OR (95% 

CI) 0.61 (0.44-0.85) 

Significant reduction in 

mortality 

Hirano Y et 

al., 2020 3 565 

Prolonged Glucocorticoid 

Treatment within 72 

diagnosis for 2 consecutive 

days or more 

60- day 

mortality 

OR (95% 

CI) 0.57 (0.4-0.83) 

Significant reduction in 

mortality A
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Zayed Y et 

al., 2020 8 1091 NS 

Hospital 

Mortality 

RR 

(95%CI) 0.79 (0.64-0.98) 

Significant reduction in 

mortality 

Meduri GU et 

al 2008 5 518 

Prolonged Glucocorticoid 

Treatment for more than 7 

days 

Overall 

mortality 

RR 

(95%CI) 0.76 (0.62-0.93) 

Significant reduction in 

mortality 

Ruan SY et 

al., 2015 3 292 NS 

ICU 

Mortality 

RR (95% 

CI) 0.55 (0.24-1.25) 

Non-significant reduction in 

mortality 

RD (95% 

CI) −0.28 (−0.53 to −0.03) 

Significant reduction in 

mortality 

Zayed Y et 

al., 2020 6 812 NS 

ICU 

Mortality 

RR (95% 

CI) 0.64 (0.42-0.97) 

Significant reduction in 

mortality 

Results of analysis that used only Cohort studies 

Ruan SY et 

al., 2015 2 264 NS 

60-day 

mortality 

RR 

(95%CI) 1.3 (0.96-1.78) 

Non-significant increase in 

mortality 

Ruan SY et 

al., 2015 4 317 NS 

Hospital 

Mortality 

RR 

(95%CI) 1 (0.23-4.34) 

Non-significant difference in 

mortality between the groups 

Ruan SY et 

al., 2015 5 226 NS 

ICU 

Mortality 

RR (95% 

CI) 1.05 (0.74-1.49) 

Non-significant increase in 

mortality 

Tang BM et 

al., 2009 5 307 

Low-dose corticosteroid 

(e.g., 0.5–2.5 mg kg1 d1 of 

methylprednisolone or 

Hospital 

Mortality 

RR 

(95%CI) 0.66 (0.43-1.02) 

Non-significant reduction in 

mortality A
cc

ep
te

d 
A

rt
ic

le



 

This article is protected by copyright. All rights reserved 

equivalent) 

Results of analysis that used both RCTs and Cohort studies 

Horita N et 

al., 2015 11 949 

Treatment within <14 days 

of diagnosis 

Overall 

mortality 

OR (95% 

CI) 0.77 (0.58-1.03) 

Non-significant reduction in 

mortality 

Tang BM et 

al., 2009 9 648 

Low-dose corticosteroid 

(e.g., 0.5–2.5 mg kg1 d1 of 

methylprednisolone or 

equivalent) 

Hospital 

Mortality 

RR 

(95%CI) 0.62 (0.43-0.91) 

Significant reduction in 

mortality 

RR: Risk Ratio or Relative Risk; OR: Odds Ratio; NS: Nothing specified  
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Table 5: Meta-analysis findings for Ventilation and ICU outcome in ARDS patients treated with corticosteroids 

Author & year 

 

No. of 

studies 

No. of 

participants 

study design and 

specifications 

Effect 

measure Effect Size 

Interpretation with 

respect to 

corticosteroid 

Duration of Mechanical ventilation 

Lewis SR et al., 2019 3 277 RCT MD (95% CI) -4.3 (-9.72 to 1.12) 

Non-significant 

reduction in duration 

of MV 

Tang BM et al., 2009 4 307 Both RCT and Cohort MD (95% CI) -4.84 (-9.28 to -0.39) 

Significant reduction 

in duration of MV 

Mammen M et al., 

2020 5 645 RCT MD (95% CI) -4.93 (-7.81 to -2.06) 

Significant reduction 

in duration of MV 

Duration of ICU stay 

Tang BM et al., 2009 4 348 Both RCT and Cohort MD (95% CI) -4.12 (-8.86 to 0.61) 

Non-significant 

reduction in duration 

of ICU stay 

Ventilator free days 

Lewis SR et al., 2019 4 494 

RCTs assessed outcomes up 

to 28 days MD (95% CI) 4.09 (1.74-6.44) 

Significant increase 

in VFD A
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Lamontagne F et al., 

2010 4 424 

RCT 

 MD (95% CI) 4.8 (1.6-8) 

Significant increase 

in VFD 

Meduri et al., 2009 5 456 

RCT 

 MD (95% CI) 6.58 (2.93-10.23) 

Significant increase 

in VFD 

Peter JV et al., 2008 3 NR 

RCT 

 MD (95% CI) 4.05 (0.22-8.71) 

Significant increase 

in VFD 

Yang ZG et al., 2017 4 474 

RCTs assessed outcomes up 

to 28 days MD (95% CI) 3.08 (1.49-4.68) 

Significant increase 

in VFD 

Mammen M et al., 

2020 5 771 

RCTs assessed outcomes up 

to 28 days MD (95% CI) 4.28 (2.67-5.88) 

Significant increase 

in VFD 

Hirano Y et al., 2020 4 742 

RCTs assessed outcomes at 

28 days MD (95% CI) 3.74 (1.53-5.95) 

Significant increase 

in VFD 

Zayed Y et al., 2020 5 922 

RCTs assessed outcomes at 

28 days MD (95% CI) 4.06 (2.66-5.45) 

Significant increase 

in VFD 

Meduri et al., 2016 7 510 

RCT 

 MD (95% CI) 7.06 (3.19-10.93) 

Significant increase 

in VFD 

Meduri GU et al 2008 5 518 

RCTs assessed outcomes at 

28 days MD (95% CI) 4.42 (2.93-5.9) 

Significant increase 

in VFD 

ICU free days 

Meduri et al., 2009 4 291 

RCT with prolonged 

glucocorticoid therapy MD (95% CI) 7.02 (3.2-10.85) 

Significant increase 

in ICU FD A
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Meduri et al., 2016 5 360 

RCT with prolonged 

glucocorticoid therapy MD (95% CI) 7.66 (3.11-12.22) 

Significant increase 

in ICU FD 

 

CI: Confidence Interval; MD: Mean Difference; MV: Mechanical Ventilation; RCT: Randomized controlled Trials; VFD: Ventilation Free Days; 

ICU FD: Intensive Care Unit Free Days 
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Table 6: Meta-analysis findings on Adverse effect of corticosteroid management in ARDS patients 

Author year 

No. of 

studies No. of participants Study designs 

Effect 

measure  Effect Size  

Interpretation with respect to 

corticosteroid 

All major adverse events 

Tang BM et al., 2009 4 494 

Both RCTs and 

Cohort RR (95% CI) 0.82 (0.5-1.36) 

Non-significant reduction in all 

major adverse effects 

Infectious complications 

Ruan SY et al., 2015 5 571 RCT RR (95% CI) 0.83 (0.65-1.06) 

Non-significant reduction in 

infectious complication 

Ruan SY et al., 2015 2 239 Cohort RR (95% CI) 1.35 (0.99-1.84) 

Non-significant increase in 

infectious complication 

Lamontagne F et al., 

2010 7 650 RCT RR (95% CI) 1.01 (0.69-1.48) 

Non-significant increase in 

infectious complication 

Tang BM et al., 2009 7 569 

Both RCTs and 

Cohort RR (95% CI) 0.89 (0.65-1.23) 

Non-significant reduction in 

infectious complication 

Yang ZG et al., 2017 7 700 RCT OR (95% CI) 1 (0.44-2.25) 

No difference between two 

groups  

Hirano Y et al., 2020 4 742 RCTs OR (95% CI) 0.85 (0.59-1.21) 

Non-significant reduction in 

infectious complication 

Zayed Y et al., 2020 7 1045 RCTs RR (95% CI) 0.82 (0.68-1) 

Non-significant reduction in 

infectious complication A
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Meduri et al., 2016 8 619 RCTs RR (95% CI) 0.77 (0.56-1.08) 

Non-significant reduction in 

infectious complication 

GI Bleeding 

Hirano Y et al., 2020 2 374 RCTs OR (95% CI) 1.39 (0.38-5.06) 

Non-significant increase in GI 

Bleeding 

Neuromyopathy 

Tang BM et al., 2009 7 569 

Both RCTs and 

Cohort RR (95% CI) 0.89 (0.65-1.23) 

Non-significant decrease in 

Neuromyopathy 

Mammen M et al., 2020 2 270 RCTs RR (95% CI) 1.3 (0.8-2.11) 

Non-significant increase in 

Neuromyopathy 

Hyperglycaemia 

Mammen M et al., 2020 3 565 RCTs RR (95% CI) 1.12 (1.01-1.24) 

Significant increase in 

hyperglycaemia 

Hirano Y et al., 2020 3 565 RCTs OR (95% CI) 1.52 (1.04-2.21) 

Significant increase in 

hyperglycaemia 

Zayed Y et al., 2020 4 589 RCTs RR (95% CI) 1.11 (1.01-1.24) 

Significant increase in 

hyperglycaemia 

 

A
cc

ep
te

d 
A

rt
ic

le



Figure 1: PRISMA Flow diagram of study selection process 
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Figure 2: Effectiveness of corticosteroids for prevention of ARDS 
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Figure 3: Effect of corticosteroids on mortality among the ARDS patients 
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Figure 4: Effect of corticosteroids on ventilator free days in ARDS patients 
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Figure 5: Effect of corticosteroids on ICU free days in ARDS patients   
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Figure 6: Effect of corticosteroid on duration of ventilation in ARDS patients 
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Figure 7:  Adverse effects of corticosteroid management in ARDS patients 
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