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Abstract
Background: We conducted a comprehensive literature review to synthesize evidence for the relationship between corticosteroid use and mortality in COVID-19
patients.

Methods: The PUBMED, EMBASE, and Cochrane Library were searched from inception to March 13, 2021. We searched and analyzed randomized controlled
trials (RCTs) and observational studies (OS) that examined the corticosteroid use in COVID-19 patients. The primary outcome was in-hospital mortality, while
the secondary outcome was the need for mechanical ventilation (MV) and serious adverse events.

Results: 11 RCTs and 46 OS involving 7,893 and 4,1696 COVID-19 patients were included in the study. Corticosteroid use was associated with lower COVID-19
mortality in RCTs, but was not statistically significant (OR, 0.88; 95% CI, 0.74–1.05; I2=66.9%). The subgroup analysis of severe COVID-19 patients,
corticosteroid type and dose also showed no survival benefit statistically. However, the corticosteroid use may reduce the MV need (OR, 0.67; 95% CI, 0.51–
0.90; I2=7.5%) with no significant increase in serious adverse reactions (OR, 0.84; 95% CI, 0.30–2.37; I2=33.3%). In addition, the included OS showed that the
pulse dose (OR, 0.52; 95% CI, 0.39–0.70) and methylprednisolone use (OR, 0.69; 95% CI, 0.52–0.92; I2=66.7%) may lower the mortality in COVID-19 patients.

Conclusions: This meta-analysis indicated that corticosteroid use might cause a slight reduction in COVID-19 mortality. However, it could significantly reduce
the MV requirement in COVID-19 patients and restrict serious adverse events. Additionally, the pulse dose of methylprednisolone may be a good treatment
choice for COVID-19 patients.

Introduction
The rapid worldwide spread of coronavirus infections disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
has threatened global health seriously [1]. The COVID-19 virus is a novel β-coronavirus having 96% similarity with the bat coronavirus genome [2]. It is the third
most highly transmissible and pathogenic coronavirus after the severe acute respiratory syndrome coronavirus (SARS-CoV) and the Middle East respiratory
syndrome (MERS-CoV) that appeared in the 21st century [3, 4]. According to statistics, there have been 133,552,774 confirmed infections and 2,894,295 deaths
worldwide by April 10, 2021 (https://www.who.int/data#reports). However, no drugs with curative effects on COVID-19 have been found so far.

Corticosteroid administration is an important adjuvant treatment for severe viral infections because of its powerful anti-inflammatory effects [5]. During the
SARS epidemic, corticosteroids were widely used in critically ill patients [6, 7]. Corticosteroid therapy is advisable for COVID-19 patients because it was used to
treat severe SARS patients earlier, and the COVID-19 virus shares 79.6% of sequence identity with SARS-CoV [8]. A large number of COVID-19 RCTs were
registered to research the corticosteroid effect on COVID-19 patients. Three recently published RCTs [9–11] demonstrated that corticosteroid use does not
lower COVID-19 mortality; however, dexamethasone administration does have short-term survival benefits for COVID-19 patients requiring respiratory support
[12]. A prospective meta-analysis published in the JAMA showed that corticosteroid use could reduce the short-term all-cause mortality [13]. The World Health
Organization (WHO) strongly recommended corticosteroid therapy in critical COVID-19 patients recently. (https://www.who.int/publications/i/item/WHO-2019-
nCoV-clinical-2021-1).

Nevertheless, corticosteroid use in COVID-19 patients remains controversial. This meta-analysis reviewed the RCTs and OS literature comprehensively to
establish a relationship between corticosteroid use and COVID-19 mortality. It aimed to explore the beneficial effect of corticosteroids, if any, on COVID-19
patients. The conclusions of this study may assist a doctor in clinical decision-making.

Methods
The meta-analysis (CRD42021242739) followed the PRISMA reporting guidelines [14] , and was enrolled at PROSPERO
(http://www.crd.york.ac.uk/PROSPERO). Table S1 provides the PRISMA 2009 checklist. English articles were searched in PUBMED
(https://pubmed.ncbi.nlm.nih.gov/), EMBASE (www.embase.com), and Cochrane CENTRAL (www.cochranelibrary.com/central) databases since their
inception to March 13, 2021. We used “SARS-CoV-2”, “COVID-19”, “COVID2019”, “severe acute respiratory syndrome coronavirus 2”, “adrenal cortex hormones”,
“steroids”, “corticosteroid”, “glucocorticoid” and other terms to search the database. Table S2 gives the retrieval strategy in detail. EndNote X9 software
performed the literature screening process. Furthermore, we also looked up available references and searched the medRxiv website (https://www.medrxiv.org/)
for relevant unpublished articles. The authors, Yuqing Cui and Yali Sun, searched the literature independently.

Eligibility Criteria

The studies were included in the meta-analysis based on the following population, intervention, comparison, outcome, and study design (PICOS) criteria: 1)
adult patients with COVID-19; 2) COVID-19 patients with or without corticosteroid therapy (low dose corticosteroid meant that patients were treated with less
than 15 mg dexamethasone or equivalent per day; high dose corticosteroid meant that patients were treated with more than 15 mg dexamethasone or
equivalent per day); 3) corticosteroid- and non-corticosteroid-treated patients’ mortality, need for MV and safety were measured; and 4) RCTs or OS. Studies
were excluded if they lacked patients’ outcome data or were animal researches.

Studies Selection and Data Extraction

Available data were independently extracted based on the eligibility criteria mentioned in the earlier section. The primary outcomes were the risk odds ratios
(ORs) of mortality, and the secondary outcomes were the need for MV and safety of COVID-19 patients, with or without corticosteroid use. The data of each
study were listed as follows: the study including first author and publication year, study design, period of inclusion, sample size, corticosteroid type and daily
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dose, disease severity, number of corticosteroid and non-corticosteroid use (deaths), follow up, and the data of primary and secondary outcome. If ORs were
missing, they were computed based on original numerical values provided in the literature.

Bias Risk Assessment

Cochrane Collaboration [15] and Newcastle-Ottawa Scale (NOS) [16] was performed for RCTs and OS to assess the bias risk of outcomes, respectively. The
selection bias, performance bias, detection bias, attrition bias, reporting bias, and other biases were used to assess the risk of an RCT. If any of these items
was assessed as high risk, the study was considered to have a high-risk bias. Additionally, according to the OS selection (four points at most), the
comparability of OS design and analysis (two points at most), and the adequacy of outcome measures (three points at most), a maximum of nine points
could be awarded; seven to nine points were considered to be high quality. The Grading of Recommendations, Assessment, Development and Evaluation
(GRADE) criterion was used to estimate and summarize the quality of the RCT evidence and grade the collected data based on evidence [17].

Statistical Analysis

Statistical analyses were conducted by STATA 14.0 (College Station, Texas, 77845, USA, Serial number: 401406267051) and Review Manager (RevMan),
version 5.3 (Cochrane Collaboration). Inverse variance random-effects meta-analyses were used for the included studies, and the pooled effect of each
outcome was measured. The OR and 95% CI from each included study were either calculated or directly extracted from the data. I2 estimated the heterogeneity
of the included studies, where heterogeneity, not sampling error, resulted in variability. The heterogeneity was recorded as moderate when I2 equaled 51%–74%
and was recorded as high when I2 was more than 74%. Subgroup analyses were conducted based on corticosteroid type and its dose and severity in COVID-19
patients. The stability of outcomes was verified by sensitivity analysis. Funnel plots and Begg’s linear regression were performed to evaluate the publication
bias.

Results
Study Selection

In total, we identified 6,717 articles from the three databases. Three RCTs records (DEXA-COVID 19 (The efficacy of dexamethasone treatment for patients with
ARDS caused by COVID-19; NCT04325061); COVID STEROID (The hydrocortisone for COVID-19 and severe hypoxia; NCT04348305); Steroids-SARI
(Glucocorticoid therapy for COVID-19 critically ill patients with severe acute respiratory failure; NCT04244591)) were searched by related meta-analysis [13] to
obtain the prospective data; the other two unpublished records [18, 19] were identified by medRxiv website. There were 4,508 records left after removing the
duplicates. Furthermore, we identified 106 studies after preliminary screening by title or abstract. Two OS [20, 21] were not in the range of 95% CIs after
sensitivity analysis, and so the two articles were deleted. Finally, our meta-analysis included 11 RCTs and 46 OS enrolling 7,893 and 4,1696 patients (Figure 1).

Study Characteristics

There were 11 RCTs [9-12, 22-25] (DEXA-COVID 19, NCT04325061; COVID STEROID, NCT04348305; Steroids-SARI, NCT04244591) and 46 OS [18, 19, 26-69]
that reported an association between COVID-19 patients’ mortality and corticosteroid therapy. There were five RCTs [10, 22, 23] (DEXA-COVID 19,
NCT04325061; COVID STEROID, NCT04348305; Steroids-SARI, NCT04244591) and 10 OS [30, 36, 42, 43, 45, 51, 53, 55, 59, 60] that used high doses of
corticosteroid (>15 mg/d De), and 6 OS [33, 34, 36, 56-58] that administered pulse dose corticosteroid. There were two RCTs [9, 11] and 20 OS [18, 19, 32, 35,
39, 43, 44, 48, 49, 52, 54, 55, 57, 59, 61, 64, 66-69] that included severe or critical COVID-19 patients. Table 1 and Table S3 present the characteristics of
literature included.

Risk of Bias Assessment

Figure S1 presents the RCTs of the Cochrane Collaboration bias risk evaluation tool. Four RCTs [10, 12, 22, 25] were high-risk bias because of performance
bias. Three RCTs [9, 11, 24] were low-risk bias, and one trial [23] had unclear risk bias. According to the NOS, all 46 eligible OS [18, 19, 26-69] were greater than
or equal to seven points, indicating a low-risk bias. Table S4 reports the specific contents of risk bias in the included OS.

Corticosteroid Effects on Outcomes

Figure 2 shows the preliminary results of RCTs. The results showed that the corticosteroid use did not reduce the in-hospital mortality significantly (OR, 0.88;
95% CI, 0.74–1.05; I2=66.9%; evidence rank, moderate). Considering the effect of confounding factors on mortality of OS, we listed the adjusted and
unadjusted OR separately in the forest plot. The adjusted or unadjusted OS results were consistent with the RCTs (OR, 0.91; 95% CI, 0.74–1.11; I2=85.3%)
(Figure S2). Figures 3 and S3 show the secondary outcomes of the RCTs. Corticosteroid administration did reduce the need for MV (OR, 0.67; 95% CI, 0.51–
0.90; I2=7.5%; evidence rank, moderate) and did not statistically increase the serious adverse events (OR, 0.84; 95% CI, 0.30–2.37; I2=33.3%; evidence rank,
moderate) among COVID-19 patients.

Subgroup Analysis with Mortality

We analyzed subgroups to explore the sources of high heterogeneity, according to severe or critical COVID-19 patients and corticosteroid type and dose.
Figures S4 and S5 show that corticosteroid therapy did not result in a significantly lower hospital mortality in severe COVID-19 patients (RCT: OR, 0.66; 95% CI,
0.39–1.13; I2=28.9%; OS: OR, 1.09; 95% CI, 0.73–1.63; I2=88.8%). We also did a subgroup analysis on patients with corticosteroid dose. It was found that the
low- or high-dose corticosteroids therapy was not associated with any significant positive impact on hospital mortality (low: OR, 0.91; 95% CI, 0.78–1.06;
I2=63.4%; high: OR, 0.90; 95% CI, 0.43–1.89; I2=74.7%) (Figure S6). We also analyzed the effect of corticosteroid types on mortality (De: OR, 0.97; 95% CI, 0.77–
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1.23; I2=43.6%; Hy: OR, 0.82; 95% CI, 0.37–1.82; I2=58.6%; Me: OR, 0.64; 95% CI, 0.27–1.52; I2=85.2%) (Figure S7). We found that the pulse dose corticosteroid
treatment improved survival in OS (pulse: OR, 0.52; 95% CI, 0.39–0.70; I2=2.7%; low: OR, 0.86; 95% CI, 0.71–1.06; I2=63.2%; high: OR, 1.37; 95% CI, 0.80–2.33;
I2=82.2%) (Figure 4). The methylprednisolone use also lowered the mortality (Me: OR, 0.69; 95% CI, 0.52–0.92; I2=66.7%; Pre: OR, 0.94; 95% CI, 0.54–1.65;
I2<0.01%; Hy: OR, 1.36; 95% CI, 0.93–1.99; I2<0.01%; De: OR, 0.49; 95% CI, 0.15–1.53; I2=93.0%) (Figure 5).

Sensitivity Analyses

Due to the high heterogeneity of our results, we conducted a sensitivity analysis to evaluate the impact of any single study on the pooled OR and 95% CI by
omitting one study at a time. We found that these RCTs and OS results were robust and reliable (Figures S8 A and B).

Publication Bias Assessment

We performed funnel plots (Figures S9 A and B) and Begg’s regression tests to examine the publication bias of the included studies. There was no significant
publication bias in RCTs (P=0.876) and OS (P=0.425).

Discussion
The meta-analysis identified 11 RCTs (7,893 patients) and 46 OS (4,1696 patients) on corticosteroid and COVID-19. The results of RCTs demonstrated that
corticosteroid use had little survival benefits, but its use lowered the need for MV without significantly increasing the serious adverse events. Additionally, the
OS analysis showed that the pulse dose and methylprednisolone use caused a significant decrease in mortality.

There are no specific effective drugs to treat COVID-19 at present. The genes of COVID-19 and SARS-CoV-2 viruses are homologous, and the patients infected
with these two viruses exhibit similar clinical features. Corticosteroids were widely used in severe SARS because of their pathological changes, such as
structural destruction of alveoli and mucus exudation, similar to acute respiratory distress syndrome (ARDS) [6, 70]. However, it must be noted that besides
their strong anti-inflammatory effect and activity, corticosteroids can also damage the body’s resistance and lead to adverse reactions such as the spread of
infection. A systematic review of SARS-CoV patients found that the use of corticosteroids may cause severe adverse effects and even possible harm [71]. Also,
corticosteroids treatment does not significantly reduce critically ill MERS patients’ mortality [72, 73]. The SARS-CoV’s primary immune escape strategy lies in
inhibiting the corticosteroid stress response of its host. Corticosteroid therapy provides the required amount of corticosteroid necessary for fighting infection
to improve prognosis [74]. Corticosteroids also downregulate the production of pro-inflammatory lymphokines, leading to improvements in SARS-CoV
infection prognosis [75]. This difference may be due to the different pathogenic mechanisms of the three viruses: SARS-CoV and SARS-CoV-2 mainly infect
humans using angiotensin-converting enzyme 2 (ACE2) as a receptor [76, 77], while MERS-CoV uses dipeptidyl peptide 4 (DPP4) [78, 79]. These mechanisms
may lead to differences in benefits among the three viral infections treated with glucocorticoid. Earlier studies on the efficacy and safety of corticosteroid
therapy in severe pneumonia [80] indicated a significant association between corticosteroid use and ARDS-risk reduction, the hospital- and ICU stay-length, but
did not reduce the 28-day mortality of septic shock [81]. Nevertheless, the use of corticosteroids for treating COVID-19 patients remains controversial. In early
April 2020, meta-analysis studies [82, 83] highlighted the limited effect of corticosteroids on COVID-19 patients, but they included only retrospective
observational studies. Another review published in Lancet did not recommend corticosteroid use in COVID-19 patients [84]. However, three recent high-quality
meta-analyses [13, 85, 86] included RCTs and have shown a significant mortality advantage in corticosteroid-treated COVID-19 patients, in particular severely
ill COVID-19 patients. The Guidelines on the Management of Critically Ill Adults with COVID-19 recommends against the routine application of systemic
corticosteroids (weak recommendation, low-quality evidence) in COVID-19 infected patients with respiratory failure (without ARDS), but suggests using
systemic corticosteroids (weak recommendation, low-quality evidence) in COVID-19 infected patients with ARDS [87] .

This meta-analysis had several advantages. The study included the largest number of published RCTs and OS, including manually searched meta-analysis
and unpublished literature, available to date. The study included the most recent meta-analysis based on six RCTs and the observation that corticosteroids
administration could lower 28-day mortality in critically ill COVID-19 patients [13]. Therefore, our study had the most comprehensive inclusion of articles. The
GRADE and NOS were performed to assess the evidence quality and bias risk. We included 46 OS, consisting of varying COVID-19 severities, to avoid any
selection bias. The sensitivity analysis validated the study results to be robust and reliable and suggested that corticosteroids might be more suitable for
severe COVID-19 patients.

The study had a few limitations. Only 11 RCTs were included in this study, even though we searched all relevant literature; however, the enrolled sample size of
7,893 COVID-19 patients was quite large. Our result was limited by high heterogeneity, possibly due to very few original studies that could determine the source
of heterogeneity. The included COVID-19 patients may have individual differences and different genotypes, and therefore larger sample studies are needed to
verify. However, the GRADE assessment showed that our conclusions were convincing.

Conclusions
The meta-analysis indicated that corticosteroid administration might be safe for COVID-19 treatments and showed a statistically significant difference in
reducing the need for MV. However, corticosteroid administration might have very little effect on the survival of COVID-19 patients. Additionally, the study also
concluded that the pulse dose of methylprednisolone might have the potential for COVID-19 treatment.

Declarations
Consent for publication



Page 5/15

Not applicable.

Author Contributions

All the authors contributed substantially to the work presented in this article. TWS and conceived of the study. YQC, YLS and JYS contributed to the data
interpretation. HYL, XFD, XYS and DW contributed to the study protocol. TWS revised the article. All authors have approved the final and submitted version of
the manuscript.

Availability of Data and Materials

The datasets used and/or analysed in the present study are available from the corresponding author on reasonable request.

Ethical Approval and Consent to Participate

Not applicable.

Acknowledgments

We would like to thank the Chinese Evidence Based Medicine Center, West China Hospital, Sichuan University, for providing the Stata 14.0 statistical software.

Funding

This study was supported by the United Fund of National Natural Science Foundation of China (Grant No. U2004110); The special fund for young and middle-
aged medical research of China International Medical Exchange Foundation (Grant No. Z-2018-35); The integrated thinking research foundation of the China
foundation for International Medical Exchange (Grant No. Z-2016-23-2001); The study of mechanism of Gabexate Mesilate in the treatment of sepsis and
septic shock (Grant No. 2019-hx-45); the 2021 youth talent promotion project in Henan Province (Grant No.2021HYTP053).

Conflicts of Interest

The authors have no conflicts of interest to disclose.

References
1. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, Ren R, Leung KSM, Lau EHY, Wong JY, et al. Early Transmission Dynamics in Wuhan, China, of Novel

Coronavirus-Infected Pneumonia. N Engl J Med. 2020;382(13):1199–207.

2. Chan JF, Kok KH, Zhu Z, Chu H, To KK, Yuan S, Yuen KY. Genomic characterization of the 2019 novel human-pathogenic coronavirus isolated from a
patient with atypical pneumonia after visiting Wuhan. Emerging microbes infections. 2020;9(1):221–36.

3. Hu B, Guo H, Zhou P, Shi ZL. Characteristics of SARS-CoV-2 and COVID-19. Nature reviews Microbiology. 2021;19(3):141–54.

4. Liu J, Xie W, Wang Y, Xiong Y, Chen S, Han J, Wu Q. A comparative overview of COVID-19, MERS and SARS: Review article. International journal of surgery
(London England). 2020;81:1–8.

5. Sibila O, Agustí C, Torres A. Corticosteroids in severe pneumonia. Eur Respir J. 2008;32(2):259–64.

6. So LK, Lau AC, Yam LY, Cheung TM, Poon E, Yung RW, Yuen KY. Development of a standard treatment protocol for severe acute respiratory syndrome.
Lancet. 2003;361(9369):1615–7.

7. Chen RC, Tang XP, Tan SY, Liang BL, Wan ZY, Fang JQ, Zhong N. Treatment of severe acute respiratory syndrome with glucosteroids: the Guangzhou
experience. Chest. 2006;129(6):1441–52.

8. Atzrodt CL, Maknojia I, McCarthy RDP, Oldfield TM, Po J, Ta KTL, Stepp HE, Clements TP. A Guide to COVID-19: a global pandemic caused by the novel
coronavirus SARS-CoV-2. FEBS J. 2020;287(17):3633–50.

9. Angus DC, Derde L, Al-Beidh F, Annane D, Arabi Y, Beane A, van Bentum-Puijk W, Berry L, Bhimani Z, Bonten M, et al. Effect of Hydrocortisone on Mortality
and Organ Support in Patients With Severe COVID-19: The REMAP-CAP COVID-19 Corticosteroid Domain Randomized Clinical Trial. Jama.
2020;324(13):1317–29.

10. Tomazini BM, Maia IS, Cavalcanti AB, Berwanger O, Rosa RG, Veiga VC, Avezum A, Lopes RD, Bueno FR, Silva M, et al. Effect of Dexamethasone on Days
Alive and Ventilator-Free in Patients With Moderate or Severe Acute Respiratory Distress Syndrome and COVID-19: The CoDEX Randomized Clinical Trial.
Jama. 2020;324(13):1307–16.

11. Dequin PF, Heming N, Meziani F, Plantefève G, Voiriot G, Badié J, François B, Aubron C, Ricard JD, Ehrmann S, et al. Effect of Hydrocortisone on 21-Day
Mortality or Respiratory Support Among Critically Ill Patients With COVID-19: A Randomized Clinical Trial. Jama. 2020;324(13):1298–306.

12. Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, Linsell L, Staplin N, Brightling C, Ustianowski A, Elmahi E, et al: Dexamethasone in Hospitalized
Patients with Covid-19. The New England journal of medicine 2021, 384(8):693–704.

13. Sterne JAC, Murthy S, Diaz JV, Slutsky AS, Villar J, Angus DC, Annane D, Azevedo LCP, Berwanger O, Cavalcanti AB, et al: Association Between
Administration of Systemic Corticosteroids and Mortality Among Critically Ill Patients With COVID-19: A Meta-analysis. Jama 2020, 324(13):1330–1341.

14. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. BMJ.
2009;339:b2535.



Page 6/15

15. Chou R, Fu R, Carson S, Saha S, Helfand M. Methodological shortcomings predicted lower harm estimates in one of two sets of studies of clinical
interventions. J Clin Epidemiol. 2007;60(1):18–28.

16. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol.
2010;25(9):603–5.

17. Brozek JL, Akl EA, Alonso-Coello P, Lang D, Jaeschke R, Williams JW, Phillips B, Lelgemann M, Lethaby A, Bousquet J, et al. Grading quality of evidence
and strength of recommendations in clinical practice guidelines. Part 1 of 3. An overview of the GRADE approach and grading quality of evidence about
interventions. Allergy. 2009;64(5):669–77.

18. Laure G, Viet-Thi T, Elodie P, Nicolas V, Matthieu M, Francesca B, Emmanuel F, Francois-Xavier L. Corticosteroids are associated with increased survival in
elderly presenting severe SARS-Cov2 infection. 2020:2020.2011.2010.20226886.

19. Rahman O, Trigonis RA, Craft MK, Kruer RM, Miller EM, Terry CL, Persaud SA, Kapoor R. Corticosteroid Use in Severely Hypoxemic COVID-19 Patients: An
Observational Cohort Analysis of Dosing Patterns and Outcomes in the Early Phase of the Pandemic. 2020:2020.2007.2029.20164277.

20. Cui Z, Merritt Z, Assa A, Mustehsan H, Chung E, Liu S, Kumthekar A, Ayesha B, McCort M, Palaiodimos L, et al. Early and Significant Reduction in C-
Reactive Protein Levels After Corticosteroid Therapy Is Associated With Reduced Mortality in Patients With COVID-19. J Hosp Med. 2021;16(3):142–8.

21. Narain S, Stefanov DG, Chau AS, Weber AG, Marder G, Kaplan B, Malhotra P, Bloom O, Liu A, Lesser ML, et al. Comparative Survival Analysis of
Immunomodulatory Therapy for Coronavirus Disease 2019 Cytokine Storm. Chest. 2021;159(3):933–48.

22. Edalatifard M, Akhtari M, Salehi M, Naderi Z, Jamshidi A, Mostafaei S, Najafizadeh SR, Farhadi E, Jalili N, Esfahani M, et al: Intravenous
methylprednisolone pulse as a treatment for hospitalised severe COVID-19 patients: results from a randomised controlled clinical trial. The European
respiratory journal 2020, 56(6).

23. Jamaati H, Hashemian SM, Farzanegan B, Malekmohammad M, Tabarsi P, Marjani M, Moniri A, Abtahian Z, Haseli S, Mortaz E, et al. No clinical benefit of
high dose corticosteroid administration in patients with COVID-19: A preliminary report of a randomized clinical trial. Eur J Pharmacol. 2021;897:173947.

24. Jeronimo CMP, Farias MEL, Val FFA, Sampaio VS, Alexandre MAA, Melo GC, Safe IP, Borba MGS, Abreu-Netto RL, Maciel ABS, et al: Methylprednisolone as
Adjunctive Therapy for Patients Hospitalized With COVID-19 (Metcovid): A Randomised, Double-Blind, Phase IIb, Placebo-Controlled Trial. Clinical
infectious diseases: an official publication of the Infectious Diseases Society of America 2020.

25. Tang X, Feng YM, Ni JX, Zhang JY, Liu LM, Hu K, Wu XZ, Zhang JX, Chen JW, Zhang JC, et al. Early Use of Corticosteroid May Prolong SARS-CoV-2
Shedding in Non-Intensive Care Unit Patients with COVID-19 Pneumonia: A Multicenter, Single-Blind, Randomized Control Trial. Respir Int Rev Thorac Dis.
2021;100(2):116–26.

26. Albani F, Fusina F, Granato E, Capotosto C, Ceracchi C, Gargaruti R, Santangelo G, Schiavone L, Taranto MS, Tosati C, et al. Corticosteroid treatment has no
effect on hospital mortality in COVID-19 patients. Scientific reports. 2021;11(1):1015.

27. Almas T, Ehtesham M, Khan AW, Khedro T, Hussain S, Kaneez M, Alsufyani R, Almubarak D, Alahmed F, Alaeddin H. Safety and Efficacy of Low-Dose
Corticosteroids in Patients With Non-severe Coronavirus Disease 2019: A Retrospective Cohort Study. Cureus. 2021;13(1):e12544.

28. Bahl A, Johnson S, Chen NW. Timing of corticosteroids impacts mortality in hospitalized COVID-19 patients. Internal and emergency medicine 2021:1–11.

29. Bani-Sadr F, Hentzien M, Pascard M, N'Guyen Y, Servettaz A, Andreoletti L, Kanagaratnam L, Jolly D. Corticosteroid therapy for patients with COVID-19
pneumonia: a before-after study. Int J Antimicrob Agents. 2020;56(2):106077.

30. Bartoletti M, Marconi L, Scudeller L, Pancaldi L, Tedeschi S, Giannella M, Rinaldi M, Bussini L, Valentini I, Ferravante AF, et al. Efficacy of corticosteroid
treatment for hospitalized patients with severe COVID-19: a multicentre study. Clinical microbiology infection: the official publication of the European
Society of Clinical Microbiology Infectious Diseases. 2021;27(1):105–11.

31. Cao J, Tu WJ, Cheng W, Yu L, Liu YK, Hu X, Liu Q. Clinical Features and Short-term Outcomes of 102 Patients with Coronavirus Disease 2019 in Wuhan,
China. Clinical infectious diseases: an official publication of the Infectious Diseases Society of America. 2020;71(15):748–55.

32. Chen H, Xie J, Su N, Wang J, Sun Q, Li S, Jin J, Zhou J, Mo M, Wei Y, et al: Corticosteroid Therapy Is Associated With Improved Outcome in Critically Ill
Patients With COVID-19 With Hyperinflammatory Phenotype. Chest 2020.

33. Cusacovich I, Aparisi Á, Marcos M, Ybarra-Falcón C, Iglesias-Echevarria C, Lopez-Veloso M, Barraza-Vengoechea J, Dueñas C, Juarros Martínez SA,
Rodríguez-Alonso B et al: Corticosteroid Pulses for Hospitalized Patients with COVID-19: Effects on Mortality. Mediators of inflammation 2021,
2021:6637227.

34. Dimeglio C, Loubes JM, Mansuy JM, Izopet J. Quantifying the impact of public health protection measures on the spread of SARS-CoV-2. J Infect.
2021;82(3):414–51.

35. Fadel R, Morrison AR, Vahia A, Smith ZR, Chaudhry Z, Bhargava P, Miller J, Kenney RM, Alangaden G, Ramesh MS. Early Short-Course Corticosteroids in
Hospitalized Patients With COVID-19. Clinical infectious diseases: an official publication of the Infectious Diseases Society of America.
2020;71(16):2114–20.

36. Fernández-Cruz A, Ruiz-Antorán B, Muñoz-Gómez A, Sancho-López A, Mills-Sánchez P, Centeno-Soto GA, Blanco-Alonso S, Javaloyes-Garachana L, Galán-
Gómez A, Valencia-Alijo Á, et al: A Retrospective Controlled Cohort Study of the Impact of Glucocorticoid Treatment in SARS-CoV-2 Infection Mortality.
Antimicrobial agents and chemotherapy 2020, 64(9).

37. Gutiérrez-Abejón E, Tamayo E, Martín-García D, Álvarez FJ, Herrera-Gómez F. Clinical Profile, Treatment and Predictors during the First COVID-19 Wave: A
Population-Based Registry Analysis from Castile and Leon Hospitals. International journal of environmental research and public health 2020, 17(24).

38. Hoertel N, Sánchez-Rico M, Vernet R, Beeker N, Neuraz A, Alvarado JM, Daniel C, Paris N, Gramfort A, Lemaitre G, et al: Dexamethasone use and mortality
in hospitalized patients with coronavirus disease 2019: A multicentre retrospective observational study. British journal of clinical pharmacology 2021.



Page 7/15

39. Jiao X, Wang Y, Liu D, Zeng S, Chi J, Li R, Yu Y, Yu R, Wang S, Yuan Y, et al. A real-world study of glucocorticoid treatment in COVID-19 patients with
different disease severities. Clinical translational medicine. 2020;10(8):e235.

40. Keller MJ, Kitsis EA, Arora S, Chen JT, Agarwal S, Ross MJ, Tomer Y, Southern W. Effect of Systemic Glucocorticoids on Mortality or Mechanical
Ventilation in Patients With COVID-19. J Hosp Med. 2020;15(8):489–93.

41. Ko JJ, Wu C, Mehta N, Wald-Dickler N, Yang W, Qiao R. A Comparison of Methylprednisolone and Dexamethasone in Intensive Care Patients With COVID-
19. Journal of intensive care medicine 2021:885066621994057.

42. Li X, Xu S, Yu M, Wang K, Tao Y, Zhou Y, Shi J, Zhou M, Wu B, Yang Z, et al. Risk factors for severity and mortality in adult COVID-19 inpatients in Wuhan. J
Allergy Clin Immunol. 2020;146(1):110–8.

43. Li Y, Li J, Ke J, Jiao N, Zhu L, Shen L, Chen L, Jiang Z, Cheng S, Huang Y, et al. Adverse Outcomes Associated With Corticosteroid Use in Critical COVID-19:
A Retrospective Multicenter Cohort Study. Frontiers in medicine. 2021;8:604263.

44. Li Y, Meng Q, Rao X, Wang B, Zhang X, Dong F, Yu T, Li Z, Feng H, Zhang J, et al. Corticosteroid therapy in critically ill patients with COVID-19: a multicenter,
retrospective study. Crit Care (London England). 2020;24(1):698.

45. Liang MY, Chen P, He M, Tang J, Li H, He XL, Zhou YY, Feng SW, Xue YE, Liu Y, et al. Corticosteroids Treatment of Patients with Coronavirus Disease 2019:
A Propensity Score Matching Study. Current medical science. 2021;41(1):24–30.

46. Liu J, Zhang S, Dong X, Li Z, Xu Q, Feng H, Cai J, Huang S, Guo J, Zhang L, et al. Corticosteroid treatment in severe COVID-19 patients with acute
respiratory distress syndrome. J Clin Investig. 2020;130(12):6417–28.

47. Liu Z, Li X, Fan G, Zhou F, Wang Y, Huang L, Yu J, Yang L, Shang L, Xie K, et al. Low-to-moderate dose corticosteroids treatment in hospitalized adults with
COVID-19. Clinical microbiology infection: the official publication of the European Society of Clinical Microbiology Infectious Diseases. 2021;27(1):112–7.

48. Lu X, Chen T, Wang Y, Wang J, Yan F. Adjuvant corticosteroid therapy for critically ill patients with COVID-19. Crit Care (London England). 2020;24(1):241.

49. Ma Q, Qi D, Deng XY, Yuan GD, Tian WG, Cui Y, Yan XF, Wang DX. Corticosteroid therapy for patients with severe novel Coronavirus disease 2019. Eur Rev
Med Pharmacol Sci. 2020;24(15):8194–201.

50. Majmundar M, Kansara T, Lenik JM, Park H, Ghosh K, Doshi R, Shah P, Kumar A, Amin H, Chaudhari S, et al: Efficacy of corticosteroids in non-intensive
care unit patients with COVID-19 pneumonia from the New York Metropolitan region. PloS one 2020, 15(9):e0238827.

51. Maulin L, Martinez S. Corticosteroids in patients hospitalised for COVID-19 pneumonia who require oxygen: observational comparative study using
routine care data. Clinical microbiology infection: the official publication of the European Society of Clinical Microbiology Infectious Diseases.
2020;27(4):603–10.

52. Monedero P, Gea A, Castro P, Candela-Toha AM, Hernández-Sanz ML, Arruti E, Villar J, Ferrando C. Early corticosteroids are associated with lower mortality
in critically ill patients with COVID-19: a cohort study. Crit Care (London England). 2021;25(1):2.

53. Mongardon N, Piagnerelli M, Grimaldi D, Perrot B, Lascarrou JB. Impact of late administration of corticosteroids in COVID-19 ARDS. Intensive care
medicine. 2021;47(1):110–2.

54. Nelson BC, Laracy J, Shoucri S, Dietz D, Zucker J, Patel N, Sobieszczyk ME, Kubin CJ, Gomez-Simmonds A: Clinical Outcomes Associated with
Methylprednisolone in Mechanically Ventilated Patients with COVID-19. Clinical infectious diseases: an official publication of the Infectious Diseases
Society of America 2020.

55. Papamanoli A, Yoo J, Grewal P, Predun W, Hotelling J, Jacob R, Mojahedi A, Skopicki HA, Mansour M, Marcos LA, et al. High-dose methylprednisolone in
nonintubated patients with severe COVID-19 pneumonia. Eur J Clin Invest. 2021;51(2):e13458.

56. Pascual Pareja JF, García-Caballero R, Soler Rangel L, Vázquez-Ronda MA, Roa Franco S, Navarro Jiménez G, Moreno Palanco MA, González-Ruano P,
López-Menchaca R, Ruíz-Seco P, et al. Effectiveness of glucocorticoids in patients hospitalized for severe SARS-CoV-2 pneumonia. Medicina clinica
(English ed). 2021;156(5):221–8.

57. Piniella-Ruiz E, Bellver-Álvarez MT, Mestre-Gómez B, Escolano-Fernández B, Vinat-Prado S, Cabezas-Olea R, Acedo-Gutiérrez MS, Akasbi-Montalvo M,
Ryan-Murua P, Bustamante-Fermosel A, et al: Impact of systemic corticosteroids on mortality in older adults with critical COVID-19 pneumonia. The
journals of gerontology Series A, Biological sciences and medical sciences 2021.

58. Rodríguez-Baño J, Pachón J, Carratalà J, Ryan P, Jarrín I, Yllescas M, Arribas JR, Berenguer J: Treatment with tocilizumab or corticosteroids for COVID-19
patients with hyperinflammatory state: a multicentre cohort study (SAM-COVID-19). Clinical microbiology and infection: the official publication of the
European Society of Clinical Microbiology and Infectious Diseases 2021, 27(2):244–252.

59. Ruiz-Irastorza G, Pijoan JI, Bereciartua E, Dunder S, Dominguez J, Garcia-Escudero P, Rodrigo A, Gomez-Carballo C, Varona J, Guio L, et al. Second week
methyl-prednisolone pulses improve prognosis in patients with severe coronavirus disease 2019 pneumonia: An observational comparative study using
routine care data. PloS one. 2020;15(9):e0239401.

60. Saggi SJ, Nath S, Culas R, Chittalae S, Burza A, Srinivasan M, Abdul R, Silver B, Lora A, Ibtida I, et al. Early Experience With Methylprednisolone on SARS-
CoV-2 Infection in the African American Population, a Retrospective Analysis. Clinical medicine insights Circulatory respiratory pulmonary medicine.
2020;14:1179548420980699.

61. Salton F, Confalonieri P, Meduri GU, Santus P, Harari S, Scala R, Lanini S, Vertui V, Oggionni T, Caminati A, et al. Prolonged Low-Dose Methylprednisolone in
Patients With Severe COVID-19 Pneumonia. Open forum infectious diseases. 2020;7(10):ofaa421.

62. Sheshah E, Sabico S, Albakr RM, Sultan AA, Alghamdi KS, Al Madani K, Alotair HA, Al-Daghri NM. Prevalence of diabetes, management and outcomes
among Covid-19 adult patients admitted in a specialized tertiary hospital in Riyadh, Saudi Arabia. Diabetes Res Clin Pract. 2021;172:108538.

63. Tomasoni D, Inciardi RM, Lombardi CM, Tedino C, Agostoni P, Ameri P, Barbieri L, Bellasi A, Camporotondo R, Canale C, et al. Impact of heart failure on the
clinical course and outcomes of patients hospitalized for COVID-19. Results of the Cardio-COVID-Italy multicentre study. Eur J Heart Fail.



Page 8/15

2020;22(12):2238–47.

64. Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, Huang H, Zhang L, Zhou X, Du C, et al. Risk Factors Associated With Acute Respiratory Distress Syndrome and
Death in Patients With Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA internal medicine. 2020;180(7):934–43.

65. Wu C, Hou D, Du C, Cai Y, Zheng J, Xu J, Chen X, Chen C, Hu X, Zhang Y, et al. Corticosteroid therapy for coronavirus disease 2019-related acute respiratory
distress syndrome: a cohort study with propensity score analysis. Crit Care (London England). 2020;24(1):643.

66. Wu J, Huang J, Zhu G, Liu Y, Xiao H, Zhou Q, Si X, Yi H, Wang C, Yang D, et al: Systemic Corticosteroids and Mortality in Severe and Critical COVID-19
Patients in Wuhan, China. The Journal of clinical endocrinology and metabolism 2020, 105(12).

67. Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, Wu Y, Zhang L, Yu Z, Fang M, et al. Clinical course and outcomes of critically ill patients with SARS-CoV-2
pneumonia in Wuhan, China: a single-centered, retrospective, observational study. The Lancet Respiratory medicine. 2020;8(5):475–81.

68. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19
in Wuhan, China: a retrospective cohort study. Lancet. 2020;395(10229):1054–62.

69. Zhu HM, Li Y, Li BY, Yang S, Peng D, Yang X, Sun XL, Zhang M. Effect of methylprednisolone in severe and critical COVID-19: Analysis of 102 cases. World
journal of clinical cases. 2020;8(23):5952–61.

70. Lee N, Hui D, Wu A, Chan P, Cameron P, Joynt GM, Ahuja A, Yung MY, Leung CB, To KF, et al. A major outbreak of severe acute respiratory syndrome in
Hong Kong. N Engl J Med. 2003;348(20):1986–94.

71. Stockman LJ, Bellamy R, Garner P. SARS: systematic review of treatment effects. PLoS Med. 2006;3(9):e343.

72. Ling Y, Xu SB, Lin YX, Tian D, Zhu ZQ, Dai FH, Wu F, Song ZG, Huang W, Chen J, et al. Persistence and clearance of viral RNA in 2019 novel coronavirus
disease rehabilitation patients. Chin Med J. 2020;133(9):1039–43.

73. Arabi YM, Mandourah Y, Al-Hameed F, Sindi AA, Almekhlafi GA, Hussein MA, Jose J, Pinto R, Al-Omari A, Kharaba A, et al. Corticosteroid Therapy for
Critically Ill Patients with Middle East Respiratory Syndrome. Am J Respir Crit Care Med. 2018;197(6):757–67.

74. Wheatland R. Molecular mimicry of ACTH in SARS - implications for corticosteroid treatment and prophylaxis. Med Hypotheses. 2004;63(5):855–62.

75. Panesar NS. What caused lymphopenia in SARS and how reliable is the lymphokine status in glucocorticoid-treated patients? Med Hypotheses.
2008;71(2):298–301.

76. Qian Z, Travanty EA, Oko L, Edeen K, Berglund A, Wang J, Ito Y, Holmes KV, Mason RJ: Innate immune response of human alveolar type II cells infected
with severe acute respiratory syndrome-coronavirus. American journal of respiratory cell and molecular biology 2013, 48(6):742–748.

77. Lake MA. What we know so far: COVID-19 current clinical knowledge and research. Clin Med. 2020;20(2):124–7.

78. Raj VS, Mou H, Smits SL, Dekkers DH, Muller MA, Dijkman R, Muth D, Demmers JA, Zaki A, Fouchier RA, et al. Dipeptidyl peptidase 4 is a functional
receptor for the emerging human coronavirus-EMC. Nature. 2013;495(7440):251–4.

79. Lu G, Hu Y, Wang Q, Qi J, Gao F, Li Y, Zhang Y, Zhang W, Yuan Y, Bao J, et al. Molecular basis of binding between novel human coronavirus MERS-CoV and
its receptor CD26. Nature. 2013;500(7461):227–31.

80. Wan YD, Sun TW, Liu ZQ, Zhang SG, Wang LX, Kan QC. Efficacy and Safety of Corticosteroids for Community-Acquired Pneumonia: A Systematic Review
and Meta-Analysis. Chest. 2016;149(1):209–19.

81. Lu X, Han W, Gao YX, Guo SG, Yu SY, Yu XZ, Zhu HD, Li Y. Efficacy and safety of corticosteroids in immunocompetent patients with septic shock. World
journal of emergency medicine. 2021;12(2):124–30.

82. Li H, Chen C, Hu F, Wang J, Zhao Q, Gale RP, Liang Y. Impact of corticosteroid therapy on outcomes of persons with SARS-CoV-2, SARS-CoV, or MERS-CoV
infection: a systematic review and meta-analysis. Leukemia. 2020;34(6):1503–11.

83. Veronese N, Demurtas J, Yang L, Tonelli R, Barbagallo M, Lopalco P, Lagolio E, Celotto S, Pizzol D, Zou L, et al. Use of Corticosteroids in Coronavirus
Disease 2019 Pneumonia: A Systematic Review of the Literature. Frontiers in medicine. 2020;7:170.

84. Russell CD, Millar JE, Baillie JK. Clinical evidence does not support corticosteroid treatment for 2019-nCoV lung injury. Lancet. 2020;395(10223):473–5.

85. van Paassen J, Vos JS, Hoekstra EM, Neumann KMI, Boot PC, Arbous SM. Corticosteroid use in COVID-19 patients: a systematic review and meta-analysis
on clinical outcomes. Crit Care (London England). 2020;24(1):696.

86. Cano EJ, Fonseca Fuentes X, Corsini Campioli C, O'Horo JC, Abu Saleh O, Odeyemi Y, Yadav H, Temesgen Z. Impact of Corticosteroids in Coronavirus
Disease 2019 Outcomes: Systematic Review and Meta-analysis. Chest. 2021;159(3):1019–40.

87. Alhazzani W, Moller MH, Arabi YM, Loeb M, Gong MN, Fan E, Oczkowski S, Levy MM, Derde L, Dzierba A, et al: Surviving Sepsis Campaign: Guidelines on
the Management of Critically Ill Adults with Coronavirus Disease 2019 (COVID-19). Critical care medicine 2020.

Tables
Table 1. A summary of included RCTs studies.
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Study Period of
inclusion

Sample
size

Critical
or
severe

Cor type and
daily dose

Disease
severity
Mean
(SD) (Cor/
Non- Cor
use)

Cor use
No.
(deaths)

Non- Cor
use No.
(deaths)

 

Follow
up

Adjusted OR
(95% CI)

MV No.
(Cor/
Non-
Cor
use)

Advers
events
No.
(Cor/
Non-
Cor
use)

Angus
2020

2020/3/9-
2020/6/17

379 severe IV Hy, 50 mg,
every 6 hours
× 7 d; while in
shock for up
to 28 days;
fixed-dose of
100 mg every
6 hours × 7 d
(2 patients)

PaO2:FiO2

 137 (74)/
138 (78)

APACHE

17 (12-
24)/

15 (12-
21)

278(78)

 

101(33) 21-day 0.8(0.49-
1.31)

 

  9/1

Dequin
2020

2020/3/7-
2020/6/1

149 critical IV Hy at an
initial dose of
200mg/d;
continued at
200mg/d × 7d
and then
decreased to
100 mg/d × 4
d and 50 mg/d
× 3 d, for a
total of 14 d. If
the patient’s
respiratory
and general
status had
sufficiently
improved by
day 4, a short
treatment
regimen was
used
(200mg/d × 4
d, followed by
100mg/d ×2 d
and then 50
mg/d × the
next 2 d, for a
total of 8 d.

PaO2:FiO2

130.0
(96.7-
188.0)/

133.0
(89.8-
174.8)
SOFA

6.0 (4.0-
8.0)/ 6.0
(4.0-7.5)

76(11) 73(20) 21-day

 

0.45(0.20-
1.02)

 

17/17 3 /0

 

Edalatifard
2020

2020/4/20-
2020/6/20

62 NA 24-48 hours
after
hospitalization
receive Me
pulse (IV
injection,
250mg/d × 3
d).

  34(2) 28(12) in-
hospital

0.293(0.154-
0.556)

  2/2

 

Horby
2020

2020/5/9-
2020/6/8

6425 NA oral or IV De (6
mg/d) × 10 d
(or until
hospital
discharge if
sooner)

 

  2104(482) 4321(1110) 28-day 0.83(0.75-
0.93)

95/283  

Jamaati
2021

2020/3 50 NA IV De 20 mg/d
from day 1–5
and then at 10
mg/d from
day 6–10

  25(16) 25(10) 28-day 2.68(0.85-
8.37)

13/11  
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Jeronimo
2020

2020/4/18-
2020/6/16

 

647

 

NA IV Me (0.5
mg/kg), twice
daily× 5 d

PaO2:FiO2

160 (118-
200)/

156 (120-
227)

 

194(72) 199(76) 28-day

 

1.14(0.76-
1.71)

53/57

 

 

Tang 2021 2020/2/14-
2020/3/31

86 NA 1 mg/kg/d of
IV Me

×7 d

SOFA

2 (1–2)
/1 (0–2)

43(0) 43(1) in-
hospital

 

0.977
(0.933–
1.023)

   

Tomazini
2020

2020/4/17-
2020/6/13

299 NA IV De 20 mg/d
× 5 d, followed
by 10 mg/d
for additional
5 days or until
ICU discharge

PaO2:FiO2

131.1
(46.2)/
132.6
(45.7)

SOFA

9 (7-10.5)
/8 (7-11)

151(85) 148(91) 28-day 0.97(0.72-
1.31)

  5/9

 

 

COVID
STEROID

  29   IV Hy 200
mg/d ×7 d
(continuous or
bolus dosing
every 6 h)

SOFA

9 (7-10.5)
/8 (7-11)

15(6) 14(2) 28-day 4(0.65-
24.66)

  1/0

Steroids-
SARI

  47   40 mg IV Me
every 12h × 5
d

  24(13) 23(13) 28-day 0.91(0.29-
2.87)

  23/23

DEXA-
COVID 19

  19   20 mg/d IV De
× 5 d and then
10 mg/d × 5 d

  7 (2) 12(2) 28-day 2(0.21-
18.69)

  3/11

Abbreviations:

Figures
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Figure 1

The flow-process diagram of the study selection.
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Figure 2

A forest plot showing the association between corticosteroid use and COVID-19 mortality in RCTs using the random-effects model.
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Figure 3

A forest plot showing the association between corticosteroid use and the need for MV in RCTs using the random-effects model.



Page 14/15

Figure 4

A forest plot showing the association between low, high, or pulse dose corticosteroid use and COVID-19 mortality in OS using the random-effects model.
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Figure 5

A forest plot showing the association between different types of corticosteroid use and COVID-19 mortality in OS using the random-effects model.
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