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ARTICLE INFO ABSTRACT

Keywords: The roles of methylprednisolone in treatment of patients with COVID-19 remain unclear. The aim of this study
Methylprednisolone was to evaluate the efficacy and safety of methylprednisolone in treatment of COVID-19 patients. PubMed,
Glucocorticoids Cochrane and Web of Science were searched for studies comparing methylprednisolone and no glucocorticoids
Félg\i;g?‘g treatment in patients with COVID-19. Statistical pooling was reported as risk ratio (RR) or mean difference (MD)

with corresponding 95 % confidence interval (CI). Thirty-three studies were eligible, including 5 randomized
trials and 28 observational studies. Meta-analysis showed that compared with no glucocorticoids, methylpred-
nisolone in treatment of COVID-19 patients was associated with reduced short-term mortality (RR 0.73; 95% CI
0.60-0.89), less need for ICU admission (RR 0.77; 95% CI 0.66-0.91) and mechanical ventilation (RR 0.69; 95%
CI 0.57-0.84), increased 28-day ventilator-free days (MD 2.81; 95% CI 2.64-2.97), without increasing risk of
secondary infections (RR 1.04; 95% CI 0.82-1.32), but could prolong duration of viral shedding (MD 1.03; 95%
CI 0.25-1.82). Subgroup analyses revealed that low-dose (<2mg/kg/day) methylprednisolone treatment for < 7
days in severe COVID-19 patients was associated with relatively better clinical outcomes, without increasing
duration of viral shedding. Compared with no glucocorticoids, methylprednisolone treatment in COVID-19 pa-
tients is associated with reduced short-term mortality and better clinical outcomes, without increasing secondary
infections, but could slightly prolong duration of viral shedding. Patients with severe COVID-19 are more likely
to benefit from short-term low-dose methylprednisolone treatment (1-2 mg/kg/day for < 7 days).

Meta-analysis

1. Introduction

The coronavirus disease 2019 (COVID-19) is caused by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), which belongs to
the genus Betacoronavirus [1]. As of 6 September 2021, COVID-19 has
affected 221 countries and territories, and about 220,563,227 cases
have been confirmed around the world, of which 4,565,483 people have
died, causing a great threat to human society [2]. Approximately 5% of
patients with COVID-19 require transferring to intensive care unit (ICU)
for respiratory support and are associated with a high mortality [3,4].

Studies have shown that the rapid clinical deterioration of patients
with COVID-19 is closely related to hyper-inflammation (also named
cytokine storm). When cytokine storm comes up, T cells, macrophages
and natural killer cells rapidly proliferate and hyper-activate, releasing

massive inflammatory cytokines, leading to apoptosis of pulmonary
epithelium and endothelial cells, destruction of pulmonary microvas-
cular and alveolar epithelial cell barrier, resulting in vascular leakage,
alveolar edema and hypoxia, and finally ARDS, which is the primary
cause of death in patients with COVID-19 [5-7]. Therefore, aside from
active antiviral therapy, inhibiting hyper-inflammatory response and
preventing tissue damage is also the focus of COVID-19 treatment.
Glucocorticoids, as the classic anti-inflammatory agents, have been
used previously in respiratory diseases such as asthma, chronic
obstructive pulmonary disease, severe bacterial pneumonia and ARDS.
However, at the start of the COVID-19 pandemic, World Health Orga-
nization (WHO) advised against systematic use of corticosteroids in
COVID-19 patients [8]. After the publication of RECOVERY trial [9], the
WHO changed its original suggestion and recommended the use of

Abbreviations: ARDS, Acute respiratory distress syndrome; CI, Confidence interval; CRP, C-reactive protein; ICU, Intensive care unit; IL, Interleukin; MD, Mean
difference; MINORS, Methodological index for non-randomized studies; RCT, Randomized controlled trial; RR, Risk ratio; SARS-CoV-2, Severe Acute Respiratory

Syndrome Coronavirus 2; WHO, World Health Organization.
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corticosteroids in patients with severe COVID-19 [10]. In RECOVERY
trial, glucocorticoids (dexamethasone) could significantly decrease
mortality in cases with severe COVID-19, especially in patients receiving
mechanical ventilation support, in comparison with standard care
without corticosteroids. Recently, a systematic review analyzed data
from 7 randomized controlled trials (RCTs) to evaluate the effectiveness
of glucocorticoids in 1703 critically ill patients with COVID-19 [11]. The
results demonstrated that administration of systemic corticosteroids was
associated with lower 28-day all-cause mortality compared with usual
care or placebo.

However, as far as we know in clinical practice, there are a variety of
glucocorticoid agents, including dexamethasone, methylprednisolone,
prednisolone, prednisone and hydrocortisone. It is still uncertain which
agent is preferred. Some scholars suggest that corticosteroids in general
are not expected to help as a class of drugs, but rather each steroid
should be assessed individually, because different drugs can be associ-
ated with a different number of genes [12]. It is well established that the
preferred glucocorticoid for the treatment of ARDS in ICU is methyl-
prednisolone rather than dexamethasone. Since the outbreak of
epidemic, there have been many studies on methylprednisolone treat-
ment in patients with COVID-19 [13-45], but the results are
inconsistent.

The purpose of this study was to conduct a meta-analysis to evaluate
the efficacy and safety of methylprednisolone in the treatment of pa-
tients with COVID-19 compared with no corticosteroids therapy.

2. Materials and methods

This study was performed in accordance with the Statement of
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
[46]. Two authors independently conducted literature search, study
selection, data extraction and quality assessment. Any disagreements
were resolved by discussion.

2.1. Search strategy

The literature search utilized several electronic databases to ensure
all available published literature was included in this systematic review.
The following electronic databases were searched: PubMed, Cochrane
Central Register of Controlled Trials and Web of Science. The following
search strategy was used in PubMed and changes depending on the rules
of each database: (COVID-19) AND (((corticosteroids) OR (“methyl-
prednisolone”[Mesh])) OR (methylprednisolone)). Because, to our
knowledge, the first case of COVID-19 was discovered at the end of
2019, the search was started in 2019. The last search was performed on
25 August 2021. English was set as a language restriction during liter-
ature searches. The reference list of retrieved papers was further
screened for additional publications.

2.2. Study selection

All published RCTs and non-RCTs comparing methylprednisolone
with no glucocorticoids treatment (also named control) for patients with
COVID-19 were eligible. When two studies reported on a group of pa-
tients at the same institution with an overlapping time period, the article
with the longest follow-up period was included to avoid data duplica-
tion. Reviews, case reports, non-comparative studies, and comparative
studies which presented insufficient data were excluded. Studies
comparing methylprednisolone with other corticosteroids therapy for
COVID-19 patients were excluded. If methylprednisolone group
involved other agents that were not used in control group, the corre-
sponding studies were also excluded.

2.3. Data extraction and quality assessment

The following information was recorded from each eligible study: the
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first author’s name; study design; location; study interval; population
characteristics; prescription of methylprednisolone; primary outcome
and other study features and data needed for quality assessment. Pop-
ulation characteristics include sample size and mean age of both arms, as
well as the disease status of the subjects recruited in each study. For
dichotomous variables, the number of events and the total number of
participants of each group were extracted. Mean and standard deviation
were used for extracting continuous variables. If studies reported
continuous data as median and/or range values, the standard deviation
was calculated using statistical algorithms by Hozo et al [47]. The
quality evaluation of RCT was based on the criteria set by Cochrane
Collaboration, which classifies the risk of bias of each trial as low risk,
high risk or unclear risk [48]. For non-RCTs, methodological index for
non-RCT studies (MINORS) was used for quality assessment [49].

2.4. Primary and secondary outcomes

The primary outcome of our meta-analysis was short-term mortality,
which involves in-hospital, 21-day and 28-day mortality corresponding
to the definition used in each study. The secondary outcomes were the
incidences of ICU admission and mechanical ventilation, 28-day
ventilator-free days, hospital stay, duration of viral shedding, and sec-
ondary infections rate.

2.5. Statistical analysis

Review Manager, version 5.1.0 was used to perform statistical
analysis. As previously described [50], for dichotomous data, the risk
ratio (RR) for each study was aggregated to obtain a pooled RR with a
corresponding 95% confidence interval (CI). Analysis of continuous
variables was done by calculating the mean difference (MD) with the
corresponding 95% CI. All results in our analysis were evaluated for
clinical and statistical heterogeneity. Given that clinical heterogeneity
was unavoidable, subgroup analysis was performed on the basis of
different types of study design, the dosage and course of methylpred-
nisolone treatment, and the severity of disease. The low-dose methyl-
prednisolone was defined as < 2 mg/kg/day, the high-dose was > 2 mg/
kg/day, and the adult standard body weight was set at 60 kg. The
treatment course of methylprednisolone was classified as < 3 days, < 7
days and > 7 days. The severity of patients was categorized as severe and
non-severe due to the different definitions in each included study. Sta-
tistical heterogeneity between different studies was assessed by use of
Cochran’s Q test in which p < 0.1 is taken to indicate the presence of
significant heterogeneity. If statistical heterogeneity was significant, the
random effects model would be used and sensitivity analysis would be
applied to assess the stability of the results; otherwise, the fixed-effect
model would be chosen. Forest plot was generated to graphically
assess the statistical heterogeneity by displaying effect estimates and 95
% CI for both individual studies and meta-analyses. Publication bias was
evaluated by constructing a funnel plot with visual assessment of
asymmetry. The Egger’s regression was used to quantitatively test the
publication bias (STATA 12.0). A p value<0.05 was considered statis-
tically significant.

3. Results
3.1. Study selection

Initially, we identified 2746 records through the before-mentioned
literature search strategy. Among them, 486 were removed as dupli-
cates and 2180 were excluded after screening titles and abstracts. Then,
80 full-text articles were retrieved for detailed evaluation. After
reviewing, 47 articles were removed for the following reasons: inter-
vention group involved other agents (n = 16), non-comparative studies
(n = 13), data cannot be extracted (n = 11), comparison between
different glucocorticoids (n = 4), and duplicate data (n = 3). Finally, 5
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RCTs [14,16,26,36,37] and 28 non-RCTs [13,15,17-25,27-35,38-45]
met the criteria for inclusion in the meta-analysis. A flow diagram that
describes the search process is shown in Fig. 1. A total of 4411 patients
with COVID-19 were analyzed, of which 2285 (51.8%) received meth-
ylprednisolone and 2126 (48.2%) received no glucocorticoids
treatment.

3.2. Study characteristics

The characteristics of the all included studies are summarized in
Table 1. The number of single-center and multicenter studies was 23 and
10, respectively. Most studies were conducted in China (n = 16)
[18,20,22,24,25,28,36-45], followed by the United States (n = 5)
[17,27,30,31,33], Spain (n = 5) [14,15,19,32,35], Italy (n = 3)
[21,29,34], the United Arab Emirates (n = 2) [21,29,34], Brazil (n = 1)
[26] and Iran (n = 1) [16]. The study interval in each study ranged from
1 January 2020 to 31 July 2020. The mean age of the patients varied
between 33.75 years and 85 years across the studies. More than half of
the studies recruited patients who suffered from severe or critically ill
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COVID-19 pneumonia. The prescriptions of methylprednisolone were
not consistent across the studies.

3.3. Quality assessment and publication bias

The methodological quality assessments of the RCTs and non-RCTs
are briefly showed in Table 1, and summarized in Supplementary
Fig. 1 and Supplementary Table 1. Of the 5 RCTs, 3 were classified as low
risk of bias and 2 as high risk. Based on the MINORS scoring system for
non-RCTs, 12 points for 4 articles, and the scores of other 24 studies
ranged from 13 to 22 points. Overall, the included studies were of
moderate quality. The funnel plot constructed for publication bias
evaluation showed a slight asymmetry (Fig. 2). Nevertheless, the Egger’s
regression analysis demonstrated that the visual asymmetry was not
significant (95% CI of intercept —2.44 to 0.27; p = 0.11) (Fig. 3).

3.4. Primary outcome

In our analysis, there were 29 studies [13-17,19,20,22-40,42,43,45]
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Fig. 1. Study flow diagram chart.
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Table 1
The characteristics of the included studies.
Author Study Design ~ Location Study Sample Mean Age Subject Methylprednisolone Primary Quality
Interval Size Prescription Outcome Score*

MG CG MG CG

Badr M, etal  Single- Cleveland Clinic 1 March 32 45 49 51 COVID-19 Median dose, 1 mg/kg/ 28-day 16
[13] center, Abu Dhabi, 2020 to 29 patients with day for 5-7 days ventilator-free
NRCT United Arab May 2020 ARDS days
Emirates
Corral- Multicenter, 5 hospitals in April 2020 35 29 73 66 Patients with 40 mg twice daily for 3 A composite of  High
Gudino L, RCT Spain to July moderate to days followed by 20 mg  death, ICU risk
etal [14] 2020 severe COVID- twice daily for 3 days admission, or
19 noninvasive
ventilation
Cusacovich Multicenter, 3 teaching 12 March 117 88 75 76 Patients with 125-500 mg/day for 60-day 17
I, etal NRCT hospitals of 2020 to 20 severe COVID- 2-5 days mortality
[15] Castilla y Leén, May 2020 19
Spain
Edalatifard Multicenter, Imam Khomeini 20 April 34 28 55.8 61.7 Patients with 250 mg/day for 3 days Time of clinical ~ Low
M, et al RCT Hospital and 2020 to 20 severe COVID- improvement risk
[16] Khorshid June 2020 19 and discharge
Hospital, Iran from the
hospital or
death
FadelR,etal  Multicenter, Multicenter 12 March 132 81 61 64 COVID-19 0.5-1 mg/kg/day for ICU admission, 12
[17] NRCT health system in 2020 to 27 patients 3-7 days. mechanical
Michigan, USA March requiring ventilation, or
2020 supplemental in-hospital all-
oxygen or cause
mechanical mortality.
ventilation
Fang X, et al Single- Anhui 22 January 25 53 General arm: Patients with General arm: 38 mg/ Virus clearance 16
[18] center, Provincial 2020 to 1 40.2 39.9 general or day for 7 days time
NRCT Hospital, China March Severe arm: severe COVID- Severe arm: 40 mg/day
2020 60.6 54.3 19 for 4.5 days
Fernandez- Single- Hospital Puerta During 39 67 65.4 68.1 Patients with Low dose:1 mg/kg/day In-hospital 16
Cruz A, et center, de Hierro- March of COVID-19 for 3-5 days mortality
al [19] NRCT Majadahonda, 2020 Pulses: <250 mg/day
Spain (20.1%), 250 mg/day

(62.5%), and 500 mg/
day (17.1%) for 3

pulses.
FuH, et al Single- The Third 26 January 13 20 NA Patients with 1 mg/kg/day for 3 days  NA 14
[20] center, People’s 2020 to 2 mild COVID-19
NRCT Hospital of March
Kunming, China 2020
Giacobbe Single- Ospedale 20 24 54 NA Critically ill 1 mg/kg once daily NA 16
DR, et al center, Policlinico San February patients with
[21] NRCT Martino-IRCCS, 2020 to 10 COVID-19
Italy April 2020
Gong Y,etal  Single- Yi Chang 30 January 18 16 38.22 3375 COVID-19 1-2 mg/kg/day, NA 14
[22] center, Central People’s 2020 to 20 patients under gradually halved every
NRCT Hospital, China February 50 years old 3 days, for 5-10 days
2020
Hamed DM, Single- Rashid Hospital, = June 2020 23 27 45.04 47.26  Patients with 40 mg twice daily for 7 All-cause 12
et al [23] center, United Arab severe COVID- days mortality, ICU
NRCT Emirates 19 admission, ICU
and hospital
stay, and days
on ventilators
Hu Z, et al Single- Second Hospital ~ 20 January 28 44 53 38 Patients with 40 mg/day within 1 Progression to 15
[24] center, of Nanjing, 2020 to 16 non-severe week severe illness
NRCT China February COVID-19
2020
Huang R, et Multicenter, 10 hospitals of 18 January 89 220 48 41 Patients with 40-160 mg/day Virus clearance 13
al [25] NRCT Jiangsu 2020 to 26 COVID-19 time
Province, China February
2020
Jeronimo Single- A tertiary care 18 April 194 199 54 57 Patients with 0.5 mg/kg, twice daily 28-day Low
CMP, et al center, RCT facility in 2020 to 16 suspected for 5 days mortality risk
[26] Manaus, Brazil June 2020 COVID-19
Ko JJ, et al Single- A public 1 March 104 75 56.2 60.5 Patients with 1 mg/kg/day for >3 All-cause 17
[27] center, teaching 2020 to 31 COVID-19 days mortality
NRCT hospital in July 2020 admitted to within 50 days
urban Los ICU for of initial
Angeles, USA respiratory treatment
failure

(continued on next page)
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Table 1 (continued)

Author Study Design ~ Location Study Sample Mean Age Subject Methylprednisolone Primary Quality
Interval Size Prescription Outcome Score*
MG CG MG CG

Liu J, et al Single- The Fifth 22 January =~ 22 79 NA Patients with 2-8 mg/kg/day, NA 15
[28] center, Affiliated 2020 to 2 COVID-19 maximum 500 mg/day
NRCT Hospital of Sun March
Yat-sen 2020
University,
China
Mikulska M, Single- San Martino NA 45 66 67.5 68.4 Patients with 1 mg/kg/day for 5 days,  Failure-free 14
et al [29] center, University COVID-19 then 0.5 mg/kg/day for  survival
NRCT Hospital, Italy 5 days
Nelson BC, Multicenter, A quaternary 1 March 42 42 60 62 Patients with 1 mg/kg/day with a 28-day 17
et al [30] NRCT care medical 2020 to 12 COVID-19 max dose of 80 mg for 5 ventilator-free
center in New April 2020 requiring days days
York, USA mechanical
ventilation
Papamanoli Single- Stony Brook 1 March 153 294 62 61 Patients with median dose, 160 mg/ 28-day deathor 18
A, etal center, University 2020 to 15 severe COVID- day for 5 days mechanical
[31] NRCT Hospital, USA April 2020 19 ventilation
Piniella-Ruiz  Single- Infanta Leonor- 1 March 88 55 85 85 Critically ill 125-250 mg/day for In-hospital 13
E, et al center, Virgen de la 2020 to 31 patients with 1-3 days, followed by mortality
[32] NRCT Torre University May 2020 COVID-19 0.5-1 mg/kg for
Hospital, Spain additional 5 days
Saggi SJ, et Single- State University 1 March 37 38 73 72.5 COVID-19 1-2 mg/kg/day for >3 21-day 16
al [33] center, of New York 2020 to 30 patients with days mortality
NRCT Downstate April 2020 AKI and ARDS
Medical Centre,
USA
Salton F, et Multicenter, 14 Italian 27 83 90 64.4 67.1 Patients with Aloading dose of 80 mg  28-day need for 22
al [34] NRCT respiratory February severe COVID- + 80 mg/d for >8 days ICU referral,
high- 2020 to 24 19 + 16 mg po or 20 mg iv intubation, or
dependency April 2020 twice daily until CRP < death
units 20% of normal range or

Pa0,:FiO; > 400
(alternative SpOy >95%
on room air)

Sanz Single- Consorci NA 56 16 67 68.9 Patients with 250 mg on day 1 In-hospital all- 12
Herrero F, center, Hospital COVID-19 followed by 40 mg cause mortality
et al [35] NRCT General every 12 h for 4 more
Universitari, days
Spain
Steroids- Multicenter, 4 hospitals in 26 January 24 23 67 62 Critically ill 40 mg every 12 h for 5 Lower lung High
SARI [36] RCT China 2020 to 13 patients with days injury score at risk
April 2020 COVID-19 day 7 and day
14
Tang X, et al Multicenter, 7 tertiary 19 43 43 57 55 Patients with 1 mg/kg/day for 7 days  14-day clinical Low
[371] RCT hospitals in February COVID-19 deterioration risk
Beijing and 2020 to 31 rate
Hubei province March
of China 2020
WangF,etal  Single- Tongji Hospital January 55 53 NA Patients with 40-80 mg/day for 3-5 NA 13
[38] center, in Wuhan, 2020 to severe COVID- days
NRCT China March 19
2020
WangY,etal  Single- Union Hospital 20 January 26 20 54 53 Patients with 1-2 mg/kg/day for 5-7 NA 11
[39] center, of Huazhong 2020 to 25 severe COVID- days
NRCT University of February 19
Science and 2020
Technology,
China
Wu G, et al Single- Jin Yin-tan 25 62 139 NA Patients with NA The 15
[40] center, Hospital, China December COVID-19 development of
NRCT 2019 to 26 ARDS and
January death
2020
Xia Q, et al Single- The First 22 January 56 18 NA Patients with 0.75-1.5 mg/kg/day NA 14
[41] center, Affiliated 2020 to 29 COVID-19
NRCT Hospital, February
Zhejiang 2020
University
School of
Medicine, China
Yang R, etal  Single- Zhongnan 1 January 140 35 NA Patients with 50-80 mg/day NA 12
[42] center, Hospital of 2020 to 7 severe COVID-
NRCT Wuhan March 19
2020

(continued on next page)
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Table 1 (continued)
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Author Study Design ~ Location Study Sample Mean Age Subject Methylprednisolone Primary Quality
Interval Size Prescription Outcome Score*
MG CG MG CG
University,
China
You X,et al Single- Yichang Third 1 February 44 44 54.25 56.82  Patients with 40 mg once or twice Hospital 18
[43] center, People’s 2020 to 31 COVID-19 daily for 7 days mortality
NRCT Hospital, China March
2020
YuanM, etal  Single- Central Hospital ~ 20 January 35 35 48.1 47.7 Patients with Median dose, 43.5 mg/ NA 15
[44] center, of Wuhan, 2020 to 25 non-severe day
NRCT China February COVID-19
2020
Zha L, et al Multicenter, The Second 24 January 11 20 53 37 Patients with 40 mg once or twice Virus clearance 14
[45] NRCT People’s 2020 to 24 COVID-19 daily for 5 days time
Hospital of February
Wuhu and 2020
Yijishan

Hospital, China

MG = methylprednisolone group, CG = control group, NRCT = non-randomized controlled trial, NA = not available, CRP = C-reactive protein
* Methodological index for non-randomized studies (MINORS) was used for quality assessment of non-RCT, risk of bias was used for RCT
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providing the information regarding short-term mortality. After pooling
data, short-term mortality was seen in 468 (21.8 %) of 2146 patients
receiving methylprednisolone and 496 (24.8 %) of 1996 receiving no
glucocorticoids treatment. Because statistical heterogeneity across
studies was significant (p < 0.001), random effects model was used to
synthetize the data. The meta-analytic pooling demonstrated a signifi-
cant reduction of short-term mortality in the methylprednisolone group

(RR 0.73; 95% CI 0.60-0.89; p = 0.002) (Fig. 4).

3.5. Secondary outcomes

Data of ICU admission were provided by 8 included studies
[14,15,17,23,31,34,35,37]. As a whole, 27.2% (175/642) patients were
transferred to ICU in methylprednisolone group comparing to 36.7%
(245/668) in control group. Fixed-effect model was employed for data
synthesis due to the non-significant heterogeneity across studies (p =
0.28). Our meta-analysis showed that COVID-19 patients treated with
methylprednisolone were less likely to be transferred to ICU than those
who did not receive methylprednisolone (RR 0.77; 95% CI 0.66-0.91; p
= 0.001) (Fig. 5).

Nine included studies [15,17,23,28,31,34,37,39,43] reported the
number of patients requiring mechanical ventilation. Overall, the pro-
portion of patients receiving mechanical ventilation in methylprednis-
olone group and control group were 17.9% (114/636) and 26.5% (205/
773), respectively. Meta-analysis on fixed-effect model observed a
significantly decreased incidence of mechanical ventilation in methyl-
prednisolone group (RR 0.69; 95% CI 0.57-0.84; p < 0.001) (Fig. 6).
There was no statistical heterogeneity across studies (p = 0.18).

Information about 28-day ventilator-free days was described in three
studies [30,31,34]. Owing to no statistical heterogeneity among studies
(p = 0.43), fixed-effect model was applied. When three studies were
pooled in this analysis, the 28-day ventilator-free days was significantly
increased in methylprednisolone group than control group by 2.8 days
(95% CI 2.64-2.97; p < 0.001) (Fig. 7).

There were 15 studies [13,15-17,23-25,32,35,37,39,41,43-45]
reporting the date with regard to hospital stay. Due to a significant
heterogeneity across studies (p < 0.001), random effects model was
used. In our meta-analysis, no significant difference in hospital stay
between two groups was detected (MD —0.14; 95% CI —2.42-2.14;p =
0.90) (Fig. 8).

Duration of viral shedding was mentioned in 13 studies
[18,20,22,24,25,28,34,35,37,41,43-45]. Meta-analysis on random ef-
fects model revealed that the virus clearance time of patients treated
with methylprednisolone was significantly longer than that of patients
treated with no glucocorticoids by 1.03 days (95% CI 0.25-1.82; p =
0.01) (Fig. 9). Heterogeneity across studies was statistically significant
(p < 0.001).

There were 11 studies [13-17,21,28,30,37,39,44] in our analysis
describing the data of secondary infections after both treatments.
Overall, 15.5% (86/556) patients experienced secondary infections in
methylprednisolone group comparing with 15.1% (80/530) in control
group. On the basis of a non-significant heterogeneity among studies (p
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Methyiprednisolone Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
1.1.1 Non-randomized controlled trials
Badr M, etal 10 32 13 45  4.2% 1.08[0.54, 2.15] o
Cusacovich |, et al 34 117 38 88 6.5% 0.67 [0.46, 0.98] ==
Fadel R, etal 18 132 21 81 5.0% 0.53[0.30,0.93] ]
Ferndndez-Cruz A, et al 55 386 16 67 5.5% 0.58 [0.36, 0.95] ==
FuH, etal 0 13 1] 20 Not estimable
Gong Y, etal 0 18 1] 16 Not estimable
Hamed DM, et al 1 23 5 27 0.8% 0.23[0.03,1.87) - 1
Hu Z, etal 0 28 0 44 Not estimable
Huang R, et al 0 88 0 220 Not estimable
Ko JJ, etal 16 104 27 75 51% 0.43[0.25,0.74) -
Liud, etal 0 22 0 79 Not estimable
Mikulska M, et al 13 45 23 66  5.0% 0.83[0.47,1.46] 1
Nelson BC, et al 8 42 15 42 3.8% 0.53[0.25,1.12] i
Papamanoli A, et al 37 153 65 294 6.6% 1.08[0.77,1.56] S i
Piniella-Ruiz E, et al 60 88 45 55 7.8% 0.83[0.69,1.01) =1
Saggi SJ, etal 18 37 27 38 6.3% 0.68 [0.46,1.01) =]
Salton F, et al 6 83 21 90 3.3% 0.31[0.13,0.73]
Sanz Herrero F, et al 11 56 10 16 4.4% 0.31 [0.16, 0.60)
Wang F, etal 30 55 24 53 6.4% 1.20[0.82,1.76] i
Wang Y, etal 2 26 1 20 0.7% 1.54[0.15,15.79)
Wu C, etal 23 62 21 138 5.4% 2.46 [1.47,4.09] -
Yang R, etal 32 140 16 35 57% 0.50[0.31, 0.80] -
YouX, etal 0 44 1 44  0.4% 0.33[0.01,7.97)
Zhal, etal 0 11 0 20 Not estimahle
Subtotal (95% Cl) 1816 1674 82.8% 0.71[0.57, 0.90] 2
Total events 374 389
Heterogeneity: Tau®= 0.14; Chi*= 56.69, df=17 (P < 0.00001); *=70%
Test for overall effect: Z= 2.0 (P = 0.004)
1.1.2 Randomized controlled trials
Corral-Gudino L, et al i 35 5 29 25% 1.16 [0.41,3.27) S
Edalatifard M, et al 2 34 12 28 1.6% 0.14 [0.03, 0.56) -
Jeronimo CMP, et al 72 194 76 199  7.4% 0.97 [0.75,1.25) T
Steroids-SARI 13 24 13 23 5.4% 0.96 [0.57, 1.60] i
Tang X, et al 0 43 1 43 0.4% 0.33[0.01, 7.96)
Subtotal (95% Cl) 330 322 17.2% 0.81[0.50, 1.31] 0
Total events 94 107
Heterogeneity: Tau*=0.12; Chi*=8.10, df=4 (P=0.09); F=51%
Test for overall effect: Z= 0.87 (P = 0.38)
Total (95% Cl) 2146 1996 100.0% 0.73[0.60, 0.89] ¢
Total events 468 496
Heterogeneity: Tau®= 0.12; Chi*= 66.49, df= 22 (P < 0.00001); F=67% 0 o1 0%1 ] 150 105

Test for overall effect: Z= 3.08 (P = 0.002)
Test for suharoun differences: Chi*=0.20. df=1 (P=0.65). F=0%

Favours methylprednisolone Favours control

Fig. 4. Forest plot of the short-term mortality in meta-analysis and subgroup analyses of RCTs and Non-RCTs.

= 0.15), fixed-effect model was chosen. The pooling results found that
the difference between two groups in secondary infections was not
significant (RR 1.04; 95% CI 0.82-1.32; p = 0.73) (Fig. 10).

3.6. Subgroup analyses

In the subgroup analysis of non-RCTs, the application of methyl-
prednisolone was associated with a significantly reduced mortality,
which was not found in the subgroup analysis of RCTs (Fig. 4). In
contrast to high-dose methylprednisolone, low-dose methylpredniso-
lone could significantly lower the risks of admission to ICU (Fig. 5) and
mechanical ventilation (Fig. 6), but prolong the duration of viral shed-
ding (Supplementary Fig. 2). Both doses of methylprednisolone could
significantly decrease mortality (Supplementary Fig. 3) and increase the
28-day ventilator-free days (Fig. 7), while had no effect on the length of
hospital stay (Supplementary Fig. 4) and the incidence of secondary
infections (Fig. 10). Methylprednisolone treatment for < 7 days, rather
than < 3 days or > 7 days, was associated with a significantly reduced

mortality (Supplementary Fig. 5). When performing subgroup analysis
for severe COVID-19 patients, methylprednisolone treatment was
related with significantly lower mortality (Supplementary Fig. 6) and
shorter hospital stay (Supplementary Fig. 7), without increasing the
duration of viral shedding (Supplementary Fig. 8) and the risk of sec-
ondary infections (Supplementary Fig. 9), as compared to no glucocor-
ticoids treatment. For non-severe patients, methylprednisolone
treatment could not shorten the hospital stay (Supplementary Fig. 10),
but could prolong the duration of viral shedding (Supplementary
Fig. 11).

3.7. Sensitivity analyses

We performed sensitivity analyses on three outcomes including
mortality, hospital stay and duration of viral shedding due to the
significantly statistical heterogeneity among studies. However, sensi-
tivity analyses did not change the significance of statistical heteroge-
neity, and had no effect on the results of meta-analysis, suggesting the
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Methylprednisolone Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M.H, Fixed, 95% CI
1.5.1 Low-dose methylprednisolone
Corral-Gudino L, et al 6 35 29 4.0% 0.62[0.24,1.59] —
Fadel R, etal 32 132 31 81 17.6% 0.63[0.42, 0.95) ==
Hamed DM, et al 2 23 27 3.8% 0.26 [0.06, 1.09] I
Salton F, et al 15 83 27 90 11.8% 0.60 [0.35,1.05) 1
Tang X, et al 2 43 2 43 0.9% 1.00[0.15,6.78] I
Subtotal (95% Cl) 316 270 38.2%  0.59[0.44,0.80] <
Total events 57 77
Heterogeneity. Chi*=1.67, df=4 (P=0.80); F=0%
Test for overall effect: Z= 3.39 (P = 0.0007)
1.5.2 High-dose methylprednisolone
Cusacovich |, et al 19 117 21 88 11.0% 0.68[0.39,1.19] T
Papamanoli A, et al 68 153 135 294 423% 0.97[0.78,1.20]
Sanz Herrero F, et al 31 56 12 16  8.5% 0.74 [0.51,1.07]
Subtotal (95% Cl) 326 398 61.8%  0.89[0.74, 1.06]
Total events 118 168
Heterogeneity: Chi*= 2.45, df=2 (P=0.29); F=18%
Test for overall effect. Z=1.31 (P=0.19)
Total (95% Cl) 642 668 100.0%  0.77 [0.66, 0.91] ¢
Total events 175 245
Heterogeneity: Chi*= 8.58, df= 7 (P = 0.28); F=18% 0 0 0% p 3 1=0 100*

Test for overall effect: Z= 3.18 (P = 0.001)

Test for subaroun differences: Chi*= 4.90. df=1 (P =0.03). F=79.6%

Favours methylprednisolone Favours control

Fig. 5. Forest plot of the ICU admission rate in meta-analysis and subgroup analyses of low- and high-doses of methylprednisolone.

Methylprednisolone Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
1.6.1 Low-dose methylprednisolone
Fadel R, et al 26 132 26 81 18.2% 0.61 [0.38, 0.98) ==
Hamed DM, et al 2 23 9 27 47% 0.26 [0.06, 1.09) ]
Salton F, etal 14 83 26 90 141% 0.58[0.33,1.04) ==
Tang X, etal 2 43 2 43 11% 1.00[0.15, 6.78) ]
Wang Y, etal 3 26 7 20 45% 0.33[0.10,1.12) =
YouX, etal 0 44 0 44 Not estimable
Subtotal (95% Cl) 351 305 42.5% 0.55[0.39, 0.76] <
Total events 47 70
Heterogeneity: Chi*= 2.36, df=4 (P=0.67); F=0%
Test for overall effect: Z= 3.57 (P = 0.0004)
1.6.2 High-dose methylprednisolone
Cusacovich |, etal 16 117 21 88 13.5% 0.57[0.32,1.03] |
LiuJ, etal 1 15 0 86 0.1% 16.31[0.69, 382.92) >
Papamanoli A, etal 50 153 114 294 44.0% 0.84 [0.64,1.10) :
Subtotal (95% CI) 285 468 57.5% 0.80 [0.63, 1.02]
Total events 67 135
Heterogeneity. Chi*= 4.88, df= 2 (P = 0.09); = 59%
Test for overall effect: Z=1.78 (P = 0.08)
Total (95% Cl) 636 773 100.0% 0.69 [0.57, 0.84] ¢
Total events 114 205
Heterogeneity: Chi*= 10.24, df= 7 (P = 0.18); F=32% 0 o1 0‘r1 ; 1%0 106

Test for overall effect: Z= 3.67 (P = 0.0002)

Test for subaroun differences: Chi*= 3.40. df=1 (P=0.07). F=70.6%

Favours methylprednisolone Favours control

Fig. 6. Forest plot of the need for mechanical ventilation in meta-analysis and subgroup analyses of low- and high-doses of methylprednisolone.

stability of these outcomes.

4. Discussion

Our meta-analysis including 33 studies showed that compared with
no glucocorticoids treatment, methylprednisolone in the treatment of

COVID-19 patients was related with reduced short-term mortality, less
need for ICU admission and mechanical ventilation, increased 28-day
ventilator-free days, without increasing the risk of secondary in-
fections, but could slightly prolong the duration of viral shedding.
Subgroup analyses revealed that low-dose methylprednisolone treat-
ment for < 7 days in severe COVID-19 patients was associated with
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Methyiprednisolone Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% ClI
1.7.1 Low-dose methylprednisolone
Nelson BC, etal 6.21 7.45 42 313 6.22 42  03% 3.08[0.14,6.02)
Salton F, et al 191 8.7 83 143 117 90 0.3% 4.80[1.74,7.86)
Subtotal (95% Cl) 125 132 0.6% 3.90[1.79, 6.02] g

Heterogeneity. Chi*= 0.63, df=1 (P=0.43); F=0%
Test for overall effect: Z= 3.61 (P = 0.0003)

1.7.2 High-dose methylprednisolone

Papamanoli A, et al 20.8 08 153 18 0.7 294 099.4% 2.80(2.64,2.96] !
Subtotal (95% Cl) 153 294 99.4% 2.80[2.64,2.96]

Heterogeneity: Not applicable

Test for overall effect: Z= 33.56 (P < 0.00001)

Total (95% CI) 278 426 100.0% 2.81[2.64,2.97] \
Heterogeneity: Chi*= 1.67, df= 2 (P = 0.43); IF= 0% 7 + T : +
Test for overall effect: Z= 33.74 (P < 0.00001) .

Testfor subaroun differences: Chi*= 1.04. df= 1 (P = 0.31). F= 3.9% Eavolire MetyiprodniSolons: IavOULSCOntrol

Fig. 7. Forest plot of the 28-day ventilator-free days in meta-analysis and subgroup analyses of low- and high-doses of methylprednisolone.

Methyiprednisolone Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Badr M, etal 24 6.5 32 37 7.25 45  6.6% -13.00[-16.09,-9.91) —
Cusacovich |, etal 8 11 117 12 12 88 6.6% -4.00 [-7.20,-0.80]
Edalatifard M, et al 11.62 4.81 34 1761 9.84 28 6.1% -5.99 [-9.98,-2.00] I
Fadel R, etal 5 1 132 8 225 81 7.5% -3.00[-3.52,-2.48) -
Hamed DM, et al 20.83 1222 23 21 19.85 27 3.5% -017[-9.17,8.83] ]
HuZ, etal 25 34 28 145 4 44 7.2% 1050[8.77,12.23] -
Huang R, et al 17 225 89 15 1.75 220 7.5% 2.00[1.48, 2.52] -
Piniella-Ruiz E, et al 1 2.88 88 7 225 55 7.5% 4.00[3.15, 4.85] -
Sanz Herrero F, et al 17.5 1.25 56 126 4.75 16  7.0% 490 [2.55, 7.29) -
Tang X, etal 17 225 43 13 25 43 7.4% 4.00[2.98,5.01) -
Wang Y, etal 14 1.25 26 22 2 20 7.4% -8.00 [-9.00,-7.00]) -
Xia @, etal 1715 6.39 46 23.67 8.14 3 33% -6.52[1591,2.87) - 1
YouX, etal 235 3 44 225 238 44  7.4% 1.00[-0.13,2.13] I~
Yuan M, et al 235 25 35 202 2.8 35 7.4% 3.30[2.06, 4.54) -
Zhal,etal 20 0.75 1" 17 1 20 7.5% 3.00[2.38, 3.62) e
Total (95% Cl) 804 769 100.0% -0.14 [-2.42, 2.14) ?
Heterogeneity: Tau™= 17.88; Chi*= 812.20, df= 14 (P < 0.00001); "= 98% o g 5 1 %

Test for overall effect Z=0.12 (P = 0.90) Favours methylprednisolone Favours control

Fig. 8. Forest plot of the hospital stay in meta-analysis.

Methylprednisolone Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Fang X, etal 17.6 4.9 9 187 7.7 46 32% -1.10[-5.00,2.80] ="
FuH, etal 17.7 5.1 13 139 54 20 3.6% 3.80[0.15, 7.45]
GongY, etal 29.1 6.61 18 2444 521 16 31% 4.67 [0.69, 8.65)
HuZ, etal 18 23 28 17 2 44 11.9% 1.00 [-0.04, 2.04] ™
Huang R, etal 18 2 89 16 1.5 220 14.2% 2.00 [1.54, 2.46] -
LiudJ, etal 10 53 22 10 79 79 51% 0.00[-2.82,2.82) S
Salton F, et al 18.05 6.11 41 2068 7.05 28  43% -1.63[4.84,1.58] S
Sanz Herrero F, et al 195  3.65 56 215 3.58 16 7.6% -2.00[-4.00,-0.00] a—
Tang X, etal 11 25 43 8 25 43 11.8% 3.00 [1.94, 4.06] -
Xia @, etal 659  3.22 46 13 6.08 3 1.2% -6.41[13.35,0.53] B
You X, etal 235 3 44 225 238 44 11.4% 1.00[-0.13,2.13] ™
Yuan M, etal 20.3 24 35 194 4.2 35 9.2% 0.90[-0.70, 2.50] T
Zhal,etal 15 05 1" 14 15 20 13.3% 1.00[0.28,1.72) ==
Total (95% Cl) 455 614 100.0% 1.03 [0.25, 1.82] &
Heterogeneity: Tau®= 1.08; Chi*= 43.45, df=12 (P < 0.0001); F=72% _1*0 *5 0 é 1*0

Testfor overall effect Z= 2.57 (P = 0.01) Favours methylprednisolone  Favours control

Fig. 9. Forest plot of the duration of viral shedding in meta-analysis.
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Methylprednisolone Control
Study or Subgroup Events

1.14.1 Low-dose methylprednisolone

Total Events Total Weight M-H, Fixed, 95% Cl

Badr M, et al 12 32 8 45  81%
Corral-Gudino L, et al 5 35 1 29 1.3%
Fadel R, et al 0 132 0 81
Giacobhe DR, etal 19 38 26 40 30.8%
Nelson BC, et al 22 42 19 42 231%
Tang X, et al 2 43 1 43 1.2%
Wang Y, et al 0 26 0 20

Yuan M, et al 0 35 0 35
Subtotal (95% Cl) 383 335 64.6%
Total events 60 55

Heterogeneity. Chi*= 8.26, df= 4 (P = 0.08); F=52%

Test for overall effect: Z=1.12 (P = 0.26)

1.14.2 High-dose methylprednisolone

Cusacovich |, et al 26 117 25 88 34.7%
Edalatifard M, et al 1 34 0 28 0.7%
LiuJ, etal 0 22 0 79
Subtotal (95% Cl) 173 195 35.4%
Total events 27 25

Heterogeneity: Chi*=0.51, df=1 (P =0.48); F= 0%

Test for overall effect: Z= 0.86 (P = 0.39)

Total (95% Cl) 556 530 100.0%
Total events 87 80

Heterogeneity: Chi*=9.42, df=6 (P =0.15); F= 36%
Test for overall effect: Z=0.35 (P=0.73)
Test for subaroun differences: Chi*=1.71.df=1 (P=0.19). F= 41.6%
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Risk Ratio Risk Ratio

M_.H, Fixed, 95% Cl

2.11 [0.98, 4.56) —
4.14(0.51, 33.49)
Not estimable
0.77 [0.52,1.14] —r
1.16 [0.75, 1.80] B

2.00(0.19,21.24]
Not estimable
Not estimable
1.17 [0.89, 1.54]

0.78 [0.49, 1.26]
2.49(0.11, 58.74)
Not estimable
0.81[0.51, 1.30]

1.04 [0.82, 1.32] T
0.02 01 1 10 50
Favours methylprednisolone Favours control

Fig. 10. Forest plot of the secondary infections in meta-analysis and subgroup analyses of low- and high-doses of methylprednisolone.

relatively better clinical outcomes, without increasing the duration of
viral shedding, in comparison with standard care without
corticosteroids.

Different from the negative therapeutic effect in epidemic of Middle
East respiratory syndrome [51], glucocorticoids can play a positive role
in the treatment of current COVID-19 pneumonia. The RECOVERY trial
[9] cited in the guidelines of WHO just proved the advantages of glu-
cocorticoids in the treatment of severe COVID-19, but the drug used in
this study was dexamethasone. However, it was reported that the
response of methylprednisolone was higher than that of dexamethasone
in vitro [52]. A study by Draghici et al [12] described an initial char-
acterization of the main pro-inflammatory pathways induced by SARS-
Cov-2 infection on human lung epithelial cells, and identified methyl-
prednisolone as the most effective agent that targets critical components
of the inflammatory pathway responsible for ARDS. Moreover, the re-
sults of their study suggested that methylprednisolone would revert the
largest number of the gene perturbed by COVID-19, followed by dexa-
methasone. Furthermore, they demonstrated the efficacy of methyl-
prednisolone in a clinical trial in which 30-day all-cause mortality
occurred at a significantly lower rate in the methylprednisolone group
compared to conventional therapy group. Fernandez-Cruz et al [19]
performed a retrospective cohort study and found that the survival of
patients with SARS-CoV-2 pneumonia was higher in cases treated with
methylprednisolone than in those not treated. Hamed et al [23] reported
in their randomized study that patients with severe COVID-19 pneu-
monia administrated with methylprednisolone were associated with
reduced 45-day mortality and lower ICU admission and ventilation rates
compared with those who received usual care. Our meta-analysis also
showed these advantages of methylprednisolone treatment in patients
with COVID-19 pneumonia, especially in severe cases.

Theoretically, glucocorticoids can exert its anti-inflammatory effect
through genetic and non-genetic pathways [53]. It can be observed that
the plasma inflammatory indicators of COVID-19 patients, such as CRP
and IL-6, decreased significantly after methylprednisolone treatment
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[16]. The reduction of inflammatory response may lead to the rapid
improvement of lung injury, easier relief of symptoms and lower risk of
requiring ICU admission and mechanical ventilation. This inference is
supported by the results of our study, and we believe that the mortality
benefit of methylprednisolone observed in this study is a comprehensive
reflection of the common improvement of these clinical outcomes.

The optimal prescription of methylprednisolone in the treatment of
patients with COVID-19 is inconclusive. Edalatifard et al [16] recruited
68 patients with severe COVID-19 to randomly receive methylprednis-
olone pulse (250 mg/day for 3 days) or standard care. They observed a
significantly higher percentage of improved patients and lower hospital
mortality in methylprednisolone pulse group. Nevertheless, the retro-
spective cohort study conducted by Fernandez-Cruz et al [19] declared
that hospital mortality was not different between low-dose (1 mg/kg/
day) methylprednisolone and pulse treatment. We are aware that the
dose of methylprednisolone recommended in the seventh edition of
diagnosis and treatment plan for COVID-19 formulated by Chinese Na-
tional Health Commission [54] was 1-2 mg/kg/day, yet in the eighth
edition [55], the recommended dose was changed to 0.5-1 mg/kg/day.
We speculate that the reason for adjusting the dose may be due to safety
considerations. For example, higher dose of glucocorticoid possibly in-
creases complications and prolongs the virus clearance time. The sub-
group analyses of our study showed that low- and high-doses of
methylprednisolone had considerable effects on mortality benefit and
the occurrence of secondary infections. However, low-dose methyl-
prednisolone (less drug costs) could reduce the risks of ICU admission
and mechanical ventilation, although it may increase the virus clearance
time by 1 day. This may mean that the savings in drug costs can help
patients avoid suffering from mechanical ventilation and additional
hospitalization costs due to ICU stay. We believe that the benefits of
these clinical outcomes far outweigh the risk of slightly prolonging virus
clearance time. Furthermore, our study found that methylprednisolone
treatment in severe patients with COVID-19 did not delay the time of
virus clearance. With regard to the duration of glucocorticoids
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administration, WHO recommends 7-10 days [10], but it refers to
dexamethasone rather than methylprednisolone. Our study showed that
methylprednisolone therapy within 1 week could benefit patients with
COVID-19, which is close to the treatment course (3-5 days) recom-
mended by the guideline from China.

There are several published meta-analyses for glucocorticoids
treatment in patients with COVID —19 [36,56-59]. However, the agents
analyzed in these studies are not specific. We believe that this evaluation
is preliminary but not accurate, because the number of genes affected by
different glucocorticoid drugs is not identical, and the clinical effects
may be diversified. In contrast, our meta-analysis focused on methyl-
prednisolone, which is often used by clinicians to treat pulmonary in-
flammatory diseases, making our results closer to clinical practice.
Additionally, in some studies included by previous systematic review
[56,57], the intervention measure was not limited to methylpredniso-
lone therapy, but also involved other glucocorticoid agents or combined
with other treatments, such as tocilizumab, relative to control measure.
Such results may overestimate the therapeutic effect of methylprednis-
olone. In order to reduce the impacts of confounding factors on the re-
sults, we only considered studies in which methylprednisolone was
designed as the sole intervention agent were eligible for our meta-
analysis. We noted a recently published meta-analysis that is similar
to our study [60]. However, it included only 5 RCTs with a relatively
small sample size and limited outcome (only all-cause mortality). The
results made on this basis, which are different from our study, are un-
stable and inconclusive. By comparison, a total of 31 studies were
reviewed in our analysis, with a larger sample size, a lower probability
of false negative results and more interested outcomes evaluated,
resulting in more reliable conclusions. Therefore, the above mentioned
are the strengths of our study.

There are some limitations to the present meta-analysis which
deserve to be mentioned. First, like all meta-analytic studies, there is an
inevitable clinical heterogeneity across the included studies. Clinical
factors such as the inconsistent inclusion criteria and methylpredniso-
lone prescription of each study may have inordinately influenced the
results of this systematic analysis. In view of this consideration, we
performed subgroup analyses to minimize the interference of these
factors. Second, since most of the included studies were carried out in
Asia, when calculating the daily dose of methylprednisolone, the stan-
dard weight of 60 kg was set according to Asians, and this setting may
not be suitable for non-Asians. Third, the majority of reviewed studies
were conducted in the first half of 2020, even in the early stage of the
epidemic. Due to incomplete knowledge of COVID —19 and lack of
treatment experience, the research results of non-RCTs generated in
different periods may be biased, which may eventually affect the results
of this study. We point out that these results need to be interpreted with
caution. With the clearer understanding of the disease and the stan-
dardization of treatment, high-quality clinical study is needed to further
verify the superiority of methylprednisolone in the treatment of patients
with COVID-19.

In conclusion, our meta-analysis suggest that compared with no
glucocorticoids treatment, methylprednisolone in the treatment of
COVID-19 patients is associated with reduced short-term mortality, less
need for ICU admission and mechanical ventilation, increased 28-day
ventilator-free days, without increasing the risk of secondary in-
fections, but could slightly prolong the duration of viral shedding. Pa-
tients with severe COVID-19 are more likely to benefit from short-term
low-dose methylprednisolone treatment (1-2 mg/kg/day for < 7 days).
Since most of the data in this meta-analysis are from non-RCTs, the
findings in our study still need to be further verified by high-quality
RCT.
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