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ABSTRACTS

Objectives: The clinical efficacy of corticosteroids remains unclear. The primary aim of this systematic review and meta-analysis was to evalu-
ate the use of high-dose versus low- dose corticosteroids on the mortality rate of COVID-19 patients.

Design: Systematic review and meta-analysis.

Setting: Electronic search for randomized controlled trials and observational studies (MEDLINE, EMBASE, CENTRAL).

Participants: Hospitalized adults > 18 years old who were SARS-CoV-2 PCR positive.

Interventions: High-dose and low-dose corticosteroids.

Measurements and Main Results: A total of twelve studies (n=2759 patients) were included in this review. The pooled analysis demonstrated no
significant difference in mortality rate between the high-dose and low-dose corticosteroids groups (n=2632; OR: 1.07 [95%CI 0.67, 1.72],
p=0.77, I’=76%, trial sequential analysis=inconclusive). No significant differences were observed in the incidence of intensive care unit (ICU)
admission rate (n=1544; OR: 0.77[95%CI 0.43, 1.37], p=0.37, I’= 72%), duration of hospital stay (n=1615; MD: 0.53[95%CI -1.36, 2.41],
p=0.58, 12=87%), respiratory support (n=1694; OR: 1.51[95%CI 0.77, 2.96], p=0.23, IZ=84%), duration of mechanical ventilation (n=419; MD:
-1.44[95%C1 -4.27, 1.40], p=0.32, I2=93%), incidence of hyperglycemia (n=516, OR: 0.91[95%CI 0.58, 1.43], p=0.68, IzzO%) and infection rate
(n=1485, OR: 0.86[95%CI 0.64, 1.16], p=0.33, ’=29%).

Conclusion: The meta-analysis demonstrated high-dose corticosteroids did not reduce mortality rate. However, high-dose corticosteroids did not
pose higher risk of hyperglycemia and infection rate for COVID-19 patients. Due to the inconclusive trial sequential analysis, substantial hetero-
geneity and low level of evidence, future large-scale randomized clinical trials are warranted to improve the certainty of evidence for the use of
high-dose compared to low-dose corticosteroids in COVID-19 patients.

© 2022 Elsevier Inc. All rights reserved.
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Introduction pandemic.' As of 1% February 2021, more than 100 million
people have been diagnosed with COVID-19, and more than

In March 2020, the World Health Organization (WHO) had 2 million deaths were reported.” It is caused by severe acute
declared coronavirus disease 2019 (COVID-19) as a global  respiratory syndrome coronavirus-2 (SARS-CoV-2), which
belongs to the same family of human coronaviruses as Middle
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The severity of COVID-19 varies from asymptomatic to
severe ARDS manifestation, which requires mechanical venti-
lator support, intensive care unit (ICU) admission, long dura-
tion of hospital stay and high mortality rate.’” ' Evidence
suggests that COVID-19 is associated with dysregulated coag-
ulation cascade and excessive release of proinflammatory
cytokines,® '” leading to diffuse pulmonary injury.” Cortico-
steroids are antiinflammatory and immunomodulatory agents,
which had been used as part of the treatment during the out-
break of Middle East Respiratory Syndrome coronavirus
(MERS-CoV) in 2012 and Severe Acute Respiratory Syn-
drome coronavirus-1 (SARS-CoV-1) in 2002.'"*'?

In this current COVID-19 pandemic, corticosteroids use is
believed to suppress the inflammatory response of COVID-
19 on the lung tissues, leading to less severe lung injury and
better recovery outcomes. The Randomized Evaluation of
COVID-19 Therapy (RECOVERY) trial, one of the largest
COVID-19 trials, demonstrated that dexamethasone reduced
the 28-day mortality in COVID-19 patients who required sup-
plemental oxygen.'” Subsequently, the updated guidelines
from the World Health Organization (WHO) and the National
Institute of Health (NIH) strongly recommended the use of
corticosteroids for COVID-19 patients who require mechani-
cal ventilation or extracorporeal membrane oxygenation
(ECMO) or severe COVID-19 patients; albeit advising
against its use in mild-to-moderate or nonsevere COVID-19
patients.'"'> However, the dosage of corticosteroids used
among COVID-19 patients varied across different hospitals
and countries.'® ?’ Several clinical studies were conducted
to investigate the role of high-dose versus low-dose cortico-
steroids as part of the treatment of COVID-19, with conflict-
ing findings.'® ?’ At present, the efficacy and safety profile
of high-dose versus low-dose corticosteroids remain unclear
in the literature. Thus, a systematic review is warranted to
synthesize evidence on the use of high-dose and low-dose
corticosteroids in COVID-19 patients before any recommen-
dations can be made.

The authors hypothesized that high-dose corticosteroids
reduced the mortality rate in COVID-19 patients. The pri-
mary objective of this systematic review and meta-analysis
was to investigate the clinical effects of high-dose and low-
dose corticosteroids on the mortality rate of COVID-19
patients. Secondary aims were to examine the effect of high-
dose and low-dose corticosteroids on the ICU admission rate,
duration of hospital stay, and the number of patients needing
ventilation.

Materials and Methods

Study Design

The protocol of this systematic review and meta-analysis
was registered prospectively on a public database (PROS-
PERO- CRDA42021249784). The systematic review was
reported in compliance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment.”® The Population, Intervention, Control and Outcomes

(PICO) framework was used to formulate the review questions
(Online Supplementary Table A.1). The author-defined high-
dose and low-dose corticosteroids were used as the inclusion
criteria. The inclusion criteria of high-dose corticosteroids
were methylprednisolone >100 mg/day or equivalent and
dexamethasone >20 mg/day as high-dose corticosteroids; any
dose lower than high-dose corticosteroids was considered as
low-dose corticosteroids. Primary outcome of this review was
mortality rate. Secondary outcomes included the incidence of
ICU admission rate, duration of hospital stay, respiratory sup-
port, duration of mechanical ventilation, incidence of hyper-
glycemia and infection rate.

Search Strategy

A comprehensive literature search was conducted using
Ovid MEDLINE, Ovid EMBASE and the Cochrane Central
Register of Controlled Trials (CENTRAL) from inception
until March 1, 2022. No language restriction was applied. The
search terms and search strategies are listed in Online Supple-
mentary Table A.2. The authors screened the reference lists of
relevant articles to identify potential articles that could be
included in the study. Given the data provided online are not
extractable, the authors requested raw data from the authors of
the potential articles.

Inclusion and Exclusion Criteria

Inclusion criteria were all randomized controlled trials
(RCTs) and observational studies comparing high- dose versus
low-dose corticosteroids in hospitalized COVID-19 adult
patients (aged 18 years and older). Case reports, case series,
reviews (nonsystematic), nonhuman studies, letters and confer-
ence abstracts were excluded.

Study Selection and Data Extraction

All titles, abstracts and full texts screening were indepen-
dently conducted in accordance with the inclusion and exclu-
sion criteria by two authors (RT and CE). A third author (KN)
resolved any disagreements during the screening process. Data
extraction was performed by two authors (RT and CE) inde-
pendently using an online data collection sheet. Any median
and interquartile range data were converted to mean and stan-
dard deviation.>’ Along with all measured outcomes, other rel-
evant data namely, authors’ name, year of publication, study
design, sample size, dosage of corticosteroids and duration of
corticosteroids used were extracted.

Quality Assessment

Risk of bias assessment of all included studies was con-
ducted independently by two authors (RT and CE). Newcastle-
Ottawa Scale (NOS) was used to assess the quality of observa-
tional studies. NOS comprises of three domains, namely selec-
tion of study groups, comparability of groups and
ascertainment of outcomes in cohort studies.” Articles were
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considered as high-risk bias and low- risk bias with a score of
< 7 and > 7, respectively. All the included RCTs were evalu-
ated with the Cochrane Risk of Bias Assessment Tool, which
included assessment of selection bias, performance bias, detec-
tion bias, attrition bias, reporting bias and other potential sour-
ces of bias.”" A third author (KN) adjudicated any discrepancy
in the process of assessing the quality of the articles. The
authors also adopted the Grading of Recommendations,
Assessment, Development and Evaluations (GRADE)
approach to assess the quality of evidence for each measured
outcomes based on several domains; namely, study design,
risk of bias, inconsistency, indirectness, imprecision, and pub-
lication bias.”

Data Analysis

Review Manager, version 5.4, was used for statistical analy-
sis. Dichotomous and continuous data were presented in Odds
Ratio (OR) and Mean Difference (MD), respectively, with
95% confidence interval (CI). Statistical heterogeneity was
assessed using I-square (I?) test. I statistic < 40%, 40-60%
and >60% were considered as low, moderate and high hetero-
geneity, respectively. A fixed-effect model was used for all the
measured outcomes. If substantial heterogeneity was observed,
a random-effect model was used for data analysis. Subgroup
analysis was performed on the mortality rate based on the
types of corticosteroids and respiratory support based on types
of mechanical ventilation.

Trial sequential analysis was performed on the primary out-
come (mortality) to assess the risk of random error and multi-
plicity phenomena due to repeated significant testing in meta-
analyses® (Figure 2). The required meta-analysis information
size and adjusted significance thresholds were calculated based
on a two-sided sequential analysis-adjusted random effects
model, with 5% risk of type 1 error and power of 80%.

Results

Study Selection

The search strategy yielded a total of 28,318 articles, and
forty-seven articles fulfilled the inclusion and exclusion crite-
ria for full-text screening (Figure 1). Of these, twelve studies
(total sample size: 2759 patients) were eligible for qualitative
synthesis and data pooling.'® ?’ The search identified one
ongoing RCT (Online Supplementary Table A.3). Excluded
studies are listed in Online Supplementary Table A.4.

Study Characteristics

The clinical characteristic of each study is tabulated in
Table 1. Of all included studies, there were eight observational
studies, ' 72123252% one  quasi-experimental study,'’ and
three RCTs.”>***” The types of corticosteroids used varied
across studies; namely, methylprednisolone, dexamethasone,
prednisolone, prednisone, and hydrocortisone. Three studies
solely used one type of corticosteroids,'®***” eight studies

. . 1 17,18,20—23,25,2
used more than one type of corticosteroids, 226 and

one study did not specify the type of corticosteroid used.'” The
respective doses of each type of corticosteroids were methyl-
prednisolone <0.5 mg/kg/day-to-500 mg/day, dexamethasone
6 mg/day-to-40 mg/day, hydrocortisone <200 mg/day-to-
>300 mg/day, and prednisone <0.5 mg/kg/day- to >0.5 mg/
kg/day. The duration of low-dose and high-dose corticoste-
roids regimens varied from 3 days to day of hospital dis-
charge.

Quality Assessment

The summary of risk of bias assessment (The Newcastle-
Ottawa Scale and Cochrane Risk of Bias Tool) and GRADE
approach are presented in Online Supplementary Table A.5
and Table 2, respectively. All observational studies were over-
all low risk of bias.'®'® ?"*° Among all the included obser-
vational studies, four of them did not match of the clinical
characteristics between high and low dose corticosteroids
groups.'®?*?1** Three RCT was assessed as low risk of
bias****?’ while the other one RCT was high risk of bias due
to lack of random allocation of participants into high dose and
low dose corticosteroids groups, which constituted potential
selection bias.'’

Primary Outcome
Mortality Rate

Eleven studies (n=2632) reported the mortality rate of
COVID-19 patients after the administration of high-dose and
low-dose corticosteroids (Table 3). The mortality rate for
high-dose and low-dose groups were 29% and 22%, respec-

tively. Among these studies, there were three RCTs,””***” one
quasi  experimental study'” and seven observational
studies.'®'? 212322 The pooled analysis demonstrated no

significant difference in the reduction of mortality rate
between high-dose and low-dose corticosteroids (OR: 1.07
[95%CT 0.67, 1.72], p=0.77, 12=76%, certainty of evidence=
very low).

In the subgroup analysis comparing between methylprednis-
olone (high-dose group) versus dexamethasone (low-dose
group), four studies (n= 1091) were included in meta-
analysis'"*"***° (Figure 3). Our result demonstrated no sig-
nificant difference between high-dose methylprednisolone and
low-dose dexamethasone (OR:0.84 [95 Cl% 0.34, 2.07],
p=0.70, I =82%). In the trial sequential analysis, the minimum
required information size for mortality was 13024 patients. In
the current meta-analysis, with 2632 patients, only 20% of the
required information size was available to detect or reject a rel-
ative risk reduction of 20% mortality rate, based on a 5% risk
of Type 1 error (two-sided), a power of 80%, and an incidence
in the control arm of 24.5%, with a model variance-based het-
erogeneity correction.
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Figure 1. PRISMA Flow Diagram

Secondary outcomes
ICU Admission Rate

Data of seven studies (n= 1544) (two RCTs,”**’ one quasi-
experimental study'’ and four observational studies'®*"*7*
were pooled for meta-analysis (Table 3). The results revealed
COVID-19 patients with high-dose corticosteroids were not
associated with lower ICU admission rate than the low-dose
corticosteroids group, as compared to low-dose corticosteroids
(OR: 0.77[95%CI 0.43, 1.37], p=0.37, I’= 72%, certainty of
evidence = very low).

Duration of Hospital Stay (days)

Seven studies (n=1215) (three RCT*****” and four observa-
tional studies' ®***>*%) assessed the duration of hospital stay
between the high-dose and low-dose corticosteroids groups

(Table 3). No significant difference was observed (MD: 0.53
[95%CI -1.36, 2.41], p=0.58, 12=87%, certainty of
evidence = very low).

Respiratory Support

Seven studies (n=1694) (three RCTs,”>**?" one quasi-
experimental study'’ and three observational studies™>°
reported the number of people requiring respiratory support
(Table 3). There was no significant difference observed
between high-dose and low-dose corticosteroids (OR: 1.51
[95%CI 0.77, 2.96], p=0.23, 1°=84%, certainty of
evidence = very low).

Subgroup analysis was performed based on the type of
mechanical ventilations, noninvasive mechanical ventilation
(n=219) and mechanical ventilation (n=1082). The data analy-
sis revealed no significant difference between high-dose and



Table 1
Clinical characteristics of included studies

No. Author Year Sample size  Study Design Types of Corticosteroids Dosage Duration of corticosteroids used (days)
Low Dose Corticosteroids High Dose Low Dose High Dose
Corticosteroids Corticosteroids Corticosteroids
1 Huang'® 2020 28 Observational Methylprednisolone Methylprednisolone
study < 1.5mg/kg/d
Methylprednisolone 6.8 +£2.1 11.6 £ 6.3
> 1.5mg/kg/d
2 Fatima'’ 2020 100 Quasi Methylprednisolone, dexamethasone Dexamethasone 8mg/day
experimental,
interventional
study
Methylprednisolone 1mg/kg/day 5 5
3 Munoz'® 2020 127 Observational Methylprednisolone, dexamethasone Dexamethasone 6mg/day
study
Methylprednisolone 125-250mg/day 10 3
4 Monreal "’ 2020 573 Observational NR 0.5-1.5mg/kg/day of 250-1000mg/day
study methylprednisolone equivalent of
methylprednisolone equivalent NR NR
5 Ziniga™ 2021 132 Observational Methylprednisolone, dexamethasone <1.5mg/kg/day of >1.5mg/kg/day of
study methylprednisolone or
dexamethasone equivalent
methylprednisolone or dexamethasone ~ NR 3
equivalent
6 Pinzén®' 2021 216 Observational Methylprednisolone, dexamethasone Dexamethasone 6mg/day
study
Methylprednisolone 250-500mg/day 7-10 3
7 Ranjbar 2021 93 RCT Methylprednisolone, dexamethasone Dexamethasone 6mg/day
Methylprednisolone 2mg/kg/d 10 5
8 Gundogdu® 2021 400 Observational Methylprednisolone, dexamethasone Dexamethasone 8mg/day;
study Methylprednisolone 80mg/day
Methylprednisolone 1g/day NR NR
9 Toroghi”* 2021 93 RCT Dexamethasone Dexamethasone 8mg/day Dexamethasone Up to 10 days or until hospital discharge
24mg/day
10 Mora-Lujan® 2021 682 Observational Methylprednisolone, Dexamethasone Dexamethasone 6mg/day
study
Methylprednisolone 10 3
>100 mg/day
11 Batirel* 2021 126 Observational Methylprednisolone, Dexamethasone Dexamethasone 6mg/day
study equivalent
Methylprednisolone 250mg/day NR NR
12 Taboada®’ 2021 200 RCT Dexamethasone Dexamethasone 6mg/day Dexamethasone 10 5
20mg/day

NR: Not Reported
RCT: Randomized controlled trial
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Table 2
Grading of Recommendations, Assessment, Development and Evaluations of each outcome

Certainty Importance
Ne of b n 0 i R High Dose Low Dose Relative Absolute
m et m Coricesterols Coteostereids S )
Mortality Rate
" observational not serious very serious® not serious not serious publication bias strongly 305/1064 (28.7%) 344/1568 (21.9%) OR1.07 12 more per @O O O
studies suspected (0.67t0 1.72) 1,000
all plausible residual (from 61 fewer Very low
confounding would suggest to 106 more)
spurious effect, while no effect
was observed b¢
ICU Admission Rate
7 observational serious? very serious® not serious not serious publication bias strongly 130/663 (19.6%) 180/881 (20.4%) OR0.77 39 fewer per e) O O O
studies suspected (0.43t0 1.37) 1,000
all plausible residual (from 105 Very low
confounding would suggest fewer to 56
spurious effect, while no effect more)
was observed ¢
Duration of Hospital Stay
7 observational not serious very serious® not serious not serious publication bias strongly 651 964 - MD 0.53
sudes suspected higher e0O00
all plausible residual (1.36 lower to Very low
confounding would suggest 2.41 higher)
spurious effect, while no effect
was observed ¢
Respiratory Support
7 observational not serious very serious® not serious not serious publication bias strongly 2471708 (34.9%) 197/986 (20.0%) OR1.51 74 more per O O O
studies suspected (0.77 t0 2.96) 1,000 @
all plausible residual (from 39 fewer Very low
confounding would suggest to 225 more)
spurious effect, while no effect
was observed b
Duration of Mechanical Ventilation
3 observational not serious very serious® not serious not serious publication bias strongly 207 212 - MD 1.44 lower
studies suspected (4.27 lower to $O O O
all plausible residual 1.4 higher) Very low
confounding would suggest
spurious effect, while no effect
was observed b¢
Hyperglycaemia
3 randomised serious? not serious not serious not serious all plausible residual 1131268 (42.2%) 921248 (37.1%) OR0.91 22 fewer per ®$®®
trials confounding would suggest (0.58 0 1.43) 1,000
spurious effect, while no effect (from 116 High
was observed© fewer to 87
more)
Infection Rate
5 observational not serious not serious not serious not serious publication bias strongly 941645 (14.6%) 1451840 (17.3%) OR0.86 20 fewer per 00
studies suspected (0.64 0 1.16) 1,000 $®
all plausible residual (from 55 fewer Low
confounding would suggest to 22 more)
spurious effect, while no effect
was observed b

CI: confidence interval; MD: mean difference; OR: odds ratio

Explanations

a. Substantial heterogeneity

b. Funnel plot asymmetrical suggestive of publication bias

c. Different dosages and types of corticosteroids used across all the included studies
d. 1 high risk of bias study

CI: confidence interval; MD: mean difference; OR: odds ratio

Explanations

a.Substantial heterogeneity

bFunnel plot asymmetrical suggestive of publication bias

cDifferent dosages and types of corticosteroids used across all the included studies
d 1 high risk of bias study

low-dose corticosteroids in the noninvasive mechanical venti- corticosteroids groups (MD: -1.44[95%CI -4.27, 1.40],
lation subgroup (OR 1.18[95%CI 0.61, 2.30], p=0.62, 12=0%), p=0.32, 1°=93%, certainty of evidence = very low) (Table 3).
as well as the invasive mechanical ventilation subgroup (OR
2.78[95%CI 0.85, 9.08], p=0.09, 1*’=94%). .
Hyperglycemia

Three studies (n=516) (one RCT,”” one quasiexperimental
study'’ and one observational study’"), showed no significant
difference in the incidence of hyperglycemia between the

Three studies (n=419) (two RCTs***” and one observational high-dose and low-dose corticosteroids groups (OR: 0.91
studyZ(’ demonstrated no significant difference in the duration [95%CI 0.58, 1.43], p=0.68, 12:0%, certainty of
of mechanical ventilation between high-dose and low-dose evidence = high) (Table 3).

Duration of Mechanical Ventilation
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Table 3
Summary findings for primary and secondary outcomes
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No. Outcomes

Trials N I? (%) Effect Model MD/OR (95% CI) p-value

1 Mortality

1.1 Subgroup analysis by type of corticosteroids

1.2 Methylprednisolone (High Dose) VS Dexamethasone (Low Dose)
Methylprednisolone/Dexamethasone equivalent

Heterogeneity: Tau® = 0.46; Chi® = 42.06, df = 10 (P < 0.00001); I* = 76%

Test for overall effect: Z =0.29 (P =0.77)
Test for subgroup differences: Chi” = 0.45, df =1 (P = 0.50), I = 0%

2 ICU Admission
Heterogeneity: Tau® = 0.41; Chi® = 21.51, df = 6 (P = 0.001); I* = 72%
Test for overall effect: Z =0.89 (P =0.37)
3 Duration of Hospital Stay
Heterogeneity: Tau” = 5.17, Chi® = 44.54, df = 6 (P < 0.00001); I* = 87%
Test for overall effect: Z= 0.55 (P = 0.58)
4 Respiratory Support
4.1 Subgroup analysis by type of mechanical ventilations
4.2 Mixed Mechanical Ventilation
4.3 Non-invasive Mechanical Ventilation
Invasive Mechanical Ventilation
Heterogeneity: Tau® = 0.64, Chi’= 38.09, df = 6 (P =0.00001); I’= 84%
Test for overall effect: Z=1.21 (P=0.23)
Test for subgroup differences: Chi* = 2.04, df =2 (P = 0.36), I’ = 1.9%
5 Duration of Mechanical Ventilation
Heterogeneity: Tau® = 5.81, Chi’= 27.17, df = 2 (P =0.00001); I’= 93%
Test for overall effect: Z= 0.99 (P=0.32)
6 Hyperglycemia
Heterogeneity: Chi® = 0.31, df = 2 (P =0.86); I = 0%
Test for overall effect: Z = 0.41 (P = 0.68)
7 Infection Rate
Heterogeneity: Chi” = 4.21, df =3 (P =0.24); I> = 29%
Test for overall effect: Z = 0.97 (P = 0.33)

11 2632 76%
1091 82
1541 76

REM
REM
REM

0.77
0.70
0.77

1.07 (0.67, 1.72)
0.84 (0.34,2.07)
1.23 (0.65,2.33)

=N B~

7 1544 72 REM 0.77 (0.43, 1.37) 0.37

7 1215 87 REM 0.53(-1.36,2.41) 0.58

1694 84
393 69
219 0

1082 94

REM
REM
REM
REM

1.51(0.77, 2.96)
0.95(0.35,2.57)
1.18 (0.61, 2.30)
2.78 (0.85,9.08)

0.23
0.93
0.62
0.09

[SSERN |

W N

3 419 93 REM -1.44 (-4.27,1.40)  0.32

FEM 0.91 (0.58, 1.43) 0.68

5 1485 29 FEM 0.86 (0.64, 1.16) 0.33

FEM: Fixed-Effect Model; REM: Random-Effect Model; MD: Mean Difference; OR: Odd Ratio; VS: Versus

Infection Rate

Five studies (n=1485) (one RCT,”” one quasiexperimental
study'” and three observational studies'**'"** were pooled for
meta-analysis. The results revealed no significant difference
between high-dose and low-dose corticosteroids in infection
rate (OR: 0.86[95%CI 0.64, 1.16], p=0.33, 12:29%, certainty
of evidence = low) (Table 3).

Discussion

To the best of the authors' knowledge, this was the first
meta-analysis comparing the efficacy and safety profile of
high-dose versus low-dose corticosteroids in COVID-19
patients. The meta-analysis demonstrated no significant differ-
ences in mortality rate, ICU admission rate, duration of hospi-
tal stays, number of patients requiring respiratory support,
duration of mechanical ventilation, incidence of hyperglyce-
mia and infection rate between the high-dose and low-dose
corticosteroids groups among COVID-19 patients. The cer-
tainty of evidence for all measured outcomes ranged very low-
to-high due to observational studies, inconsistency, publication
bias and dose-response gradient.

In the meta-analysis, the pooled data demonstrated that
high-dose corticosteroids were not superior to low-dose corti-
costeroids in the reduction of mortality rate in COVID-19
patients. The non-significant result could have been due to
multifactorial causes; namely, different types, dosages and
regimens (duration) of corticosteroids. In addition, the current
meta-analysis did not achieve the minimum required informa-
tion size for a conclusive finding. A recent study by the
COVID STEROID 2 trial group involving COVID-19 patients
with severe hypoxemia, 12 mg/d compared with 6 mg/d dexa-
methasone did not result in statistically significantly more
days alive without life support at 28 days.”* However, in its
preplanned Bayesian analysis of the trial, they found high
probabilities of benefit with dexamethasone 12 mg versus
6 mg in patients with COVID-19 and severe hypoxemia on all
outcomes, including the days alive without life support and
mortality at days 28 and 90. They also found low probabilities
of clinically important harm with 12 mg dexamethasone for all
outcomes.”” In this study, the 2 doses used still were consid-
ered low-dose, but there was evidence showing lower mortal-
ity in the higher-dose group.

Corticosteroids inhibit proinflammatory protein synthesis
(interleukin-6, interleukin-8, tumor necrosis factor,
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Figure 2. Trial Sequential Analysis (TSA) for mortality rate

interferon ) and induce the production of antiinflamma-
tory proteins.’®’’ However, it comes with some adverse
events; namely, hyperglycemia, hypernatremia and neuro-
muscular weakness.”® *® While 7.5 mg of prednisone or
equivalent slowly may activate the effect of corticosteroids,
the use of >100 mg of prednisone equivalent and pulse
therapy (> 250 mg prednisone equivalent) can rapidly satu-
rate the cytoplasmic glucocorticoids receptors to activate
fast onset of antiinflammatory action.”®

High Dose Corticosteroids Low Dose Corticosteroids

A prospective study showed 3 days of high-dose pulsed cor-
ticosteroids therapy (at least 125 mg of methylprednisolone or
its equivalent dexamethasone), significantly increased survival
rate in COVID-19 patients.”’ Others reported similar results
with the use of 250 mg/day of methylprednisolone that
reduced mortality rate and shortened duration of hospitaliza-
tion in COVID-19-induced ARDS in patients.””* However,
Tataki and colleagues reported that COVID-19 patients with
an excessively high dose of pulsed corticosteroids therapy
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Figure 3. Forest Plots of Mortality Rate (Subgroup analysis based on different types of corticosteroids used)
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(1000 mg/day of methylprednisolone) were associated with a
poorer prognosis.”’ Thus, the optimal dosage of pulsed corti-
costeroids therapy for COVID-19 patients warrants future ade-
quately powered randomized trials for more clarity and
evidence.

The nonsignificant finding of mortality rate was similar to a
meta-analysis by Cano et al. comparing two groups (high-dose
corticosteroids vs no corticosteroids; low-dose corticosteroids
vs no corticosteroids).”” In the authors' meta-analysis, they
performed subgroup analysis based on different types of corti-
costeroids. They found that the mortality rate in the high-dose
corticosteroids group (methylprednisolone group) was not sig-
nificantly lower than the low-dose corticosteroids group (dexa-
methasone group). In other words, the mortality rate of
COVID-19 patients did not improve with the use of methyl-
prednisolone, while it is believed that methylprednisolone has
better lung penetration.”” Ko and coworkers reported that
methylprednisolone (1 mg/kg/d) had a significantly greater
mortality benefit than dexamethasone (6mg/day) in COVID-
19 mechanically ventilated patients.** Ranjbar et al. compared
methylprednisolone (2 mg/kg/day) and dexamethasone (6 mg/
day) in hospitalized COVID-19 patients, and found that those
who received methylprednisolone had better clinical out-
comes””. Due to the limited number of studies comparing
methylprednisolone and dexamethasone, it is premature to
claim the superiority of either methylprednisolone or dexa-
methasone in treating pneumonia in COVID-19 patients.
Therefore, future adequately powered studies can evaluate the
efficacy of different types of corticosteroids in the treatment of
COVID-19 pneumonia.

Despite the desirable antiinflammatory effect of corticoste-
roids, the safety profile of corticosteroids use in COVID-19
patients is inconclusive.'’'??!?%2745:4¢ The CoDEX trial
demonstrated that 20 mg of dexamethasone did not signifi-
cantly increase the risk of new infections, bacteremia, or any
increased insulin use for hyperglycemia, as compared to a
standard-care group.’® A meta-analysis revealed that the
pulsed corticosteroids (>250 mg prednisone) were not associ-
ated with increased risk of side effects such as cardiac events,
hyperglycemia, infections, hypertension, edema, gastrointesti-
nal and psychiatric adverse events.”’ Due to the limited data
available, the authors only managed to pool the data for the
incidence of hyperglycemia and infection rate between the
high- and low-dose corticosteroids groups. The meta-analysis
revealed no augmented risk of hyperglycemia and infection
episodes in COVID-19 patients who received high-dose corti-
costeroids. Monedero and colleagues also reported moderate-
to-high-dose corticosteroids (> 1 mg/kg/d methylprednisolone
or > 0.12 mg/kg/d dexamethasone) were not associated with
higher risk of medical or infectious complications.”

The pooled meta-analysis demonstrated no significant
reduction of the ICU admission rate in the high-dose cortico-
steroids group. Of note, many confounding factors; namely,
underlying morbidities, obesity, baseline functional status, and
severity of organ failure introduced bias to the findings. How-
ever, Pareja et al. found that high-dose corticosteroids (equiva-
lent to > 200 mg of methylprednisolone) were associated with

lower mortality rate and ICU admission.”® Similarly, Pinzo'n
and Munoz found that high-dose corticosteroids (125-
500 mg/day of methylprednisolone) significantly reduced the
ICU admission as compared to a low-dose group.'®*' This
could have been due to the patients who received corticoste-
roids were those who required oxygen support or had more
severe COVID-19 disease, which could denote more severe
pulmonary involvement and inflammation. With higher-dose
corticosteroids, it could activate faster onset of antiinflamma-
tory action to achieve favorable outcomes.

In this review, there were no significant differences
observed in the duration of hospital stay, the number of
patients requiring respiratory support and the duration of
mechanical ventilation. Different durations of corticosteroids
regimens was used across all included studies, which intro-
duced variances to the findings.'® ?’ In contrast, a triple-
blinded RCT established that high-dose corticosteroids signifi-
cantly reduced the length of hospital stay and the number of
patients requiring respiratory support (2 mg/kg methylprednis-
olone) as compared to low-dose corticosteroids (6 mg dexa-
methasone).”” High-dose corticosteroids generally were used
for fewer than 10 days in the reported studies, and were associ-
ated with a shorter duration of hospitalization and ventilation
support,| 721122444548

Low-dose corticosteroids commonly are used in surgery to
minimize postoperative nausea and vomiting and as an adjunct
to part of the multimodal analgesia. The dose-dependent use
of corticosteroids for surgery comes with its adverse effects;
namely, incidence of hyperglycemia, surgical site infection,
myocardial infarction and mortality rate.”’ The vaccination
rate of the low-income countries remains low due to various
challenges; namely, limited vaccine supply and vaccine hesi-
tancy.so With this, there are more and more COVID-19
patients presenting for surgery. In this review, subgroup analy-
sis based on surgical and nonsurgical COVID-19 patients
receiving high-dose versus low-dose corticosteroids was not
conducted due to lack of data available for pooling. Thus, the
findings may not generalize to COVID-19 patients undergoing
surgery. Due to the paucity of evidence, the dosage of cortico-
steroids among surgical COVID-19 patients may be consid-
ered based on the severity of COVID-19 infection and types of
surgery involving airway manipulation.

The review had several limitations. The main limitation was
the inconsistency of the dosage, types and regimens of high-
dose versus low-dose corticosteroids across all the reported
studies,'® ?’ which may have contributed to a high degree of
heterogeneity. Adverse events from high-dose and low-dose
corticosteroids were not extensively reported in all the
included studies. The outcomes of long- term follow up for
high-dose and low-dose corticosteroids COVID-19 survivors
are needed to determine any complication of corticosteroids in
the relapse of ARDS or pneumonia. Subgroup analysis based
on the severity of COVID-19 patients (ICU and non-ICU) was
not performed due to limited data available for data pooling.
In addition, the nature of observational studies with small sam-
ple sizes may introduce bias to the findings. Therefore, more
adequately powered RCTs should be carried out to evaluate
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the efficacy of types, dosage, and duration of corticosteroids in
the treatment of COVID-19.

In conclusion, this meta-analysis showed that low-dose cor-
ticosteroids were as effective as high-dose corticosteroids in
the reduction of COVID-19 mortality rate. In view of substan-
tial heterogeneity and low level of evidence, future adequately
powered RCTs are warranted to increase certainty of evidence
and minimize heterogeneity.
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