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ABSTRACT

Background: To assess the efficacy and safety of corticosteroids in COVID-19 patients compared with
standard care or placebo.

Methods: Electronic databases were searched to identify relevant studies. The mortality, adverse
events, and other data from studies were pooled for statistical analysis.

Results: Ten randomized clinical trials were eligible for inclusion. Corticosteroid treatment in COVID-19
patients did not significantly reduce the risk of death (RR: 0.93; Cl: 0.82, 1.05) and the need for
mechanical ventilation (RR: 0.82; Cl: 0.62, 1.08). No mortality reduction was also observed in the
subgroup of patients requiring mechanical ventilation (RR: 0.90; Cl: 0.79-1.03). The use of corticosteroids
increased mortality in the subgroup of patients not requiring oxygen support (RR: 1.24; Cl: 1.00-1.55).
The survival benefit was observed in a low dosage of corticosteroids (RR: 0.90; Cl: 0.84-0.97) and
dexamethasone (RR: 0.90; 95% Cl: 0.79-1.04). There was no difference in the rates of adverse events
(RR: 1.13; ClI: 0.58, 2.20) and secondary infections (RR: 0.87; Cl: 0.66, 1.15).

Conclusion: Corticosteroid treatment did not convincingly improve survival in severe COVID-19
patients. Low-dose dexamethasone could be considered as a drug for the treatment of COVID-19
patients. More high-quality trials are needed to further verify this conclusion.

Expert Opinion: The effect of corticosteroids on patient survival highly depended on the selection of
the right dosage and type and in a specific subgroup of patients. This meta-analysis, which included
more RCTs, evaluated the safety and efficacy in severe COVID-19 patients and analyzed the effects of
different types of corticosteroid treatments. Corticosteroid treatment did not convincingly improve
survival in severe COVID-19 patients. But the low dose dexamethasone appear to have a role in the
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management of severe COVID-19 patients.

1. Introduction

Since December 2019, coronavirus disease 2019 (COVID-19),
a novel infectious disease caused by severe acute respiratory
syndrome coronavirus 2 (SARS-COV-2), has affected the world
[1,2]. Severe pulmonary or extrapulmonary symptoms and
even death may present in different populations [3,4]. Up to
July 2021, the SARS-COV-2 pandemic had resulted in approxi-
mately 4 million deaths worldwide [5], and the number is still
rising. Nevertheless, there is currently no definitive and effec-
tive antiviral treatment for COVID-19 [6]. Therefore, it is of
utmost urgency to determine drug treatment plans to address
this severe disease.

Corticosteroids have been confirmed to have an excellent
inhibitory effect on the expression of cytokines involved in
the inflammatory response and are used as adjuvant drugs
to treat viral pneumonia [7,8]. However, the value of corti-
coids in the treatment of COVID-19 has been widely

debated with conflicting results [9-11]. Several trials have
revealed that COVID-19 patients treated with corticosteroids
had lower all-cause mortality than those not treated with
corticosteroids [12,13]. Meanwhile, other randomized con-
trolled trials (RCTs) showed no significant difference in all-
cause mortality between COVID-19 patients treated with
corticosteroids and those not treated with corticosteroids
[10,14]. Previous meta-analyses mainly focused on the asso-
ciation between corticosteroids and COVID-19, and few of
them explored the dose, the type of corticosteroids, and the
disease severity of patients. In addition, most of the studies
included in previous meta-analyses were retrospective or
observational studies, or fewer RCTs, which provide low
evidence grades to draw a scientific conclusion on the
systemic use of corticosteroids in COVID-19 patients [15].
Our meta-analysis, which included more RCTs, aimed to
evaluate the safety and efficacy in severe COVID-19 patients
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to provide a high level of evidence for clinical decision-
making in treating severe COVID-19 patients.

2. Methods

This study-level systematic review and meta-analysis was per-
formed following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [16]. The
PROSPERO registration ID is CRD42021229507.

2.1. Search strategy

An extensive search was conducted from December 2019 to
15 July 2021, in PubMed, EMBASE, the Cochrane Library, China
National Knowledge Infrastructure (CNKI), and Wan Fang Data
without language restriction. The search terms were ‘COVID-
19', 2019 novel coronavirus disease’, ‘SARS-CoV-2 infection’,
‘COVID-19 virus disease’, ‘2019 novel coronavirus infection’,
'2019-nCoV infection’, ‘coronavirus disease 2019’, '2019-nCoV
disease’, ‘corticosteroids’, ‘steroids’, ‘prednisolone’, ‘predni-
sone’, ‘dexamethasone’, ‘cortisol’, ‘hydrocortisone’, ‘glucocorti-
coid’, ‘methylprednisolone’. The reference lists from trials,
review articles, and reports were also screened to identify
additional eligible studies. The clinicaltrials.gov website was
searched for RCTs that were also registered as completed but
not yet published.

2.2. Inclusion and exclusion criteria

The inclusion criteria were as follows: (1)age>18 years; (2)
hospitalized patients diagnosed with COVID-19; (3) patients
treated with corticosteroids; (4) RCTs; (5) patients with SpO,
< 94% at room air or the use of supplementary oxygen or
mechanical ventilation; and (6) all languages available. The
exclusion criteria were as follows: (1) lack of placebo or control
group; (2) studies with missing data or outliers; (3) lack of dose
control group or no fixed-dose strategery; and (4) repeated
publication of literature or research using similar data.

2.3. Outcomes

The primary outcomes of this study included mortality and
adverse events. The secondary outcomes included the need
for invasive mechanical ventilation (for patients not intubated
at inclusion) and secondary infections.

2.4. Data extraction

The two authors (Jiayuan T and Tian X) who screened studies
according to the inclusion and exclusion criteria also indepen-
dently extracted data from the included studies. Any differ-
ences were resolved by a third reviewer (Yun Liu) or by
consensus. The extracted information included the first author,
study design, median age, sex, intervention (including the
type and dosage of corticosteroids), control, primary out-
comes, and secondary outcomes.

2.5. Quality assessment

Two other reviewers independently assessed the quality of the
RCTs with the Cochrane risk of bias tool, which contains seven
domains: random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting, and
other bias [17]. A third reviewer arbitrated any disagreements.

2.6. Statistical analysis

The data were analyzed using Review Manager 5.4. We
derived risk ratios (RRs) and their 95% confidence intervals
(Cls) for dichotomous outcomes. Depending on the presence
of statistical heterogeneity, we used either fixed-effect or ran-
dome-effects models. We quantified inconsistencies in associa-
tions among the trials using the /* statistic and derived
P values for heterogeneity using the Cochran Q statistic.
P < 0.05 was considered statistically significant. Sensitivity
analysis was conducted to assess the stability of the combined
results.

3. Results
3.1. Study selection and characteristics

A total of 1647 articles were identified by searching the
electronic databases. After the duplicates were removed,
1058 articles remained. A total of 573 articles were excluded
after the title and abstract screening. After assessing the
remaining 16 articles, six were excluded because they either
did not report corticosteroid treatment or were not RCTs.
Finally, 10 articles were included (Figure 1) [10,11,14,18-24].

The main characteristics of the included studies are shown
in Table 1. The studies originated from Brazil, Iran, the United
Kingdom, China, Spain, and France with international coopera-
tion, with varied sample sizes ranging from 50 to 6425
patients. The median ages of the patients in the enrolled
studies ranged from 54 to 73 years, and the patients were
predominantly male (46.5% to 72%). Clinical heterogeneity is
mainly due to inclusion criteria, mechanical ventilation, type of
corticosteroid, dosage and duration of administration, accom-
panying antiviral or anti-inflammatory drugs.

3.2. Risk of bias

The risk of bias was assessed in all ten trials: 9 were deemed to
have a moderate risk of bias [11,14,18-24], and 1 was deemed
to have a low risk of bias [10]. Three trials were double-blind,
randomized clinical trials [10,14,22], 3 trial was single-blinded
[19,23,24], and 4 trials were open-label [11,18,20,21]. There
was no evidence of reporting bias. The risk of bias for the
studies is shown in Figure 2.

3.3. Outcomes

3.3.1. Mortality
A total of 12,473 participants in 10 studies were included in
our meta-analysis [10,11,14,18-24]. A total of 1135 of 4354
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Figure 1. Flow diagram of the selection of studies for systematic review and meta-analysis.

patients died in the corticosteroid treatment group, and
2153 of 8119 patients died in the usual care or placebo
group, which showed that corticosteroid did not signifi-
cantly reduce the risk of death (RR: 0.93; Cl: 0.82, 1.05;
P = 0.26; I* = 52%, Figure 3). To address the heterogeneity,
we conducted subgroup analyses. No reduction in mortality
also was observed in the subgroup of patients who required
mechanical ventilation (355 of 815 [43.6%] in the corticos-
teroids group vs. 657 of 1441 [45.6%] in the control group,
RR: 0.90; Cl: 0.79-1.03; P = 0.13, I = 56%, Figure 4).
However, the use of corticosteroids increased mortality in
the subgroup of patients who do not require oxygen sup-
port, with results confirmed at sensitivity analyses (RR: 1.24;
95% Cl: 1.00-1.55; P = 0.05; 17 = 0%, Figure 4). The benefit
was observed in a low dosage of corticosteroids (RR: 0.90;
95% Cl: 0.84-0.97; P = 0.007; 1> = 0%, Figure 5). Patients

treated with dexamethasone had a significantly lower risk of
mortality(RR: 0.90; 95% Cl: 0.79-1.04; P = 0.14; 1> = 0%,
Figure 5). No difference in mortality was found in the sub-
groups of hydrocortisone and methylprednisolone.
However, these results were not stable, and if the
RECOVERY trial was excluded [11], such survival benefit
was absent.

3.3.2. Adverse events

A total of 3050 participants in 7 studies reported adverse events
[10,18-21,23,24], including pulmonary embolism, edema, shock,
intracranial hemorrhage, thrombocytopenia, ventricular tachy-
cardia, and hypoglycemia, and so on. The incidence of adverse
events was similar in both arms (7.0% vs 5.9%). There was no
association between corticosteroids and adverse events (RR:
1.13; CI: 0.58, 2.20; P = 0.72; I?> = 41%, Figure 6), with results
confirmed at sensitivity analyses.



4 (&) JLTUETAL

(panunuoD)

Aujeniow dyads-asned
‘yeap Jo

UoIe|IIUIA

|edlueydaW dAISeAUL

(4ou0o0s J1 abieydsip

Jo 1d19da1 usnbasgns uoleziwopuel Jo awil 3yl jendsoy |iun 10) skep gL 01 dn Joj (Ailep (Lzsy
1B UOI1R|[IUIA [BDJURYIIW dAISEAUl BuIAIDIRI Jou Syudped duo bw 9  (51)8'59 SA
‘lendsoy sAep gz ulyum auoje aied Jo JO 3SOp B 1B) SUOSEYISWEX3P SNOUdARIIUI SA (#9) ¥012) wopbury
Y3 wiouy 3BJeydsIp [nun dwmn Yy Aujenow asned-|ly  piepuels [ensn ayL Jo [eso sn|d aued Jo piepuels [ensn YL  (¥'SL)6'99  6vLT SA (9) BEEL STv9 psuun - A43IA0DIY
L Ke@ £q 00l > (z014/ TO®Rd)
xapul uoreuabAxo ue yum syuaned jo uoiodoid ayy skep g o} Ajiep skep ¢ Joy (661 e 19
!/ Ke@ Aq uonegniul |eaydeI1010 10) PIBU Y1 9dIM} (uonnjos Ajiep a31m1 (6y/6w ') auojosiupaidiAyiapy (SL) LS (€£49) SA “dWD
‘(71 pue £ skeq) Anjenow Ape3 Aujenow Aep-gz auljes) oqade|d 91BUDNS WNIPOS SNOUdARIU|  SA (SL)¥S  8ZL SA (6%9) 9TL  ¥61)€6E lizelg  owjuolsr
9lel yieap
pue uoie[i3uaA
‘ueds (1)) |ed1ueydaw STEITHEEY 01-9 Aep wouy Aep/bw 0| (£gol1)
Aydesbowoy paindwod ay3 ul sabueyd |edibojoipes pue JAISeAUI auoseylawexap 1e uayl pue g—| Aep woiy Aep/bw Oz 79 SA (%2L) (sz e 19
‘feys |endsoy jo yibua| ‘Jusawanoidwi [edg1ulp jo uopeing 1o} pasu a3yl 919331 10N JO 9SOp B 1B SUOSEYIDWEXIP snoudAenu|  (£0L)Z9 81 SA (%T/) 8L SA S2)0S ueJ| ‘H neewer
Wi} [BAIAINS
‘aw
SJUIAD 3SIIAPY Juswanoidwl (Z99l)
!s)|nsaJ 1531 A10jeloqe 01 awin (skep /19 SA
'3103s DyOg ‘31es Ayjenow auoje € 10} Kep/bw 0Gz ‘uond3ful snouaAesul) (se91) (%S - €9) (8T ew“W
subis |edl ‘abieydsiq aJed> piepuels  as|nd auojosiupaidjAyidw yum aied piepueis 8GS Gl SA (%9°0/) ¥T SA ¥€)79 uejuel|  pJejiejep]
Adesayy uabAxo
moyj-ybiy
10 UO[IR[1IUDA
|ed1ueydaw
SJUDAD ISIDAPE ‘SUOIIIBJUI [RILIODOSOU uo Aouspuadap ,SKep ¢ jo [e10} (Vadi
‘o13el 7OI4:20Bd 2y} ‘SpIX0 d1NU pajeyul Jo uofeusbAxo juassisiad Jo e 10} ‘skep ¢ 1o} p/bw G pue sAep { Joj p -G'€S)
sueiquiawiealodiodesixd ‘uonisod auoid jo asn 41eap se paulap /Bw 0L 03 paseasdap uayy pue 7 Aep |iunp €99
uoisnpui 1e ‘L'z kep uo /Bw 00T JO 3SOP [elHUl UB 1B 3UO0SI}I0d0IpAY SA (8'0L (5'89) (€L e 1
pajegniul Jou sjuaied Joj) uolegniul [BAYDRIY JO SN Y| dIN|Iey JUSWILI] (durjes) ogadeld JO UOISNJUI SNOUIARIIUI SNONUNUOD, —G'LG)L'€9 0 SA (L'LL) ¥S  SA9/)6¥L duel{y “44 uinbag
(AIN) uonejiuaa
JAISEAUIUOU
paiinbai jeyy
Aouaniynsul
Kiojesdsal
J0 uoissaiboid
‘uoissiwpe N ewn
jutodpusa aysodwod 3y} jo syuauodwod 0} uoIne|edsd aJed sAep alow ¢ Joj piq Bbw oz usy) pue skeq (zL) 99 (6T oulpno
|enpIAlpu ‘s19yJewolq A101eioqe| {SIUSAD 3SI9APY  ‘Alijerow asned-||y Jo piepueis € 104 pIg Bw o dW  SA (LL) €/ (SS)9L SA (99)€T  SAGE)Y9 ureds -|ediod
S9W0IN0 Alepuodas S9W02IN0 Alewlid ]0J3u0) UOIUIAIRI| sieak '9by  (%%)u X3S el u [e301 £13uno> Apnis
‘syusleq

'S|el} [eDIUID paziwopuel papnpul Jo sdnsUaldeIRY) | 3|qel



EXPERT REVIEW OF RESPIRATORY MEDICINE . 5

elwddK|61adAy 1oy asn ulnsul

e|walaleg

8410

!suo1dajul 1oei] Aleunn paledOosse-191ayle)
{U0I11D34Ul WE3JISPo0|q pale|a.-I191ay1e)
‘eluownaud pajeIdosse-103e|IusA

‘gz Aep |nun uondadjul jo sisoubelp maN

® SJUSAS 9SI9APE SNOLIRS

21035 ¥40S

‘syinsas Aeg-8z

p 8¢
e 334} JOJR|IJUIA

"a1ed paepuels snid

‘1S41} P.INII0 JBAYIIYM ‘3BaeydsIp

NDI |1un Jo sAep g [euonppe 1o} Ajiep
9duo Ajsnouanenul bw | Aq pamoj|o} ‘skep
S 1oy Ajtep

(L'eL) (81
1779 SA (9'59) SA

‘5| Kep 1e 9|edS |euUIPIO 1UI0d-9 pue aAlje skeq Ajuo aied> piepueis 9du0 A|snouanesiul bw oz suoseyldwexaq (8'SL) 1°09 16 SA (9°6S) 06 151)66C |izesg
'SU0I129jul A1epUOIIS 14ID|N
$sa11s ‘jewsouge 3sodn|b poojq Huipnppur suoneddwod
‘uonjeinp uorezijeydsoy ‘sajdwes 1oei3 Aiojesidsal uoljeziwopuel
Ul Z-A0D-SYYS JO Bulppays sniiA 03 19SUO 3y} WOy 19ye skep y| sAep / 10} K|SnOUDARIIUI PIISIUIWIPE SeM
dWiI} 3y} ‘24nd [eDIUID 0} UOIIEZIWOPURI WOy dWl} 3} uoleloLalap duIjes [BWLIOU 9%6°0 TW Q0L Ul PIAJOSSIP (AN (02)SS
‘Ayjeyow |eydsoy-ur ‘uoissiwpe (D)) HuN 31ed dAISUSUI |ea1ulpd auljes |ewJou wnibjag buunpeynuely Jazyd Aq padnpoid) SA (S9%) (22 e 1
JO UIPIUI B} SABP {1 SIND [edIUIP JO DUPDUI Y] JO 3dUBPIUI AY] %6°0 W 001 auojosiupaidjfyiow jo Aep sad By/bwr | (€€°€L)LS 0T SA (8'8Y) LT SA €1)98 eulyd ‘X buey
SIUDAT DSIIAPY
‘3]edS [eUIPIO OHM Y} ‘Buljaseq 1e Pale|lludA Jou
asoy} buowe
yieap Jo (OWD3I) uoneusbAxo sueiquiaw [eai0diodeIIXD yieap
‘UOIIR[1IUDA [BDJURYIIW AISRAU] O} UOIssalboid ‘Lz Kep 0}
JO dwodINo dn sAep a3y
ausodwod e ‘skep aas-uoddns ueblo sejndsenoipied —-uoddns uebio (9v1) (1oL [RE]
‘skep aa1—1oddns Aiojendsal Aels jo yibua) [eudsoy lejndsenolp.ed 'skep £ 10} sinoy 9 K1ans ‘bw g 6'65 SA (€12) SA epeue) dvD
pue )] ‘Aujerow |endsoy-u) pue Aiojesidsay  9uos1020IpAY ON ‘3U0S111030JpAY SnoUIARIIUL JO 3SOP Paxy ¥ (9°LL) ¥'09 TLSAN(S'LL) 86 LEL)8ET  ‘eljessny -dVINIY
abieyd
-sIp
J3un Jo skep g 1Xau ay} 1oy sinoy z| Kiana
uayy
pue 3sop |eiul 3y} Jaye sinoy | e bul
-ues
"UOIJEZIWOPUR] JO 3WI} 3Y} 1B UO[IR|IJUIA syuow 9 (Bw poY ‘asop [e103) SI12qe) 0M) Aq pamoj|o}
|edIURYdDW dAISeAUl BUIAIDIAL JOU d1am oym syudlied 1e payads sem
Huowe yiesp Jo uoneusbAxo 2lam sask YdIym ‘sinoy 9 1e pue auljdseq e (bw 008 (ssL€
dueiquiaw |eaiodiodexd Buipnppul uoe[IUIA -|eue Jayuny ‘3s0p [e101) S13|ge} Inoy Jo asop buipeo| e #'slL) SA
|eJIUBYIRW DAISBAUI JO UONRRIUL Y} JO dHsodwod e ‘sep gz ulyIm ul 31ej|ns auinboiojyd>AxoIpAy paniad $'G9 SA (979) 1951)  wopbury
pue |endsoy sy woly dbieydsip |un dwn 3yl Aujenow asned-|je 21ed |ens( -4 syusned  (ZSL)TS9  vL6L SA (S519)096 oLLy payun  ZAYIA0DIY
SW0dIN0 A1epuodas S3WO0dIN0 Alewld |013u0) UOIUIAIRI| sieak 9By (%)u x3s depy u |10} A13uno) Apmis
‘syualied

“(PanuRUOD) *L 3|qeL



6 J.TUET AL.

Corral-Gudino L., et al

Dequin PF_, etal

Edalatifard M., et al

JamaatiH., et al

Jeronimo CMP., et al

RECOVERY

RECOVERY 2

REMAP-CAP

Tang X, etal
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Tomazini BM., et al

Figure 2. Risk of bias summary: review authors’ judgments about each risk of
bias item for each included study.

3.3.3. Need for mechanical ventilation
Seven studies with 9771 participants were included in our
meta-analysis [10,11,14.18,19,22,24]. 295(8.9%) patients in the

Experimental Control

Study or Subgroup Events Total Events Total Weight M-H.Random.95% CI

Corral-Gudino L., et al 5 30 5 28 1.2%
Dequin PF., etal 1 75 20 73 3.2%
Edalatifard M., et al 2 34 12 28 08%
JamaatiH,, etal 16 25 15 25  6.4%
Jeronimo CMP., et al 72 194 76 199 13.2%
RECOVERY 482 2104 1110 4321 252%
RECOVERY 2 421 1561 790 3155 246%
REMAP-CAP 41 137 33 99 7.9%
Tang X, etal 0 43 1 43  0.2%
Tomazini BM., et al 85 151 91 148 17.5%
Total (95% CI) 4354 8119 100.0%
Total events 1135 2153

Heterogeneity: Tau®= 0.01, Chi*= 18.68, df=9 (P = 0.03); F=52%
Testfor overall effect: Z=1.13 (P = 0.26)

corticosteroid group and 595(9.2%) patients in the control
group required subsequent mechanical ventilation. There
was no significant between-group difference (RR: 0.82; Cl:
0.62, 1.08; P = 0.16; I = 71%, Figure 7). However, this result
was not confirmed in the sensitivity analysis. If the RECOVERY2
trial excluded [24], there was a lower risk of the need for
mechanical ventilation with corticosteroids in COVID-19
patients than with no corticosteroids or placebo treatment
(RR: 0.74; Cl: 0.58, 0.96; P = 0.02; I” = 43%).

3.3.4. Secondary infections

Four studies with 567 participants who reported secondary
infection were included in this meta-analysis [10,19-21]. The
incidence of nosocomial infections was similar in both arms
(22.8% vs 26.7%), and no significant differences were found
among the studies (RR: 0.87; ClI: 0.66, 1.15; P = 0.32; 12 = 0%,
Figure 8). Sensitivity analysis showed that the result was
stable.

4. Discussion

In this study, a meta-analysis of 10 randomized clinical trials
with a total of 12,473 severe COVID-19 patients showed corti-
costeroids treatment did not significantly reduce mortality.
However, the subgroup analysis found the survival benefit
was observed in both patients treated with a low dosage of
corticosteroids and patients treated with dexamethasone. No
increased risk of the need for mechanical ventilation, adverse
events, or secondary infections were found. However, due to
the great heterogeneity between trials, clear conclusions
remain a challenge.

COVID-19 is an emerging infectious disease, and there is
currently no optimal treatment [8]. Based on its in vitro SARS-
CoV-2 antiviral activity and data from observational researches
that effectively reduce viral load, corticosteroids have been
widely used in severe COVID-19 patients [24], Whether the
efficacy of this strategy has been controversial. Several meta-
analysis studies have evaluated the efficacy of corticosteroids
in COVID-19 patients with inconsistent results. In a meta-
analysis based on retrospective studies, Pei et al. [25] reported
that corticosteroids treatment might increase the risk of death
(OR: 2.43; 95% Cl: 1.44-4.1; P = 0.0001). Another meta-analysis

Risk Ratio
M.H, Random, 95% CI

Risk Ratio

0.93[0.30, 2.88]
0.54 [0.28,1.04]
0.14[0.03, 0.56)
1.07 [0.69, 1.65)
0.97[0.75,1.29)
0.89[0.81,0.98]
1.08[0.97,1.19)
0.90[0.61,1.31]
0.33[0.01, 7.96)
0.92([0.76,1.11)

0.93[0.82, 1.05]

1

0.1

0.2 0.5 2 5
Favours [experimental] Favours [control]

10

Figure 3. Forest plot of comparison: corticosteroids versus standard care or placebo, outcome: all-cause death.
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Risk Ratio
R 95%

Risk Ratio
M-H, Random, 95% CI

1 10 0.93[0.69, 1.25)
Jeronimo CMP., etal 43 54 49 57 229% 0.93(0.78,1.10)
RECOVERY 96 324 283 683 21.0% 0.72[0.59, 0.86)
RECOVERY 2 110 261 216 532 224% 1.04[0.87,1.29)
Tomazini BM., et al 85 151 91 148 21.0% 0.92(0.76,1.11)
Total (95% CI) 803 1431 100.0% 0.90[0.79, 1.02]
Total events 345 649
Heterogeneity: Tau*= 0.01; Chi*=8.73, df = 4 (P = 0.07); F= 54% =0 1 0:2 045 1 2 5 10:
Test for overall effect Z=1.61 (P=0.11) Favours [experimental] Favours [control]
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup ents 2 : 2 pight M. xed, 95% CI M.H, Fixed, 95% CI
JamaatiH., etal 14 25 14 25 81% 1.00 [0.61,1.63] D E—
Jeronimo CMP., et al 1 30 0 42 02% 4.16(0.18,98.78) *
RECOVERY 83 501 145 1034 545%  1.27[1.00,1.61) -
RECOVERY 2 58 362 99 750 371%  1.21(0.90,1.64) N Bl
Total (95% CI) 918 1851 100.0% 1.23[1.03, 1.47) .
Total events 162 258
Heterogeneity: Chi*=1.32, df= 3 (P = 0.72); F= 0% =0 1 052 045 3 2 5 10:

Test for overall effect Z= 231 (P=0.02)

Favours [experimental] Favours [control]

Figure 4. Forest plot of comparison: corticosteroids versus standard care or placebo, outcome: mortality in the subgroups of patients who required mechanical

ventilation and patients who do not require oxygen support.
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Figure 5. Forest plot of comparison: corticosteroids versus standard care or placebo, outcome: mortality in the subgroups of patients receiving low-dose

corticosteroids and Patients treated with dexamethasone.

of cohort studies shared a similar conclusion that corticoster-
oids were ineffective in reducing mortality, shortening the
duration of symptoms, or virus clearance time [26]. However,
both of these meta-analyses include non-RCTs, which may be
biased and reduce the quality of conclusions. Conversely,
Some recent meta-analyses of RCTs showed a mortality bene-
fit in severe COVID-19 patients treated with corticosteroids
[27,28]. Our meta-analysis included more RCTs and reached

the different conclusions that 1135 (26.2%) patients died in
the corticosteroid treatment group, 2153 (26.5%) patients died
in the usual care or placebo group, corticosteroids did not
significantly reduce the risk of death. But due to the different
inclusion criteria, type of corticosteroid, dosage, this conclu-
sion had great heterogeneity.

The effect of corticosteroids on patient survival highly
depended on the selection of the right dosage and type
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Figure 8. Forest plot of comparison: corticosteroids versus standard care or placebo, outcome: secondary infections.

and in a specific subgroup of patients [27]. Pasin et al. [29]
found a reduction in mortality was observed in the sub-
group of patients who required mechanical ventilation. It
was recommended that severe patients could consider cor-
ticosteroids therapy. In our meta-analysis, the survival ben-
efit of corticosteroid therapy was not observed in the
subgroup of patients requiring mechanical ventilation.
Evidence was mainly obtained from 5 trials, of which four
trials showed no survival benefit [14,20,22,24]. One trial
indicated that the use of dexamethasone reduced the 28-
day mortality among those receiving either mechanical ven-
tilation or oxygen alone [11]. Remarkably, our study found
patients who have not received oxygen had a trend toward
increased mortality when using corticosteroids. Jeronimo
et al. [14] proposed a possible explanation that early use
of corticosteroids in COVID-19 patients could lead to an
increase in viral load, which needs to be confirmed by

further studies. Therefore, caution is needed in the use of
corticosteroids in mild subjects not receiving oxygen ther-
apy. In addition, Patients over 60 years old receiving corti-
costeroids therapy had a lower mortality rate, while patients
under 60 vyears old had a higher mortality rate [14].
However, Corral-Gudino et al. [21] found no evidence of
interaction between treatment and patient age; corticoster-
oids have similar beneficial effects in the treatment of
young and old patients.

Subgroup analyses of different dosages and types of
corticosteroids were performed in our meta-analysis. The
survival benefit was observed in a low dosage of corticos-
teroids but not in high-dose corticosteroids. Similar to Ma
et al.’s findings [27]. 8 studies used low-dose corticosteroids
(25-150 mg/d, methylprednisolone) and 2 studies used
high-dose corticosteroids(>150 mg/d, methylprednisolone)
[30]. Edalatifard et al. [19] used a higher dose of



methylprednisolone(250 mg/d), and the results suggest it
could be an efficient therapeutic agent for COVID-19
patients. On the contrary, Horby et al. [24] used 1200 mg/
d hydroxychloroquine (equivalent dose was 240 mg/d
methylprednisolone), and results suggest it had a longer
duration of hospitalization and a higher risk of invasive
mechanical ventilation or death. In previous research, the
mortality rate was extremely high among COVID-19 patients
treated with high-dose corticosteroids [31]. However, due to
limited trials and great clinical heterogeneity, more data are
required to elucidate the underlying clinical significance.

The survival benefit was also observed in treatment with
dexamethasone. In our study, the main types of corticoster-
oids were hydrocortisone, dexamethasone, and methylpredni-
solone. No difference in mortality was found in the subgroups
of hydrocortisone and methylprednisolone. A retrospective
quasi-experimental study showed that dexamethasone is
more effective in improving the PO2/FiO2 ratio of COVID-19
patients than methylprednisolone [32]. Another study also
provided evidence that dexamethasone and betamethasone
are effective for COVID-19 treatment because of their potential
to inhibit the proteolytic activity of Mpro (a cysteine protease
that plays a vital role in polyprotein processing and virus
maturation) by comparing molecular docking studies of six
corticosteroids  (cortisone, hydrocortisone, prednisolone,
methylprednisolone, betamethasone, and dexamethasone)
and two repurposed drugs (darunavir and lopinavir) [33-36].
However, these survival benefits depended largely on the
RECOVERY trial [11], which consisted of approximately 83.5%
and 94.8%of the total number of patients in the analysis. if the
RECOVERY trial excluded [11], these survival benefits were
absent, more RCTs are needed in the future to draw definite
conclusions.

The safety of corticosteroids in COVID-19 still is debated.
Corticosteroid therapy attenuates the immune response, which
increased the chance of infection and other adverse events [37].
In our study, seven studies reported the incidence rate of adverse
events in COVID-19 patients (corticosteroid:7.0% vs control:5.9%)
[10,18-21,23,24]. Four studies reported the incidence rate of
nosocomial infections (corticosteroid:22.8% vs control:26.7%)
[10,19-21]. There was no difference in the rates of adverse events
and nosocomial infections between the corticosteroids group
and the control group. One of 7 studies (GLUCOCOVID) showed
that hyperglycemia (>180 mg/dl) was more frequent in the
corticosteroid group in the ICU, with a significant difference
[21]. Tomazini et al. [20] also reported unspecified hyperglyce-
mia. Except for hyperglycemia, the incidence of adverse events
was similar in either group. Similarly, a systematic review includ-
ing peer-reviewed studies of any design reported that hypergly-
cemia was the most common adverse effect [38]. Therefore,
when corticosteroids are used in clinical treatment, we need to
pay more attention to blood sugar levels.

5. Limitations

The study has several limitations. First, only ten trials were
included, and we were unable to obtain data for the ongoing
unfinished studies, which may cause selection bias. Second,
the presence of confounding variables (age, severity of
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disease, corticosteroids type, dosage, treatment duration, and
so on) led to significant clinical heterogeneity and weakened
the results of this meta-analysis. Therefore, the summary
results need to be interpreted carefully. Third, the mortality
rates in different periods were reported by multiple studies; 5
trials reported mortality at 28 days, 2 trials reported mortality
at 21 days, 1 trial reported mortality at 14 days, and 1 trial did
not mention the time of death, potentially leading to incon-
sistent experimental results. Fourth, Except for the RECOVERY
trial and RECOVERY?2 trial, most of the included studies have
small sample sizes and may be biased. Small studies might
have lower quality and a high risk of bias, which might con-
tribute to the exaggerated intervention effects compared with
large studies, so further exploration is needed [39,40].

6. Conclusions

In this meta-analysis of 10 RCTs and 12473 severe COVID-19
patients, pooled results suggested that corticosteroid therapy
did not convincingly improve survival and reduce the need for
mechanical ventilation in severe patients with COVID-19, and
it is not recommended for patients who do not require oxygen
support. A low dosage of dexamethasone could be considered
as a drug for the treatment of COVID-19 patients. Due to
significant clinical heterogeneity, more high-quality clinical
trials are needed to further verify this conclusion.
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