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Background: The benefits and harms of methylprednisolone treatment in patients with moderate coronavirus 

disease 2019 (COVID-19) remain controversial. In this study, we investigated the effect of methylprednisolone 

on mortality rate, viral clearance, and hospitalization stay in patients with moderate COVID-19. 

Methods: This retrospective study included 4827 patients admitted to Wuhan Huoshenshan and Wuhan Guanggu 

hospitals from February to March 2020 diagnosed with COVID-19 pneumonia. The participants’ epidemiological 

and demographic data, comorbidities, laboratory test results, treatments, outcomes, and vital clinical time points 

were extracted from electronic medical records. The primary outcome was in-hospital death; secondary outcomes 

were time from admission to viral clearance and hospital stay. Univariate and multivariate logistic or linear 

regression analysis were used to assess the roles of methylprednisolone in different outcomes. The propensity 

score matching (PSM) method was used to control for confounding factors. 

Results: A total of 1320 patients were included in this study, of whom 100 received methylprednisolone. Overall, 

in-hospital mortality was 0.91% (12/1320); the 12 patients who died were all in the methylprednisolone group, 

though multivariate logistic regression analysis showed methylprednisolone treatment was not a risk factor for 

in-hospital death in moderate patients before or after adjustment for confounders by PSM. Methylprednisolone 

treatment was correlated with longer length from admission to viral clearance time and hospital stay before and 

after adjustment for confounders. 

Conclusions: Methylprednisolone therapy was not associated with increased in-hospital mortality but with delayed 

viral clearance and extended hospital stay in moderate COVID-19 patients. 
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. Introduction 

Coronavirus disease 2019 (COVID-19), caused by se-

ere acute respiratory disease syndrome coronavirus 2

SARS-CoV-2), has developed into a pandemic since 2019.

s of July 11, 2022, there have been 551,226,298 con-

rmed cases of COVID-19 and 6,345,595 deaths reported

lobally, with an estimated fatality rate of approximately

.15% [1] . The severity of COVID-19 can range from

symptomatic infection to life-threatening organ dam-

ge. Especially when respiratory failure occurs, the fa-
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ality rate of COVID-19 rises sharply [ 2 , 3 ]. Accumulat-

ng evidence has suggested that the severity of COVID-19

orrelates with a hyper-inflammatory status resembling

 cytokine storm [4–6] . Further research has suggested

hat dysregulation of the immune response, especially T

ells, may be significantly involved in the pathological

rocess of COVID-19 [7–9] . Additionally, previous studies

ave demonstrated that a remarkable reduction in CD8 

+ 

 cells could predict mortality in COVID-19 patients

 10 , 11 ]. However, as one of the essential immunomod-

lators, corticosteroids have demonstrated efficiency in
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educing mortality and shorting clinical courses in severe

nd critically ill patients [ 12–16 ], and have been one of

he treatments for COVID-19 since the RECOVERY trial

onfirmed its benefits on 28-day mortality among patients

ho need respiratory support [17] . Recently, research has

uggested that inhaled corticosteroids (ICS) could reduce

he probability of needing urgent medical care and en-

ance clinical recovery in mild patients [18–21] . How-

ver, there remains a lack of evidence to determine the

ffects of corticosteroid treatment on moderate COVID-

9 patients. 

This study therefore aimed to investigate the effects of

ethylprednisolone on in-hospital mortality, viral clear-

nce, and length of hospital stay in patients with moder-

te COVID-19. 

. Materials and methods 

.1. Study design and participants 

This retrospective, observational study was conducted

n patients diagnosed with COVID-19 pneumonia admit-

ed to Wuhan Huoshenshan Hospital and Wuhan Guanggu

ospital between February 03 and March 30, 2020. All

atients were considered for study entry if they were aged

 18 years and had been diagnosed with moderate SARS-

oV-2 infection. Exclusion criteria were: 1) inability to

etermine the onset time of the illness; 2) inability to de-

ermine the viral clearance time; 3) death or discharge

ithin the first 72h of admission; 4) lacking laboratory

est results in the first 72 hours of admission; 5) patients

ho did not meet either outcome of death or discharge by

arch 30, 2020. According to the Chinese management

uidelines for COVID-19 (version 5.0) [22] , SARS-CoV-2

nfection is defined as a positive result of real-time reverse

ranscription-polymerase chain reaction (RT-PCR) tests of

asal and pharyngeal swabs or lower respiratory tract as-

irates, or the presence of typical imaging characteristics

n chest computed tomography (CT) when laboratory test

esults are inconclusive. In practical terms, most of the

pecimens in this study were diagnosed via throat swab. 

This study was approved by the Research Ethics Com-

ission of both centers. The Strengthening the Report-

ng of Observational Studies in Epidemiology (STROBE)

hecklist was used for reporting this study [23] . 

.2. Data collection 

The epidemiological and demographic data as well

s comorbidities, laboratory test results, treatments, out-

omes, and vital clinical time points were extracted from

lectronic medical records and recorded using a stan-

ardized data collection form. The comorbidities records

ncluded hypertension, diabetes, coronary heart disease,

erebrovascular disease, respiratory disease, liver dis-
 w  

2 
ase, kidney disease, and cancer. Laboratory test re-

ults included lymphocyte count, D-dimer, and lactic de-

ydrogenase (LDH). Treatments included antiviral ther-

py (including umifenovir, oseltamivir–ribavirin, hydrox-

chloroquine, chloroquine phosphate, lopinavir, and ri-

onavir), antibacterial therapy (including moxifloxacin

ydrochloride, levofloxacin, meropenem, azithromycin,

efdinir, cefaclor, ceftriaxone, cefoperazone sulbactam,

inezolid, fluconazole, voriconazole, caspofungin, and

etronidazole), immunoglobulin therapy, anticoagula-

ion therapy, and methylprednisolone therapy (with data

ncluding total dosage and duration). The vital clinical

ime points included illness onset time, admission time,

iral clearance time, and time of discharge or death. Vi-

al clearance time was defined as the time of the first

f 2 consecutive negative SARS-CoV-2 RNA tests at least

4h apart. The discharge criteria were the clinical symp-

oms and signs of COVID-19 having improved or alle-

iated (body temperature within the normal range for

 consecutive days, respiratory symptoms improved sig-

ificantly, and CT images showing apparent absorption

f bilateral extensive ground-glass opacification and/or

onsolidation), and no need for additional or alternative

reatments. 

.3. Outcomes 

The primary outcome was in-hospital death. The sec-

ndary outcomes were 2 disease courses: time from ad-

ission to viral clearance, and length of hospital stay. 

.4. Statistical analysis 

Continuous variables are presented as means ± SD for

ormally distributed data and medians and interquar-

ile ranges (IQR) for non-normally distributed data. Cat-

gorical variables are summarized as numbers and fre-

uencies with corresponding percentages (N, %). Com-

arisons used the chi-square tests for categorical vari-

bles and Student’s t-test or Mann–Whitney U test for

ontinuous variables. Univariate and multivariate logis-

ic regression were used to explore the risk factors for

n-hospital death. Univariate and multivariate linear re-

ression were used to explore the risk factors for differ-

nt clinical courses. The effect of methylprednisolone on

ifferent clinical courses was evaluated using the Kaplan-

eier approach with the log-rank test. The propensity

core matching (PSM) method was used to minimize

ny bias resulting from confounding factors, assuming an

mbalance in patient background between the methyl-

rednisolone and non-methylprednisolone groups. Pa-

ameters included in the PSM were patient sex, age, num-

er of comorbidities, length from illness onset to admis-

ion, lymphocyte count, D-dimer, and LDH because they

ere considered clinically significant and partly reflected
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Fig. 1. Flow chart of patient screening and enrollment 
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he prognosis [ 3 , 24 , 25 ]. The PSM involved 1:1 matching,

sing the nearest neighbor method with the caliper width

et at 0.2. 

A p -value < 0.05 was considered statistically signifi-

ant. Statistical analysis was done using SPSS (version

5.0; IBM, Chicago, IL) and R software (version 4.1.0, R

oundation, Vienna, Austria). 

. Results 

.1. Patient characteristics 

Of the 4827 total patients diagnosed with COVID-19 at

he 2 study centers, 1320 patients met all inclusion and

xclusion criteria and were enrolled. The detailed filtering

rocess is shown in Fig. 1 . 

As shown in Table 1 , the median age of 1320 patients

ere 58.00 (48.00–66.00) years, 656 patients (49.70%)

ere males, and the median length from illness onset

o admission was 22.44 (13.67–30.69) days. A total of

00 (7.6%) patients received methylprednisolone treat-

ent, and 1220 were in the non-methylprednisolone

roup. In the methylprednisolone group, the median daily

osage and accumulated dosage of methylprednisolone

reatment were 41.82 (40.00–61.43) mg/d and 240.00

120.00–455.00) mg, with a median duration of 4.50

3.00–7.00) days. There were significant differences in

ge, number of comorbidities, the length from illness on-

et to admission, lymphocyte count, D-dimer, and LDH

evels between the 2 groups (all p < 0.05). 
3 
.2. Methylprednisolone therapy was not a risk factor for 

n-hospital death 

Overall in-hospital mortality was 0.91% (12/1320),

nd all 12 patients who finally died were in the

ethylprednisolone group ( Table 1 ). The median sur-

ival time of those 12 patients was 17.72 (11.87–

0.61) days. There were significant differences in mor-

ality between the methylprednisolone group and the

on-methylprednisolone group before and after PSM

 p = 0.000 and p = 0.023). Table 2 shows the results of the

nivariate and multivariate logistic analysis of risk factors

or in-hospital death between the 2 groups before and af-

er PSM. Among all 1320 patients, methylprednisolone

herapy was not associated with in-hospital death before

SM ( p = 0.908). The LDH (OR = 1.017 [1.003–1.031],

 = 0.017), anticoagulation therapy (OR = 101.591

5.290–1950.878], p = 0.002), and immunoglobulin ther-

py (OR = 20.748 [1.307–329.267], p = 0.032) were risk

actors for in-hospital death (Table 2). After removing

he influence of confounding factors by PSM, 90 patients

n the methylprednisolone group and 90 patients in the

on-methylprednisolone group were analyzed for the pri-

ary outcome. Of these 180 patients, all 5 (2.8%) pa-

ients who died were in the methylprednisolone group

 Table 1 ). The median survival time of these 5 patients

as 19.74 (13.71–40.85) days. In the 90 patients in the

ethylprednisolone group after PSM, the median daily

osage and accumulated dosage of methylprednisolone

reatment were 40.00 (40.00–60.00) mg/d and 200.00

120.00–380.00) mg, with a median duration of 4.00
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3.00–7.00) days. The multivariate logistic analysis of the

80 matched patients found no risk factor associated with

n-hospital death ( Table 2 ). 

.3. Methylprednisolone therapy was associated with longer 

ime from admission to viral clearance and longer hospital 

tay 

We further assessed the effects of methylprednisolone

n different clinical courses in 1308 patients who

ere cured and discharged, of whom 88 were in the

ethylprednisolone group and 1220 were in the non-

ethylprednisolone group. The baseline characteristics of

hese groups are presented in Table 3 . 

Before being matched by PSM, age, the length from

llness onset to admission, the lymphocyte count, D-

imer, and LDH levels differed significantly between the

 groups (all p < 0.05), and time from admission to vi-

al clearance and duration of hospital stay also had sig-

ificant differences between the 2 groups (all p < 0.001)

 Fig. 2 A, Fig. 2 B). In the 88 patients in the methylpred-

isolone group before PSM, the median daily dosage and

ccumulated dosage of methylprednisolone treatment

ere 40.00 (40.00–60.00) mg/d and 240.00 (120.00–

00.00) mg, with a median duration of 4.00 (3.00–

.00) days. Univariate and multivariate linear analysis

ere used to explore the risk factors for clinical courses

etween the 2 groups. As shown in Figure 2 C, lym-

hocyte count (OR = − 0.084 [ − 1.372–0.347], p < 0.001),

DH (OR = 0.116 [1.502–3.913], p < 0.001), methylpred-

isolone therapy (OR 0.116 = [1.502–3.913], p < 0.001),

ntiviral therapy (OR = 0.245 [2.270–3.466], p <

.001), and antibacterial therapy (OR = 0.145 [1.215–

.590], p < 0.001) were associated with longer time

rom admission to viral clearance by multivariate lin-

ar analysis. Meanwhile, multivariate linear analysis

howed sex (OR = 0.051 [0.049–1.486], p = 0.036),

ge (OR = 0.057 [0.004–0.057], p = 0.026), lymphocyte

ount (OR = − 0.124 [ − 2.303 to − 0.976], p < 0.001),

DH (OR = 0.142 [0.012–0.026], p < 0.001), methyl-

rednisolone therapy (OR = 0.126 [2.281–5.318], p <

.001), antiviral therapy (OR = 0.230 [2.740–4.242], p <

.001), antibacterial therapy (OR = 0.157 [1.810–3.543],

 < 0.001), and immunoglobulin therapy (OR = 0.065

0.877–6.032], p = 0.009) were associated with longer

ength of hospital stay ( Fig. 2 D). 

After removing the influence of confounding factors by

SM, 83 patients in the methylprednisolone group and

3 in the non-methylprednisolone group were matched

 Table 3 ). In the 83 patients in the methylprednisolone

roup after PSM, the median daily dosage and accu-

ulated dosage of methylprednisolone treatment were

0.00 (40.00–60.00) mg/d and 240.00 (120.00–400.00)

g, with a median duration of 4.00 (3.00–7.00) days.

fter matching by PSM, the time from admission to
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Fig. 2. Kaplan-Meier curves and log-rank test of the probability of discharge (A) and viral clearance (B) between the methylprednisolone group and the non- 

methylprednisolone group before PSM. Multivariate linear analysis for the time from admission to viral clearance (C) and the hospital stay (D) before PSM. All 

treatments were compared with YES/NO. Met: the methylprednisolone group. Non-met: the non-methylprednisolone group. 

Table 2 

Univariate and multivariate logistic analysis for in-hospital death before and after PSM. 

Before PSM After PSM 

univariate multivariate univariate multivariate 

OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p 

Gender (Male/Female) 1.42 × 10ˆ19 (0 – +∞) 0.970 0.000 (0 – +∞) 0.999 

Age 8.874 (0 – 1.62 × 10ˆ65) 0.977 0.446 (0 – +∞) 0.999 

Comorbidities 2.80 × 10ˆ12 (0 – 9.10 × 10ˆ265) 0.923 72.023 (0 – +∞) 1.000 

Lymphocyte count 569.84 (0 – 1.66 × 10ˆ131) 0.966 1.82 × 10ˆ12 (0 – +∞) 0.997 

D-dimer 9237.959 (0 – 6.49 × 10ˆ74) 0.913 2310.589 (0 – +∞) 0.995 

LDH 1.289 (0.022 – 76.440) 0.903 1.017 (1.003 – 1.031) 0.017 0.853 (0 – 3.29 × 10ˆ22) 0.995 

Methylprednisolone ∗ 4.61 × 10ˆ99 (0 – +∞) 0.908 0.000 (0 – +∞) 0.998 

Antiviral therapy ∗ 0.034 (0 – +∞) 0.999 0.000 (0 – +∞) 1.000 

Antibacterial therapy ∗ 1.09 × 10ˆ41 (0 – +∞) 0.972 8.79 × 10ˆ31 (0 – +∞) 0.997 

Anticoagulation therapy ∗ 1.79 × 10ˆ22 (0 – +∞) 0.949 101.591 (5.290 – 1950.878) 0.002 1.42 × 10ˆ47 (0 – +∞) 0.990 

Immunoglobulin therapy ∗ 0.007 (0 – +∞) 0.996 20.748 (1.307 – 329.267) 0.032 0.000 (0 – +∞) 0.999 

∗ All treatments were compared with YES/NO, LDH: lactic dehydrogenase. 

v  

n  

m  

(  

t  

[  

(  

t  

f  

M  

[  

[  

(  

f

iral clearance and hospital stay in the methylpred-

isolone group were significantly longer than in the non-

ethylprednisolone group ( p < 0.001 and p = 0.006)

 Fig. 3 A, Fig. 3 B). As shown in Figures 3 C and 3 D, mul-

ivariate linear analysis found that LDH (OR = 0.014

0.002–0.027], p = 0.027), methylprednisolone therapy

OR = 2.172 [0.348–3.995], p = 0.020), and antiviral
5 
herapy (OR = 3.657 [1.302–5.303], p = 0.001) were risk

actors for longer time from admission to viral clearance.

eantime, methylprednisolone therapy (OR = 3.904

1.734–6.073], p < 0.001), antiviral therapy (OR = 3.987

1.653–6.322], p = 0.001), and immunoglobulin therapy

OR = 6.724 [2.530–10.918], p = 0.003) were risk factors

or longer length of hospital stay. 



X. Li, X. Yuan, Z. Xu et al. Infectious Medicine xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: IMJ [m5GeSdc; November 8, 2022;9:5 ] 

T
a
b

le
 
3
 

T
h
e
 
ch

a
ra

ct
e
ri

st
ic

s 
o
f 

p
a
ti

e
n
ts
 
b
e
fo

re
 
a
n
d
 
a
ft

e
r 

P
S
M
 
in
 
cl

in
ic

a
l 

co
u
rs

e
 
a
n
a
ly

si
s.
 

B
e
fo

re
 
P
S
M
 

A
ft

e
r 

P
S
M
 

A
ll
 
(n
 
=
 
1
3
0
8
) 

M
e
th

y
lp

re
d
n
is

o
lo

n
e
 

G
ro

u
p
 
(n
 
=
 
8
8
) 

N
o
n
-m

e
th

y
lp

re
d
n
is

o
lo

n
e
 

G
ro

u
p
 
(n
 
=
 
1
2
2
0
) 

p
 

A
ll
 
(n
 
=
 
1
6
6
) 

M
e
th

y
lp

re
d
n
is

o
lo

n
e
 

G
ro

u
p
 
(n
 =
 8
3
) 

N
o
n
-m

e
th

y
lp

re
d
n
is

o
lo

n
e
 

G
ro

u
p
 
(n
 =
 8
3
) 

p
 

G
e
n
d
e
r 

(M
/
F
) 

6
4
8
/
6
6
0
 

5
1
/
3
7
 

5
9
7
/
6
2
3
 

0
.1

0
3
 

9
5
/
7
1
 

4
8
/
3
5
 

4
7
/
3
6
 

0
.8

7
6
 

A
g
e
 
(y

e
a
rs

) 
5
8
.0

0
 
(4

8
.0

0
, 
6
6
.0

0
) 

6
4
.0

0
 
(5

3
.0

0
, 
7
0
.7

5
) 

5
7
.0

0
 
(4

8
.0

0
, 
6
6
.0

0
) 

0
.0

0
2
 

6
4
.0

0
 
(5

3
.0

0
, 
6
9
.2

5
) 

6
4
.0

0
 
(5

3
.5

0
, 
6
9
.5

0
) 

6
4
.0

0
 
(5

3
.0

0
, 
7
0
.0

0
) 

0
.8

0
5
 

N
u
m

b
e
r 

o
f 

co
m

o
rb

id
it

ie
s 

(0
/
1
/
2
/
3
/
4
) 

8
0
8
/
3
2
9
/
1
4
2
/
2
7
/
2
 

4
6
/
2
5
/
1
6
/
0
/
1
 

7
6
2
/
3
0
4
/
1
2
6
/
2
7
/
1
 

0
.0

5
1
 

9
0
/
4
9
/
2
1
/
5
/
1
 

4
3
/
2
4
/
1
5
/
0
/
1
 

4
7
/
2
5
/
6
/
5
/
0
 

0
.4

6
9
 

L
e
n
g
th
 
fr

o
m
 
il

ln
e
ss
 
o
n
se

t 
to
 
a
d
m

is
si

o
n
 

2
2
.6

9
 
(1

3
.8

4
, 
3
0
.6

9
) 

1
4
.5

9
 
(1

0
.2

8
, 
2
0
.5

9
) 

2
6
.1

1
 
(1

4
.5

3
, 
3
0
.7

1
) 

<
 0
.0

0
1
 

1
4
.1

7
 
(9

.4
0
, 
2
0
.5

9
) 

1
3
.5

2
 
(7

.7
3
, 
2
0
.2

5
) 

1
3
.5

2
 
(7

.7
0
, 
2
0
.5

2
) 

0
.4

0
1
 

L
a
b
o
ra

to
ry
 
te

st
 

L
y
m

p
h
o
cy

te
 
co

u
n
t(
 ×

1
0
 9
 

/
L
) 

1
.5

3
 
(1

.1
7
, 
1
.9

0
) 

1
.1

2
 
(0

.8
1
, 
1
.5

0
) 

1
.5

7
 
(1

.2
1
, 
1
.9

3
) 

<
 0
.0

0
1
 

1
.1

5
 
(0

.8
1
, 
1
.4

9
) 

1
.9

0
 
(0

.8
1
, 
1
.4

8
) 

1
.1

9
 
(0

.8
0
, 
1
.4

8
) 

0
.8

2
4
 

D
-D

im
e
r 

(m
g
/
L
) 

0
.3

6
 
(0

.1
9
, 
0
.6

5
) 

0
.7

0
 
(0

.3
8
, 
1
.3

5
) 

0
.3

4
 
(0

.1
8
, 
0
.6

2
) 

<
 0
.0

0
1
 

0
.6

4
 
(0

.3
4
, 
1
.1

9
) 

0
.6

4
 
(0

.3
3
, 
1
.1

1
) 

0
.6

4
 
(0

.3
2
, 
1
.1

7
) 

0
.4

4
3
 

L
D

H
 
(U

/
m

L
) 

1
7
1
.1

0
 
(1

4
9
.3

2
, 

2
0
1
.2

8
) 

2
2
2
.3

0
 
(1

7
9
.2

8
, 

2
7
8
.8

0
) 

1
6
9
.4

5
 
(1

4
7
.9

5
, 
1
9
8
.6

0
) 

<
 0
.0

0
1
 

2
1
4
.7

5
 
(1

6
9
.3

8
, 

2
6
7
.6

0
) 

2
1
3
.3

0
 
(1

6
7
.2

5
, 

2
6
4
.8

0
) 

2
1
3
.3

0
 
(1

6
5
.2

0
, 
2
6
5
.3

0
) 

0
.3

7
4
 

C
li

n
ic

a
l 

co
u
rs

e
s 

T
im

e
 
fr

o
m
 
a
d
m

is
si

o
n
 
to
 
v
ir

a
l 

cl
e
a
ra

n
ce
 

4
.0

3
 
(1

.8
5
, 
9
.6

2
) 

1
0
.3

3
 
(8

.9
5
, 
1
5
.0

4
) 

3
.6

7
 
(1

.8
1
, 
8
.8

5
) 

<
 0
.0

0
1
 

9
.9

3
 
(4

.8
3
, 
1
2
.8

0
) 

1
0
.1

3
 
(8

.8
5
, 
1
5
.0

3
) 

7
.9

5
 
(2

.4
0
, 
1
1
.7

1
) 

0
.0

0
1
 

H
o
sp

it
a
l 

st
a
y
 

1
2
.7

3
 
(7

.8
9
, 
1
8
.0

5
) 

2
1
.0

0
 
(1

6
.8

4
, 
2
4
.7

9
) 

1
1
.9

3
 
(7

.5
9
, 
1
7
.2

0
) 

<
 0
.0

0
1
 

1
7
.9

4
 
(1

2
.9

3
, 
2
2
.1

5
) 

2
0
.9

1
 
(1

6
.7

9
, 
2
4
.7

8
) 

1
4
.7

1
 
(1

0
.8

0
, 
2
0
.5

6
) 

<
 0
.0

0
1
 

L
D

H
: 
la

ct
ic
 
d
e
h
y
d
ro

g
e
n
a
se

. 

4

 

i  

c  

[  

c  

w  

s  

t  

C  

i  

t  

f  

t  

f  

o  

r  

w  

h  

c  

n  

c  

t  

r  

t  

p  

h

 

t  

t  

i  

a  

s  

m  

w  

C  

i  

m  

c  

t  

h  

m  

P  

h  

t  

s  

f  

r  

e  

t  

t  

m  

p

6 
. Discussion 

In multiple studies, corticosteroids have shown clin-

cal benefit in reducing mortality and shortening clini-

al courses in severe and critically ill COVID-19 patients

 12–14 , 17 ]. In those studies, researchers also found that

orticosteroid therapy might have no benefit in patients

ith mild or moderate COVID-19. Based on those re-

ults, the WHO strongly recommended systemic corticos-

eroid therapy in patients with severe and critically ill

OVID-19, but conditionally recommended against us-

ng it in non-severe patients [26] . Other research found

hat ICS may prevent disease progression, reduce the need

or urgent medical care, and shorten clinical recovery

ime in patients with mild disease [18–21] . Hu et al.

ound that the short-course and low-dose administration

f corticosteroids in non-severe patients may reduce the

isk of progression to severe COVID-19. However, there

ere no differences in viral shedding time or length of

ospital stay between the corticosteroid and the non-

orticosteroid groups [27] . One meta-analysis focused on

on-severe COVID-19 patients and found that the corti-

osteroid group had significantly higher odds of death

han did the non-corticosteroids group, with delayed vi-

al clearance and prolonged hospital stay [28] . However,

he effects of methylprednisolone on moderate COVID-19

atients, particularly in terms of virus shedding time and

ospital stay, remain ambiguous. 

The current study showed that methylprednisolone

herapy was not associated with in-hospital death of pa-

ients with moderate COVID-19 before or after eliminat-

ng the influence of confounding factors. These findings

lign with those of the RECOVERY study, which demon-

trated that among 1534 patients with no oxygen require-

ent, the 28-day mortality in the dexamethasone group

as close to that of the non-dexamethasone group [17] .

onclusions from previous studies also support our find-

ng that corticosteroid therapy did not reduce in-hospital

ortality [11] . Meta-analyses have demonstrated that

orticosteroid therapy is associated with increased mor-

ality in patients with no need for oxygen support [ 28 , 29 ];

owever, confounding factors and potential selection bias

ay limit the application and promotion of these studies.

ersistent inflammation in the upper respiratory mucosa

as been reported to be potentially highly associated with

he progress to severe COVID-19, and ICS have been ob-

erved to exhibit significant inflammatory modulatory ef-

ects that reduce epithelial damage and improve T-cell

esponse, preventing clinical deterioration [30] . Consid-

ring the remarkable efficacy in treating chronic obstruc-

ive pulmonary disease and asthma, which are also known

o cause lung damage and are strongly related to the im-

une response, ICS may be a better choice in the early

hase of COVID-19 [31] . 
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Fig. 3. Kaplan-Meier curves and log-rank test of the probability of discharge (A) and viral clearance (B) between the methylprednisolone group and the non- 

methylprednisolone group after PSM. Multivariate linear analysis for the time from admission to viral clearance (C) and the hospital stay (D) after PSM. All treatments 

were compared with YES/NO. Met: the methylprednisolone group. Non-met: the non-methylprednisolone group. 
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We also found that methylprednisolone treatment sig-

ificantly prolonged the hospital stay and time from ad-

ission to viral clearance. Those changes may be associ-

ted with the suppression of immune cells by the appli-

ation of methylprednisolone, similar to effects observed

n the treatment of severe acute respiratory syndrome

nd the Middle East respiratory syndrome [ 32 , 33 ]. Pre-

ious studies and meta-analyses have also demonstrated

hat those patients who received corticosteroids were

nclined to have delayed viral clearance and more ex-

ended hospital stays than were patients with no corticos-

eroids in moderate COVID-19 [ 11 , 27 , 28 , 34 , 35 ]. How-

ver, for some of these results no statistical difference was

chieved. Yuan et al. found that corticosteroid therapy

as associated with delayed viral clearance and hospital

tay but without statistical significance, which may have

een because of the shorter duration (median 1.9 days)

nd lower dosage (median 52.2 mg) of corticosteroids

herapy in their study than in ours [35] . Hu et al. found

hat compared with the non-corticosteroid group, the cor-

icosteroid group had longer hospital stays but no signifi-

ant differences in viral clearance, possibly because their

articipants were younger and received lower corticos-
7 
eroid dosage than in our study [27] . Tang et al. reported

elayed viral clearance in the methylprednisolone group

ompared with the findings in a control group, but there

as no difference in hospitalization duration between the

 groups [11] . In addition, it is worth noting that the

engths from illness onset to admission varied consider-

bly in these studies. Considering that COVID-19 is asso-

iated with immune response, which changes as the dis-

ase progresses, these 2 clinical courses may have been

nfluenced by different lengths of illness onset to admis-

ion, as well as by potential treatments we cannot access.

Our study provides new clues to illustrate the effects

f methylprednisolone therapy on moderate COVID-19.

lthough this exploration of the efficacy of methylpred-

isolone represents a large sample size from 2 centers, and

SM was used to minimize the confounding biases, this

tudy still has limitations. First, this is an observational

tudy based on medical records, and there may have been

ome undefined biases that cannot be eliminated. Sec-

nd, this retrospective analysis did not involve imaging

r oxygen support therapy data. Third, some patients in

his study may have been treated with therapies such as

ntipyretics before admission, which would not have been



X. Li, X. Yuan, Z. Xu et al. Infectious Medicine xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: IMJ [m5GeSdc; November 8, 2022;9:5 ] 

c  

t  

c  

s  

v  

t

 

s  

l  

e  

p  

i

F

 

t  

a  

t

A

 

a  

d  

l  

n  

t  

t

A

i  

W  

p

D

 

i  

h  

p

D

 

a  

r

E

 

m  

i  

c

I

 

t  

p

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

[  

 

 

[  

 

 

[  

 

 

 

[  

 

 

[  

 

[  

 

[  

 

[  

 

 

[  

 

 

[  

 

[  

 

 

[

[  

 

 

aptured in our dataset. Finally, this study lacked a con-

rol group who were treated with other kinds of corti-

osteroids. A recent study found that methylprednisolone

ignificantly reduced the length of hospital stay (7.4 days

s 10.5 days, p = 0.015) and the need for mechanical ven-

ilation ( p = 0.04) compared with dexamethasone [36] . 

In conclusion, methylprednisolone therapy was not as-

ociated with increased in-hospital mortality but with de-

ayed viral clearance and extended hospital stay in mod-

rate COVID-19 patients. In moderate COVID-19, methyl-

rednisolone should be carefully administered consider-

ng the disease status and the risk of progression. 
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