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Corticosteroid treatment in severe COVID-19 patients
with acute respiratory distress syndrome
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BACKGROUND. Corticosteroids are widely used in patients with COVID 19, although their benefit-to-risk ratio remains
controversial.

METHODS. Patients with severe COVID-19-related acute respiratory distress syndrome (ARDS) were included from December
29, 2019 to March 16, 2020 in 5 tertiary Chinese hospitals. Cox proportional hazards and competing risks analyses were
conducted to analyze the impact of corticosteroids on mortality and SARS-CoV-2 RNA clearance, respectively. We performed
a propensity score (PS) matching analysis to control confounding factors.

RESULTS. Of 774 eligible patients, 409 patients received corticosteroids, with a median time from hospitalization to starting
corticosteroids of 1.0 day (IQR 0.0-3.0 days) . As compared with usual care, treatment with corticosteroids was associated
with increased rate of myocardial (15.6% vs. 10.4%, P = 0.041) and liver injury (18.3% vs. 9.9%, P = 0.001), of shock (22.0%
vs. 12.6%, P < 0.001), of need for mechanical ventilation (38.1% vs. 19.5%, P < 0.001), and increased rate of 28-day all-cause
mortality (44.3% vs. 31.0%, P < 0.001). After PS matching, corticosteroid therapy was associated with 28-day mortality
(adjusted HR 1.46, 95% C1 1.01-2.13, P = 0.045). High dose (>200 mg) and early initiation (<3 days from hospitalization) of
corticosteroid therapy were associated with a higher 28-day mortality rate. Corticosteroid use was also associated with a delay
in SARS-CoV-2 coronavirus RNA clearance in the competing risk analysis (subhazard ratio 1.59, 95% Cl 1.17-2.15, P = 0.003).

CONCLUSION. Administration of corticosteroids in severe COVID-19-related ARDS is associated with increased 28-day
mortality and delayed SARS-CoV-2 coronavirus RNA clearance after adjustment for time-varying confounders.

FUNDING. None.

Introduction

SARS-CoV-2 has spread worldwide (1). As of July 17, there were
more than 13 million cases and 585,727 deaths worldwide, includ-
ing over 4000 reported deaths in China (1). There is still no spe-
cific treatment for COVID-19, and patient management relies on
supportive care (2).

» Related Commentary: p. 6218

Authorship note: JL, SZ, XD, ZL, QX, and HF contributed equally to this work.
Conflict of interest: The authors have declared that no conflict of interest exists.
Copyright: © 2020, American Society for Clinical Investigation.

Submitted: May 26, 2020; Accepted: August 13, 2020; Published: November 3, 2020.
Reference information: J Clin Invest. 2020;130(12):6417-6428.
https://doi.org/10.1172/)C1140617.

Approximately 31%-41.8% of hospitalized COVID-19 patients
rapidly develop acute respiratory distress syndrome (ARDS), with
subsequent increased risk of death (3, 4), and patient deteriora-
tion is likely related to dysregulated systemic inflammation (5),
as highlighted by increases in serum levels of inflammatory cyto-
kines (6). Corticosteroids downregulate systemic inflammation by
nongenomic and genomic effects (7).

Corticosteroids have been widely used to treat severe pneu-
monia due to influenza A (H5N1) and SARS-CoV (8, 9). However,
the benefits of corticosteroid treatment in patients with respirato-
ry infection due to coronavirus has remained controversial. In a
systematic review including 29 studies with corticosteroid thera-
py for SARS infection, 25 studies were inconclusive and 4 studies
indicated harmful results (10). In a retrospective cohort study of
309 critically ill adults with Middle East respiratory syndrome

jci.org  Volume130  Number12  December 2020

6417


https://www.jci.org
https://www.jci.org
https://www.jci.org/130/12
https://doi.org/10.1172/JCI140617

6418

CLINICAL MEDICINE

The Journal of Clinical Investigation

-

2537 adult patients hospitalized
with confirmed COVID-19

~

apy was 1.0 day (IQR 0.0-3.0 days) (Supplemental Figure
1), with a maximum daily hydrocortisone-equivalent medi-
an dose of 200 mg (IQR 200-400 mg). The median dura-

of mild and or
moderate illness

1691 excluded because

tion of corticosteroid therapy was 6.0 days (IQR 4.0-10.0
days). Before corticosteroid administration, the median
Pa0,/FiO, was 122 mmHg (IQR 98-217 mmHg).

of lack of ARDS
diagnosis

26 excluded because

Mortality. At 28 days, there were 181 of 409 (44.3%)
deaths in the corticosteroid group and 113 of 365 (31.0%)
in the control group (OR1.77,95% CI1.32-2.38, P< 0.001).

A total of 185 out of 409 (45.2%) corticosteroid-treat-

774 eligible for analysis used for ARDS

46 excluded because
corticosteroids were not

ed patients died during hospitalization, compared with
115 of 365 (31.5%) controls (OR 1.79, 95% CI 1.34-2.41,

No corticosteroid
therapy (n = 365)

Corticosteroid
k therapy (n = 409)

P < 0.001). The cumulative 28-day survival rate was sig-
nificantly different between the 2 groups (P = 0.00061,
log-rank test; Figure 2A). Multivariate logistic regression
analysis suggested increased 28-day mortality with corti-
costeroids (adjusted OR 2.17,95% CI 1.36-3.53, P=0.001).

/

No new patients were hospitalized after March 16, 2020

Figure 1. Flow chart of the present study.

(MERS), corticosteroid therapy did not significantly change mor-
tality and was associated with delayed viral clearance (11). An
observational cohort of COVID-19 patients with ARDS suggested
that treatment with methylprednisolone may decrease the risk
of death (3). We conducted a retrospective multicenter study to
explore the effects of corticosteroids on mortality from COVID-19
with ARDS. We also explored the effects of corticosteroids on the
clearance of SARS-CoV-2 RNA. We aimed to explore the roles of
corticosteroids and their influence on clinical outcomes in con-
firmed severe COVID-19-related ARDS.

Results

Description of the cohort. Of 2537 patients with confirmed
COVID-19 admitted to 5 tertiary hospitals from December 29,
2019 to March 16, 2020, 820 had ARDS and 774 were eligible
(Figure 1). The median age was 64 years (IQR 54-73 years) (Table
1) and 452 (58.0%) were male, 322 (42%) were female. A total of
596 patients (77%) had one or more comorbidities. The medi-
an acute physiology and chronic health evaluation (APACHE) II
score was 11 (IQR 9-13). A total of 409 out of 774 (52.8%) received
corticosteroids and 365 (47.2%) did not. The median PaO,/FiO,
was 168 (IQR 99-237) before treatment in the whole cohort. On
admission, 693 of 774 (89.5%) patients received nasal cannula
oxygen treatment, 43 of 774 (5.6%) high-flow oxygen, 27 of 774
(3.5%) noninvasive mechanical ventilation, and 11 of 774 (1.4%)
invasive mechanical ventilation. There was no significant differ-
ence in respiratory support between groups (P = 0.143). The crude
28-day all-cause mortality was 38.0% (294 of 774). Admission
characteristics of ARDS patients are shown in Supplemental Table
1 (supplemental material available online with this article; https://
doi.org/10.1172/JC1140617DS1).

Corticosteroid therapy. Methylprednisolone was the most fre-
quently used corticosteroid (396 of 409 [96.8%] patients) fol-
lowed by prednisolone (32 of 409 [7.8%] patients) (Table 2). The
median length from admission to initiation of corticosteroid ther-
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Other independent risk factors for increased 28-day mor-

tality included age, APACHE II score, diabetes, leukocyto-

sis, and human immunoglobulin use (Table 3). Likewise,

Cox’s proportional hazards regression model also sug-

gested increased mortality with corticosteroid therapy
(adjusted HR 1.45, 95% CI 1.06-1.99, P = 0.021; Table 3). The
association between corticosteroid use and mortality was more
evident when treating corticosteroid as a time-varying exposure
variable in the extended Cox regression model (adjusted HR
6.69, 95% CI 4.53-9.87, P < 0.001; Table 3). The increase risk of
death at 28 days associated with exposure to corticosteroids was
consistent across subgroups except for patients with APACHE 1I
scores of 11 or higher who had shock or received mechanical ven-
tilation (Figure 3). Among patients with shock, low-dose gluco-
corticoid therapy (<200 mg equivalent hydrocortisone per day)
did not significantly decrease the risk of death (OR 0.41, 95% CI
0.12-1.33, P = 0.14).

Finally, to determine the effect of corticosteroid thera-
py on 28-day mortality, we conducted a propensity score (PS)
matching analysis. After applying PS matching, 182 control and
182 case patients were matched. The summaries of balance for
unmatched and matched data are shown in Table 4 and Fig-
ure 4. Corticosteroid therapy was significantly associated with
increased 28-day mortality in multiple analyses, including
Kaplan-Meier survival plot (Figure 2B), multivariable logis-
tic regression model (adjusted OR 1.64, 95% CI 1.05-2.57, P =
0.032; Table 5), and extended multivariable Cox regression
model which treated corticosteroid as a time-varying exposure
variable (adjusted HR 1.46, 95% CI 1.01-2.13, P = 0.045; Table
5). In subgroup analyses, high dose (>200 mg) and early initi-
ation (<3 days from hospitalization) of corticosteroid therapy
were associated with a higher 28-day mortality rate. In addi-
tion, even short course (<6 days) exposure to corticosteroids
increased the risk of death (Table 5).

SARS-CoV-2 RNA clearance. Corticosteroid therapy was asso-
ciated with delayed SARS-CoV-2 RNA clearance among survivors
by log-rank test (P = 0.00017; Figure 5A). Likewise in the whole
cohort, the viral clearance was delayed with corticosteroid therapy
(subhazard ratio [sHR] 1.59, 95% CI 1.17-2.15, P = 0.003; Figure
5B). The relationship between corticosteroid use and viral clear-
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Table 1. Baseline characteristics and physiological parameters on admission of severe COVID-19 patients with ARDS in the
corticosteroid-therapy and no-corticosteroid-therapy groups

Variables All patients (n = 774) Glucocorticoid (n=409)  No Glucocorticoid (n = 365) Pvalue
Age (yr), median (IQR) 64 (54-73) 65 (55-74) 63 (54-72) 0.480
Sex, male, n (%) 452 (58.4) 249 (60.9) 203 (55.6) 0.159
Smoking, n (%) 28 (3.6) 9(2.2) 19(5.2) 0.041
Drinking, n (%) 25(3.2) 9(22) 16 (4.4) 0131
Exposure history, n (%)
Wuhan exposure 750 (96.9) 398 (97.3) 352 (96.4) 0.623
Out of Wuhan City 24.(3.) 11(2.7) 13(3.6)
Household clustered <0.001
No 458 (59.2) 210 (51.3) 248 (67.9)
Yes 55 (71) 22 (5.4) 33(9)
Unknown 261(33.7) 177 (43.3) 84 (23)
Any comorbidity, n (%)
Chronic obstructive pulmonary disease 25(3.2) 1(2.7) 14 (3.8) 0.486
Diabetes 118 (15.2) 50(12.2) 68 (18.6) 0.018
Hypertension 248 (32) 126 (30.8) 122 (334) 0483
Chronic cardiac disease 91(11.8) 36(8.8) 55 (15.1) 0.010
Chronic kidney disease 22(2.8) 7(1.7) 15 (4.) 0.074
Chronic liver disease 24 (31) 10(24) 14 (3.8) 0.365
Stroke 43 (5.6) 18 (4.4) 25 (6.8) 0.184
Malignancy 26 (34) 16 (3.9) 10(2.7) 0482
Immunosuppressive agents 26 (34) 14 (3.4) 12(33) >0.999
Signs and symptoms at admission
Fever, n (%) 589 (76.1) 300(73.3) 289(79.2) 0.070
Highest temperature (°C), median (IQR) 38.6(38-39) 38.75 (38-39) 38.5(38-39) 0.036
Cyanosis, n (%) 91(11.8) 62 (15.2) 29(79) 0.003
Systolic pressure (mmHg), median (IQR) 130 (119-140) 130 (120-144) 126 (116-138) <0.001
Heart rate (bpm), median (IQR) 88 (80-100) 88 (79-100) 89 (80-99) 0.646
Respiratory rate (bpm), median (IQR) 21(20-25) 22 (19-27) 21(20-25) 0.355
SOFA score (IQR) 7(6-9) 7 (6-8) 7(6-9) 0.549
APACHE Il score (IQR) 1(9-13) 12 (9-14) 10 (8-12) 0.001
Respiratory support, n (%) 0148
Nasal cannula 693 (89.5) 357 (873) 336(921)
High-flow nasal cannula 43 (5.6) 26 (6.4) 17 (4.7)
Noninvasive mechanical ventilation 27(3.5) 18 (4.4) 9(2.5)
Invasive mechanical ventilation 1(14) 8(2) 3(0.8)
Physiologic parameters
Platelets (x10°/L), median (IQR) 174 (128-232) 165 (122-213) 190 (138-260) <0.001
Lymphocytes (x10°/L), median (IQR) 0.7 (0.5-11) 0.6 (0.4-1.0) 0.8 (0.5-11) <0.001
PT (seconds), median (IQR) 1.7 (10.9-13.1) 12.0 (111-13.7) 11.5 (10.8-12.5) <0.001
D-dimer (ug/mL), median (IQR) 0.8 (0.5-2.1) 0.9 (0.5-2.1) 0.8 (0.5-2.1) 0.794
TBil (umol/L), median (IQR) 13(9.7-16.9) 13.5 (10.0-174) 12.3(9.4-15.9) 0.015
Scr (umol/L), median (IQR) 73.7 (60.0-92.3) 78 (62.0-97.8) 69.6 (57.4-89.0) <0.001
LDH (U/L), median (IQR) 355 (269-508) 407 (307-578) 308 (241-433) <0.001
Procalcitonin (ng/mL), median (IQR) 0.14 (0.06-0.65) 0.22 (0.09-1.01) 0.10 (0.05-0.25) <0.001
IL-6 (pg/mL), median (IQR) 94 (7.2-12.6) 9.2 (7.3-12.5) 9.6 (6.9-12.7) 0.992
hsCRP (mg/L), median (IQR) 52.8 (25.1-97.2) 62.4 (30.2-117.8) 445 (19.9-77.8) <0.001
Hemoglabin (g/L), median (IQR) 124 (112-135) 126 (113-135) 123 (112-134) 0.362
WBC (x10%/L), median (IQR) 7.0 (4.6-10.9) 79 (5.0-11.9) 6.3 (4.5-9.5) <0.001

PT, partial thromboplastin time; TBil, total bilirubin; Scr, serum creatinine; LDH, lactate dehydrogenase; IL-6, interleukin-6; hsCRP, high sensitivity

C-reactive protein.
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Table 2. Corticosteroid therapy among severe COVID-19 patients with ARDS (n = 409)

Medication variable

Dexamethasone, n (%)

Hydrocortisone, 7 (%)

Methylprednisolone, n (%)

Prednisolone, 1 (%)

Duration of corticosteroids, days (IQR)

All patients

Survivors

Nonsurvivors

Dose, hydrocortisone equivalent/day, mg (IQR)

All patients

Survivors

Nonsurvivors

Duration between onset of illness and corticosteroid initiation, days (IQR)

Duration between hospital admission and corticosteroid initiation, days (IQR)
Duration between ARDS onset and corticosteroid initiation, days (IQR)

Duration between ICU admission and corticosteroid initiation, days (IQR)

Duration between onset of non-invasive ventilation and corticosteroid initiation, days (IQR)
Duration between onset of invasive ventilation and corticosteroid initiation, days (IQR)

Abbreviations: ARDS, acute respiratory distress syndrome; ICU, intensive care unit. Data presented as
n (%) or median (Q1to Q3). “Percentages add up to more than 100% because some patients received

more than one formulation of corticosteroids during ICU stay.

The Journal of Clinical Investigation

at 28 days and during hospitalization, and
delayed SARS-CoV-2 clearance from the
airway. The increase in mortality was con-

Result

12(29)" sistent across subgroups with early initi-
2(05)" ation (<3 days from hospitalization), high
396 (96.8)* dose (>200 mg), and independent of dura-

32(78)* tion of corticosteroid treatment.
SARS-CoV-2-related ARDS is charac-
6 (4t010) terized by poor outcome, with 35%-40%
7(4to M) of patients who have died in the short
5(3t09) term (12). The mechanisms by which
SARS-CoV-2 induces ARDS and eventu-
200 (200 to 400) ally causes death remain uncertain. Sim-
200 (200 to 400) ilar to SARS-CoV infection, SARS-CoV-2
400 (200 to 400) infection is associated with excessive
10(7t014) lung and systemic inflammation (13) that
[112?1'(;331)) contributes to the severity of i.llness (14)
0(-2t00) and the development of multiple organ
0(-2t00) failure (12). Corticosteroids are potent
-3(-8t0-1) immunomodulatory drugs that downreg-

ulate inflammation by nongenomic and
genomic effects (7). Therefore, they have
been broadly used in adults with ARDS

ance did not change significantly in patients with early initiation
of corticosteroid therapy (sHR 1.39, 95% CI 1.02-1.89, P = 0.039)
and those with late initiation of corticosteroid therapy (sHR 2.79,
95% CI1.72-4.54, P < 0.001).

Other secondary outcomes. During hospitalization, as com-
pared with controls, corticosteroid-treated patients were more
likely to develop myocardial injury (15.6% vs. 10.4%, P = 0.041),
acute liver injury (18.3% vs. 9.9%, P = 0.001), and shock (22.0%
vs.12.6%, P < 0.001). They were more likely to receive treatment
with ganciclovir (29.3% vs. 20.0%, P = 0.004), ribavirin (43.0%
vs. 21.6%, P < 0.001), antibiotics (98.3% vs. 76.7%, P < 0.001),
antifungal drugs (10.5% vs. 1.1%, P < 0.001), high-flow oxygen
therapy (33.5% vs. 16.2%, P < 0.001), noninvasive mechanical
ventilation (25.9% vs. 14.0%, P < 0.001), invasive mechanical
ventilation (19.8% vs. 10.4%, P < 0.001), and prone-position
ventilation (4.6% vs. 1.4%, P = 0.016) (Table 6 and Supplemen-
tal Table 2). As compared with controls, corticosteroid-treated
patients were more likely to require ICU admission (47.7% vs.
22.5%, P < 0.001), had longer duration of stay in the hospital
(median 15 days, IQR 9-21 days; compared with 13 days, IQR
8-18 days; P < 0.001), and longer time in the ICU (median 5 days,
IQR 1-11 days; compared with 2 days, IQR 0-7 days; P < 0.001)
(Table 6). There was no significant difference between groups in
the rate of occurrence of bacterial (5.8% vs. 3.4%, P = 0.336) and
fungal (8.0% vs. 8.3%, P > 0.99) lower respiratory tract infec-
tions (Supplemental Table 3).

Discussion
This multicenter cohort study suggested that, in severe COVID-19-
related ARDS patients, corticosteroids increased the risk of death
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with variable results (15, 16). A meta-
analysis from 4 trials suggested that in
patients with SARS corticosteroids might
have detrimental effects (10). Although
corticosteroids were not recommended during the 2003 SARS
epidemic (17, 18), these drugs were broadly used by physicians.
About half of critically ill adults with MERS received corticoste-
roids and were more likely to require mechanical ventilation,
vasopressors, and renal replacement therapy during hospitaliza-
tion (11). There was no evidence for any effect of corticosteroids
on short-term mortality in these patients (11), independent of
dose, duration, and initiation time.

During the COVID-19 pandemic, the indication for ste-
roid use was mentioned in the New Coronavirus Pneumonia
Diagnosis and Treatment Plan in China (http://www.cac.gov.
cn/2020-03/04/c_1584872634644633.htm), which suggested
low dose (1-2 mg/kg/d) and short duration (3-5 days) of meth-
ylprednisolone use in COVID-19 patients who had rapid PaO,/
FiO,-ratio and pulmonary-imaging deterioration after hospital-
ization. However, the decision to treat a patient with corticoste-
roid was left at the discretion of his/her primary physician. Fadel
et al. found that hospitalized patients with moderate to severe
COVID-19 who received an early short course of methylprednis-
olone had a reduced rate of mortality and mechanical ventilation
(19). The RECOVERY trial, a platform open-label trial aimed
at assessing multiple treatments for COVID-19 in hospitalized
patients in the United Kingdom, found an age-adjusted rate ratio
(aRR) of 28-day all-cause mortality of 0.83 (95% CI 0.75-0.93)
in favor of 6 mg dexamethasone daily for 10 days (20). Neverthe-
less, in this trial, reduction in mortality with dexamethasone was
seen only in patients who required supplemental oxygen with or
without invasive mechanical ventilation. In patients who did not
require supplemental oxygen, the aRR was 1.19 (95% CI 0.91-
1.55). A recent meta-analysis with a sample size of 5270 patients
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suggested that treatment with corticosteroids was associated
with increased mortality and prolonged hospital stays in patients
with coronavirus pneumonia (21). The increase in mortality was
consistent across subgroups with early initiation (<3 days from
hospitalization) and high dose (>200 mg). The discrepancy in the
findings from the current study and the RECOVERY trial may be
related to differences in corticosteroid regimen and study popu-
lations. In the current study, most of the patients received meth-
ylprednisolone versus dexamethasone in the RECOVERY trial.

Pharmacological differences between methylprednisolone and
dexamethasone include differences in mineralocorticoid activ-
ity (some versus none, respectively) and in plasma half-life (3
hours versus 72 hours, respectively). There were also differences
in dose and duration of treatment with corticosteroids between
the 2 studies with lower daily doses (150 versus 200 to 400 mg
of hydrocortisone equivalent, respectively) and longer duration
(10 versus 6 days, respectively). Therefore, the inconsistent find-
ings between the present study and previous studies (19, 20) may
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Table 3. Risk factors associated with 28-day mortality in severe COVID-19 patients with ARDS identified by logistic regression model,
traditional Cox proportional hazards regression model, and extended Cox regression model

Logistic regression model Traditional Cox model Extended Cox model*
Variables a0OR 95% Cl Pvalue aHR 95% CI Pvalue aHR 95% CI Pvalue
Age 1.04 1.03-1.06 <0.001 1.03 1.02-1.05 <0.001 1.04 1.02-1.05 <0.001
Sex 0.99 0.64-1.56 0.981 0.82 0.61-1.11 0.202 0.82 0.58-1.15 0.244
APACHE Il score 117 111-1.25 <0.001 m 1.08-1.15 <0.001 1.08 1.04-112 <0.001
COPD 1.92 0.66-5.77 0.233 1.50 0.77-2.90 0.232 131 0.67-2.58 0432
Diabetes 2.28 1.26-4.14 0.007 1.58 112-2.25 0.010 146 1.02-2.09 0.040
Hypertension 0.69 0.40-116 0.167 0.86 0.61-1.21 0.389 0.93 0.65-1.34 0.696
Chronic cardiac disease 112 0.55-2.24 0.755 m 0.73-1.70 0.617 112 0.68-1.84 0.647
Chronic kidney disease 124 0.22-6.69 0.803 13 0.47-3.58 0.607 0.85 0.20-3.38 0.832
Chronic liver disease 049 0.13-1.59 0.252 0.56 0.23-1.36 0.203 0.62 0.23-1.65 0.338
Stroke 1.56 0.63-3.90 0334 0.99 0.58-1.70 0.972 0.78 0.40-1.52 0.461
Malignancy 0.92 0.28-2.93 0.890 114 0.54-2.41 0.738 159 0.71-3.57 0.259
Immunosuppression 0.69 0.17-2.70 0.596 0.52 0.21-1.25 0142 0.56 0.23-1.36 0.198
Fever at admission 1.67 0.95-2.99 0.078 1.26 0.87-1.84 0.228 131 0.87-1.96 0.195
Systolic pressure at admission 1.00 0.99-1.01 0.881 1.00 0.99-1.01 0.978 1.00 0.99-1.00 0.496
Leukocytes 1.09 1.04-1.15 0.001 1.08 1.04-11 <0.001 1.07 1.03-110 <0.001
Hemoglobin 1.00 0.99-1.02 0.596 1.01 1.00-1.01 0.272 1.00 0.99-1.02 0.335
Platelets 1.00 0.99-1.00 017 1.00 1.00-1.00 0.034 1.00 1.00-1.00 0.226
Lymphocytes 091 0.66-1.24 0.576 0.94 0.74-119 0.616 1.01 0.79-1.29 0.931
D-dimer 1.02 1.00-1.04 0.034 1.02 1.01-1.02 <0.001 1.02 1.01-1.03 <0.001
TBil 1.03 1.00-1.06 0.034 1.02 1.00-1.03 0.025 1.02 1.01-1.04 0.004
sCr 1.00 1.00-1.00 0.679 1.00 1.00-1.00 0.225 1.00 1.00-1.00 0.615
Procalcitonin 1.04 1.00-11 0.161 1.01 1.00-1.03 0.078 1.01 1.00-1.02 0.210
Corticosteroids 217 1.36-3.53 0.001 145 1.06-1.99 0.021 6.69 453-9.87 <0.001
Antiviral 0.30 0.17-0.50 <0.001 043 0.32-0.60 <0.001 042 0.30-0.60 <0.001
Human immunoglobulin 179 1.05-3.08 0.035 1.55 1.09-2.22 0.016 0.91 0.60-1.37 0.643

AExtended Cox model treating corticosteroid exposure as a time-varying exposure variable. COPD, chronic obstructive pulmonary disease; TBil, total
bilirubin; sCr, serum creatinine; aHR, adjusted HR; aOR, adjusted OR.
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be related to differences in the targeted population, mainly dif-
ferences in severity and stage of the disease, as well as different
practical modalities for corticosteroid treatment, i.e., different
dose, timing, and duration. In the subset of patients with shock,
the direction of the point estimate (OR = 0.41) suggested poten-
tial benefits in this subset of patients with shock. However, the
sample size was too limited, resulting in some imprecision in the
result that precluded any definite conclusions. We also found
that the use of corticosteroids in SARS-CoV-2-related ARDS
was associated with higher prevalence of myocardial and hepat-
ic injury, higher need for respiratory support, and subsequently
increased risk of death.

Our findings of delayed SARS-CoV-2 RNA clearance in cor-
ticosteroid-treated patients are in line with previous reports in
patients with SARS-CoV (22) and MERS-CoV (11) infections. The
altered viral clearance may be related to corticosteroid effects on
T cell responses and on interferon pathways (23). However, the
persistence of the virus does not necessarily correlate with organ
damage, as presence of SARS-CoV-2 RNA does not directly indi-
cate shedding of live virus. A large retrospective cohort study
demonstrated that viral RNA positivity persisted up to death,
suggesting a possible correlation between viral persistence and
poor prognosis (4).

Number12  December 2020

jci.org  Volume 130

To our knowledge, this is first large, multicenter observation-
al study that addressed the effects of corticosteroids in severe
COVID-19 patients with ARDS. The main strength of this study
included a well-defined population, large size, and focus on corti-
costeroid therapy for ARDS and not for other reasons. Therefore,
with a homogeneous group of patients with severe disease, and
after careful minimization of confounding biases through a PS
matching analysis and competing risks analysis, we offer strong
evidence to support the association between corticosteroid ther-
apy and increased mortality as well as delayed SARS-CoV-2 RNA
clearance. However, there are still some limitations. The main
limitations include the retrospective design and some hetero-
geneity in the population partly related to critically ill patients
treated outside the ICU due to shortages in ICU beds. Some lab-
oratory parameters (such as LDH, ferritin, and CRP) were miss-
ing for some patients on admission, which may have introduced
some biases, although we did use multiple analytical strategies to
increase the robustness of our estimates. In addition, the lack of
a statistically significant increase in secondary infections related
to corticosteroids may have resulted from insufficient power and
should be taken with caution. We did not record practical modal-
ities for lung-protective ventilation. Finally, there was no long-
term follow-up.
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Subgroups Corticosteroids Noncorticosteroids OR (95% CI) P value
Nonsurvivors  Survivors Nonsurvivors ~ Survivors
Age (years)
=64 127 100 76 105 ] 1.75 (1.18-2.60) 0.005
<64 54 128 37 147 | ] 1.68 (1.04-2.71) 0.035
SOFA
>7 134 139 98 144 » 1.42 (1.00-2.01) 0.050
<7 47 89 15 108 | ] 3.80 (1.99-7.25) <0.001
APACHEII
211 140 121 92 90 [ | 1.13 (0.78-1.65) 0.522
<11 41 107 21 162 ] 2.96 (1.66-5.28) <0.001
MV
Yes 122 34 57 14 | ] 0.88 (0.44-1.77) 0.723
No 59 194 56 238 ] 1.29 (0.86-1.95) 0.222
Shock
Yes 70 20 40 6 n 0.53 (0.20-1.42) 0.203
No 111 208 73 246 [ ] 1.80 (1.27-2.55) 0.001
Immunosuppressive status
Yes 50 29 37 60 L 2.80 (1.51-5.17) 0.001
No 131 199 76 192 ] 1.66 (1.18-2.35) 0.004
I T T T T T 1
0.10 0.20 050 1.0 20 5.0 10.0
<« >

Corticosteroids better ~ Corticosteroids worse

Figure 3. Subgroup analysis of 28-day mortality according to corticosteroid treatment in the whole cohort. APACHE Il, acute physiology and chronic
health evaluation Il score; MV, mechanical ventilation; SOFA, sequential organ failure assessment.

Methods

Study design

This multicenter retrospective observational study was conducted in
5 tertiary hospitals (median hospital size, 578 beds [IQR 469-687])
from December 29, 2019 to March 16, 2020. The first part of the
present study was to determine eligible patients who received corti-
costeroids and those who did not. To determine if the effect of corti-
costeroid therapy on 28-day mortality was different in subgroups, we
examined the logistic regression analysis in the following subgroups:
age > 64 years vs. age < 64 years; APACHE II > 11 vs. APACHE II <
11; with shock vs. without shock; sequential organ failure assessment
(SOFA) = 7 vs. SOFA < 7; with immunosuppressive status vs. without
immunosuppressive status.

The second part of the study was to match patients who were
exposed to corticosteroids at a 1:1 ratio with patients who were not
exposed to corticosteroids. Matching was based on a multivariable
logistic regression-generated PS for each patient without replacement.

Study population

We retrospectively collected medical records of adult patients with con-
firmed severe COVID-19-related ARDS who were admitted to 1 of the
5 participating tertiary hospitals, and who received corticosteroids for
ARDS. We excluded patients who were already on long-term cortico-
steroid therapy and those who received corticosteroid therapy for other
reasons, e.g., asthma, chronic obstructive pulmonary disease, etc.

Intervention
Patients with severe COVID-19-related ARDS were treated according
to the Chinese national guidelines for the diagnosis and treatment
of COVID-19. It was suggested that patients with severe COVID-19-
related ARDS should receive comprehensive treatments, including
suitable respiratory support (lung-protective ventilation if necessary),
antiviral therapy (lopinavir/ritonavir 100 mg, bid; Arbidol, 200 mg,
tid, etc.), organ support, etc.

The intervention of interest for this cohort study was adminis-
tration of corticosteroids for SARS-CoV-2-related ARDS, regardless
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ness: (i) respiratory distress, respi-
Table 4. Standard mean difference after propensity score matching ratory rate > 30 per minute; (ii) oxy-

gen saturation at room air at rest <

6424

Variables Matched sample 93%; or (i) dex | b
No Glucocorticoid (n=182)  Glucocorticoid (n = 182) sMD o5 or L) oxygen Index fess than
Age (yr), mean (+SD) 62.85 + 12.75 63.42 + 1435 0.042 300. mmHg: We used the standard
COPD, n (%) 422) 6(33) 0.067 B?l’lll’l def'mmo'n for ARDS (25-26),
Diabetes, 1 (%) 28 (15.4) 28 (15.4) <0.001 with noninvasive SpO,/Fi0, as a
Hypertension, 1 (%) 57(31.3) 54 (29.7) 0.036 surrogate of PaO2/FiO,, which was
D, n (%) 20 (11.0) 20 (11.0) <0.001 allowed for patients without PaO,
CKD, 1 (%) 4(22) 3(1.6) 0.040 (27-29). An immunosuppressive
CLD, 1 (%) 6(33) 4(22) 0.067 status was defined as patients who
Stroke, 1 (%) 7(3.8) 8 (4.4) 0.028 had an underlying disease, such as
Malignancy, n (%) 5(27) 8(44) 0.089 human malignancy, liver cirrhosis,
Immunosuppression, 1 (%) 6(3.3) 6(3.3) <0.001 or chronic renal failure, diabetes, or
Fever on admission, n (%) 137 (75.3) 130 (714) 0.087 receiving immunosuppressive thera-
Respiratory support on admission, 7 (%) 0.026 py. Diagnosis of acute kidney injury
Nasal cannula, n (%) 166 (91.2) 167 (91.8) (AKI) was according to the KDIGO
High-flow nasal cannula, n (%) 9(4.9) 8(44) clinical practice guidelines (30).
Noninvasive mechanical ventilation, n (%) 5(2.7) 5(2.7)
I':vlasive mezga)nical ventilation, n (%) mé 515‘:3) . 982 ((;.;)8) - Data collection
ale sex, n (% ! ! ! .
Systolic pressure on admission, 1 (%) 129.49 + 2015 130.18 + 21.66 0.033 We extracted the following from the
Antiviral therapy, n (%) 143 (78.6) 150 (824) 0.097 medical records: (i) demographic
Immunoglobulin therapy, n (%) 91(50.0) 89 (48.9) 0.022 data including age, sex, comorbidi-
APACHE Il score on admission, mean (5D) 154 £ 461 145376 0.022 ties, exposure history of coronavirus;
Leukocytes (x10°/L), mean (+SD) 774 £5.01 791378 0.037 (i) clinical data: the course of SARS-
Hemoglobin (g/L), mean (+5D) 123.71+15.53 122.87 +16.80 0.052 CoV-2 infection, blood-chemical
Platelets (x10°/L), mean (+SD) 171.87 + 74.05 177.81+ 59.50 0.088 test, blood-gas analysis; (iii) severity
Lymphocytes (x10°%/L), mean (+SD) 0.87 +0.62 0.89 + 0.69 0.037 of illness based on APACHE II score
D-dimer (ug/mL), mean (+SD) 5.01+13.20 456 +12.86 0.034 (31) and SOFA score (32), presence
TBil (umoI/L), mean (SD) 13.95+742 13.64 + 5.57 0.046 of shock; (iv) corticosteroid use:
Scr (umol/L), mean (+SD) 86.24 + 8194 9232 +85.24 0.073 type of drug, initial and maximum
Procalcitonin (ng/mL), mean (+SD) 0.95 +3.90 0.93+232 0.003 daily dosage (converted to equiva-

SMD, standard mean difference; COPD, chronic obstructive pulmonary disease; CCD, chronic cardiac disease;
CKD, chronic kidney disease; CLD, chronic liver disease; TBil, total bilirubin; Scr, serum creatinine.

lent hydrocortisone dose), duration
of treatment, time from initiation

of the type of molecule, the dose, and the duration of treatment. The
dose of corticosteroids is expressed as the hydrocortisone equivalent
(methylprednisolone 1:5, dexamethasone 1:25, prednisolone 1:4). The
control intervention was usual care.

Definitions

COVID-19 diagnosis was made according to WHO interim guidance
(22). Nasal and pharyngeal swab specimens from patients with his-
tory of epidemiology and characteristics of viral pneumonia in chest
CT or x-ray were obtained. The time interval between 2 specimens
was at least 24 hours. Detection of SARS-CoV-2 nucleic acid was per-
formed as previously described (https://www.who.int/publications/i/
item/10665-331501). Patients with at least 2 consecutive positive
results from high-throughput sequencing or real-time reverse tran-
scriptase polymerase chain reaction (RT-PCR) assay of nasal and pha-
ryngeal swab specimens were confirmed as having COVID-19.

Severe patients were defined according to the Diagnosis and
treatment of COVID-19 guidelines (sixth version) published by the
National Health Commission of China (24). Patients who met one
of the conditions listed below were diagnosed as having severe ill-
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of mechanical ventilation; and (v)
respiratory support, including oxygen
therapy, noninvasive mechanical ven-
tilation, invasive mechanical ventilation, prone-position ventilation,
and extracorporeal membrane oxygenation (ECMO).

Endpoints

The primary endpoint was 28-day all-cause mortality. The key sec-
ondary endpoint was length from symptom onset to SARS-CoV-2 RNA
clearance in respiratory secretions. Other secondary outcomes includ-
ed in-hospital mortality; length of ICU and hospital stay; ICU admis-
sion; development of ARDS, disseminated intravascular coagulation
(DIC), myocardial injury, acute hepatic injury (AHI), shock, AKI, respi-
ratory support, prone-position ventilation, continuous renal replace-
ment therapy (CRRT), ECMO, and presence of secondary infection.

Statistical analysis

There was no formal computation of sample size. We compared base-
line characteristics, interventions, and outcomes in patients who
received corticosteroid therapy with those in patients who did not.
Continuous variables are expressed as the mean (+ standard devia-
tion), or as median (IQR 25%-75%), and compared using 2-tailed Stu-
dent’s ¢ test or Mann-Whitney U test. Discrete variables are expressed
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Immunoglobulin
Platelet 4

Antiviral4
APACHEII
Leukocyte 4

SBP on admission
Fever on admission-
CKD

CHD A

Diabetes A
Respiratory support4
Procalcitonin
Gender 4

Stroke A

Total bilirubin+
CLDA

Variables

Serum creatinine 4
Hemoglobin 4

Hypertension

Lymphocyte
Immunosuppressive agents4
COPD 1

D-dimer+

Tumor+

Age A

Figure 4. Summaries of the balance of
variables before and after propensity
score matching. SBP, systolic blood
pressure; CKD, chronic kidney disease;
CHD, chronic heart disease; CLD, chronic
liver disease; COPD, chronic obstructive
pulmonary disease; SMD, standard
mean difference.

Method
-~ Unmatched
-e- Matched

0.0 0.2

SMD

0.3

as number (percentage), and compared using j? test or Fisher’s exact
test, as appropriate.

Association of corticosteroid therapy and 28-day mortality

Logistic regression analysis. The effects of corticosteroids on 28-day all-
cause mortality were explored by a multivariable logistic regression
model. The model was adjusted on a priori-decided baseline vari-
ables of clinical interest and on those with a P value of less than 0.05
in the univariate analysis. The included variables were age, sex, day 1
APACHE Il score, COPD, chronic cardiac disease, chronic kidney dis-
ease, chronic liver disease, stroke, malignancy, diabetes with chronic
complications, fever and systolic blood pressure at admission, leu-
kocytes, platelets, lymphocytes, D-dimer, total bilirubin, creatinine,
procalcitonin, therapy including immunoglobulin, and antiviral drugs.
We chose respiratory support rather than PaO,/FiO, to reflect respira-
tory status, as this variable was well documented for all patients. We
excluded the variables SOFA score, diastolic blood pressure at admis-
sion, neutrophil count, prothrombin time, levels of C-reactive protein
and LDH, and ferritin, owing to colinearity or to an unacceptable rate
of missing data.

The effects of corticosteroids therapy on 28-day all-cause mortali-
ty were also explored in the following subgroups: age = 64 years vs. age
< 64 years; APACHE II = 11 vs. APACHE 1I < 11; with shock vs. without
shock; SOFA = 7 vs. SOFA < 7; and with vs. without immunosuppres-
sive status. The cutoff value for continuous variables in each subgroup
was determined according to the median value of our population.

Cox’s proportional hazards regression. To estimate the associ-
ation between corticosteroid use and mortality as a time to event,
we used the multivariable Cox regression model. An initial multi-

04 0.5

variable Cox regression model incorporated corticosteroid therapy
as a categorical variable with adjustment for the same above-men-
tioned variables used in the logistic regression model. In addition, to
account for the time-varying exposure of corticosteroids, we fitted
an extended Cox’s regression model by considering the corticoste-
roids as a time-varying exposure variable with adjustment for the
same above-mentioned variables.

Association of corticosteroid therapy and SARS-CoV-2 RNA clearance
Kaplan-Meier plot and log-rank test. We used the Kaplan-Meier plot and
log-rank test to analyze the time to SARS-CoV-2 RNA clearance. For
this purpose, we only selected patients if they survived during hospital-
ization and had complete timelines of SARS-CoV-2 RNA clearance. We
computed cumulative rates of SARS-CoV-2 RNA clearance over time
for patients who received or did not receive corticosteroid therapy.

Competing risks analysis. Because a proportion of patients did
not have SARS-CoV-2 RNA clearance until death, the Cox hazards
model is not satisfactory for describing SARS-CoV-2 RNA clearance
over time. We therefore performed a competing risk analysis using
the Fine and Gray model, which considered events of interest (SARS-
CoV-2 RNA clearance) and competing events (death) in the same
model. In addition, we explored whether early initiation (<3 days of
hospitalization) or late initiation (>3 days of hospitalization) of cor-
ticosteroid therapy would affect SARS-CoV-2 RNA clearance. The
association between each variable and the outcome was estimated by
the sHR with 95% CI.

In both the Kaplan-Meier survival plot and competing risks anal-
ysis, we only included patients who initiated corticosteroid therapy
before SARS-CoV-2 RNA clearance to ensure a causal relationship.
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Full-matching PS analysis. We performed a one-to-one PS match-
ing analysis to account for potential confounding factors. This would
allow us to compare outcomes between 2 cohorts of patients who had
similar baseline characteristics except for treatment variable (receiv-
ing or not receiving corticosteroid therapy). PS was calculated for
each patient based on a logistic-regression model that included the
same variables used in the above-mentioned logistic regression mod-
el and Cox regression model. Matching was based on the logit of the
PS using nearest-neighbor matching (greedy-type matching) with a
caliper width of 0.2. Standardized mean differences for all covariates
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before and after matching were estimated and a difference of 10% or
greater was considered to be indicative of imbalance. After match-
ing, Kaplan-Meier curves were used to track the 28-day mortality for
patients receiving or not receiving corticosteroid therapy. In addition,
an extended Cox regression model that treated corticosteroids as a
time-varying exposure variable was used to assess the effect of corti-
costeroid therapy on 28-day mortality.

Subgroup analysis after PS matching. To examine whether the
effects of corticosteroid therapy on 28-day all-cause mortality were
modified by varied dose, duration, and timing of initiation, we
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Table 5. Twenty-eight-day mortality of severe COVID-19 patients with ARDS using various adjustment methodologies (after

propensity score matching)

Variables

All patients treated with corticosteroids vs. not treated with corticosteroids
Patients treated with corticosteroids >200 mg vs. not treated with corticosteroids
Patients treated with corticosteroids <200 mg vs. not treated with corticosteroids
Patients treated with corticosteroids <6 days vs. not treated with corticosteroids

Patients treated with corticosteroids >6 days vs. not treated with corticosteroids who survived >6 days

Corticosteroid initiation >3 days vs. not treated with corticosteroids
Corticosteroid initiation <3 days vs. not treated with corticosteroids

Logistic regression model Extended Cox regression model®*

n OR 95%Cl  Pvalue HR 95% CI Pvalue
182vs.182 164  1.05-257 0.032 146  1.01-213 0.045
97vs.182 213 126-3.60 0.005 176 115-2.67 0.008
85vs.182 116 0.65-2.06  0.6M 113 0.69-1.84 0.623
102vs. 182 177  1.05-2.98  0.031 164  1.07-2.51 0.022
80vs.163 254 136-476 0.003 214 1.26-3.64 0.005
38vs.182 167  0.78-347 0174 140  0.77-2.54 0.272
144vs.182 163  101-263  0.045 148  1.00-219 0.050

AExtended Cox model treating corticosteroid exposure as a time-varying exposure variable. OR, odds ratio; HR, hazard ratio; Cl, confidence interval.

Table 6. Clinical course and outcomes among severe COVID-19 patients with ARDS in the corticosteroid-therapy and no-corticosteroid-

therapy groups

Medication Variable

In-hospital mortality, 7 (%)

28-day mortality, n (%)

Length of hospitalization (days), median (IQR)

Length of ICU stay (days), median (IQR)

Duration between COVID-19 onset and hospital admission (days), median (IQR)
Duration between COVID-19 onset and ICU admission (days), median (IQR)

ICU admission, n (%)

Duration between COVID-19 onset and ARDS onset (days), median (IQR)

ARDS, 1 (%)

Duration between COVID-19 onset and DIC onset (days), median (IQR)

DIC, n (%)

Duration between COVID-19 onset and myocardial injury onset (days), median (IQR)
Myocardial injury, n (%)

Duration between COVID-19 onset and AHI onset (days), median (IQR)

AHI, 7 (%)

Duration between COVID-19 onset and shock onset (days), median (IQR)

Shock, n (%)

Duration between COVID-19 onset and AKI (days), median (IQR)

AKI, 1 (%)

Duration between COVID-19 onset and high-flow oxygen therapy (days), median (IQR)
High-flow oxygen therapy, (%)

Duration between COVID-19 onset and noninvasive mechanical ventilation (days), median (IQR)
Noninvasive mechanical ventilation, n (%)

Duration between COVID-19 onset and invasive mechanical ventilation (days), median (IQR)
Invasive mechanical ventilation, n (%)

Duration between COVID-19 onset and prone-position ventilation (days), median (IQR)
Prone-position ventilation, 7 (%)

Duration between COVID-19 onset and CRRT (days), median (IQR)

CRRT, n (%)

Duration between COVID-19 onset and ECMO (days), median (IQR)

ECMO, 11 (%)

Glucocorticoid (1=409)  No Glucocorticoid (n = 365) Pvalue
185 (45.2) 115 (31.5) <0.001
181(44.3) 113 (31.0) <0.001
15 (9-21) 13 (8-18) <0.001

5 (1-11) 2(0-7) <0.001
9.0 (6.0-12.0) 9.0 (6.0-14.0) 0.054
11.0 (7.0-15.0) 12.0 (8.0-16.0) 0.569
195 (47.7) 82(22.5) <0.001
11.0 (7.0-15.0) 10.0 (3.0-15.0) 0.160
409 (100) 365 (100) 1.000
18.0 (14.0-23.0) 19.0 (14.0-20.5) 0.781
13(3.2) 7(1.9) 0.381
16.0 (11.0-21.0) 17.0 (10.3-23.0) 0.970
64 (15.6) 38(104) 0.041
15.0 (10.0-21.0) 15.5 (11.0-21.0) 0.975
75(18.3) 36(9.9) 0.001
17.0 (13.0-22.8) 18.0 (13.0-22.8) 0.934
90 (22.0) 46 (12.6) <0.001
19.0 (13.0-23.0) 15.5 (11.0-20.3) 0.148
41(10.0) 30(8.2) 0457
12.0 (8.0-17.0) 12.0 (9.0-16.5) >0.99
137 (33.5) 59 (16.2) <0.001
12.0 (9.0-16.8) 13.0 (8.5-19.5) 0.632
106 (25.9) 51(14.0) <0.001
15.0 (11.0-20.0) 16.5 (11.0-23.5) 0410
81(19.8) 38(10.4) <0.001
16.0 (11.0-20.0) 24.0 (21.0-24.0) 0.042
19 (4.6) 5(14) 0.016
20.5 (18.8-23.0) 22.0 (19.0-25.0) 0.682
12(2.9) 13(3.6) 0.806
22.0 (20.5-24.5) 23.5(19.8-25.0) >0.99
3(0.7) 4(11) 0.713

ICU, intensive care unit; ARDS, acute respiratory distress syndrome; DIC, diffuse intravascular coagulation; AHI, acute hepatic injury; AKI, acute kidney
injury; CRRT, continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation.

explored treatment effects in the following subgroups: high (>200 mg
hydrocortisone equivalent per day) and low dose (<200 mg of hydro-
cortisone equivalent); long (=6 days) and short (<6 days) course; early
(<3 days of hospitalization) and late (>3 days of hospitalization) initi-

ation versus no corticosteroid treatment. All subgroup analyses were
performed in the matched samples using 2 approaches: first, a logis-
tic regression model that treated corticosteroid therapy as a category
variable and was adjusted by PS; second, an extended Cox regression
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model that treated corticosteroids as a time-varying exposure variable
and was adjusted by PS.

Data were analyzed using SPSS software (version 22.0) and R soft-
ware (version 3.6.2). A Pvalue less than 0.05 was considered significant.
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