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Abstract
Background: Corticoid therapy has been recommended in the treatment of critically ill patients with COVID-19, yet
its efficacy is currently still under evaluation. We investigated the effect of corticosteroid treatment on 90-day mortality and SARS-CoV-2 RNA clearance in severe patients with COVID-19.
Methods: 294 critically ill patients with COVID-19 were recruited between December 30, 2019 and February 19, 2020.
Logistic regression, Cox proportional-hazards model and marginal structural modeling (MSM) were applied to evaluate the associations between corticosteroid use and corresponding outcome variables.
Results: Out of the 294 critically ill patients affected by COVID-19, 183 (62.2%) received corticosteroids, with methylprednisolone as the most frequently administered corticosteroid (175 accounting for 96%). Of those treated with
corticosteroids, 69.4% received corticosteroid prior to ICU admission. When adjustments and subgroup analysis were
not performed, no significant associations between corticosteroids use and 90-day mortality or SARS-CoV-2 RNA
clearance were found. However, when stratified analysis based on corticosteroid initiation time was performed, there
was a significant correlation between corticosteroid use (≤ 3 day after ICU admission) and 90-day mortality (logistic
regression adjusted for baseline: OR 4.49, 95% CI 1.17–17.25, p = 0.025; Cox adjusted for baseline and time varying
variables: HR 3.89, 95% CI 1.94–7.82, p < 0.001; MSM adjusted for baseline and time-dependent variants: OR 2.32,
95% CI 1.16–4.65, p = 0.017). No association was found between corticosteroid use and SARS-CoV-2 RNA clearance
even after stratification by initiation time of corticosteroids and adjustments for confounding factors (corticosteroids
use ≤ 3 days initiation vs no corticosteroids use) using MSM were performed.
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Conclusions: Early initiation of corticosteroid use (≤ 3 days after ICU admission) was associated with an increased
90-day mortality. Early use of methylprednisolone in the ICU is therefore not recommended in patients with severe
COVID-19.
Keywords: COVID-19, Corticosteroid, Marginal structural modeling

Background
Coronavirus disease 2019 (COVID-19) is caused by
SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2), which has been at the center of an ongoing
global pandemic [1]. Corticoid therapy is currently a key
treatment regimen and recommended specifically for
critically ill patients in the intensive care unit (ICU) [2].
However, the effect of corticoid treatment for COVID-19
patients is still under evaluation. For example, one study
showed that in hospitalized patients with COVID-19, the
use of dexamethasone reduced 28-day mortality in both
patients who received invasive mechanical ventilation
or oxygen alone [3]. Another systemic review and metaanalysis showed that dexamethasone reduced mortality and the use of mechanical ventilation in COVID-19
patients compared to those on standard care [4]. A third
study demonstrated that methylprednisolone administration reduced the risk of death in COVID-19 patients
complicated with acute respiratory distress syndrome
(ARDS), although there was no adjustment for immortal
time bias and indication bias by time-varying confounding variables [5]. In contrast, in a randomized trial from
Brazil including 393 COVID-19 patients indicated no
significance difference in 28-day mortality rates between
administration of methylprednisolone and placebo [6].
Due to uncertainty regarding efficacy of corticosteroid
in the treatment of COVID-19, it is imperative to evaluate
its role in the management of COVID-19. Immortal time
bias and indication bias should be adjusted when evaluating the role of corticosteroid for COVID-19 patients in
observational cohort studies. Immortal time bias refers
to the requirement that patients survive long enough to
receive the intervention of interest, leading to a potential
incorrect overestimation of a positive treatment effect [7].
Indication bias from time-varying confounding variables
refers to having an association related to the indication of
the intervention that evolves throughout the course of an
illness [8]. MSM allows proper adjustment for immortal
time bias and indication bias. In this retrospective study,
we investigated the therapeutic effect of corticosteroids
for the patients with COVID-19 using multivariate analyses. Logistic regression, Cox proportional-hazards model
(Cox) and marginal structural modeling (MSM) were utilized to explore the relationship between the initiation
of corticosteroid therapy and 90-day mortality as well as
SARS-CoV-2 RNA clearance. Importantly, baseline and

time varying confounding factors were adjusted, with
MSM allowing for proper adjustment of time-dependent
confounding variables.

Methods
Study design and participants

We retrospectively studied all critically ill patients with
COVID-19 admitted to 10 Intensive Care Units (ICUs)
in Hubei province between December 30, 2019 and February 19, 2020. The data was censored on April 9, 2020.
All patients were consecutive. Those receiving chronic
corticosteroid therapy before the onset of critical illness
were excluded. COVID-19 was diagnosed according to
World Health Organization interim guidance. Critically
ill patients were defined as those admitted to the ICU
who required mechanical ventilation or had a fraction of
inspired oxygen of at least 60%. This study was approved
by the institutional ethics board of the participating medical centers (NO. 2020045).
Data collection

Data was extracted from the medical records of patients,
reviewed and verified by the research team from the
Department of Critical Care Medicine, Zhongnan Hospital of Wuhan University. Extracted data included
epidemic data, demographic data, comorbidities, complications, treatments and time course of illness. Laboratory
findings and respiratory mechanic variables on day 1 of
ICU admission were also collected. Severity of illness was
assessed using the Acute Physiology and Chronic Health
Evaluation (APACHE) II score and organ dysfunction was
assessed using the Sequential Organ Failure Assessment
(SOFA) score, both of which were recorded on day 1 of
ICU admission. The primary outcome was determined as
90-day mortality after ICU admission and secondary outcome as duration of SARS-CoV-2 RNA clearance.
ARDS was diagnosed according to the Berlin Definition
and acute kidney injury (AKI) was diagnosed according to the Kidney Disease: Improving Global Outcomes
(KDIGO) clinical practice guidelines [9, 10]. Acute cardiac injury was defined as blood levels of hypersensitive
troponin I above the upper reference limit (> 26.2 pg/ml).
Duration of SARS-CoV-2 RNA clearance was defined as
the time from ICU admission until the occurrence of two
negative Nucleic-acid Amplification tests (NAAT) without a positive test afterward. Corticosteroid therapy was
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defined as the use of systemic corticosteroids when dosage equivalent to at least 60 mg of hydrocortisone per day
[11]. The type, daily dose, and duration of corticosteroid
administration were collected. All preparations were converted to hydrocortisone-equivalent doses (methylprednisolone 1:5, dexamethasone 1:25, prednisolone 1:4).
Statistical analysis

Categorical variables were presented as frequency rates
and percentages. Continuous variables were described
using mean and standard deviations or medians and
IQR values according to the distribution of the data. We
compared characteristics of patients who received or not
received corticosteroid therapy using chi-square test or
Fisher’s exact test for categorical variables and student
t-test or Mann–Whitney test for continuous variables, as
appropriate. Subgroup analyses were performed by stratification to (1) high-dose corticosteroid therapy (≥ 300 mg
of hydrocortisone equivalent per day) and low-dose corticosteroid therapy (< 300 mg of hydrocortisone equivalent per day) versus no treatment with corticosteroids,
respectively; (2) corticosteroid therapy initiated in the
first 3 days of ICU admission versus no corticosteroid
therapy; (3) corticosteroid therapy started after Day 3
versus no corticosteroid therapy.
All statistical analyses were performed using R Project.
A p value less than 0.05 was considered statistically significant. We calculated the a priori sample size using online
software (A-priori Sample Size Calculator for Multiple
Regression: https://www.danielsoper.com/statcalc/calcu
lator.aspx?id=1). Totally, 14 variables were selected in
our study. We assumed that anticipated effect size was
15%, desired statistical power was 80%, alpha level (type
I error) was 0.05 [12–14]. The calculated sample size was
135. In current study, 294 patients were included (survivor: 148, non-survivor: 146). We tested the associations
of corticosteroid therapy and 90-day mortality or SARSCoV-2 RNA clearance using three approaches: logistic
regression, Cox and MSM.
Logistic regression

Logistic regression adjusted for baseline differences only.
We included in the multivariable model a priori–decided
baseline variables of clinical interest and all significant
variables at the univariable level (p < 0.2).
Cox proportional hazards regression

Cox was used to adjust for baseline differences and
immortal time bias. To examine outcomes as a time to
event (i.e., death), we performed a Cox adjusting for the
same above-mentioned baseline covariates with corticosteroid therapy as a time-varying covariate.
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Marginal structural model

MSM was used to adjust for baseline differences and
time varying confounders (indication bias and immortal time bias). Time-varying variables were determined
as PaO2/FiO2, ventilation status and SOFA scores on
the day of corticosteroid therapy initiation. Refining
marginal structural models involves the calculation of
two weights for each observation: treatment selection
weight and censoring weight. The treatment selection
weight at time k is a ratio of two weights. The numerator is the product of probabilities that a patient receives
his observed treatment at time k, given the baseline
variable. The denominator is calculated similarly by
incorporating the time-varying variable (SOFA on the
day, SOFA on the previous day, mode of ventilation on
the day and mode of ventilation on the previous day).
The weights are recalibrated until the first day of corticosteroid therapy and kept constant afterward. Since
SOFA scores were recorded on Days 1, 3, 7, 14, and 28,
we imputed missing values for the remaining days using
the following rules: (a) If ICU length of stay (LOS) ≥ 28,
we used linear interpolation for each of the intervals
4–6 days, 8–13 days and 15–27 days. (b) If 14 ≤ ICU
LOS ≤ 27, we used linear interpolation for 4–6 days and
8–13 days and the Last-Observation-Carried-Forward
method from day 15 onwards. (c) Missing values are
managed similarly for ICU LOS less than 14 days. Ventilation status was recorded also on Days 1, 3, 7, 14, and
28. We imputed the mode of ventilation between these
days using the Last-Observation-Carried-Forward
method.
The same approach was used to calculate the censoring weight for early patient dropout. Patients were considered censored at hospital discharge or at Day 90, and
the weights for censoring are calculated as the ratio of a
subject’s probability of remaining uncensored up to day
k. The final weight for each observation was obtained
by multiplying the treatment selection weights and
the censoring weights. We used weight truncation to
manage outliers; weights greater than the 95th percentile value were fixed at the 95th percentile value, and
weight less than the 5th percentile value were fixed at
the 5th percentile value. This process continued until
the mean of weight was close to 1. The time-varying
intercept was modeled by a smoothing function of
time, using restricted cubic splines with five knots for
days from beginning of follow-up day. For the analysis
of the associations of corticosteroid therapy and SARSCoV-2 RNA clearance, patients were censored if they
never cleared SARS-CoV-2 RNA or if they were discharged alive from the hospital before clearing SARSCoV-2 RNA.

Li et al. Crit Care

(2020) 24:698

Results
Patient characteristic

Data was collected from critically ill COVID-19 patients
who admitted to ten participating hospitals between
December 30, 2019 and February 19, 2020. Within the
study period, two patients were excluded due to longterm treatment with glucocorticoids prior to contraction of COVID-19, and seven cases were excluded due
to missing outcome variables. In total, 294 patients
with COVID-19 were included in this study. 183 of 294
patients (62.2%) received corticosteroid therapy (Table 1).
Immunosuppression was more common in non-corticosteroid group than in corticosteroid group. Troponin I
(TnI), bilirubin and SOFA scores of corticosteroid group
were higher than those of non-corticosteroid group.
Lymphopenia was more obvious in corticosteroid group
than in non-corticosteroid group. Respiratory failure
in patients receiving corticosteroid treatment was more
severe than that in patients not receiving corticosteroid
treatment, resulting in a lower PaO2/FiO2 value, higher
percentage of mechanical ventilation, longer ventilation duration, and higher frequency of ARDS. Secondary
infections are more likely to occur in the corticosteroid group during ICU stay. However, there was no significant difference in crude 90-day mortality between
patients treated with corticosteroid and those not treated
with corticosteroid (97 of 183 [53%] vs 49 of 111 [44%];
p = 0.18). 90-day survivors in the corticosteroid-treated
group took longer to clear RNA than those in the noncorticosteroid group (10 [5, 17.5] vs 7 [1, 15]; p = 0.049).
Details of corticosteroid use

The distribution of patients with or without steroid
therapy in 10 medical centers was shown in Fig. 1. The
most widely-used steroid was methylprednisolone
(Table 2), with 175 of 183 patients (96%) receiving methylprednisolone therapy and 11(6%) patients receiving
hydrocortisone therapy. The median of Hydrocortisone
equivalent per ICU day was 200 mg (IQR, 100–320.9)
and the median duration of steroids treatment was 9 days
(IQR, 5–14). The median of PaO2/FiO2 was 119 mmHg
(IQR, 82–200) and SOFA score was 4 (IQR, 3–6) at corticosteroid initiation. 127 of 183 (69.4%) patients received
corticosteroid treatment prior to ICU admission (Fig. 2).
The time of corticosteroid initiation before ICU admission is shown in Additional file 1: Figure S1.
The association of corticosteroid use and 90‑day mortality

Univariate analysis indicates that adverse outcomes are
positively correlated with clinical condition at the time
of ICU admission, including positive end-expiratory
pressure (PEEP), P
 aO2/FiO2, APACHE II score and

Page 4 of 10

laboratory testing (creatinine, TnI, bilirubin and platelet count) (Additional file 2: Table S1). Non-survivors
had more complications, including shock, ARDS and
AKI. Variables were included in the multivariate analysis if p value ≤ 0.2. In our logistic regression, adjusted
variables included age, hypertension, cardiovascular
disease, PEEP, plateau pressure, mean arterial pressure, creatinine, TnI, lymphocyte percentage, bilirubin, platelet count, secondary infection and APACHE
II score. After accounting for these adjustments, there
was no association between corticosteroid therapy and
90-day mortality (OR, 0.15; 95% CI 0.00, 2.59; p = 0.22)
(Table 3). There was also no significant association
between corticosteroid treatment and 90-day mortality when analyzed using Cox (HR, 1.37; 95% CI 0.54,
3.47; p = 0.51) and MSM (OR, 1.37; 95% CI 0.93, 2.02;
p = 0.11).
Sensitivity analysis was performed by comparing
patients who were treated with different dosages of
corticosteroids. MSM with inverse probability weighting analysis showed that both high and low dosage
of corticosteroid therapy were not associated with
mortality (corticosteroids > 300 mg/day vs no corticosteroids OR, 1.01; 95% CI 0.62, 1.64; p = 0.98; corticosteroids ≤ 300 mg/day vs no corticosteroids OR, 1.42;
95% CI 0.93, 2.17; p = 0.1). However, the initiation of corticosteroid in three days after ICU admission were associated with higher mortality in logistic regression model
(OR, 4.49, 95% CI 1.17, 17.25, p = 0.025), Cox (HR, 3.89;
95% CI 1.94, 7.82; p < 0.001) and MSM (OR, 2.32, 95%
CI 1.16, 4.65; p = 0.017). The association between corticosteroid therapy and higher 90-day mortality remained
unchanged after the adjustment for clustering by site
(data not shown).
SARS‑Cov‑2 RNA clearance

Unadjusted analyses showed significant differences in the
time of RNA clearance between patients receiving corticosteroid treatment and those who had not received corticosteroid treatment (10 days [IQR, 5–17.5] vs 7 days [1,
15], p = 0.049) (Table 1). Cox accounting for time-varying
exposure showed no significant association between initiation of corticosteroid therapy and time to SARS-CoV-2
RNA clearance (HR, 1.10; 95% CI 0.36, 3.37; p = 0.86)
(Table 3). Similarly, MSM analysis did not show significant association between corticosteroid therapy and
SARS-CoV-2 RNA clearance (OR, 0.85; 95% CI 0.63, 1.17;
p = 0.33). Sensitivity analysis also revealed that different
doses of corticosteroid were not associated with SARSCoV-2 RNA clearance. Although initiation of corticosteroids in 3 days after ICU admission promoted RNA
clearance in Cox (HR, 0.26; 95% CI 0.13, 0.54; p < 0.001),
this effect was no longer present after adjustment of time
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Table 1 Clinical characteristic of patients with COVID-19 in the corticosteroid therapy and no corticosteroid therapy
groups
Total, n = 294
Age, years
Male Sex

66 (56–75)
197 (67%)

Corticosteroids, n = 183
65 (56, 73)
151 (68%)

No corticosteroids, n = 111

p value

67 (56, 78.5)

0.14

73 (66%)

0.91

Comorbidity
Hypertension
Diabetes

134 (46%)

82 (45%)

52 (47%)

0.83

80 (27%)

53 (29%)

27 (24%)

0.47

Heart disease

68 (23%)

40 (22%)

28 (25%)

Chronic lung disease

36 (12%)

28 (15%)

8 (7%)

Cerebrovascular disease

31 (11%)

15 (8%)

16 (14%)

0.14

Immunosuppression

14 (5%)

7 (3%)

7 (10%)

0.047

PEEP,cmH2O
PaO2/FiO2, mmHg

9 (6, 10)
138 (86.5–204)

8 (6, 10)
119.5 (80, 181.5)

0.6
0.062

10 (6, 11)
176 (108, 260)

0.56
< 0.001

Platequ pressure, cmH2O

25 (21–26)

25 (22.5, 28)

25 (21, 26)

0.057

Mean arterial pressure, mmHg

90 (80–97)

90 (81, 97)

90 (80, 97)

0.7

Creatinine, μmol/L

76 (61.7–101.2)

Elevated TnI,

95 (41%)

76.35 (63.7, 100.8)
52 (35%)

72.65 (56.3, 103.4)

0.24

43 (51%)

0.024
0.028

Bilirubin, μmol/L

22.2 (13.2–24)

23 (14.72, 24)

21 (10.9, 24)

Platelet count, × 109/L

158 (114–207.3)

154 (113, 197.3)

168.1 (118.3, 229.8)

6.2 (2.6–11.3)

5.4 (2.1, 10.11)

7.2 (3.8, 15.3)

APACHEII score

14.5 (11, 18)

15 (11, 18)

13 (11, 17)

0.35

4 (3, 6)

3 (2, 5)

0.005

Lymphocyte percentage, %

SOFA score

4 (3–5.75)

0.1
0.006

Complication
Shock

121 (42%)

ARDS

214 (74%)

83 (46%)
146 (81)

38 (35%)

0.076

68 (62%)

< 0.001

AKI

90 (31%)

61 (34%)

29 (26%)

0.24

Secondary infection,

44 (15%)

34 (19%)

10 (9%)

0.039

230 (78.2%)

148 (80.8%)

46 (16%)

31 (17%)

Respiratory support received
Mechanical ventilation
Prone

82 (73.9%)

0.031

15 (14%)

0.56

ECMO

21 (7%)

17 (9%)

4 (4%)

0.1

Tracheotomy

23 (8%)

13 (7%)

10 (9%)

0.72

Requirement of CRRT

40 (14%)

26 (14%)

14 (13%)

0.83

7(4–10)

7(4–10)

7 (3–14)

0.13

11 (7–17)

11 (7.5, 16)

11 (6.5, 21)

0.91

7 (0, 13)

8 (2, 15)

3 (0, 10)

< 0.001

ICU length of stay, day

13 (7–22)

13.5(8–23)

Hospital length of stay, day

20 (12–32)

Symptom onset to hospital admission, day
Symptom onset to ICU admission, day
Duration of ventilation, day

90-day mortality
Time to RNA clearance among 90-day survivors, day

146 (50%)
9 (3–17)

21 (12.5–33)
97 (53%)
10 (5, 17.5)

13 (5–20)

0.57

17.5 (21–31)

0.34

49 (44%)

0.18

7 (1, 15)

0.049

Immunosuppression was defined as human immunodeficiency virus infection, malignancy, chemotherapy or organ transplantation. Laboratory and ventilator
parameters on Day 1 of ICU admission were presented. Data presented as n (%) or median (Q1–Q3)
PEEP positive end-expiratory pressure, Q quartile, SOFA Sequential Organ Failure Assessment, APACHEII acute physiology and chronic health evaluation, Tnl Troponin I,
ECMO extracorporeal membrane oxygenation, ARDS adult respiratory distress syndrome, AKI acute kidney injury

variables. In general, our analyses did not determine significant associations between corticosteroid treatment
and SARS-CoV-2 RNA clearance.

Discussion
Our study included 294 critically ill COVID-19
patients, with 62.2% patients having received corticosteroid therapy. Among those who received corticosteroid therapy, 96% were treated with methylprednisolone
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Fig. 1 The distribution of patients from different ICU centers treated
with or without corticosteroid

and 69.4% received corticosteroid treatment prior to
ICU admission. After adjustment of baseline and timedependent variables, an association between early corticosteroid treatment (≤ 3 days after ICU admission)
and higher mortality was observed. Additionally, our
study did not find an association between corticosteroid use and SARS-COV-2 RNA clearance.
Corticosteroids were widely used in the outbreaks
of COVID-19 [15]. Severe COVID-19 is associated
with a dysregulated host inflammatory response. The
increasing number of infected epithelial cells and cell
debrides trigger a massive cytokine release—the socalled ‘cytokine storm’ [16]. Histological examination of
lungs from COVID-19 patients showed diffuse alveolar
damage with cellular fibromyxoid exudates. Moreover,
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Fig. 2 Time to corticosteroid therapy initiation from ICU admission.
Day 0 includes patients who were already on corticosteroid therapy
when admitted to the ICU

interstitial mononuclear inflammatory infiltrates, dominated by lymphocytes, were visible in lungs [17]. These
findings provided a rationale for the use of corticosteroids in order to reduce inflammation. Consequently,
the most severely affected COVID-19 patients (those
with severe hypoxemic and higher SOFA scores) in our
study were administrated corticosteroids (particularly
methylprednisolone).
We found no significant association between corticosteroid treatment and 90-day mortality when subgroup
analysis was not performed. Similarly, in Siemieniuk
et al., short course treatment with methylprednisolone
in hospitalized patients with COVID-19 was not associated with a reduction in mortality [4]. However, the
RECOVERY trial by Huang et al. revealed that the use
of dexamethasone resulted in lower 28-day mortality in

Table 2 Description of corticosteroid therapy among 183 critically ill patients with COVID-19
Total, n = 183
Dexamethasonea

4 (2%)

Hydrocortisonea

11 (6%)

Methylprednisolonea
Prednisonea
Duration of corticosteroid treatment, day
Hydrocortisone equivalents per ICU day, mg/day

175 (96%)
3 (2%)
9 (5–14)
200 (100–320.9)

Duration between hospital admission and corticosteroid initiation, day

1 (0–5)

Duration between ICU admission and corticosteroid initiation, day

0 (0–2)

Duration between onset of ventilation and corticosteroid initiation, day
PaO2/FiO2 when corticosteroid initiation, mmHg
SOFA score when corticosteroid initiation

0 (0–4)
119 (82, 200)
4 (3, 6)

Q quartile, SOFA Sequential Organ Failure Assessment
a

Percentages of dexamethasone, hydrocortisone, methylprednisolone and prednisone add to more than 100% because some patients received one or more
formulation of corticosteroids. Data presented as n (%) or median (Q1–Q3)

1.17, 17.25

0.56, 2.12

0.71, 2.96

NA

0.00, 2.59

0.025

0.81

0.31

NA

0.22

3.89

1.06

1.42

0.62

1.37

1.94, 7.82

0.70, 1.59

0.94, 2.15

0.12, 3.26

0.54, 3.47

300 mg/day means hydrocortisone equivalents per ICU day

> 3 day or ≤ 3 day means initiation of corticosteroids in more than 3 or less than 3 days after ICU admission

b

< 0.001

0.8

0.099

0.57

0.51

p value

a

HR hazard ratio, OR odds ratio, CI confidence interval, MSM marginal structural model, NA not available

4.49

≤ 3 day initiation versus no corticosteroidsb

1.44

≤ 300 mg/day versus no Corticosteroidsa
1.08

NA

> 300 mg/day versus no corticosteroidsa

> 3 day initiation versus no corticosteroidsb

0.15

Corticosteroids versus no corticosteroids

95%CI

2.32

1.11

1.42

1.01

1.37

OR

1.16, 4.65

0.75, 1.66

0.93, 2.17

0.62, 1.64

0.93, 2.02

95%CI

0.017

0.6

0.1

0.98

0.11

p value

0.26

0.91

0.91

0.81

1.10

HR

0.13, 0.54

0.65, 1.25

0.22, 3.74

0.10, 6.38

0.36, 3.37

95%CI

< 0.001

0.55

0.89

0.84

0.86

p value

HR

p value

OR

95%CI

Cox proportional hazards
regression model

Cox proportional hazards
regression model

Logistic regression

Marginal structural model

SARS-CoV-2 RNA clearance

Day-90 mortality

Table 3 Association between corticosteroid therapy and day-90 Mortality or SARS-CoV-2 RNA Clearance

0.81

0.85

0.95

0.67

0.85

OR

0.43, 1.52

0.62, 1.17

0.68, 1.34

0.44, 1.02

0.63, 1.17

95%CI

0.5

0.33

0.78

0.062

0.33

p value

Marginal structural model
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patients randomized to receive invasive mechanical ventilation or oxygen alone, but not in patients who received
no respiratory support [1]. Dexamethasone was selected
in RECOVERY study, but methylprednisolone was the
most commonly-used corticosteroid in our study. Differences in treatment regimens may lead to different
anti-inflammatory effects and may have varying outcomes [18]. Additionally, the median duration of glucocorticoid therapy was 7 days in the RECOVERY trial and
9 days in our study. Long-term use of corticosteroids may
cause adverse effects that obscure their effectiveness.
Fadel et al. also showed that early short course of methylprednisolone reduced the requirement for mechanical
ventilation and mortality [19]. However, since this study
was a quasi-experimental study, the effects of multiple
independent variables and their interactions on dependent variables cannot be analyzed. Additionally, concerns
regarding statistical power should be considered in that
study.
Notably, association of early initiation of corticosteroid therapy (≤ 3 days after ICU admission) and higher
mortality was revealed when subgroup analysis was performed in our study, suggesting that patient selection had
an influence on the outcome in COVID-19 patients who
were initiated on corticosteroid treatment. For example,
Siemieniuk et al. showed that corticosteroid treatment
reduced mortality in hospitalized COVID-19 above the
age of 60, but had no beneficial effects less severe patients
[4]. Similarly, a benefit was not seen among less severe
patients who did not require oxygen support in RECOVERY trial; there was no statistically significant upward
trend in mortality [1]. Previous studies determined that
the median time of illness onset to ARDS was 12 days
for COVID-19 patients [20, 21]. In our study, the median
time of illness onset to ICU admission was 11 days, with
most corticosteroid therapy initiated prior to ICU admission. Therefore, we speculate that the adverse effects of
corticosteroid therapy may be harmful for COVID-19
patients without ARDS. The anti-inflammatory role of
steroids may be useful to mitigate the cytokine storm in
COVID-19 patients with ARDS [22, 23].
Our results did not reveal that corticosteroid use was
associated with SARS-CoV-2 RNA clearance. Several
observational studies have reported that corticosteroid therapy was linked to persistent viral RNA shedding in patients with avian influenza A (H7N9), MERS,
and SARS [24–26]. A retrospective study conducted by
Xu et al. showed that prolonged viral RNA shedding in
patients with COVID-19 was associated with corticosteroid treatment [27]. Herein, after adjusting for both
immortal bias and indication bias, we found that corticosteroid usage was not associated with prolonged
viral RNA shedding time. Accordingly, a retrospective
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COVID-19 study by Shi et al. indicated that corticosteroid had little effect on the duration of viral excretion
[28]. The adverse effects of early initiation of corticosteroid therapy may be mediated by other side effects
and require further investigation.
Our multi-center study analyzed the relationship
between corticosteroid treatment and 90-day mortality of COVID-19 patients using logistic regression, Cox
and MSM. Statistical power of our study is compelling
and credible evidence for the effect of the corticosteroid treatment in COVID-19 patients was supplied.
However, we also determined some limitations to our
analyses. Firstly, the majority (127/183 or 69%) of the
patients received corticosteroids prior to ICU admission, creating potential sampling bias, which may affect
the evaluation of the role of corticosteroids. Secondly,
we only focused on the effect of corticosteroids on mortality and RNA shedding. Arrhythmias, gastrointestinal
bleeding, secondary infection and other corticosteroidrelated side effects should be explored in future.

Conclusions
Our findings demonstrate that early corticosteroid
treatment (≤ 3 days after ICU admission) is associated
with an increased 90-day mortality rate. We recommend that methylprednisolone should not be used or
used with caution in the early stages of COVID-19.
Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13054-020-03429-w.
Additional file 1. Figure S1: The time of corticosteroid initiation before
and after ICU admission. Day 0 means the day of ICU admission. Day -10
means 10 days before ICU admission.
Additional file 2. Clinical characteristic of patients with COVID-19 in the
survivor and non-survivor.
Abbreviations
COVID-19: Coronavirus disease 2019; MSM: Marginal structural modeling;
SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; ICU: Intensive
care unit; ARDS: Acute respiratory dyspnea syndrome; MERS: Middle east respiratory syndrome; SARS: Severe acute respiratory syndrome; APACHE II score:
Acute Physiology and Chronic Health Evaluation II score; SOFA: Sequential
Organ Failure Assessment; AKI: Acute kidney injury; KDIGO: Kidney disease:
improving global outcomes; NAAT: Nucleic-acid amplification test; IQR: Interquartile range; PEEP: Positive end-expiratory pressure.
Acknowledgements
We would like to thank the staff of the department of Critical Care Medicine
of Wuhan University Zhongnan Hospital, Hubei Province, who contributed to
this study by collecting the required data in the hospital data system.
Authors’ contributions
YL drafted the manuscript. QM and ZZ performed the statistical analysis. XR,
BW, XZ, FD, TY, ZL, HF, JZ, XC, HL, YC, XH, XW and YY were responsible for the
data collection. DW participated in the design of the study and helped to

Li et al. Crit Care

(2020) 24:698

draft the manuscript. All authors read and approved the final version of the
manuscript.

Page 9 of 10

6.

Funding
This work was supported by Zhongnan Hospital of Wuhan University Science,
Technology and Innovation Seed Fund, Project znpy2019059.

7.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

8.

Ethics approval and consent to participate
The Ethic Board Committee of Wuhan University approved the study
(2020045).
Consent for publication
No individual participant data is reported that would require consent to publish from the participant (or legal parent or guardian for children).
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Critical Care Medicine, Zhongnan Hospital of Wuhan University, Wuhan, Hubei, China. 2 Department of Surgery, SUNY Upstate Medical
University, Syracuse, NY, USA. 3 Department of Critical Care Medicine, Xishui
People’s Hospital, Huanggang, Hubei, China. 4 Wuhan Third Hospital & Tongren
Hospital of Wuhan University, Wuhan, Hubei, China. 5 Department of Infectious Disease, Weihai Municipal Hospital, Weihai, Shandong, China. 6 Department of Critical Care Medicine, Wuhan Ninth Hospital, Wuhan, Hubei, China.
7
Department of Critical Care Medicine, Huangshi Central Hospital, Huangshi,
Hubei, China. 8 Department of Critical Care Medicine, Huanggang Central
Hospital, Huanggang, Hubei, China. 9 Department of Critical Care Medicine,
Tuanfeng People’s Hospital, Huanggang, Hubei, China. 10 Department of Critical Care Medicine, Shiyan People’s Hospital, Shiyan, Hubei, China. 11 Department of Critical Care Medicine, Huangshi Aikang Hospital, Huangshi, Hubei,
China. 12 Department of Critical Care Medicine, Huangmei People’s Hospital,
Huanggang, Hubei, China. 13 Department of Critical Care Medicine, Dongfeng
Motor General Hospital, Shiyan, Hubei, China. 14 Department of Ultrasound
Medicine, Zhongnan Hospital of Wuhan University, Wuhan, Hubei, China.
15
Department of Emergency Medicine, Sir Run Run Shaw Hospital, Zhejiang
University School of Medicine, Hangzhou, Zhejiang, China.
Received: 6 September 2020 Accepted: 7 December 2020

9.
10.
11.

12.
13.
14.
15.

16.
17.
18.
19.
20.

References
1. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X,
et al. Clinical features of patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet (London, England). 2020;395(10223):497–506.
2. Annane D, Pastores SM, Rochwerg B, Arlt W, Balk RA, Beishuizen A, Briegel
J, Carcillo J, Christ-Crain M, Cooper MS, et al. Guidelines for the diagnosis
and management of critical illness-related corticosteroid insufficiency
(CIRCI) in critically ill patients (part I): Society of Critical Care Medicine
(SCCM) and European Society of Intensive Care Medicine (ESICM) 2017.
Intensive Care Med. 2017;43(12):1751–63.
3. RECOVERY Collaborative Group, Horby P, Lim WS, Emberson JR, Mafham
M, Bell JL, Linsell L, Staplin N, Brightling C, Ustianowski A, et al. Dexamethasone in hospitalized patients with Covid-19—preliminary report. N
Engl J Med. 2020. https://doi.org/10.1056/NEJMoa2021436.
4. Siemieniuk RA, Bartoszko JJ, Ge L, Zeraatkar D, Izcovich A, Pardo-Hernandez H, Rochwerg B, Lamontagne F, Han MA, Kum E, et al. Drug treatments
for covid-19: living systematic review and network meta-analysis. BMJ
(Clin Res Ed). 2020;370:m2980.
5. Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, Huang H, Zhang L, Zhou X, Du C,
et al. Risk factors associated with acute respiratory distress syndrome and
death in patients with coronavirus disease 2019 pneumonia in Wuhan,
China. JAMA Intern Med. 2020;180:934–43.

21.
22.

23.

24.

25.

26.

Jeronimo CMP, Farias MEL, Val FFA, Sampaio VS, Alexandre MAA, Melo GC,
Safe IP, Borba MGS, Abreu-Netto RL, Maciel ABS, et al. Methylprednisolone
as adjunctive therapy for patients hospitalized with COVID-19 (Metcovid):
a randomised, double-blind, phase iib, placebo-controlled trial. Clin Infect
Dis. 2020. https://doi.org/10.1093/cid/ciaa1177.
Shintani AK, Girard TD, Eden SK, Arbogast PG, Moons KGM, Ely EW.
Immortal time bias in critical care research: application of timevarying Cox regression for observational cohort studies. Crit Care Med.
2009;37(11):2939–45.
Sjoding MW, Luo K, Miller MA, Iwashyna TJ. When do confounding by
indication and inadequate risk adjustment bias critical care studies? A
simulation study. Crit Care (London, England). 2015;19:195.
Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell E, Fan E,
Camporota L, Slutsky AS. Acute respiratory distress syndrome: the Berlin
definition. JAMA. 2012;307(23):2526–33.
Luo X, Jiang L, Du B, Wen Y, Wang M, Xi X. A comparison of different
diagnostic criteria of acute kidney injury in critically ill patients. Crit Care
(London, England). 2014;18(4):R144.
Kim S-H, Hong S-B, Yun S-C, Choi W-I, Ahn J-J, Lee YJ, Lee H-B, Lim C-M,
Koh Y. Corticosteroid treatment in critically ill patients with pandemic
influenza A/H1N1 2009 infection: analytic strategy using propensity
scores. Am J Respir Crit Care Med. 2011;183(9):1207–14.
Abramowitz M, Stegun IA, Romain JE. Handbook of mathematical
functions, with formulas, graphs, and mathematical tables. Phys Today.
1966;19(1):120–1.
Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed.
New York: Academic Press; 1988.
Cohen J, Cohen P, West SG, Aiken LS. Applied multiple regression/correlation analysis for the behavioral sciences. 3rd ed. Londoon: Routledge;
2003.
Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang H, Cheng Z,
Xiong Y, et al. Clinical characteristics of 138 hospitalized patients with
2019 novel coronavirus-infected pneumonia in Wuhan, China. JAMA.
2020;323:1061–9.
Shi Y, Wang Y, Shao C, Huang J, Gan J, Huang X, Bucci E, Piacentini M,
Ippolito G, Melino G. COVID-19 infection: the perspectives on immune
responses. Cell Death Differ. 2020;27(5):1451–4.
Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, Liu S, Zhao P, Liu H, Zhu L,
et al. Pathological findings of COVID-19 associated with acute respiratory
distress syndrome. Lancet Respir Med. 2020;8(4):420–2.
Becker DE. Basic and clinical pharmacology of glucocorticosteroids.
Anesth Prog. 2013;60(1):25–32.
Fadel R, Morrison AR, Vahia A, Smith ZR, Chaudhry Z, Bhargava P, Miller J,
Kenney RM, Alangaden G, Ramesh MS. Early short course corticosteroids
in hospitalized patients with COVID-19. Clin Infect Dis. 2020;71:2114–20.
Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X, et al.
Clinical course and risk factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: a retrospective cohort study. Lancet (London,
England). 2020;395(10229):1054–62.
Torres Acosta MA, Singer BD. Pathogenesis of COVID-19-induced ARDS:
implications for an ageing population. Eur Respir J. 2020;56(3):2002049.
Ye Z, Wang Y, Colunga-Lozano LE, Prasad M, Tangamornsuksan W,
Rochwerg B, Yao L, Motaghi S, Couban RJ, Ghadimi M, et al. Efficacy and
safety of corticosteroids in COVID-19 based on evidence for COVID-19,
other coronavirus infections, influenza, community-acquired pneumonia
and acute respiratory distress syndrome: a systematic review and metaanalysis. CMAJ. 2020;192(27):E756–67.
Hasan SS, Capstick T, Ahmed R, Kow CS, Mazhar F, Merchant HA, Zaidi STR.
Mortality in COVID-19 patients with acute respiratory distress syndrome
and corticosteroids use: a systematic review and meta-analysis. Expert
Rev Respir Med. 2020;14:1149–63.
Wang Y, Guo Q, Yan Z, Zhou D, Zhang W, Zhou S, Li Y-P, Yuan J, Uyeki
TM, Shen X, et al. Factors associated with prolonged viral shedding
in patients with avian influenza A(H7N9) virus infection. J Infect Dis.
2018;217(11):1708–17.
Arabi YM, Mandourah Y, Al-Hameed F, Sindi AA, Almekhlafi GA, Hussein
MA, Jose J, Pinto R, Al-Omari A, Kharaba A, et al. Corticosteroid therapy for
critically ill patients with Middle East respiratory syndrome. Am J Respir
Crit Care Med. 2018;197(6):757–67.
Lee N, Allen Chan KC, Hui DS, Ng EKO, Wu A, Chiu RWK, Wong VWS, Chan
PKS, Wong KT, Wong E, et al. Effects of early corticosteroid treatment

Li et al. Crit Care

(2020) 24:698

on plasma SARS-associated Coronavirus RNA concentrations in adult
patients. J Clin Virol. 2004;31(4):304–9.
27. Xu K, Chen Y, Yuan J, Yi P, Ding C, Wu W, Li Y, Ni Q, Zou R, Li X, et al. Factors
associated with prolonged viral RNA shedding in patients with coronavirus disease 2019 (COVID-19). Clin Infect Dis. 2020;71(15):799–806.
28. Shi D, Wu W, Wang Q, Xu K, Xie J, Wu J, Lv L, Sheng J, Guo J, Wang K,
et al. Clinical characteristics and factors associated with long-term viral

Page 10 of 10

excretion in patients with severe acute respiratory syndrome coronavirus
2 infection: a single-center 28-day study. J Infect Dis. 2020;222(6):910–8.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

