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Background/Aims: It is unclear whether corticosteroid use in patients with acute
respiratory distress syndrome (ARDS) improves survival. This study aimed to
investigate whether the administration of corticosteroids to patients in the early
phase of moderate to severe ARDS is associated with improved outcomes.
Methods: We analyzed the data of patients who received corticosteroids within 7
days of the onset of ARDS between June 2006 and December 2015 at a single tertia-
ry teaching hospital. A total of 565 patients admitted with moderate to severe ARDS
were eligible. The outcomes of patients treated with methylprednisolone 40 to 180
mg/day or equivalent (n = 404) were compared to those who did not receive steroids
(n = 161). The primary and secondary outcomes were 28- and 9o-day mortality
rates, respectively. Propensity scores were used to adjust for baseline covariates.
Results: The overall mortality at 28 days was not significantly different between
the corticosteroid-treated and control groups (43.8% vs. 41%, p = 0.541). At 9o days,
the overall mortality rate was higher in the corticosteroid-treated group than
in the control group (59.2% vs. 48.4%, p = 0.021). However, on propensity score
matching, corticosteroid therapy was not associated with a higher 28-day mortal-
ity rate (odds ratio, 1.031; 95% confidence interval, 0.657 to 1.618; p = 0.895) and 9o
days (odds ratio, 1.435; 95% confidence interval, 0.877 to 2.348; p = 0.151).
Conclusions: Corticosteroid therapy was not associated with 28- or go-day mor-
tality in the early phase of moderate to severe ARDS on propensity score matching
analysis.
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INTRODUCTION

tion in the lung, severely impairing gas exchange and
compromising lung compliance [3]. Acute pulmonary

Acute respiratory distress syndrome (ARDS) is a type
of acute hypoxemic respiratory failure characterized by
pulmonary edema due to increased permeability of the
pulmonary capillary endothelial and alveolar epithelial
cells [1,2]. Diffuse alveolar damage, which occurs in the
acute or exudative phase of ARDS, disrupts barrier func-
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inflammation, which involves various types of inflam-
matory cells and mediators, may be responsible for the
pathogenesis of ARDS [4]. Corticosteroids, which feature
potent anti-inflammatory and anti-fibrotic effects, may
be beneficial in the treatment of ARDS.

However, it is unclear whether the use of corticoste-
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roids improves survival; additionally, the drug, dose,
timing, and therapeutic duration with corticosteroids
remain uncertain. Previous randomized trials failed to
show convincing evidence of a reduced mortality rate
with corticosteroid use in ARDS [5-8]. However, me-
ta-analyses suggest that the use of low-dose corticoste-
roids may be associated with reduced mortality and that
the early administration of low-dose corticosteroids
may improve survival in patients with ARDS [9,10]. The
ARDSnet study demonstrated that the administration of
corticosteroids for more than 14 days after the onset of
ARDS is associated with increased mortality [6]. Takaki
et al. [11] recently reported that initial high-dose corti-
costeroid therapy followed by a tapering regimen (vs. a
low-dose regimen) might worsen prognosis in ARDS.
A nationwide Japanese study showed that the mortality
rate was higher with methylprednisolone at doses great-
er than 500 mg/day compared to the low-dose cortico-
steroid therapy [12].

It remains unclear whether the administration of low
to moderate doses of corticosteroids in patients with
ARDS is associated with improved outcomes. Therefore,
we aimed to investigate the short- and long-term mor-
tality rates associated with corticosteroid use in early
ARDS and identify the factors associated with mortality.

METHODS

Study design and eligible patients
This retrospective study was conducted in the medical
intensive care unit of Asan Medical Center, a 2,700-bed
tertiary referral hospital in Seoul, Korea. We included
patients aged 18 years or older meeting ARDS criteria
according to the Berlin definition [13]. Data on patients
with ARDS who received corticosteroids within 7 days
of the onset of ARDS between June 2006 and December
2015 were collected. Patients were categorized into the
corticosteroid-treated group or the control group.
Patients were excluded if they met any of the following
criteria: (1) initiation of corticosteroid therapy prior to
the onset of ARDS; (2) initiation of corticosteroid ther-
apy more than 7 days after the onset of ARDS; (3) sin-
gle-dose therapy or less than 40 mg/day of methylpred-
nisolone or equivalent; (4) treatment with a dose greater
than 180 mg/day of methylprednisolone or equivalent;
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or (5) medical history indicating interstitial lung disease.
The Institutional Review Board of Asan Medical Cen-
ter approved this study and granted a waiver of consent
given its retrospective design (approval No.: 2015-0164).

Data collection and definitions

At the time of intensive care unit (ICU) admission, data
on age, sex, body mass index, Sequential Organ Failure
Assessment (SOFA) score, underlying disease, partial
pressure of oxygen/fraction of inspired oxygen (PaO,/
FiO,) ratio, and cause of ARDS were collected. PaO_/
FiO, ratio, radiologic findings, SOFA score, and clinical
course were reanalyzed for the diagnosis of ARDS and
sepsis based on the Berlin definition and sepsis-3 cri-
teria. The timing of treatment initiation and duration
were analyzed, and the corticosteroid dose was convert-
ed to the methylprednisolone equivalent. Treatment
in the “early” phase was defined as initiating methyl-
prednisolone or equivalent within 7 days of the onset of
ARDS. The corticosteroid dose was defined as methyl-
prednisolone 40 to 180 mg comparable to 1 to 2 mg/kg of
methylprednisolone as used in previous studies [6,7]. In
this study, 25 patients who received a methylpredniso-
lone dosage of 240 to 1,000 mg were excluded. Data from
routine blood investigations including white blood cell
count, platelet count, serum albumin and C-reactive
protein levels, arterial blood gas analysis results, and
lactic acid levels were collected. ARDS was classified as
being of pulmonary or extra-pulmonary origin based on
etiology. Pneumonia was defined as the appearance of a
new lung infiltrate on the chest radiograph with clini-
cal evidence suggestive of an infectious origin, includ-
ing new onset fever, purulent sputum, leukocytosis, and
decreased oxygenation. Hospital-associated pneumonia
(HAP) was defined as pneumonia not incubating at the
time of hospital admission and occurring 48 hours or
more after admission. Ventilator-associated pneumonia
(VAP) was defined as pneumonia occurring more than
48 hours after endotracheal intubation [14]. Patients
with healthcare-associated pneumonia (HCAP) included
those who were hospitalized in an acute care hospital for
2 or more days within go days of the infection; resided
in a nursing home or long-term care facility; received
recent intravenous antibiotic therapy, chemotherapy, or
wound care within 30 days prior to the current infection;
or attended a hospital or hemodialysis clinic [15]. Sepsis
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and septic shock were defined according to the sepsis-3
definition [16]. The above diagnoses were established
comprehensively based on medical history, blood inves-
tigations, and imaging findings by electronic medical
record review. The primary and secondary outcomes
were 28- and go-day mortality rates, respectively.

Statistical analysis
Continuous variables are presented as median (inter-
quartile range [IQR]) or mean + SD. Categorical variables
are presented as number (percentage). The chi-square
test or Fisher’s exact test was used to compare categorical
variables, while Student’s ¢ test or the Mann-Whitney U
test was used to compare continuous variables as appro-
priate. Uni- and multivariate logistic regressions using
the backward elimination method were performed to
identify factors associated with 28- and go-day mortali-
ty. Multivariate analysis was performed using variables
with a p value less than o.2 on univariate analysis. The
model calibration was evaluated using the Hosmer-Le-
meshow goodness-of-fit test. The results are summa-
rized as adjusted odds ratio (OR) and 95% confidence
interval (CI). All statistical analyses were two-sided, and p
values less than o.05 were considered statistically signif-
icant. All analyses were performed using SPSS Statistics
version 22.0 (IBM Corp., Armonk, NY, USA).
Corticosteroids were administered to patients with
hematologic disease, post-transplantation state, and
pulmonary ARDS, suggesting a discrepancy in base-
line disease severity between patients who received and
those who did not receive corticosteroids. A propensity
score (PS) analysis was performed to account for the in-
tergroup differences in baseline characteristics and dis-
ease severity (Supplementary Table 1).

RESULTS

During the study period, 1,306 ICU patients met the Ber-
lin definition of ARDS. Among 565 patients with mod-
erate to severe ARDS, those treated with corticosteroids
(n = 404) were compared to those who were not treated
with corticosteroids (n = 161) (Fig. 1). Commonly used
corticosteroids included hydrocortisone (253 patients
[62.6%]), methylprednisolone (141 patients [34.9%]),
dexamethasone (eight patients [2.0%)]), and predniso-
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| 1,306 Patients met ARDS criteria |

158 Patients excluded due to PaO,/FiO,
ratio > 200

| 1,148 Patients with moderate to severe ARDS |

—

987 Patients treated with

161 Patients not treated with corticosteroid therapy
corticosteroids

583 Patients excluded:
281 Received corticosteroids prior to onset of ARDS
110 Received corticosteroids beyond 7 days after
onset of ARDS
147 Received a single dose or less than 40 mg/day
of methylprednisolone
25 Received more than 180 mg/day of

methylprednisolone
20 Had medical history of interstitial lung disease

404 Patients in the
corticosteroid-treated group

Figure 1. Flow chart of the patients. ARDS, acute respiratory
distress syndrome; FiO,, fraction of inspired oxygen; PaO,,
arterial partial pressure of oxygen.

lone (two patients [0.5%]) (Supplementary Table 2). The
median duration of corticosteroid use was 13 days (IQR,
6 to 29 days). Pneumonia (61.4%), sepsis (15.8%), and as-
piration (9.9%) were the most common causes of ARDS.
The median PaO_/FiO, ratio was 100 (IQR, 71 to 136),
while the mean SOFA score at ICU admission was 11 +
4. There were no significant intergroup differences in
SOFA score or PaO,[FiO, ratio (Table 1).

The outcomes of the patients with ARDS are shown
in Table 2. The overall 28-day mortality rate was 43.0%,
while the go-day mortality rate was 56.1%. The mortal-
ity rate at 28 days did not differ significantly between
the corticosteroid-treated and control groups (43.8% vs.
41.0%, p = 0.541). However, the mortality rate at go days
was higher in the corticosteroid-treated group than in
the control group (59.2% vs. 48.4%, p = 0.021). Length
of ICU stay was longer in the corticosteroid-treated
group than in the control group (16 days vs. 10 days, p <
o0.001). The mean mechanical ventilation—free days un-
til day 28 was longer in the control group than in the
corticosteroid-treated group (9.7 + 10.5 days vs. 7.3 + 9.1
days, p = 0.013). The rate of bacteremia was significantly
higher in the corticosteroid-treated group than in the
control group (41.1% vs. 30.4%, p = 0.019). There was no
significant intergroup difference in the incidence of
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Characteristic Total(n=565)  Control (n=161)  Corticosteroid-treated (n = 404) pvalue
Age, yr 63 +13 63 +15 63+13 0.932
Male sex 379 (67.1) 122 (75.8) 257 (63.6) 0.006
SOFA score 114 114 11+4 0.416
Body mass index, kg/m? 22.6 + 4.0 22.8+4.6 22.5+3.7 0.559
Glasgow coma score 3(2-9) 4(2-9) 2(2—9) 0.416
PaO,/FiO, ratio 100 (71-136) 105 (77-141) 97 (67-133) 0.065
Comorbidity
Diabetes mellitus 182 (32.2) 60 (37.3) 122 (30.2) 0.105
Solid tumor 169 (29.9) 58(36.0) 111 (27.5 0.045
Cardiovascular disease 38(6.7) 12 (7.5) 26 (6.4) 0.663
Chronic pulmonary disease 77 (13.6) 19 (11.8) 58 (14.4) 0.424
Chronic kidney disease 45 (8.0) 12 (7.5) 33(8.2) 0.777
Cerebrovascular disease 43(7:6) 17 (10.6) 26 (6.4) 0.095
Hematologic disease 73 (12.9) 11 (6.8) 62 (15.4) 0.007
Chronic liver disease 73 (12.9) 30 (18.6) 43 (10.6) 0.011
Post-transplant 49 (8.7) 4(2.5) 45 (12) 0.001
Cause of ARDS
CAP 100 (17.7) 26 (16.2) 74 (18.3) 0.542
HCAP 147 (26.0) 28 (17.4) 119 (29.5) 0.003
HAP 100 (177 32(19.9) 68 (16.8) 0.392
Aspiration 56 (9.9) 23 (14.3) 33(8.2) 0.028
Other? 35(6.2) 5(31) 30(7.4) 0.055
Sepsis 89 (15.8) 27 (16.8) 62 (15.4) 0.675
Non-sepsis® 31 (5.5) 14 (8.7) 17 (4.2) 0.035
Pulmonary cause 434 (76.8) 112 (69.6) 322(79.7) 0.010
Extrapulmonary cause 117 (20.7) 41 (25.5) 76 (18.8) 0.078

Values are presented as mean + SD, number (%), or median (interquartile range).
SOFA, sequential organ failure assessment; PaO,, arterial partial pressure of oxygen; FiO,, fraction of inspired oxygen; ARDS,
acute respiratory distress syndrome; CAP, community-acquired pneumonia; HCAP, healthcare-associated pneumonia; HAP,

hospital-acquired pneumonia.

30Other cause of ARDS included drowning (n = 3), inhalation (n = 2), vasculitis (n = 4), diffuse alveolar hemorrhage (n = 14), and

drug-induced (n =12).

"Non-sepsis included pancreatitis (n = 1), transfusion-related acute lung injury (n = 23), trauma (n = 6), and anaphylaxis (n = 1).

Clostridium difficile infection and VAP. The incidence of
pneumothorax was higher in the corticosteroid-treated
group (10.9% vs. 3.7%, p = 0.007).

On multivariate analysis, the SOFA score (OR, 1.143;
95% CI, 1.086 t0 1.206; p < 0.001), presence of solid tumor
(OR, 2.102; 95% CI, 1.430 t0 3.105; p < 0.001), chronic liver
disease (OR, 2:389; 95% CI, 1.370 to 4.247; p = 0.003), and
hematologic disease (OR, 1.982; 95% CI, 1.176 to 3.371; p
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= 0.011) were significantly associated with 28-day mor-
tality (Table 3). The go-day mortality rate was associat-
ed with corticosteroid therapy (OR, 1.794; 95% CI, 1.199
to 2.695; p = 0.005), SOFA score (OR, 1.121; 95% CI, 1.065
to 1182; p < o.001), presence of solid tumor (OR, 2.533;
95% CI, 1.696 to 3.825; p < 0.001), chronic liver disease
(OR, 2.228; 95% CI, 1.269 to 4.268; p = 0.007), hematologic
disease (OR, 3.068; 95% CI, 1.710 to 5.747; p < 0.001), and
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Table 2. Outcomes of patients with acute respiratory distress syndrome
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Variable Control (n =161) Corticosteroid-treated (n = 404) pvalue
28-Day mortality 66 (41.0) 177 (43.8) 0.541
90-Day mortality 78 (48.4) 239 (59.2) 0.021
No. of ventilator-free days at day 28 9.7+10.5 73+0.1 0.013
Tracheostomy 49 (30.4) 158 (39.1) 0.053
Hospital stay, day 23 (14—45) 28 (15-52) 0.121
ICU stay, day 10 (5-19) 16 (8-28) < 0.001
Duration of mechanical ventilation 8 (4-12) 12 (7-18) <0.001
Bacteremia 49 (30.4) 166 (41.1) 0.019
Clostridium difficile infection 5(3.1) 18 (4.5) 0.464
Ventilator-associated pneumonia 5(3-1) 29 (7.2) 0.066
Pneumothorax 6(37) 44 (10.9) 0.007

Values are presented as number (%), mean + SD, or median (interquartile range).

ICU, intensive care unit.

Table 3. Factors associated with 28-day mortality

Univariate analysis

Multivariate analysis

Variable
OR (95% CI) pvalue OR (95% CI) pvalue
Age, yr 1.000 (0.988-1.013) 0.952
Male sex 1.177 (0.827-1.675) 0.365
SOFA score 1.164 (1.108-1.222) <0.001 1.143 (1.086-1.200) <0.001
Body mass index 0.991 (0.951-1.034) 0.684
Glasgow Coma Scale score 0.967 (0.934-1.001) 0.060
Corticosteroid use 1.116 (0.771-1.616) 0.560 1.176 (0.788-1.762) 0.430
Diabetes mellitus 0.992 (0.695-1.416) 0.965
Solid tumor 1.753 (1.219—2.520) 0.002 2.102 (1.430-3.105) <0.001
Cardiovascular disease 0.656 (0.328-1.311) 0.233
Chronic pulmonary disease 0.755 (0.460-1.237) 0.264
Chronic kidney disease 0.854 (0.459—1.589) 0.618
Cerebrovascular disease 0.537 (0.274-1.054) 0.071
Hematologic disease 1.913 (1.163-3.146) 0.011 1.982 (1.176-3.371) 0.011
Chronic liver disease 3.057 (1.817-5.145) <0.001 2389 (1.370—4.247) 0.003
Post-transplant 0.733 (0.400—1.345) 0316
CAP 0.441 (0.275-0.707) 0.001
HCAP 1.204 (0.826-1.757) 0334
HAP 1.129 (0.731-1,742) 0.585
Aspiration 1.138 (0.654-1.981) 0.646
Other 0.575 (0.276-1.199) 0.140
Sepsis 1.934 (1.223-3.058) 0.005
Non-sepsis 0.700 (0.329-1.489) 0.354

OR, odds ratio; CI, confidence interval; SOFA, Sequential Organ Failure Assessment; CAP, community-acquired pneumonia;
HCAP, healthcare-associated pneumonia; HAP, hospital-acquired pneumonia.
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Table 4. Factors associated with 9o-day mortality

Univariate analysis

Multivariate analysis

Variable

OR (95% CI) pvalue OR (95% CI) pvalue
Age, yr 1.009 (0.997-1.022) 0.139
Sex, male 0.988 (0.694-1.408) 0.949
SOFA score 1.136 (1.083-1.191) <0.001 1.121 (1.065-1.182) <0.001
Body mass index 0.982 (0.942-1.024) 0.392
Glasgow Coma Scale score 0.956 (0.924-0.989) 0.009
Corticosteroid use 1.541 (1.068-2.225) 0.021 1.794 (1.199—2.695) 0.005
Diabetes mellitus 0.846 (0.593-1.200) 0.354
Solid tumor 2.123 (1.452-3.105) <0.001 2.533 (1.696-3.825) <0.001
Cardiovascular disease 0.860 (0.445-1.664) 0.655
Chronic pulmonary disease 0.687 (0.424-1.112) 0.127
Chronic kidney disease 0.601 (0.325-1.109) 0.103
Cerebrovascular disease 0.659 (0.353-1.229) 0.190
Hematologic disease 2.682 (1.531—4.700) 0.001 3.068 (1.710-5.747) <0.001
Chronic liver disease 2.475 (1.425—4.298) 0.001 2.288 (1.269—4.268) 0.007
Post-transplant 0.610 (0.339-1.100) 0.101 0.429 (0.222-0.816) 0.011
CAP 0.500 (0.323—0.775) 0.002
HCAP 1.231 (0.840-1.804) 0.286
HAP 1.277 (0.821-1.986) 0.278
Aspiration 1.234 (0.702—2.169) 0.465
Other 0.641 (0.322-1.273) 0.204
Sepsis 1.763 (1.093-2.845) 0.020
Non-sepsis 0.410 (0.193-0.872) 0.021

OR, odds ratio; CI, confidence interval; SOFA, Sequential Organ Failure Assessment; CAP, community-acquired pneumonia;
HCAP, healthcare-associated pneumonia; HAP, hospital-acquired pneumonia.

Table 5. Analysis of patient outcomes

Variable OR (95% CI) pvalue
28-Day mortality

Univariate adjusted 1.116 (0.771-1.616) 0.560
Multivariate adjusted 1.176 (0.788-1.762) 0.430
Propensity score matched 1.031 (0.657-1.618) 0.895
9o-Day mortality

Univariate adjusted 1.541 (1.068-2.225) 0.021
Multivariate adjusted 1.794 (1.199-2.695) 0.005
Propensity score matched 1.435 (0.877—2.348) 0.151

OR, odds ratio; CI, confidence interval.

post-transplant status (OR, 0.429; 95% CI, 0.222 to 0.816;
p = o.011) (Table 4).
Propensity-matched analysis (Table 5) showed that
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corticosteroid therapy was not associated with 28-day
(OR, 1.031; 95% CI, 0.657 to 1.618; p = 0.895) or go-day
mortality (OR, 1.435; 95% CI, 0.877 to 2.348; p = 0.151).
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DISCUSSION

Here we investigated the effect of corticosteroid ther-
apy on survival in the early phase of ARDS. We could
not demonstrate an association between corticosteroid
therapy and short-term mortality; on the contrary, it
increased the odds of longer-term mortality. Besides,
the incidence of complications including bacteremia
and pneumothorax was higher in patients treated with
corticosteroids. According to our results, corticosteroid
use was not associated with go-day mortality after PS
matching.

In this study, we aimed to identify the efficacy of cor-
ticosteroids in the early phase of ARDS. However, there
were significant differences in the baseline character-
istics between the corticosteroid-treated and control
groups. The corticosteroid-treated patients had a higher
incidence of hematologic disease, post-transplantation
state, and pulmonary ARDS. The median PaO,/FiO, ra-
tio tended to be lower in patients treated with cortico-
steroids. Corticosteroid use in patients with ARDS did
not affect survival after PS matching. The higher lon-
ger-term mortality in the corticosteroid-treated group
may be associated with the underlying disease, such as
hematologic malignancy, or post-transplantation state.

Corticosteroid use at 3 to 7 days after the onset of ARDS
reportedly improves survival [7,9,17-19]. Meduri et al. [7]
emphasized the importance of the downregulation of
systemic inflammation in the early phase of ARDS. Lee
et al. [17] suggested that fibroproliferation is an early re-
sponse to lung injury and is inhibited by early low-dose
steroid therapy. According to a previous report on the
histological stages of ARDS based on autopsy findings,
proliferative changes were noted in only 54% of patients
with ARDS of less than 1-week duration [20]. Therefore,
it is difficult to explain the beneficial effect of cortico-
steroids in the early phase of ARDS with heterogeneity.

One potential adverse effect of corticosteroid therapy
is hospital-acquired infections. Previous studies demon-
strated that low-dose corticosteroids do not increase the
incidence of infectious complications [6,7]. However,
Peter et al. [21] reported a trend toward an increased risk
of infection with increasing corticosteroid dose. In a
meta-analysis, Ruan et al. [22] found that corticosteroids
tended to decrease the infection risk in randomized
controlled studies (risk ratio, 0.83; 95% CI, 0.65 to 1.06)
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but they increase the infection risk in cohort studies
(risk ratio, 1.35; 95% CI, 0.99 to 1.84). We noted a high-
er incidence of bacteremia in the corticosteroid-treated
group. These observations indicate that the use of cor-
ticosteroids could be associated with a higher incidence
of infective complications. Furthermore, prolonged
ICU stays and ventilation duration were observed in
the corticosteroid-treated group. Ventilation duration
is thought to increase the likelihood of barotrauma [23]
and was longer in the corticosteroid-treated group than
in the control group (12 days vs. 8 days, p < 0.001). The
higher incidence of pneumothorax may have contribut-
ed to the longer ICU stay [24].

There are several clinical guidelines for the manage-
ment of ARDS with conflicting recommendations [25-
28]. Korean and Scandinavian guidelines recommended
against routine corticosteroid use because there was no
significant survival benefit of corticosteroids [25,26]. In
the Japanese guideline, corticosteroid use was suggested
because the corticosteroid therapy was associated with
a decreased duration of mechanical ventilation and did
not significantly increase the infection rate [28]. Howev-
er, as shown in our study results, concern about infec-
tious complications of corticosteroid therapy continues.
As highlighted in the Scandinavian guideline, cortico-
steroid therapy should target subgroups in which cor-
ticosteroids are indicated. Therefore, further studies to
identify subgroups that are likely to respond to cortico-
steroids are needed.

Our study has several limitations. First, it was not a
randomized controlled trial, thus there were baseline
intergroup discrepancies in patient characteristics and
disease severity. The corticosteroid-treated group had a
higher proportion of female patients, hematologic dis-
ease, post-transplantation status, and pulmonary cause
than the control group. Patients with more serious
illnesses might have been included in the corticoste-
roid-treated group, although we performed PS match-
ing to minimize these baseline differences. Second, this
is a retrospective study with a 10-year study period. The
choice of drug or treatment duration was not standard-
ized. Clinicians determined the treatment based on the
clinical course of patients based on the Meduri proto-
col [8] or Surviving Sepsis Campaign Guidelines [29].
Third, the long study period enabled the enrollment
of more patients, while changes in treatment protocol,
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such as prone positioning and neuromuscular blocking
agents might affect survival. Fourth, we did not present
data on the incidence of ICU-acquired weakness, hy-
perglycemia, and mechanical ventilation parameters.
Nonetheless, the strengths of this study include its large
sample size with the diagnosis of ARDS based on the
Berlin definition and evaluation of the effect of low to
moderate doses of corticosteroids in the early phase of
ARDS. Considering the conflicting evidence from previ-
ous studies, there may be subgroups of ARDS patients in
whom corticosteroid treatment may improve outcomes.
Therefore, caution should be exercised while consider-
ing corticosteroid therapy for ARDS patients until these
subgroups are identified. In addition, a prospective
multicenter study is needed to provide more convincing
evidence of the effect of corticosteroid in ARDS.

In conclusion, here we observed no survival benefit
with corticosteroid therapy in the early phase of moder-
ate to severe ARDS; on the contrary, it may be associated
with a higher incidence of 9o-day mortality. Adjunctive
corticosteroids should be carefully considered in the
treatment of ARDS.

KEY MESSAGE

1. There was no survival benefit of corticosteroid
therapy in the early phase of moderate to se-
vere acute respiratory distress syndrome.

2. The incidence of complications, including
bacteremia and pneumothorax was higher in
patients treated with corticosteroids.
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Supplementary Table 1. Patient characteristics after propensity score matching

. Total data (n = 565) Matched data (n = 268)
Characteristic -
Steroid No (n =161) Yes(n=404) pvalue SDM No(m=134) Yes(n=134) SDM
Sex 0.006  0.267 0.052
Male 122 (75.78) 257 (63.61) 100 (74.63) 103 (76.87)
Female 39 (24.22) 147 (36.39) 34(2537) 31(3-3)

Age, yr 63.006+14.626  03.114+12.957 0.932 0.008 063.61+14.46 63.77+12.88 o0.011

Body mass index, kg/m? 22769 +£4.604  22.5290%3.730 0559 0.057 22.41%434 22.40%3.57  0.002

Diabetes mellitus No 101 (62.73) 282(69.8)  ©0.105 ©0.150 87(64.93) 84(62.69) o0.047
Yes 60 (37.27) 122 (30.2) 47(35.07) 50 (37.31)

Solid tumor No 103 (63.98) 293(72.52)  0.045 0.184 89 (66.42) 88(65.67) ©0.016
Yes 58 (36.02) 111 (27.48) 45(33:58) 46 (34.33)

Cardiovascular disease No 149 (92.55) 378(93.56) 0.663 ©0.040  123(91.79) 124(92.54) 0.028
Yes 12(7.45) 26 (6.44) 11(8.21) 10 (7.46)

Pulmonary disease No 142 (88.2) 346 (85.64) 0.424 0.076 116 (86.57) 118 (88.06) 0.045
Yes 19 (11.8) 58 (1436) 18 (13.43) 16 (11.94)

Chronic kidney disease No 149 (92.55) 371(91.83) 0777  0.027 123 (91.79) 122 (91.04)  0.027
Yes 12 (7.45) 33(8.17) 11(8.21) 12 (8.96)

Cerebrovascular disease No 144 (89.44) 378(93.56) ©0.095 0148  120(89.55) 122(91.04)  0.050
Yes 17 (10.56) 2.(66.44) 14 (10.45) 12.(8.96)

Hematologic disease No 150 (93.17) 342(84.65) ©0.007 0.274 123 (91.79) 126 (94.03)  0.087
Yes 11(6.83) 62 (15.35) 11(8.21) 8(5.97)

Chronic liver disease No 131 (81.37) 361(89.36) o.011  0.228  116(86.57) 113 (84.33)  0.064
Yes 30(18.63) 43 (10.64) 18 (13.43) 21 (15.67)

Post-transplant state No 157 (97.52) 350 (88.86) ©0.001 0349 130 (97.01) 128(95.52)  0.079
Yes 4(2.48) 45 (11.14) 4(2-99) 6 (4.48)

GCS score 4(2-9) 2(2-9) 0.788  0.026 4(2-9) 3(2-14) 0.042

SOFA score 11.081 +3.679 11366+3.798  0.416 ©0.076 11.01+3.69 10.93+3.63  0.025

Community-acquired pneumonia ~ No 135 (83.85) 330(81.68) 0542 ©0.057  110(82.09)  112(83.58) 0.040
Yes 26 (16.15) 74 (18.32) 24 (17.91) 22 (16.42)

Healthcare-associated pneumonia ~ No 133 (82.61) 285(70.54) ©0.003 ©0.288  111(82.84)  111(82.84) 0.000
Yes 28 (17.39) 119 (29.46) 23 (17.16) 23 (17.16)

Hospital-acquired pneumonia No 129 (80.12) 336(83.17) 0392 ©0.079  111(82.84) 109(8134) 0.039
Yes 32(19.88) 68(16.83) 23 (17.16) 25 (18.66)

Aspiration No 138 (85.71) 371(91.83)  0.028  0.195 117 (87.31) 114 (85.07)  0.065
Yes 23 (14.29) 33 (8.17) 17 (12.69) 20 (14.93)

Others No 156 (96.89) 374(92.57)  0.055 0.194  129(96.27)  128(95.52) 0.038
Yes 5(3.11) 30 (7.43) 5(3.73) 6(4.48)

Sepsis No 134 (83.23) 342(84.65)  0.675 ©0.039 109 (81.34) 107 (79.85)  0.038
Yes 27 (16.77) 62 (15.35) 25 (18.66) 27 (20.15)

Non-sepsis No 147 (91.3) 387(9579) ©0.035 ©0.183 122 (91.04) 125(93.28)  0.083
Yes 14(8.7) 17 (4.21) 12.(8.96) 9 (6.72)

Values are presented as number (%), mean + SD, or median (interquartile range). Categorical variables: chi-square test or Fish-
er’s exact test (discrimination: c-statistics = 0.792; calibration: Hosmer-Lemeshow statistics p value = 0.1580). Continuous vari-
ables: Student’s t test.

SDM, standardized difference of the mean; GCS, Glasgow Coma Scale; SOFA, Sequential Organ Failure Assessment.
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Supplementary Table 2. Duration and dose of corticosteroids

Corticosteroids Total (n = 404) Equivalent dose, mg Duration, day
Methylprednisolone 141 (34.9) 93+37 31+29
Hydrocortisone 253 (62.6) 44+8 20%30
Dexamethasone 8(2.0) 122+ 49 6+4
Prednisolone 2(0.5) 112 + 68 4%4

Values are presented as number (%) or mean + SD. Doses of corticosteroids were converted equivalent to 1 mg of methylpred-
nisolone.
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