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Dear Editor,

The impact of corticosteroids on the outcomes of acute
respiratory distress syndrome (ARDS) is controver-
sial. This study was performed as a large-scale analy-
sis of Korean health insurance claims data to determine
whether ARDS etiology, baseline characteristics, or dos-
age of, duration of treatment with, and type of steroids
modified the association between corticosteroid use and
mortality among patients with ARDS.

Adult (age>18 years) patients with 2009 influenza
A (HIN1) (May 2009-April 2010), non-viral (January
2015—-April 2019), or coronavirus disease 2019 (COVID-
19) ARDS (January—December 2020) who received
mechanical ventilation were included. Corticoster-
oid use was defined as at least one dose for intravenous
dexamethasone, hydrocortisone, or methylprednisolone
during the hospitalization. Logistic regression analyses
were performed for 30- and 180-day mortality with cor-
ticosteroid use as an independent variable and age, sex,
Charlson Comorbidity Index (CCI), immunosuppression,
hospital type, organ dysfunction, and extracorporeal
membrane oxygenation as covariates. Separate analyses
were performed to ascertain the associations of dosage
of, duration of treatment with, and type of steroids. The
associations between corticosteroid use and mortality
were also assessed with stratification according to age,
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CCI, number of organ dysfunctions, and immunosup-
pression. All statistical analyses were performed using
SAS software (version 9.4; SAS Institute, Cary, NC, USA).

Among 18,106 included patients (mean [standard devi-
ation] age, 67.4 [14.7] years; men, 63%), 3461 (19%), 6862
(38%), and 7783 (43%) were diagnosed with HIN1, non-
viral, and COVID-19 ARDS, respectively (eFig. 1). The
baseline characteristics and clinical outcomes are shown
in eTables 1 and 2. Corticosteroids were associated with
decreased 30- and 180-day mortality in non-viral ARDS,
but were not associated with decreased 180-day mor-
tality in HIN1 or COVID-19 ARDS (Fig. 1). Further-
more, corticosteroids for >3 days were associated with
decreased 30- and 180-day mortality in non-viral ARDS.
However, these findings were not observed for 180-day
mortality in HIN1 ARDS, and an even higher risk of 180-
day mortality was observed in COVID-19 ARDS. Recent
studies have shown that patients with COVID-19 ARDS
who received long-term corticosteroids had higher rates
of survival [1, 2]; however, none of them evaluated long-
term mortality. As corticosteroids can delay viral clear-
ance [3], it might be necessary to assess the outcomes
after 28 days for viral ARDS.

Dexamethasone was associated with decreased 30- and
180-day mortality among all patients with ARDS, while
methylprednisolone was associated with increased 180-
day mortality in HIN1 or COVID-19 ARDS (Fig. 1). Pre-
vious meta-analyses among patients with ARDS revealed
no differences in survival benefit between steroid types
[1, 4]; however, long-term mortality was not assessed.
There may be a strong association between methyl-
prednisolone and muscle weakness in patients receiving
mechanical ventilation [5]. In HIN1 ARDS, corticoster-
oids were associated with decreased 30-day mortality in
older patients (> 65 years) (eFig. 4). In COVID-19 ARDS,
corticosteroids were associated with increased 180-day
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No. of deaths/patients (%) adjusted OR (95% CI) No. of deaths/patients (%) adjusted OR (95% CI)

aHINI ARDS (n=3461)
No use 455/1492 (30.5) ref 764/1492 (51.2) ref
Steroid use 564/1969 (28.6) -y 0.86 (0.74-1.01) 1057/1969 (53.7) Lol 1.10 (0.95-1.28)
Cumulative dose of steroid

<250 mg 381/1252 (30.4) —ul 0.93(0.79-1.11) 678/1252 (54.2) —u— 1.10 (0.93-1.30)

>250 mg 183/717 (25.5) —— 0.74 (0.60-0.92) 379/717 (52.9) Ha 1.11 (0.91-1.35)
Total days of steroid use

<3 days 397/1266 (31.4) - 1.01 (0.85-1.20) 663/1266 (52.4) e 1.07 (0.90-1.26)

>3 days 167/703 (23.8) - 0.63 (0.51-0.78) 394/703 (56.1) Hom 1.17 (0.95-1.43)
Type of steroid

Hydrocortisone 171/445 (38.4) e 1.24(0.98-1.56) 265/445 (59.6) - 1.17 (0.92-1.48)

Methylprednisolone 269/901 (29.9) il 0.92(0.76-1.12) 502/901 (55.7) e 1.23 (1.02-1.48)

Dexamethasone 124/623 (19.9) i 0.56 (0.44-0.71) 290/623 (46.6) - 0.91(0.74-1.12)
b non-viral ARDS (n=6862)
No use 955/1691 (56.5) ref 1308/1691 (77.4) ref
Steroid use 2080/5171 (40.2) e 0.53 (0.47-0.60) 3306/5171 (63.9) gl 0.54 (0.47-0.61)
Cumulative dose of steroid

<250 mg 1278/2849 (44.9) laal 0.64 (0.56-0.73) 1870/2849 (65.6) [l 0.58 (0.50-0.67)

>250 mg 802/2322 (34.5) [l 0.41 (0.36-0.47) 1436/2322 (61.8) - 0.48 (0.41-0.56)
Total days of steroid use

<3 days 1256/2381 (52.8) [a gl 0.88 (0.77-1.00) 1728/2381 (72.6) [l 0.81 (0.70-0.95)

>3 days 824/2790 (29.5) - 0.31(0.27-0.36) 1578/2790 (56.6) . 0.37 (0.32-0.43)
Type of steroid

Hydrocortisone 532/906 (58.7) Ha 1.11 (0.94-1.31) 733/906 (80.9) - 1.26 (1.02-1.55)

Methylprednisolone 1248/2382 (52.4) ! 0.86 (0.75-0.98) 1881/2382 (79.0) T 1.13 (0.96-1.33)

Dexamethasone 300/1883 (15.9) - 0.15 (0.13-0.18) 692/1883 (36.8) . 0.18 (0.15-0.21)
¢ COVID-19 ARDS (n=7783)
No use 885/2917 (30.3) ref 1333/2917 (45.7) ref
Steroid use 1296/4866 (26.6) - 0.73 (0.66-0.82) 2495/4866 (51.3) f 1.12 (1.01-1.24)
Cumulative dose of steroid

<250 mg 878/3134 (28.0) - 0.77 (0.68-0.87) 1584/3134 (50.5) Ha 1.06 (0.95-1.18)

>250 mg 418/1732 (24.1) s 0.66 (0.57-0.76) 911/1732 (52.6) s 1.24 (1.09-1.41)
Total days of steroid use

<3 days 819/2860 (28.6) - 0.82(0.73-0.93) 1381/2860 (48.3) - 1.00 (0.89-1.12)

>3 days 477/2006 (23.8) al 0.61 (0.53-0.70) 1114/2006 (55.5) - 1.32 (1.17-1.50)
Type of steroid

Hydrocortisone 470/1153 (40.8) [l 1.23 (1.06-1.43) 716/1153 (62.1) e 1.46 (1.26-1.70)

Methylprednisolone 555/1896 (29.3) - 0.86 (0.75-0.98) 1024/1896 (54.0) - 1.25 (1.10-1.42)

Dexamethasone 271/1817 (14.9) . 0.38 (0.32-0.45) 755/1817 (41.6) | 0.85 (0.74-0.96)

r 1 r 1
0.1 1 18 0.1 1 18
0dds ratio (95% CI) 0dds ratio (95% CI)
30-day mortality 180-day mortality

Fig. 1 Associations between corticosteroid use or dosage of, duration of treatment with, and type of steroids and 30- and 180-day mortality in a
H1N1, b non-viral, or ¢ COVID-19 ARDS. The numbers and percentages of patients who died according to each risk factor and the resulting odds
ratios. For steroid use, the odds ratios were adjusted for age, sex, Charlson Comorbidity Index, immunosuppression, hospital type, organ dysfunc-
tion, steroid use, neuromuscular blocking agent use, and extracorporeal membrane oxygenation. For cumulative dose of steroid, total days of
steroid use, and type of steroids, the odds ratios were adjusted for age, sex, Charlson Comorbidity Index, immunosuppression, hospital type, organ
dysfunction, neuromuscular blocking agent use, and extracorporeal membrane oxygenation. ARDS acute respiratory distress syndrome; COVID-19
coronavirus disease 2019; HINT 2009 influenza A
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