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ABSTRACT The relationship between low-dose corticosteroid use and mortality in patients with severe
community-acquired pneumonia (CAP) remains unclear.

6925 patients with severe CAP who received mechanical ventilation with or without shock (defined as
use of catecholamines) at 983 hospitals were identified using a Japanese nationwide administrative
database. The main outcome measure was 28-day mortality.

2524 patients with severe CAP who received catecholamines were divided into corticosteroid (n=631)
and control (n=1893) groups. The 28-day mortality was significantly different between corticosteroid and
control groups (unmatched: 24.6% versus 36.3%, p<0.001; propensity score-matched: 25.3% versus 32.6%,
p=0.01; inverse probability-weighted: 27.5% versus 34.2%, p<0.001). 4401 patients with severe CAP who
did not receive catecholamines were also divided into corticosteroid (n=1112) and control (n=3289)
groups. The 28-day mortality was not significantly different between corticosteroid and control groups in
propensity score-matched analyses (unmatched: 16.0% versus 19.4%, p=0.01; propensity score-matched:
17.7% versus 15.6%, p=0.22; inverse probability-weighted: 18.8% versus 18.2%, p=0.44).

Low-dose corticosteroid use may be associated with reduced 28-day mortality in patients with septic
shock complicating CAP.
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Introduction
Community-acquired pneumonia (CAP) is a common and serious infectious disease, and is one of the
leading causes of death worldwide [1, 2]. The mortality rate is low in most ambulatory patients with CAP,
but is ∼40% in patients with severe CAP who require intensive care, despite use of effective antibiotic
therapy [1, 3]. Effective additional therapy to reduce this high mortality rate has been sought for several
decades [4].

Several previous reports suggested that excessive systemic inflammatory responses and/or relative adrenal
insufficiency may lead to poor clinical outcomes in patients with severe CAP and sepsis [5–11].
Corticosteroids are potent inhibitors of inflammation, and are used to treat adrenal insufficiency [10].
However, a previous study found that short-term high-dose corticosteroid use had negative effects in
patients with respiratory failure, including those with CAP [12]. There has been longstanding debate
regarding the benefit of low-dose corticosteroid use in patients with CAP, but no consensus has been
reached [4, 13–20]. Recent meta-analyses of randomised controlled trials found that even though low-dose
corticosteroid use may not be beneficial to the overall population of patients with CAP, it may have a
beneficial effect on mortality in patients with severe CAP and/or acute respiratory distress [13, 21–23].
However, recent small observational studies that focused on patients with severe CAP reported conflicting
results [24–26]. Therefore, the effect of low-dose corticosteroid use on mortality in critically ill patients
with severe CAP remains unclear.

We hypothesised that low-dose corticosteroid use may reduce mortality in patients with severe CAP. The
purpose of the current study was to evaluate this hypothesis using a large, nationwide dataset available
through the Japanese Diagnosis Procedure Combination (DPC) database.

Materials and methods
This study was approved by the Institutional Review Board of the University of Tokyo Hospital (Tokyo,
Japan). Requirement for informed patient consent was waived because of the anonymous nature of the
data.

Data source and patient selection
The DPC database includes administrative claims and abstract discharge data for all inpatients discharged
from more than 1000 participating hospitals in Japan [27]. The database includes the following
information for each patient: age; sex; primary diagnosis; comorbidities at admission and post-admission
complications coded with International Classification of Diseases, 10th revision codes and written in
Japanese; medical procedures, including types of surgery, coded with original Japanese codes; daily records
of drug administration and devices used; length of stay; and discharge status. The dates of hospital
admission, surgery, bedside procedures, drugs administered and discharge were recorded using a uniform
data submission format [27].

The present study used data collected from July 1, 2010 to March 31, 2013. Only patients with the primary
diagnosis recorded as CAP were included for the current study. To rule out hospital-acquired and
ventilator-associated pneumonia, patients with pneumonia recorded as a comorbidity at admission or as a
post-admission complication were not included [28]. The inclusion criteria were: 1) age ⩾18 years; 2)
confirmed diagnosis of CAP (antibiotic therapy initiated on day 0 or 1), not including cases of “suspected
pneumonia”; and 3) evidence of severe pneumonia, requiring mechanical ventilation within 7 days of
admission [29, 30]. The exclusion criteria were: 1) pregnancy; 2) trauma, haematological malignancy, solid
tumour, obstetric complications, or vascular disorders recorded as comorbidities at admission; 3) major
surgery (under general anaesthesia) within 3 days after admission; 4) viral pneumonia (including
influenza), aspiration pneumonia, HIV-related Pneumocystis jiroveci pneumonia, or tuberculous
pneumonia; 5) hospitalisation in the same hospital within the preceding 90 days (to rule out
healthcare-associated pneumonia); and 6) discharged within 2 days of admission [1, 3, 28, 31, 32]. Patients
who received corticosteroids for <3 days, who received no corticosteroids in the early phase (within 7 days
after admission), and who received high-dose corticosteroids were also excluded [12, 16, 21–23]. Low-dose
corticosteroid use was defined as intravenous infusion of methylprednisolone 0.5–2.5 mg·kg−1·day−1 (or an
equivalent dose of dexamethasone, hydrocortisone, prednisolone or betamethasone), and any higher dose
was defined as high dose [16, 22].

Variables and end-point
In addition to the baseline characteristics at the time of admission, several other variables were evaluated
in the current study. The Japan Coma Scale (JCS) [27] score at the time of admission was recorded for all
patients. The JCS score correlates well with the Glasgow Coma Scale score, and a JCS score of 100 is
equivalent to a Glasgow Coma Scale score of 6–9 [27]. The hospital type was categorised as academic or
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nonacademic. Hospital volume was defined as the mean annual number of corticosteroid prescriptions to
CAP patients. Shock was defined as use of catecholamines (dopamine, dobutamine or noradrenaline)
within 7 days of admission. The main endpoint was 28-day all-cause mortality.

Statistical analysis
Propensity score analysis
One-to-one matching was performed between patients in the corticosteroid and control groups using
estimated propensity scores [32–34]. To estimate the propensity score, we fitted a logistic regression model
for corticosteroid use as a function of patient and hospital factors including: age; sex; hospital type
(academic or nonacademic) and hospital volume; JCS score; liver cirrhosis with a Child–Pugh score of
10–15 (Class C); coexisting lung disease (asthma or chronic obstructive pulmonary disease); evidence of
pleural effusion with/without paracentesis or drainage; evidence of gastrointestinal ulcer bleeding;
gastroscopy with/without a haemostatic procedure; intermittent haemodialysis and continuous renal
replacement therapy after admission; type of catecholamine used (dopamine, dobutamine or
noradrenaline); blood transfusion use; albumin use; antithrombin concentration use; nonsteroidal
anti-inflammatory drug use; intravenous immunoglobulin use; sivelestat sodium use; initial use of two or
more antibiotics; and each type of antibiotic used [1, 3, 27, 30, 35–39]. The C-statistic was used to evaluate
the goodness of fit. One-to-one matched analysis using nearest-neighbour matching was performed based
on the estimated propensity scores of the patients. A match occurred when a patient in the corticosteroid
group had an estimated score within 0.25 SD of a patient in the control group [27, 33]. Inverse
probability-weighted estimators were used to examine the robustness of the results of the propensity
matching analysis [27, 34].

Instrumental variable analysis
When hospitals have strongly consistent corticosteroid use patterns for severe pneumonia, it is assumed
that decisions regarding corticosteroid use may be made independently of individual patient
characteristics. In this situation, the hospital’s corticosteroid use pattern may act as an instrumental
variable, thereby setting the conditions for a “natural experiment” that allows an unbiased estimate of risk
in patients with severe pneumonia [27, 34, 40]. A consistent result from the instrumental variable analysis
may serve as useful confirmatory analysis for the propensity score analysis. Hospitals that used
corticosteroids for ⩾25.7% (mean value) of their pneumonia patients were classified as hospitals with a
preference for corticosteroid use, and those that used corticosteroids for <25.7% of their pneumonia
patients were classified as hospitals without a preference for corticosteroid use. Estimated risk differences
for 28-day mortality with 95% confidence intervals were calculated using the ivreg2 command in Stata/SE
version 13.0 (StataCorp LP, College Station, TX, USA). The partial F-test was used to confirm that the
hospital corticosteroid use pattern was not a weak instrument [40]. An F-statistic >10 suggests that the
instrument is not weak [40].

Stratified analyses were performed for CAP patients with and without shock. Descriptive statistics are
presented for all included patients (unmatched) and for propensity score-matched patients. Continuous
variables were compared using the t-test, and categorical variables were compared using the Chi-squared
test or Fisher’s exact test. Kaplan–Meier plots with log-rank statistics were used to assess differences in
survival between the propensity score-matched corticosteroid and control groups. Multivariable logistic
regression analyses were performed for the unmatched, propensity score-matched and inverse
probability-weighted groups to examine the associations between corticosteroid use and 28-day mortality.
Values of p<0.05 were considered statistically significant. All statistical analyses except the instrumental
variable analysis were performed using IBM SPSS version 22 (IBM Corp., Armonk, NY, USA).

Results
During the 33-month study period, 33 977 patients at 1163 hospitals were admitted with a primary
diagnosis of pneumonia, including 14 943 patients with CAP who required mechanical ventilation, of
which 8018 were excluded from the current study (fig. 1). The remaining 6925 CAP patients who required
mechanical ventilation at 983 hospitals were divided into CAP patients with shock (n=2524) (table 1) and
CAP patients without shock (n=4401) (table 2). There was a significant difference in 28-day mortality
between CAP patients with and without shock (33.4% versus 18.5%, p<0.001).

Ventilated CAP patients with shock
The 2524 CAP patients with shock were divided into corticosteroid (n=631) and control (n=1893) groups,
from which 491 propensity score-matched pairs were generated. Calculation of the C-statistic showed that
the goodness of fit was 0.75 in the propensity score-matched model.
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Table 1 shows the baseline characteristics of the unmatched corticosteroid and control groups (n=2524)
and the propensity score-matched groups (n=982). In the unmatched groups, corticosteroid use was
associated with admission to an academic hospital, and coexisting lung disease. The corticosteroid group
received more noradrenaline, blood transfusions and blood products, and medications than the control
group. The corticosteroid group received more fluoroquinolones, macrolides and anti-methicillin-resistant
Staphylococcus aureus drugs, and were more likely to receive multiple concomitant antibiotics. The control
group received more ampicillin/sulbactam. The baseline patient characteristics were similar between the
propensity score-matched corticosteroid and control groups. The mean (quartile) duration of
corticosteroid use was 8 (11) days.

The overall 28-day mortality rate was 33.4% (843 out of 2524). The 28-day mortality rate was significantly
different between corticosteroid and control groups (unmatched: 24.6% versus 36.3%, p<0.001; propensity
score-matched: 25.3% versus 32.6%, p=0.01; inverse probability-weighted: 27.5% versus 34.2%, p<0.001)
(table 3). Kaplan–Meier survival curves for the propensity score-matched corticosteroid and control groups
are shown in figure 2 (log-rank Chi-squared=6.99, p=0.008). Multiple logistic regression analyses showed
significant associations between corticosteroid use and lower 28-day mortality (table 4). In the
instrumental variable model, the null hypothesis that there was no association between the pattern of
hospital corticosteroid use and actual corticosteroid use was rejected (p<0.001, F-statistic=247.5). The
estimated reduction in 28-day mortality associated with corticosteroid use was 27.4% (95% CI 12.8–42.1,
p<0.001).

Ventilated CAP patients without shock
The 4401 CAP patients without shock were divided into corticosteroid (n=1112) and control (n=3289)
groups, from which 943 propensity score-matched pairs were generated. Calculation of the C-statistic
showed that the goodness of fit was 0.76 in the propensity score-matched model. Table 2 shows the
baseline characteristics of the unmatched corticosteroid and control groups (n=4401) and the propensity
score-matched groups (n=1886). The mean (quartile) duration of corticosteroid use was 7 (7) days.

The overall 28-day mortality rate was 18.5% (815 out of 4401). Although the 28-day mortality was
significantly different between the unmatched corticosteroid and control groups (16.0% versus 19.4%,
p=0.01), it was not significantly different between corticosteroid and control groups on propensity
score-matched analysis (17.7% versus 15.6%, p=0.22) or inverse probability-weighted analysis (18.8%
versus 18.2%, p=0.44) (table 3). Multiple logistic regression analysis did not show a significant association
between corticosteroid use and 28-day mortality (table 4). In the instrumental variable model, the null
hypothesis that there was no association between the pattern of hospital corticosteroid use and actual
corticosteroid use was rejected (p<0.001, F-statistic=306.8). Corticosteroid use was not associated with a
significant estimated reduction in 28-day mortality (3.0% reduction, 95% CI -7.6–13.6, p=0.59).

FIGURE 1 Patient selection. CAP:
community-acquired pneumonia.

14 943 CAP patients with mechanical ventilation

8018 excluded:

  Met exclusion criteria n=6210

  High-dose steroid use n=855

  Used steroids for <3 days n=797

  Used steroids after day 8 n=156

4401 severe CAP without shock:

  Control n=3289

  Corticosteroids n=1112

6925 study patients

491 propensity-matched pair 943 propensity-matched pair

Propensity score matching

2524 severe CAP with shock:

  Control n=1893

  Corticosteroids n=631
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TABLE 1 Baseline characteristics in unmatched and propensity score-matched groups of patients with shock

Variables Unmatched groups Matched groups

Corticosteroid Control p-value Corticosteroid Control p-value

Subjects n 631 1893 491 491
Age years 74.6±12.6 77.4±12.0 0.06 75.0±12.8 75.4±12.1 0.62
Male 402 (63.7) 1235 (65.2) 0.49 316 (64.4) 298 (60.7) 0.26
Academic hospital 115 (18.2) 247 (13.0) 0.001 80 (16.3) 85 (17.3) 0.73
Hospital volume per 1 year 0.001 0.76
⩽14 166 (26.3) 575 (30.4) 132 (26.9) 132 (26.9)
15–25 221 (35.0) 710 (37.5) 183 (37.3) 193 (39.3)
⩾26 244 (38.7) 608 (32.1) 176 (35.8) 166 (33.8)

Level of consciousness# 0.22 0.80
0 286 (45.3) 789 (41.7) 227 (46.2) 221 (45.0)
1–3 125 (19.8) 419 (22.1) 96 (19.6) 90 (18.3)
10–30 81 (11.7) 221(11.7) 60 (12.2) 59 (12.0)
100–300 139 (22.0) 464 (24.5) 108 (22.0) 121 (24.6)

Coexisting lung disease
Asthma 115 (18.2) 65 (3.4) <0.001 51 (10.4) 47 (9.6) 0.75
COPD 169 (26.8) 211 (11.1) <0.001 105 (21.4) 95 (19.3) 0.48
Pleural effusion 37 (5.9) 148 (7.8) 0.11 33 (6.7) 28 (5.7) 0.60
Aspiration or drainage of pleural effusion 26 (4.1) 103 (5.4) 0.21 24 (4.9) 16 (3.3) 0.26

Gastroscopy without haemostatic procedure 56 (8.9) 133 (7.0) 0.14 37 (7.5) 39 (7.9) 0.91
Gastroscopy with haemostatic procedure 7 (1.1) 20 (1.1) 1.0 6 (1.2) 7 (1.4) 1.0
Child–Pugh score of 10–15 1 (0.2) 8 (0.4) 0.46 1 (0.2) 2 (0.4) 1.0
Interventions
Intermittent haemodialysis 26 (4.1) 56 (3.0) 0.16 21 (4.3) 22 (4.5) 1.0
Continuous renal replacement therapy 21 (3.3) 32 (1.7) 0.02 13 (2.6) 13 (2.6) 1.0

Catecholamine use
Dopamine 493 (78.1) 1,546 (81.7) 0.05 391 (79.6) 387 (78.8) 0.81
Dobutamine 138 (21.9) 411 (21.7) 0.96 107 (21.8) 97 (19.8) 0.48
Noradrenaline 266 (42.2) 595 (31.4) <0.001 197 (40.1) 196 (39.9) 1.0

Blood transfusion
Red blood cells 147 (23.3) 358 (18.9) 0.02 103 (21.0) 110 (22.4) 0.64
Fresh frozen plasma 36 (5.7) 44 (2.3) <0.001 25 (5.1) 24 (4.9) 1.0
Platelets 35 (5.5) 29 (1.5) <0.001 16 (3.3) 18 (3.7) 1.0

Albumin 219 (34.7) 468 (24.7) <0.001 162 (33.0) 158 (32.2) 0.86
Antithrombin concentration 31 (4.9) 56 (3.0) 0.02 23 (4.7) 22 (4.5) 1.0
Immunoglobulin 65 (10.3) 132 (7.0) 0.01 43 (8.8) 40 (8.1) 0.82
Sivelestat sodium 89 (14.1) 178 (9.4) 0.001 65 (13.2) 61 (12.4) 0.78
Nonsteroidal anti-inflammatory drug 57 (9.0) 216 (11.4) 0.10 49 (10.0) 48 (9.8) 1.0
Initial antibiotic use
Initial use of ⩾2 antibiotics 235 (37.2) 406 (21.4) <0.001 149 (30.3) 172 (35.0) 0.13
Penicillin 7 (1.1) 13 (0.7) 0.30 4 (0.8) 3(0.6) 1.0
Broad-spectrum penicillin 15 (2.4) 77 (4.1) 0.05 12 (2.4) 12 (2.4) 1.0
Ampicillin/sulbactam 136 (21.6) 518 (27.4) 0.004 117 (23.8) 100 (20.4) 0.22
Pazobactam/piperacillin or sulbactam/cefoperazone sodium 105 (16.6) 309 (16.3) 0.85 86 (17.5) 91 (18.5) 0.74
First-generation cephalosporin 8 (1.3) 55 (2.9) 0.03 7 (1.4) 8 (1.6) 1.0
Second-generation cephalosporin 13 (2.1) 48 (2.5) 0.55 12 (2.4) 8 (1.6) 0.50
Third-generation cephalosporin, poor activity against
Pseudomonas

139 (22.0) 333 (17.6) 0.02 94 (19.1) 102 (20.8) 0.58

Third-generation cephalosporin, good activity against
Pseudomonas

13 (2.1) 29 (1.5) 0.36 10 (2.0) 11 (2.2) 1.0

Fourth-generation cephalosporin 30 (4.8) 74 (3.9) 0.36 25 (5.1) 20 (4.1) 0.54
Carbapenem 175 (27.7) 459 (24.2) 0.09 130 (26.5) 143 (29.1) 0.39
Aminoglycoside 5 (0.8) 15 (0.8) 1.0 5 (1.0) 7 (1.4) 0.77
Fluoroquinolone 117 (18.5) 154 (8.1) <0.001 68 (13.8) 77 (15.7) 0.47
Tetracycline 28 (4.4) 52 (2.7) 0.04 16 (3.3) 18 (3.7) 0.86
Macrolide 65 (10.3) 78 (4.1) <0.001 35 (7.1) 35 (7.1) 1.0
Anti-MRSA drug 27 (4.3) 48 (2.5) 0.03 18 (3.7) 24 (4.9) 0.43
Antifungal drug 7 (1.1) 17 (0.9) 0.64 4 (0.8) 8 (1.6) 0.39

Data are presented as mean±SD or n (%), unless otherwise stated. COPD: chronic obstructive pulmonary disease; MRSA: methicillin-resistant
Staphylococcus aureus; #: Japan Coma Scale score.

DOI: 10.1183/09031936.00081514 467

PULMONARY INFECTIONS | T. TAGAMI ET AL.



TABLE 2 Baseline characteristics in unmatched and propensity score-matched groups of patients without shock

Variables Unmatched groups Matched groups

Corticosteroid Control p-value Corticosteroid Control p-value

Subjects n 1112 3289 943 943
Age years 74.0±15.2 74.0±16.9 0.93 74.2±15.6 74.8±15.1 0.46
Male 719 (64.7) 1935 (58.8) 0.001 616 (65.3) 617 (65.4) 1.0
Academic hospital 150 (13.5) 448 (13.6) 0.96 121 (12.8) 122 (12.9) 1.0
Hospital volume per 1 year 0.85 0.54
⩽14 349 (31.4) 1063 (32.3) 305 (32.3) 296 (31.4)
15–25 377 (33.9) 1098 (33.4) 318 (33.7) 341 (36.2)
⩾26 386 (34.7) 1128 (34.3) 320 (33.9) 306 (32.4)

Level of consciousness# <0.001 0.22
0 749 (67.4) 2014 (61.2) 625 (66.3) 664 (70.4)
1–3 197 (17.7) 606 (18.4) 171 (18.1) 154 (16.3)
10–30 84 (7.6) 311 (9.5) 72 (7.6) 67 (7.1)
100–300 82 (7.4) 358 (10.9) 75 (8.0) 58 (6.2)

Coexisting lung disease
Asthma 354 (31.8) 235 (7.1) <0.001 219 (23.2) 193 (20.5) 0.16
COPD 477 (42.9) 574 (17.5) <0.001 372 (39.4) 388 (41.1) 0.48
Pleural effusion 58 (5.2) 237 (7.2) 0.02 54 (5.7) 46 (4.9) 0.47
Aspiration or drainage of pleural effusion 14 (1.3) 99 (3.0) 0.001 13 (1.4) 11 (1.2) 0.84

Gastroscopy without haemostatic procedure 55 (4.9) 131 (4.0) 0.17 51 (5.4) 50 (5.3) 1.0
Gastroscopy with haemostatic procedure 2 (0.2) 12 (0.4) 0.54 2 (0.2) 1 (0.1) 0.63
Child–Pugh score of 10–15 2 (0.2) 6 (0.2) 1.0 1 (0.1) 1 (0.1) 1.0
Interventions
Intermittent haemodialysis 17 (1.5) 100 (3.0) 0.007 16 (1.7) 12 (1.3) 0.57
Continuous renal replacement therapy 6 (0.5) 19 (0.6) 1.0 4 (0.4) 3 (0.3) 1.0

Blood transfusion
Red blood cells 85 (7.6) 261 (7.9) 0.80 71 (7.5) 74 (7.8) 0.86
Fresh frozen plasma 9 (0.8) 26 (0.8) 1.0 6 (0.6) 5 (0.5) 1.0
Platelets 14 (1.3) 23 (0.7) 0.09 9 (1.0) 11 (1.2) 0.82

Albumin 108 (9.7) 269 (8.2) 0.12 87 (9.2) 90 (9.5) 0.88
Antithrombin concentration 9 (0.8) 17 (0.5) 0.26 6 (0.6) 6 (0.6) 1.0
Immunoglobulin 43 (3.9) 104 (3.2) 0.29 33 (3.5) 25 (2.7) 0.35
Sivelestat sodium 62 (5.6) 135 (4.1) 0.04 51 (5.4) 53 (5.6) 0.92
Nonsteroidal anti-inflammatory drug 133 (12.0) 384 (11.7) 0.79 115 (12.2) 110 (11.7) 0.78
Initial antibiotic use
Initial use of ⩾2 antibiotics 263 (23.7) 634 (19.3) 0.002 195 (20.7) 215 (22.8) 0.29
Penicillin 11 (1.0) 28 (0.9) 0.71 8 (0.8) 7 (0.7) 1.0
Broad-spectrum penicillin 29 (2.6) 113 (3.4) 0.20 24 (2.5) 25 (2.7) 1.0
Ampicillin/sulbactam 287 (25.8) 973 (29.6) 0.02 245 (26.0) 262 (27.8) 0.57
Pazobactam/piperacillin or sulbactam/cefoperazone sodium 184 (16.5) 487 (14.8) 0.16 162 (17.2) 153 (16.2) 0.62
First-generation cephalosporin 10 0.9) 53 (1.6) 0.11 9 (1.0) 8 (0.8) 1.0
Second-generation cephalosporin 14 (1.3) 68 (2.1) 0.10 14 (1.5) 9 (1.0) 0.40
Third-generation cephalosporin, poor activity against
Pseudomonas

272 (24.5) 751 (22.8) 0.27 216 (22.9) 203 (21.5) 0.51

Third-generation cephalosporin, good activity against
Pseudomonas

22 (2.0) 73 (2.2) 0.72 18 (1.9) 21 (2.2) 0.75

Fourth-generation cephalosporin 57 (5.1) 143 (4.3) 0.28 50 (5.3) 41 (4.3) 0.90
Carbapenem 218 (19.6) 568 (17.3) 0.09 184 (19.5) 196 (20.8) 0.53
Aminoglycoside 7 (0.6) 29 (0.9) 0.56 7 (0.7) 7 (0.7) 1.0
Fluoroquinolone 117 (10.5) 252 (7.7) 0.004 91 (9.7) 100 (10.6) 0.54
Tetracycline 47 (4.2) 97 (2.9) 0.04 32 (3.4) 37 (3.9) 0.62
Macrolide 76 (6.8) 180 (5.5) 0.10 56 (5.9) 66 (7.0) 0.40
Anti-MRSA drug 11 (1.0) 42 (1.3) 0.53 11 (1.0) 10 (1.1) 1.0
Antifungal drug 6 (0.5) 10 (0.3) 0.26 3 (0.3) 5 (0.5) 0.73

Data are presented as mean±SD or n (%), unless otherwise stated. COPD: chronic obstructive pulmonary disease. MRSA: methicillin-resistant
Staphylococcus aureus. #: Japan Coma Scale score.
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Discussion
Using a nationwide database, the results of this study suggest that there may be a significant association
between low-dose corticosteroid use and 28-day mortality in patients with severe CAP and shock.
However, this association was not found in patients with severe CAP without shock.

CAP is a heterogeneous infectious disease with various causes (bacterial, viral, fungal and parasitic),
severities and immunological response patterns [1]. Several pro-inflammatory and anti-inflammatory
cytokines are over synthesised and secreted into the systemic circulation during severe infections. The
cytokine profiles of CAP patients vary according to the cause, severity and immunological response
pattern of the disease 5, and mortality is highest when both pro-inflammatory and anti-inflammatory
cytokine levels are high [5]. Several clinical studies reported that the prognosis of CAP may differ
according to the underlying condition of the patient [1, 3]. Corticosteroid use was reported to be beneficial
in HIV patients with P. jiroveci pneumonia 31, but not in patients with severe influenza A/H1N1
pneumonia [32]. Corticosteroid use may have a beneficial effect on mortality in patients with severe CAP
and/or acute respiratory distress [13, 21, 22], but not in patients with mild CAP [21]. Therefore, we
considered that evaluation of the efficacy of corticosteroid use for CAP should compare patient groups that
are as homogeneous as possible. However, it is not easy to evaluate sufficiently large homogeneous
populations of patients with CAP in prospective trials or single-centre observational studies. The current
nationwide study analysed the clinical data of >6900 patients at 983 hospitals who were critically ill with
CAP and received mechanical ventilation, with or without catecholamines. One of the strengths of the
current study is the use of strict inclusion and exclusion criteria, enabling a large number of homogeneous
patients with severe CAP to be reviewed. Additionally, we performed stratified analyses of patients with
and without shock. We believe that this stratification is important when investigating patients with severe
CAP who receive corticosteroids, because shock is an important contributing factor to 28-day mortality,
and may respond to corticosteroid use [10, 23, 26]. The propensity score-matched approach is a powerful
tool that attempts to construct a randomised experiment-like situation by comparing groups with similar
observed characteristics, without specifying the relationships between confounders and outcomes.
Although analysis of the baseline patient characteristics in the unmatched group showed more
corticosteroid use in patients with more severe illness, one-to-one propensity score matching successfully
balanced the characteristics between patient groups with and without corticosteroid use, including factors
that have the potential to affect mortality or are known to affect mortality in patients with pneumonia, as
described in the methods section [1, 3, 30, 35–39]. Our results suggest that patients with severe CAP and
shock who received corticosteroids were less likely to die than similar patients who did not receive
corticosteroids. This finding was robust with regard to the results obtained using probability-weighted,
instrumental variable, and multiple logistic regression analyses. However, this relationship was not
observed in patients with CAP without shock.

In patients with severe CAP, the relationship between corticosteroid use and mortality differed between
patients with and without shock. This study clearly shows for the first time that benefits of low-dose
corticosteroids in patients with severe CAP are related to the positive effects of these drugs on septic shock

0.8

1.0

0.6

0.4

0.2

S
u

rv
iv

a
l 

%

Time after admission days

0 10 20 30

Control group

Corticosteroids group

FIGURE 2 Kaplan–Meier survival curves for propensity score-matched patients with shock, treated with or without
low-dose corticosteroids. In patients with shock who received catecholamines, there was a significant difference in
survival between those who received corticosteroids and those who did not (log-rank Chi-squared=6.99, p=0.008).
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rather than on CAP. Our results offer strong evidence to restrain from giving low-dose corticosteroids to
patients with severe CAP when septic shock is not present. A prospective trial is required to confirm our
results.

This study has some limitations. First, although the study used a nationwide database, it was retrospective
and observational, without randomisation. Even though propensity score-matching was used to adjust for
differences in baseline characteristics and disease severity, there may still be bias in the form of confounders
that were not measured. Important examples of such confounders are the systemic and respiratory variables
that represent the pathophysiology of severe pneumonia and are related to the prognosis, such as the Acute
Physiology and Chronic Health Evaluation (APACHE) score, Sequential Organ Failure Assessment (SOFA)
score, arterial oxygen tension/inspiratory oxygen fraction, ventilator settings, positive end-expiratory pressure
level, and extravascular lung water. Unfortunately, these data were not available from the DPC database.
Therefore, our results were additionally validated using instrumental variable analysis to compensate for these
potential unmeasured confounders. Secondly, this study evaluated only early and prolonged low-dose
corticosteroid use, because the results of previous studies suggested that short-duration, late-phase, and
high-dose corticosteroid use are not beneficial in patients with severe CAP [12, 13, 18, 21]. Thirdly, the
potential adverse effects of corticosteroid use, such as superinfection, hyperglycaemia and myopathy, could
not be evaluated [18]. Fourthly, the DPC database does not include data regarding microbial aetiology. We
tried to compensate for this limitation by evaluating all the antibiotics administered to patients. However,
high proportions of patients received two or more antibiotics, carbapenem, piperacillin-tazobactam,
anti-methicillin-resistant Staphylococcus aureus drugs, fluoroquinolone and fourth generation cephalosporins.
Although these antibiotics are often used for the treatment of hospital-acquired pneumonia, only patients
with the primary diagnosis of CAP at admission were included in the current study. We speculate that these
antibiotics may have been used as empiric therapy in patients with severe CAP, as recommended by the
current CAP treatment guidelines and sepsis guidelines [29, 30]. Finally, even though patients who had been
hospitalised in the same hospital within the preceding 90 days were excluded, we cannot completely rule out
the possibility that some patients with healthcare-associated pneumonia were included.

TABLE 3 Comparisons of 28-day mortality rates between groups

Corticosteroid Control p-value

CAP patients with shock
Unmatched groups 155/631 (24.6) 688/1893 (36.3) <0.001
Propensity score-matched groups 124/491 (25.3) 160/491 (32.6) 0.01
Inverse probability-weighted groups 680/2477 (27.5) 872/2553 (34.2) <0.001

CAP patients without shock
Unmatched groups 178/1112 (16.0) 637/3289 (19.4) 0.01
Propensity score-matched groups 167/943 (17.7) 147/943 (15.6) 0.24
Inverse probability-weighted groups 798/4242 (18.8) 809/4456 (18.2) 0.44

Data are presented as n/N (%), unless otherwise stated. CAP: community-acquired pneumonia.

TABLE 4 Logistic regression analyses for 28-day mortality for patients in corticosteroid groups
compared with control groups

Odds ratio (95% CI) p-value

CAP patients with shock
Unmatched groups 0.72 (0.57–0.91) 0.005
Propensity-matched groups 0.68 (0.50–0.92) 0.01
Inverse probability-weighted groups 0.68 (0.60–0.77) <0.001

CAP patients without shock
Unmatched groups 1.1 (0.87–1.3) 0.51
Propensity-matched groups 1.2 (0.92–1.5) 0.18
Inverse probability-weighted groups 1.0 (0.92–1.2) 0.58

Logistic regression analyses included the potential confounding variables listed in tables 1 and 2. CAP:
community-acquired pneumonia.
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In conclusion, the current study conducted propensity score and instrumental variable analyses using data
from a large nationwide database, and found that low-dose corticosteroid use may result in improved 28-day
prognosis in patients with severe CAP and shock, but not in patients with severe CAP without shock.
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