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Background: Community-acquired pneumonia (CAP) is com-
mon and often severe.

Purpose: To examine the effect of adjunctive corticosteroid
therapy on mortality, morbidity, and duration of hospitalization in
patients with CAP.

Data Sources: MEDLINE, EMBASE, and the Cochrane Central
Register of Controlled Trials through 24 May 2015.

Study Selection: Randomized trials of systemic corticosteroids
in hospitalized adults with CAP.

Data Extraction: Two reviewers independently extracted study
data and assessed risk of bias. Quality of evidence was assessed
with the Grading of Recommendations Assessment, Develop-
ment, and Evaluation system by consensus among the authors.

Data Synthesis: The median age was typically in the 60s, and
approximately 60% of patients were male. Adjunctive corticoste-
roids were associated with possible reductions in all-cause mor-
tality (12 trials; 1974 patients; risk ratio [RR], 0.67 [95% CI, 0.45 to
1.01]; risk difference [RD], 2.8%; moderate certainty), need for
mechanical ventilation (5 trials; 1060 patients; RR, 0.45 [CI, 0.26
to 0.79]; RD, 5.0%; moderate certainty), and the acute respiratory

distress syndrome (4 trials; 945 patients; RR, 0.24 [Cl, 0.10 to
0.56]; RD, 6.2%; moderate certainty). They also decreased time
to clinical stability (5 trials; 1180 patients; mean difference, —1.22
days [Cl, —2.08 to —0.35 days]; high certainty) and duration of
hospitalization (6 trials; 1499 patients; mean difference, —1.00
day [Cl, =1.79 to —0.21 days]; high certainty). Adjunctive corti-
costeroids increased frequency of hyperglycemia requiring
treatment (6 trials; 1534 patients; RR, 1.49 [Cl, 1.01 to 2.19]; RD,
3.5%; high certainty) but did not increase frequency of gastroin-
testinal hemorrhage.

Limitations: There were few events and trials for many out-
comes. Trials often excluded patients at high risk for adverse
events.

Conclusion: For hospitalized adults with CAP, systemic cortico-
steroid therapy may reduce mortality by approximately 3%,
need for mechanical ventilation by approximately 5%, and hos-
pital stay by approximately 1 day.
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Lower respiratory infections are the second most
common cause of life-years lost globally (1). In
developed countries, hospitalization for community-
acquired pneumonia (CAP) is common, is often associ-
ated with the acute respiratory distress syndrome
(ARDS) requiring mechanical ventilation (2), and is as-
sociated with appreciable mortality (3). Hospitalizations
for CAP cost more than €10 billion annually in Europe
(4) and more than $10 billion annually in the United
States (3).

Pneumonia occurs when components of the innate
immune system fail to clear a pathogen from the lower
respiratory tract (5). Although local and cytokine-
mediated systematic inflammatory responses may help
clear bacterial pathogens, they may also cause harm.
Local inflammation exacerbates pulmonary dysfunction
by impairing alveolar gas exchange; severe systemic
inflammation contributes to sepsis and end-organ dys-
function (6). Pneumonia is the most common cause of
ARDS (2, 7), an often fatal complication characterized
by a dysregulated immune response (8, 9).

Systemic adjunctive corticosteroid therapy may at-
tenuate the inflammatory response (10, 11) and, by do-
ing so, reduce the frequency of ARDS, length of illness
and hospital stay, and possibly even mortality. How-
ever, previous systematic reviews of randomized clini-

cal trials have failed to establish a conclusive benefit
(12, 13), and current clinical practice guidelines do not
recommend systemic corticosteroid therapy for CAP
(14, 15).

In light of recently published randomized trials (16,
17), we performed a systematic review and meta-
analysis evaluating the effect of adjunctive corticoste-
roid therapy for patients hospitalized with CAP.

METHODS

Data Sources and Searches

A previous Cochrane review with similar inclusion
criteria identified studies up to December 2010 (13).
Using the Medical Subject Headings terms “pneumo-
nia” and “corticosteroid”, we replicated the search strat-
egy of that review (13) for MEDLINE, EMBASE, and the
Cochrane Central Register of Controlled Trials (13)
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Figure 1. Effect of corticosteroids on all-cause mortality in patients hospitalized with community-acquired pneumonia, by

severity of pneumonia.

Study, Year (Reference) Participants, n/N

Corticosteroids  Control

Severe pneumonia

Risk Ratio (95% CI)

Confalonieri et al, 2005 (24) 0/23 8/21 - i 0.05 (0.00-0.88)

El-Ghamrawy et al, 2006 (40) 3/17 6/17 T 0.50 (0.15-1.68)

Marik et al, 1993 (48) 1/14 3/16 = 1 0.38 (0.04-3.26)

Nafae et al, 2013 (41) 4/60 6/20 —a— 0.22 (0.07-0.71)

Sabry and Omar, 2011 (47) 2/40 6/40 . 0.33 (0.07-1.55)

Torres et al, 2015 (17) 6/61 9/59 —— 0.64 (0.24-1.70)

Random effects: 12 = 0% B 0.39 (0.20-0.77)
Less severe pneumonia

Blum et al, 2015 (16) 16/392 13/393 1.—1 1.23 (0.60-2.53)

Fernandez-Serrano et al, 2011 (46) 1/23 1/22 0.96 (0.06-14.37)

McHardy and Schonell, 1972 (45) 3/40 9/86 —a— 0.72 (0.20-2.51)

Meijvis et al, 2011 (43) 9/151 11/153 0.83 (0.35-1.92)

Snijders et al, 2010 (42) 6/104 6/109 1.05 (0.35-3.15)

Wagner et al, 1956 (39) 1/52 1/61 [ | 1.17 (0.08-18.30)

Random effects: I> = 0% 1.00 (0.79-1.26)
Total

Random effects: I? = 6%; interaction P = 0.010 0.67 (0.45-1.01)

l — — t— —
0.001  0.005 0.01 0.050.1 05 1 5 10

from 1 January 2010 to 24 May 2015. We manually
searched the reference lists of included studies and ex-
isting systematic reviews as well as all articles citing the
included studies on Google Scholar.

Study Selection

Eligible studies, reported in any language, ran-
domly assigned adults with CAP to oral or intravenous
corticosteroid therapy versus placebo or no treatment.
We excluded studies of ventilator-associated pneumo-
nia, aspiration pneumonia, or Pneumocystis jirovecii
pneumonia and studies limited to patients with chronic
obstructive pulmonary disease. Eligible studies re-
ported on at least 1 of the following outcomes: dura-
tion of hospitalization, time to clinical stability, all-cause
mortality, need for mechanical ventilation, need for
intensive care unit (ICU) admission, or development
of ARDS. Two teams of 2 reviewers independently
screened titles and abstracts in duplicate, obtained full
texts of articles that either reviewer considered poten-
tially eligible, and determined eligibility from the full
texts.

Data Abstraction and Quality Assessment

Two reviewers independently extracted data and
assessed risk of bias. For all phases of the project, re-
viewers resolved disagreements by discussion and, as
necessary, in consultation with a third reviewer.
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In addition to measures of potential benefit, re-
viewers extracted data on possible harms, including
rehospitalization, hyperglycemia requiring treatment,
gastrointestinal hemorrhage, and severe neuropsychi-
atric symptoms (including delirium, psychosis, and ma-
nia). For studies reporting outcomes at more than 1
time point, we abstracted data closest to 30 days from
randomization.

We used the Grading of Recommendations Assess-
ment, Development, and Evaluation (GRADE) system to
assess the certainty of evidence (also known as quality
of evidence or confidence in evidence) for each out-
come and for the entire body of evidence (18). Cer-
tainty of evidence takes into consideration the study
design (in this case, randomized clinical trials); risk of
bias, precision, consistency, and directness of the
evidence; and the possibility of publication bias. A
modified Cochrane instrument (19) provided the
structure for assessing the risk of bias of the primary
studies. We applied recently published methods to as-
sess the effect of loss to follow-up (20, 21). Publication
bias was assessed through visual inspection of funnel
plots.

We used optimal information size calculations as an
objective measure of imprecision for grading evidence,
with an « of 0.05 and a 3 of 0.80 (22).
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Data Synthesis and Analysis

We used random-effects models for all analyses
(Mantel-Haenszel risk ratios [RRs] for dichotomous out-
comes and mean differences for continuous variables).
We hypothesized that the following would be associ-
ated with a larger treatment benefit: publication before
2000, greater pneumonia severity, longer duration of
corticosteroid therapy (>3 vs. <3 days), and higher risk
of bias. Conversion of nonparametric data to means
and SDs was based on recently established methods
(23). We conducted sensitivity analyses omitting stud-
ies in which means were estimated from medians and
omitting 1 study that was stopped early for a large ef-
fect (24).

We defined severe pneumonia according to com-
monly used criteria (if available) in the following order
of preference: Pneumonia Severity Index score of IV or
V (25), CURB-65 (Confusion, Urea nitrogen, Respiratory
rate, Blood pressure, and age 65 years or older) score
of 2 or greater (26), fulfillment of 1 major or 3 minor
criteria from the 2007 consensus guideline from the In-
fectious Diseases Society of America and the American
Thoracic Society (ATS) (14), a score of 3 or greater us-
ing British Thoracic Society criteria (27), fulfillment of 1
major or 2 minor criteria from the ATS 2001 rule (28),
and meeting 1 of the ATS 1993 criteria (29). We used
authors' classification of severe pneumonia when ob-
jective scoring was not available, and we classified in-
dividual studies as meeting the criteria for severe illness
if at least 70% of patients had severe pneumonia at
baseline (when data were available) or if mortality was
at least 15% in the control group (when severity at pre-
sentation was not reported) (25).

Analyses were performed in Review Manager 5.2.7
(Cochrane Collaboration). Heterogeneity was assessed

REVIEW

using visual inspection of the results, a test for hetero-
geneity, and the /? statistic (30). We calculated 95% Cls
with the Hartung-Knapp-Sidik-Jonkman method, which
is based on a t distribution (31, 32).

To estimate the absolute effects of the intervention
on relevant outcomes, we sought large observational
studies providing best estimates of these outcomes in
the absence of corticosteroid therapy in representative
patients with CAP (33). Reliable observational data
were available for mortality (34), need for mechanical
ventilation (35), admission to an ICU (35), ARDS (36),
and rehospitalization (37). When observational data
were not available, we used the median absolute effect
from the control groups of trials (33, 38). As per GRADE
guidelines, we then applied point estimates of relative
effects and the associated Cls to estimate the absolute
effects of the intervention.

Role of the Funding Source
This study received no external funding.

RESULTS

The literature search identified 3281 unique cita-
tions plus 3 studies identified from references 39
through 41 and 6 studies included in the previous re-
view (2 of which were ineligible) (13) (Appendix Figure
1, available at www.annals.org). We included a total of
13 randomized, controlled trials (2005 patients), with 9
studies not included in the previous review (Appendix
Table 1, available at www.annals.org).

Study Characteristics

Primary studies were conducted mostly in Europe,
and only 1 received funding from the pharmaceutical
industry (42). Sample sizes ranged from 30 to 784 hos-

Figure 2. Effect of corticosteroids on need for mechanical ventilation in patients hospitalized with community-acquired

pneumonia, by severity of pneumonia.

Study, Year (Reference) Participants, n/N

Corticosteroids Control

Severe pneumonia

Risk Ratio (95% Cl)

Marik et al, 1993 (48) 2/14 4/16 k L i 0.57 (0.12-2.66)

Nafae et al, 2013 (41) 8/60 5/20 —— 0.53 (0.20-1.44)

Torres et al, 2015 (17) 5/61 9/59 —— 0.54 (0.19-1.51)

Random effects: I> = 0% I‘I 0.54 (0.50-0.58)
Less severe pneumonia

Blum et al, 2015 (16) 1/392 6/393 . { 0.17 (0.02-1.38)

Fernandez-Serrano et al, 2011 (46) 1/23 5/22 I l i 0.19 (0.02-1.51)

Random effects: 1> = 0% "4 0.18 (0.08-0.43)
Total

Random effects: 1> = 0%; interaction P = 0.011 l‘l 0.45 (0.26-0.79)
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Figure 3. Effect of corticosteroids on development of the acute respiratory distress syndrome in patients hospitalized with

community-acquired pneumonia.

Study, Year (Reference) Participants, n/N

Corticosteroids Control

Risk Ratio (95% CI)

Blum et al, 2015 (16) 0/392 1/393 t i i 0.33 (0.01-8.18)
Confalonieri et al, 2005 (24) 0/23 4/23 b ' ! 0.11 (0.01-1.95)
El-Ghamrawy et al, 2006 (40) 0/17 3/17 ' i | 0.14 (0.01-2.57)
Sabry and Omar, 2011 (47) 2/40 6/40 I . { 0.33 (0.07-1.55)

Random effects: I> = 0%

0.24 (0.10-0.56)

pitalized patients, most of whom were men at a median
age typically in the early 60s (Appendix Table 1) (34-
37). Patients received corticosteroid treatment—dexa-
methasone (43), prednisone (16), prednisolone (42, 44,
45), methylprednisolone (17, 46), or hydrocortisone
(24, 39-41, 47, 48)-ranging from 1 dose (48) to 10
days (24). A placebo was used in the control group in
all studies. Follow-up ranged from in-hospital to 60
days from enrollment (Appendix Table 1). Studies often
excluded patients at high risk for adverse effects from
corticosteroids, including those with gastrointestinal
hemorrhage within 3 months (16, 17, 24, 40, 41, 45,
47), those with immunosuppression (16, 17, 24, 40-44,
46-48), and pregnant women (16, 40-43, 47) (Appen-
dix Table 1).

Risk-of-Bias Assessment

Five of 13 trials enrolling 70.4% of the total sample
had low risk of bias (Appendix Table 2, available at
www.annals.org). Loss to follow-up was rare: 10 trials
had complete follow-up, and only 1 had attrition
greater than 5% (39) (Appendix Tables 3 to 5, available
at www.annals.org). Worst plausible assumptions about
the outcomes of patients lost to follow-up did not ma-
terially change the results.

We were not able to detect publication bias for any
analysis; however, only 1 outcome (all-cause mortality)
was addressed in 10 or more studies and was thus
evaluable using funnel plots (Appendix Figure 2, avail-
able at www.annals.org).

Outcomes
All-Cause Mortality

In 12 trials that addressed all-cause mortality, 79 of
997 (7.9%) patients died in the control groups com-
pared with 52 of 977 (5.3%) in the corticosteroid
groups (RR, 0.67 [95% Cl, 0.45 to 1.01]; I* = 6%; mod-
erate certainty) (Figure 1 and Appendix Figure 3, avail-
able at www.annals.org). The subgroup analyses sug-
gested that the effect varied according to severity of
CAP. An apparent mortality benefit was observed in
trials that met our criteria for severe pneumonia (6 stud-
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ies; 388 patients; RR, 0.39 [CI, 0.20 to 0.77]; 7= 0%)
but not in those that did not (6 studies; 1586 patients;
RR, 1.00 [CI, 0.79 to 1.26]; I = 0%) (P = 0.010 for inter-
action) (Appendix Table 6, available at www.annals
.org). Certainty of evidence was rated moderate be-
cause the Cl crossed 1 and because of a possible
subgroup effect.

Mechanical Ventilation

Five studies (1060 patients) found a reduction in
the need for mechanical ventilation in patients who re-
ceived corticosteroids (RR, 0.45 [Cl, 0.26 to 0.79]; I =
0%; moderate certainty) (Figure 2 and Appendix Figure
4, available at www.annals.org). Certainty of evidence
was rated down because of a small number of events
(46 total). The relative reduction in the need for me-
chanical ventilation was larger in studies enrolling pa-
tients with less severe pneumonia (RR, 0.18 [CI, 0.08 to
0.43]) than in those enrolling patients with severe pneu-
monia (RR, 0.54 [CI, 0.50 to 0.58]) (P = 0.011 for inter-
action) (Appendix Table 7, available at www.annals
.org).

ICU Admission

Three studies (950 patients), all published after
2000, provided data on admission to an ICU among
patients who were not in an ICU at enrollment. In all 3
studies, most patients had less severe CAP, and corti-
costeroid therapy was administered for more than 3
days. The results were consistent with the reduction in
mechanical ventilation but with wider Cls (RR, 0.69 [CI,
0.46 to 1.03]; I? = 0; moderate certainty) (Appendix Fig-
ure 5 and Appendix Table 8, available at www
.annals.org).

ARDS
Four studies (945 patients) evaluated risk for ARDS

in patients who did not meet criteria at enrollment.
Three (24, 41, 47) defined ARDS by consensus criteria
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Figure 4. Effect of corticosteroids on duration of hospitalization in patients with community-acquired pneumonia, by study risk

of bias.

Study, Year (Reference) Participants, n

Low risk of bias

Mean Difference (95% ClI)

Blum et al, 2015 (16)* 785 [ | -1.00 (-1.10 to -0.90)
Meijvis et al, 2011 (43)* 304 = = -1.27 (-2.15 to -0.39)
Snijders et al, 2010 (42) 199 — —-0.60 (—4.05 to 2.85)
Random effects: I> = 0% @ -1.00 (-1.79 to -0.21)
High risk of bias

Confalonieri et al, 2005 (24)* 46 = d -7.00 (-15.62 to 1.62)
El-Ghamrawy et al, 2006 (40) 34 — -6.70 (-10.22 to -3.18)
Fernandez-Serrano et al, 2011 (46)* 45 — . -2.33 (-5.58 t0 0.92)
Mikami et al, 2007 (44) 31 L -4.20 (-10.14 to 1.74)
Nafae et al, 2013 (41) 80 —l— -7.23 (-8.38 to -6.08)
Torres et al, 2015 (17)* 120 S e —-0.34 (-2.18 to 1.50)

Random effects: I = 88%

Total
Random effects: I> = 94%; interaction P = 0.045

-4.41 (-7.65 to -1.17)

-2.96 (-5.18 to -0.75)

* Mean length of stay is estimated from the median.

(49); the fourth did not specify diagnostic criteria (16).
Results showed a statistically significant reduction in the
risk for ARDS with corticosteroids (RR, 0.24 [CI, 0.10 to
0.56]; I>= 0%; moderate certainty) (Figure 3 and
Appendix Table 9, available at www.annals.org). Cer-
tainty of evidence was rated down because of a small
number of events (16 total).

Duration of Hospitalization
In all studies, patients were discharged at the dis-
cretion of the admitting physician. We estimated means

from medians for 5 studies (16, 17, 24, 43, 46). We
found a high degree of heterogeneity (1> = 94%) in the
primary analysis of duration of hospitalization (Figure
4). Six trials (356 patients) were judged to be at high
risk of bias, which explained the heterogeneity (P =
0.045 for interaction). Three studies (1288 patients)
judged to be at low risk of bias showed a significant
reduction in the length of hospitalization (mean differ-
ence, —1.00 day [Cl, —=1.79 to —0.21 days]; 2= 0%:
high certainty) (Appendix Table 10, available at www
.annals.org). We found no evidence that changing as-

Figure 5. Effect of corticosteroids on hyperglycemia in patients hospitalized with community-acquired pneumonia.

Study, Year (Reference) Participants, n/N

Corticosteroids  Control

Risk Ratio (95% Cl)

Blum et al, 2015 (16) 76/392 43/393 B 1.77 (1.25-2.51)
Fernandez-Serrano et al, 2011 (46) 1/23 0/23 - | 3.00 (0.13-70.02)
Meijvis et al, 2011 (43) 7/151 5/153 — - 1.42 (0.46-4.37)
Nafae et al, 2013 (41) 19/60 8/20 — 0.76 (0.41-1.52)
Snijders et al, 2010 (42) 5/97 2/102 = . 2.63 (0.52-13.23)
Torres et al, 2015 (17) 11/61 7/59 — 1.52 (0.63-3.66)
Random effects: I = 6% ,’. 1.49 (1.01-2.19)
I I —t —
0.1 05 1 5 10 50 100
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Table. GRADE Evidence Profile: Corticosteroids for Patients Hospitalized With Community-Acquired Pneumonia*

Outcome Quality Assessment

Participants Median Risk of Bias Inconsistency Indirectness Imprecision Publication
(Studies), n  Follow-up Bias
All-cause mortality 1974 (12) In-hospital No serious  Possible important No serious limitations Serious imprecisiont Undetected
limitations subgroup
differencest
Need for mechanical 1060 (5) In-hospital  No serious No serious limitations  No serious limitations Serious limitations; Undetected
ventilation limitations small number of
events
Admission to ICU 950 (3) 30d No serious  No serious limitations  No serious limitations Serious imprecision;  Undetected
limitations may be important
undetected effect
ARDS 945 (4) 30d No serious No serious limitations No serious limitations Serious limitations; Undetected
limitations small number of
events
Duration of hospitalization 1288 (3) - No serious No serious limitations  No serious limitations No serious limitations  Undetected
limitations
Time to clinical stability 1180 (5) - No serious No serious limitations No serious limitations No serious limitations Undetected
limitations
Hyperglycemia requiring 1534 (6) 30d No serious  No serious limitations No serious limitations No serious limitations Undetected
treatment limitations
Gastrointestinal 1223 (7) In-hospital  No serious No serious limitations No serious limitations Serious imprecision;  Undetected
hemorrhage limitations may be important
undetected effect
Severe neuropsychiatric 1217 (4) 30d No serious  No serious limitations  Serious indirectness; Serious imprecision;  Undetected
complications| limitations lack of consistent and may be important
objective diagnostic undetected effect
criteria
Rehospitalization 1089 (2) 30d No serious No serious limitations No serious limitations Serious imprecision;  Undetected
limitations may be important

undetected effect

ARDS = acute respiratory distress syndrome; GRADE = Grading of Recommendations Assessment, Development, and Evaluation; ICU = intensive
care unit; RR = risk ratio.

* Adapted with permission from http://isof2.epistemonikos.org/#/finding/550bcéacf30d0c43083e63a0.

T Except where noted.

1 We considered rating down this outcome for imprecision in addition to inconsistency because of a small number of events and because the
number of included patients was smaller than the calculated optimal information size (n = 3500) to detect a relative reduction of 30%. However,
given that other critical outcomes showed a benefit that would merit corticosteroid treatment insofar as there was no increase in mortality, we chose
to rate down from “high” to “moderate.”

§ Estimated from observational data (available in associated reference).

|| Estimated from the median absolute effect of control groups of included studies. Absolute estimates may be underestimated because trials often

excluded patients with risk factors for adverse events (e.g., recent gastrointestinal hemorrhage or uncontrolled diabetes).

9 Includes psychosis, mania, and delirium.

sumptions, including using the median instead of the
mean difference, had an important effect on outcomes
(Appendix Figure 6 and Appendix Table 11, available
at www.annals.org). Two of 3 studies at low risk of bias
(1089 patients) reported medians; each reported a sta-
tistically significant median reduction in hospitalization
of 1 day with nonparametric testing (16, 43).

Time to Clinical Stability

Five studies (1180 patients) evaluated time to clin-
ical stability, most often defined by the consensus cri-
teria as having all vital signs within the normal range
and not requiring supplemental oxygen (28). We esti-
mated the mean from the median in 3 studies (16, 17,
46). The pooled results showed a significant reduction
in the time to clinical stability (mean difference, —1.22
days [Cl, —2.08 to —0.35 days]; I* = 38%; high certainty)
(Appendix Figure 7 and Appendix Table 12, available
at www.annals.org). Sensitivity analyses of nonparamet-
ric data did not show a meaningful effect on the results
(Appendix Table 13 and Appendix Figure 8, available
at www.annals.org).

524 Annals of Internal Medicine « Vol. 163 No. 7 « 6 October 2015

Adverse Effects

Corticosteroid use increased the incidence of hy-
perglycemia requiring treatment (6 studies; 1534 pa-
tients; RR, 1.49 [Cl, 1.01 to 2.19]; P = 6%, high cer-
tainty) (Figure 5 and Appendix Table 14, available at
www.annals.org). Results did not show an effect of sys-
temic corticosteroids on gastrointestinal hemorrhage (7
studies; 1223 patients) (Appendix Figure 9 and Appen-
dix Table 15, available at www.annals.org), severe neu-
ropsychiatric complications (4 studies; 1217 patients)
(Appendix Figure 10 and Appendix Table 16, available
at www.annals.org), or rehospitalization (2 studies;
1089 patients) (Appendix Figure 11, available at www
.annals.org), although Cls around relative effects were
wide. Most studies excluded patients at higher risk
for adverse effects from corticosteroids (Appendix
Table 1).

Subgroup Analysis
Risk of bias, year of publication, severity of pneu-
monia at enrollment, and duration of corticosteroid
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Table—Continued

Summary of Findings Certainty
of Evidence
Study Event Rates, n/N (%) RR (95% CI)t Estimation of Absolute Effects
Control Corticosteroids Control Corticosteroids
79/997 (7.9) 52/977 (5.3) 0.67 (0.45to 1.01) 8.5% (34)§ 2.8% fewer (4.8% fewer to 0.1% more) Moderate
29/510(5.7) 17/550 (3.1) 0.45(0.26 t0 0.79) 9.1% (35)§ 5.0% fewer (6.7% to 1.9% fewer) Moderate
36/474 (7.6) 25/476 (5.3) 0.69 (0.46 to 1.03) 13.4% (35)§ Not significant; 4.2% fewer (7.2% fewer Moderate
to 0.4% more)
14/472 (3.0) 2/473(0.4) 0.24 (0.10 to 0.56) 8.1% (36)§ 6.2% fewer (7.3% to 3.6% fewer) Moderate
9.1d 7.9d Mean difference, =1.00 d 9.1d 1.0 fewer day (1.8 to 0.2 fewer days) High
(-1.79 to —-0.21 d)
4.7d 3.5d Mean difference, -1.22 d 4.7d 1.2 fewer days (2.1 to 0.4 fewer days) High
(-2.08 to —0.35d)
50/640(7.7) 88/640 (13.8) 1.49(1.01 to 2.19) 7.1%|| 3.5% more (0.1% to 8.5% more) High
9/595 (1.5) 8/628 (1.3) 0.82(0.33to0 1.62) 1.7%|| Not significant; 0.3% fewer (1.1% fewer Moderate
to 1.1% more)
8/615 (1.3) 13/602 (2.2) 1.65 (0.88 to 3.08) 1.7%|| Not significant; 1.1% more (0.2% fewer Low
to 3.5% more)
35/546 (6.4) 39/543(7.2) 1.12(0.59 to 2.13) 7.3% (37)8§ Not significant; 0.9% more (3.0% fewer Moderate

to 8.2% more)

therapy did not show a consistent interaction across
outcomes.

Sensitivity Analysis

One study was stopped early for benefit after 7 in-
hospital deaths in the placebo group versus 0 deaths in
the corticosteroid group (24). Omission of this study
had no appreciable effect on the results. Omission of
studies in which means were estimated from median
values for continuous outcomes had a negligible effect
on the results. Optimal information size was below the
threshold for precision for all outcomes except dura-
tion of hospitalization and time to clinical stability (Ap-
pendix Table 17, available at www.annals.org).

DiscussION

Our findings show moderate certainty of an abso-
lute reduction of approximately 5% in the need for me-
chanical ventilation and the rate of ARDS (and a corre-
sponding number needed to treat of approximately 20)
with systemic corticosteroid therapy in adult patients
hospitalized for CAP (Figures 2 and 3 and Table). This
review also shows with high certainty that systemic cor-
ticosteroid therapy reduces time to clinical stability and
duration of hospitalization by approximately 1 day (Fig-
ure 4, Appendix Figure 7, and Table). Our estimate for
duration of hospitalization comes from studies at low
risk of bias; the estimate of effect from all studies is
larger (Figure 4). We found that adjunctive corticoste-
roids increase the incidence of hyperglycemia requir-

www.annals.org

ing treatment by approximately 4% (high certainty). A
plain-language interactive summary of the findings
table is available at http://isof2.epistemonikos.org
/#/finding/550bc6acf30d0c43083e63a0.

Our meta-analysis showed a possible reduction in
mortality with the use of corticosteroids (Figure 1 and
Table), but the certainty of this effect for all patients is
diminished by the fact that it seemed to be driven by
the subgroup of trials examining severe pneumonia
(moderate certainty) (Figure 1 and Appendix Table 6).
However, the finding of the subgroup gains credibility
from the large magnitude of effect, its biological plau-
sibility (a greater inflammatory response in more severe
pneumonia), and a small interaction P value (0.010).
However, it is based on differences between rather
than within studies; is driven, to a considerable extent,
by a small study that was stopped early for benefit (24);
and almost certainly represents a large overestimate of
effect (50, 51). Furthermore, we found no consistency in
the subgroup effect with related outcomes; studies en-
rolling patients with more severe illness did not show
larger effects on the need for mechanical ventilation or
risk for ARDS than those enrolling patients with less
severe illness. In summary, although the subgroup ef-
fect may be real and there may be a mortality benefit
with adjunctive corticosteroids restricted to those with
severe pneumonia, established criteria for evaluating
subgroup analyses suggest that the apparent effect is
probably spurious (52, 53).
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We also identified a possible subgroup effect on
mechanical ventilation—studies of less severe pneumo-
nia showed a larger relative reduction in the need for
mechanical ventilation (relative risk reduction, 82% vs.
46%; P = 0.011 for interaction). However, this finding is
probably spurious for the same reasons as those stated
for the subgroup effect for mortality. Indeed, that the
subgroup effects were opposite (that is, greater reduc-
tion in mortality among patients with severe pneumo-
nia vs. greater reduction in mechanical ventilation
among those with less severe illness) further reduces
the credibility of both subgroup inferences.

Our study has several strengths. We developed ex-
plicit eligibility criteria, conducted a comprehensive
search, assessed eligibility and risk of bias in duplicate,
addressed all important outcomes, conducted a small
number of plausible subgroup and sensitivity analyses,
and applied GRADE criteria to determine certainty of
evidence. In addition, we performed a “rapid meta-
analysis,” which included studies from a previous sys-
tematic review (13) and systematically searched litera-
ture published after the previous review. Although this
method is new and not yet validated, it avoids unnec-
essary replication of previous work. However, our
search was rigorous enough to find 2 trials (39, 40) that
were missed in the previous review (13).

Our review also has limitations, including the use of
various agents, routes of administration, and doses of
corticosteroids in the included studies, leaving the op-
timal choice of agent and dose open to question.
Moreover, we did not search the gray literature or con-
ference abstracts, which may have provided additional
studies; however, we believe that this is a minor issue.

Most primary studies excluded patients who were
immunosuppressed, were pregnant, had recent gastro-
intestinal hemorrhage, or may have been at high risk
for neuropsychiatric adverse effects. Application of our
findings to these populations is therefore questionable.
Inferences are also limited for outcomes with a small
number of events (need for mechanical ventilation, ad-
mission to an ICU, and particularly ARDS). Finally, we
could not rule out publication bias.

We used mean differences for continuous out-
comes, although reductions in length of stay or time to
clinical stability are unlikely to be normally distributed.
However, our findings were robust to various sensitivity
analyses.

We used the same methods as in our primary
search (to 24 May 2015) to identify previous systematic
reviews and meta-analyses. Our results are consistent
with those of prior systematic reviews of corticosteroids
in CAP (12, 13, 54), although inclusion of recent trials
allowed us to address additional outcomes, including
the need for mechanical ventilation, and to provide ev-
idence resulting in greater certainty. Our finding of a
reduction in hospital stay of approximately 1 day is sim-
ilar to the effect of corticosteroids on duration of stay in
patients having exacerbations of chronic obstructive
pulmonary disease (55). A previous systematic review
of randomized trials did not show an effect of cortico-
steroids on prevention of ARDS (56). However, these
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early trials had broad inclusion criteria, including pa-
tients with trauma, malignant tumor, hemorrhage, and
nonpulmonary sepsis in addition to those with pneu-
monia (56, 57).

Our results provide high-quality evidence for the
benefits of adjunctive corticosteroids in CAP. For many
key outcomes, trials with low risk of bias provided much
of the evidence; results are consistent across studies
and are directly applicable to a broad range of patients
with CAP (Table). The similar effects across related cor-
ticosteroid administration strategies and outcomes
(length of hospital stay and achievement of clinical sta-
bility, need for mechanical ventilation, development
of ARDS, need for ICU admission, and mortality)
strengthen the credibility of the findings. The moderate
certainty about some important outcomes does not de-
crease our high certainty of the benefits overall be-
cause, regardless of a possible absence of benefit on
those outcomes (such as mortality), the benefits of ste-
roids still outweigh the harms. We therefore rated the
overall certainty of the available evidence as high for
the benefits of adjunctive corticosteroids in CAP.

A recent trial restricted participation to patients
with evidence of ongoing inflammation (17), an ap-
proach advocated by some experts; however, this was
the sole trial with this restriction in our review. We did
not consider microbiologic etiology in our review be-
cause it is not typically known when the decision to
administer corticosteroids is made. Therefore, effects
may vary by the underlying cause; however, our review
applies to empirical therapy in all patients hospitalized
with CAP.

The apparent benefits of systemic corticosteroids
in CAP are large enough—a decrease in hospital stay of
approximately 1 day and an absolute reduction in risk
for mechanical ventilation of 5%—to be considered im-
portant by many. Given the frequency of CAP, and thus
the associated economic burden (3, 4), routine use of
corticosteroids for CAP could result in considerable
cost savings. Although the need for treatment of
hyperglycemia increased by 6%, we found no identifi-
able long-term adverse consequences. One trial docu-
mented no significantly increased risk for diabetes
or use of glycemic agents 30 days after presentation
(16).

The case for corticosteroids is stronger with more
severe pneumonia. This result stems less from the sug-
gestion of a subgroup effect on mortality (an effect with
modest credibility) than from the higher incidence of
ARDS and the need for mechanical ventilation and be-
cause mortality equates to a greater absolute risk re-
duction with corticosteroid use.

High-quality evidence shows an appreciable de-
crease in the duration of hospitalization with corticoste-
roid therapy, and moderate-quality evidence supports
a substantial reduction in the need for mechanical ven-
tilation, progression to ARDS, and mortality. Larger
pragmatic trials could improve certainty associated
with several important outcomes, including mortality,
need for mechanical ventilation, ARDS, gastrointestinal
bleeding, and neuropsychiatric disturbance. Decision
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makers should seriously consider the use of corticoste-
roids in patients hospitalized with CAP, particularly in
those who are more severely affected.
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Appendix Table 2. Quality Assessment: Low Versus High Risk of Bias*

Study, Year (Reference) Allocation Adequate Attrition Free of Free of Other Industry-  Overall Risk

Adequately  Blinding?t Infrequent?t  Evidence of  Significant Bias? Funded of Bias

Concealed? Selective

Reporting?

Blum, 2015 (16) Yes Yes Yes Yes Yes No Low
Confalonieri, 2005 (24) Probably yes  Yes Yes Yes No: trial stopped early No High
El-Ghamrawy, 2006 (40) Probably no Probably no Yes Yes Yes NR High
Fernandez-Serrano, 2011 (46)  Probably no Probably yes  Yes Probably yes  No: per protocol analysis No High
Marik, 1993 (48) Probably yes  Probablyyes  Yes Yes Yes NR Low
McHardy, 1972 (45) Probably no No Probably no Probably yes  No: per protocol analysis No High
Meijvis, 2011 (43) Yes Yes Yes Yes Yes No Low
Mikami, 2007 (44) Probably no No Yes Probably yes  Probably yes NR High
Nafae, 2013 (41) Probablyyes  No Yes Yes Yes NR High
Sabry, 2011 (47) Probably yes  Yes Yes Yes Yes No Low
Snijders, 2010 (42) Yes Yes Yes Probably yes  Yes Yes Low
Torres, 2015 (17) Probably no Yes Yes Yes Yes No High
Wagner, 1956 (39) No Yes Probably yes Yes No: per protocol selection ~ No High

NR = not reported.

* Answers could be yes, probably yes, probably no, or no (19).

1 Adequate blinding of patients and primary clinicians.

1 Defined as <15% attrition to primary outcome and those excluded not likely to have made a material difference in outcomes.

Appendix Table 3. Mortality Data

Study, Year (Reference) Included in Analysis Follow-up Mortality (Intervention/ Pneumonia-Specific

(Intervention/Control), n Control), n (%)* Mortality (Intervention/
Control), n (%)*

Blum, 2015 (16) 392/393 30d 16 (4)/13 (3) 5(1)/7(2)

Confalonieri, 2005 (24) 23/21 60d 0(0)/8 (34.8) 0(0)/8 (34.8)

El-Ghamrawy, 2006 (40) 17/17 In-hospital 3(18)/6 (35) NR

Fernandez-Serrano, 2011 (46) 23/22 1 mo 1(4.3)/1(4.5) NR

Marik, 1993 (48) 14/16 In-hospital 1(7.1)/3(18.8) NR

McHardy, 1972 (45) 40/86 NR, likely in-hospital 3(7.5)/9 (10.4) 2 (5.0)/4 (4.6)

Meijvis, 2011 (43) 151/153 30d 9(5.9)/11(7.2) 6(4.0)/6 (3.9)F

Mikami, 2007 (44) 15/16 In-hospital NR NR

Nafae, 2013 (41) 60/20 In-hospital 4(6.7)/6 (31.6) NR

Sabry, 2011 (47) 40/40 8d 2(5)/6(15) 2 (5)/6 (15)

Snijders, 2010 (42) 104/109 30d 6(5.8)/6 (5.5) NR

Torres, 2015 (17) 61/59 In-hospital 6(10)/9 (15) 5(8.2)/8(13.6)

Wagner, 1956 (39) 52/61 In-hospital 1(1.9)/1(1.6) NR

NR = not reported.

* Preference for 1 mo/30-d mortality, then any defined period closest to 30 d; however, abstract in-hospital mortality is reported if that was the only
one available.

T Reviewer-abstracted data where cardiac arrest was thought to be pneumonia-specific and myocardial infarction was felt to be a non-pneumonia-
specific cause of death. This is in-hospital mortality (higher risk of bias).
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Appendix Table 5. Safety Data

Study, Year (Reference) Included in Follow-up Rehospitalization After Hyperglycemia Gastrointestinal Severe Psychiatric
Analysis Discharge (Intervention/ Requiring Treatment Bleeding Complications
(Intervention/ Control), n (%) (Intervention/ (Intervention/ (Intervention/
Control), n Control), n (%) Control), n (%) Control), n (%)*

Blum, 2015 (16) 392/393 30d 32(9)/28 (8) 76(19.4)/43 (10.9) 3(0.8)/4(1.0) 5(1.3)/2(0.5)

Confalonieri, 2005 (24) 23/23 In-hospital  NR NR 1(4.3)/1(4.3 NR

El-Ghamrawy, 2006 (40) 17/17 In-hospital  NR NR 2(11.8)/1 (5.9 NR

Fernandez-Serrano, 2011 (46)  23/22 NR NR 1(4.3)/0 (0) 1(4.3)/0(0) NR

Marik, 1993 (48) 14/16 NR NR NR NR NR

McHardy, 1972 (45) 40/86 NR NR NR NR NR

Meijvis, 2011 (43) 151/153 30d 7 (5)/7 (5) 7 (4.6)/5 (3.3) NR NR

Mikami, 2007 (44) 15/16 In-hospital  NR NR NR NR

Nafae, 2013 (41) 60/20 In-hospital  NR 19(31.7)/8 (40.0) 1(1.6)/1 (5.0) NR

Sabry, 2011 (47) 40/40 8d NR NR NR NR

Snijders, 2010 (42) 97/102 30d NR 5(2.3)/2(0.9) NR 4(1.9)/3(1.4)

Torres, 2015 (17) 61/59 In-hospital  NR 11(18.0)/7 (11.9) 0(0)/1(1.7) 1(1.6)/0(0)

Wagner, 1956 (39) 52/61 In-hospital  NR NR 0(0)/1(1.6) 3(5.8)/3(4.9)

NR = not reported.
* Includes psychosis, mania, delirium, and severe mood changes.

Appendix Figure 2. All-cause mortality associated with
corticosteroids in community-acquired pneumonia.
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Appendix Figure 3. All-cause mortality associated with adjunctive corticosteroid therapy in patients with community-acquired
pneumonia.

Study, Year (Reference) Participants, n/N Risk Ratio (95% Cl)
Corticosteroids  Control

Blum et al, 2015 (16) 16/392 13/393 —l.—t 1.23 (0.60-2.53)

Confalonieri et al, 2005 (24) 0/23 8/21 k = | 0.05 (0.00-0.88)
El-Ghamrawy et al, 2006 (40) 3/17 6/17 T 0.50 (0.15-1.68)
Fernandez-Serrano et al, 2011 (46) 1/23 1/22 [ » | 0.96 (0.06-14.37)
Marik et al, 1993 (48) 1/14 3/16 [ = | 0.38 (0.04-1.68)
McHardy and Schonell, 1972 (45) 3/40 9/86 —a— 0.72 (0.20-2.51)
Meijvis et al, 2011 (43) 9/151 11/153 —— 0.83 (0.35-1.92)
Nafae et al, 2013 (41) 4/60 6/20 [ 0.22 (0.07-0.71)
Sabry and Omar, 2011 (47) 2/40 6/40 —a— 0.33 (0.07-1.55)
Snijders et al, 2010 (42) 6/104 6/109 —a— 1.05 (0.35-3.15)
Torres et al, 2015 (17) 6/61 9/59 —a—— 0.64 (0.24-1.70)
Wagner et al, 1956 (39) 1/52 1/61 ' o | 1.17 (0.08-18.30)
Random effects: I = 6% @ 0.67 (0.45-1.01)
I — — I —
0.001  0.0050.01 0.05 0.1 05 1 5 10

Appendix Table 6. Subgroup Analyses for Overall
Mortality With Adjunctive Therapy for CAP

Subgroup, by Analysis Studies, n RR (95% CI) P Value
Risk of bias

Low 5 0.90 (0.50-1.62)

High 7 0.47 (0.24-0.91) 0.152
Year

<2000 3 0.67 (0.23-1.93)

>2001 9 0.64 (0.37-1.09) 0.94
Severity

Severe 6 0.39(0.20-0.77)

Not severe [} 1.00 (0.79-1.26) 0.010

Prescription duration

<3d 1 0.38(0.04-3.26)

>4d 11 0.68 (0.44-1.06) 0.61
Confalonieri (24)

Without 11 0.72 (0.50-1.04) 0.77

With 12

Severe, Confalonieri (24)
Without 5 0.51(0.27-0.98)
With 6 0.39(0.20-0.77) 0.49

CAP = community-acquired pneumonia; RR = risk ratio.
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Appendix Figure 4. Need for mechanical ventilation associated with adjunctive corticosteroid therapy in patients with
community-acquired pneumonia.

Study, Year (Reference) Participants, n/N Risk Ratio (95% ClI)
Corticosteroids  Control
Blum et al, 2015 (16) 1/392 6/393 | L | 0.17 (0.02-1.38)
Fernandez-Serrano et al, 2011 (46) 1/23 5/22 I L | 0.19 (0.02-1.51)
Marik et al, 1993 (48) 2/14 4/16 I i i 0.57 (0.12-2.66)
Nafae et al, 2013 (41) 8/60 5/20 e 0.53 (0.20-1.44)
Torres et al, 2015 (17) 5/61 9/59 T 0.54 (0.19-1.51)
Random effects: I = 0% L g 0.45 (0.26-0.79)
| I I I |
I T T T |
0.01 0.05 0.1 0.5 1 5
Appendix Table 7. Subgroup Analyses for Need for
Mechanical Ventilation With Adjunctive Corticosteroid
Therapy for CAP
Subgroup, by Analysis  Studies, n RR (95% CI) P Value
Risk of bias
Low 2 0.37(0.00-553.15)
High 3 0.48 (0.18-1.27) 0.96
Year
<2000 1 0.57 (0.12-2.66)
>2001 4 0.43 (0.20-0.94) 0.75
Severity
Severe 3 0.54 (0.50-0.58)
Not severe 2 0.18(0.08-0.43) 0.011
Prescription duration
<3d 0 -
=4d 5 - -
CAP = community-acquired pneumonia; RR = risk ratio.
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Appendix Figure 5. Need for intensive care unit admission associated with adjunctive corticosteroid therapy in patients with
community-acquired pneumonia.

Study, Year (Reference) Participants, n/N Risk Ratio (95% CI)
Corticosteroids  Control
Blum et al, 2015 (16) 16/392 22/393 —— 0.73 (0.39-1.37)
Fernandez-Serrano et al, 2011 (46) 4/23 5/22 I L i 0.77 (0.24-2.48)
Meijvis et al, 2011 (43) 5/61 9/59 I L { 0.54 (0.19-1.51)
Random effects: I> = 0% I’i 0.69 (0.46-1.03)
L Il |
! I 1
0.1 0.5 1 5
Appendix Table 8. Subgroup Analyses for Need for ICU Appendix Table 9. Subgroup Analyses for Development
Admission With Adjunctive Corticosteroid Therapy of ARDS With Adjunctive Corticosteroid Therapy for CAP
for CAP . .
Subgroup, by Analysis Studies, n RR (95% CI) P Value
Subgroup, by Analysis Studies, n RR (95% CI) P Value Risk of bias
Risk of bias ng 2 0.33(0.29-0.38)
Low 2 0.67 (0.12—3.68) ngh 2 0.13 (0.02*0.68) 0.30
High 1 0.77(0.24-2.48) 0.90
Year
Year <2000 0 =
<2000 0 - >2001 4 - -
>2001 3 - -
Severity
Severity Severe 3 0.23(0.05-0.98)
Sovare 0 B Not severe 1 0.33(0.01-8.18) 0.85
Not severe 3 - -
Prescription duration
Prescription duration <3d 0 -
<3d 0 - >4d 4 - -
>4d 3 - -
Confalonieri (24)
CAP = community—acquired pneumonia; ICU = intensive care unit; Without 3 0.28 (0.10-0.77)
RR = risk ratio. With 4 0.24(0.11-0.57)  0.82

ARDS = acute respiratory distress syndrome; CAP = community-
acquired pneumonia; RR = risk ratio.
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Appendix Table 10. Subgroup Analyses for Mean Change
in Duration of Hospitalization With Adjunctive
Corticosteroid Therapy for CAP

Subgroup, by Analysis Studies, Mean Difference P Value
n (95%Cl), d

Risk of bias

Low 3 -1.00 (-1.79 to -0.21)

High 6 -4.41 (-7.65t0 -1.17)  0.045
Blinding

Adequate 6 -1.00(-2.74 t0 0.74)

Not adequate 3 -7.08(-11.04to -3.12) 0.006
Year

<2000 0 -

>2001 9 - -
Severity

Severe 4 -5.03(-10.78 t0 0.72)

Not severe 5 -1.01(-2.68 to 0.66) 0.188

Prescription duration
<3d 1 -4.20(-10.14 to 1.74)
>4d 6 -2.88(-5.37t0 -0.39)  0.69

Estimated from medians
Reported mean 4 -4.93(-9.93 t0 0.07)
Reported median 5 -1.00(-3.27 to 1.27) 0.161

CAP = community-acquired pneumonia.
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Appendix Figure 6. Duration of hospitalization: sensitivity analysis with reported medians instead of imputed means.

Study, Year (Reference) Participants, n

Low risk of bias

Blum et al, 2015 (16)* 785
Meijvis et al, 2011 (43)* 304
Snijders et al, 2010 (42) 199

Random effects: I> = 0%

High risk of bias

Mean Difference (95% ClI)

| -1.00 (-1.10 to -0.90)
HEH -1.00 (-1.87 to -0.13)
e -0.60 (-4.05 to 2.85)

@ ~-1.00 (-1.61 to -0.39)

Confalonieri et al, 2005 (24)* 46 I " | —-8.00 (-16.62 to 0.62)
El-Ghamrawy et al, 2006 (40) 34 A -6.70 (-10.22 to -3.18)
Fernandez-Serrano et al, 2011 (46)* 45 T —-2.00 (-5.04 to 1.04)
Mikami et al, 2007 (44) 31 [ | -4.20 (-10.14 to 1.74)
Nafae et al, 2013 (41) 80 —-7.23 (-8.38 to -6.08)
Torres et al, 2015 (17)* 120 —0.34 (-2.18 to 1.50)

Random effects: I> = 91%

Total
Random effects: I> = 94%; interaction P = 0.022

-4.41 (-7.97 to -0.61)

-2.80 (-5.20 to -0.41)

See Figure 4 for the primary analysis.

* Reported as medians with nonparametric measures of distribution.

Appendix Table 11. Sensitivity Analyses Using
Author-Reported Medians and Distributions in the 5
Studies That Reported Nonparametric Data Rather Than
Conversion to Means

Analysis Studies, Mean Difference P Value*
n (95%Cl), d

All studies 9 -2.80(-5.20to -0.41) 0.92

All studies, low risk of bias 3 -1.00(-1.61t0 -0.39) 1

Reported median 5 -0.94 (-3.64 to 1.76) 0.97

Reported median, low risk 2 -1.00(-1.00to —=1.00) 1

of bias

* P value vs. equivalent primary analysis with conversion to parametric

data, most in Appendix Table 10.
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Appendix Figure 7. Change in time to clinical stability associated with adjunctive corticosteroid therapy in patients with
community-acquired pneumonia.

Study, Year (Reference) Participants, n Mean Difference (95% Cl)
Blum et al, 2015 (16)* 785 B -1.50 (-1.58 to —1.42)
Fernandez-Serrano et al, 2011 (46)* 45 | = | -2.34 (-4.99 t0 0.31)
Mikami et al, 2007 (44) 31 I = { -2.10 (-4.43 to0 0.23)
Snijders et al, 2010 (42) 199 I L i 0.00 (-1.69 to —-1.69)
Torres et al, 2015 (17)* 120 —— -0.67 (-1.63 to 0.29)
Random effects: I> = 38% (i -1.22 (-2.08 to -0.35)

| | | | | | | | | | | |

T T T 1 T T 1 T 1 T T

| |
I 1
-5-45-4-35-3-25-2-15-1-05 0 05 1 15 2

Days
* Parametric data estimated from nonparametric data reported in the primary study.
Appendix Table 12. Subgroup Analyses for Mean Change
in Time to Clinical Stability Associated With Adjunctive
Corticosteroid Use for Patients Hospitalized With CAP
Subgroup, by Analysis Studies, Mean Difference P Value
n (95%Cl), d
Risk of bias
Low 3 -1.26 (-3.06 to 0.54)
High 2 -0.97 (-9.03 t0 7.09) 0.95
Year
<2000 0 =
>2001 5 - -
Severity
Severe 1 -0.67 (-1.63t0 0.29)
Not severe 4 -1.41(-2.55t0 -0.27) 0.33
Prescription duration
<3d 1 ~2.10 (-4.43 10 0.23)
24d 4 -1.12(-2.00to -0.24) 0.44
Estimated from medians
Reported mean 2 -0.89 (-13.84 to 12.06)
Reported median 3 -1.33(=2.71t0 0.05) 0.95
CAP = community-acquired pneumonia.
Appendix Table 13. Sensitivity Analyses Using Reported
Medians and Distributions in the 3 Studies That Reported
Nonparametric Data Rather Than Conversion for Time to
Clinical Stability
Analysis Studies, Mean Difference P Value*
n (95% Cl), d
All studies 5 -1.39(-1.52to —1.26) 0.70
Reported median 3 -1.40 (-1.55to —1.25) 0.92
* P value vs. equivalent primary analysis with conversion to parametric
data.
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Appendix Figure 8. Time to clinical stability: sensitivity analysis with reported medians instead of imputed means.

Study, Year (Reference) Participants, n Mean Difference (95% Cl)
Blum et al, 2015 (16)* 785 B -1.40 (-1.50 to -1.30)
Fernandez-Serrano et al, 2011 (46)* 45 ' { -2.00 (-4.49 to 0.49)
Mikami et al, 2007 (44) 31 k i -2.10 (-4.43 t0 0.23)
Snijders et al, 2010 (42) 199 I { 0.00 (-1.69 to 1.69)
Torres et al, 2015 (17)* 120 —a— -1.00 (-1.95 to -0.05)
Random effects: 12 = 0% ] -1.39 (-1.52 to -1.26)

| | | | | | | | | | Il Il Il

| Y D I B R T 1 T

|
I I I 1
-5-45-4-35-3-25-2-15-1-050 05 1 15 2

Days

See Figure 4 for the primary analysis.

* Reported as medians with nonparametric measures of distribution.
Appendix Table 14. Subgroup Analyses for Risk for
Hyperglycemia Associated With Adjunctive Corticosteroid
Therapy for Patients Hospitalized With CAP
Subgroup, by Analysis Studies, n RR (95% Cl) P Value
Risk of bias

Low 3 1.77 (1.25-2.51)
High 3 1.03 (0.35-3.06) 0.35
Year
<2000 0 =
>2001 6 - -
Severity
Severe 2 1.03 (0.02-56.51)
Not severe 4 1.78 (1.40-2.26) 0.79
Prescription duration
<3d 0 _
24d 6 - -
CAP = community-acquired pneumonia; RR = risk ratio.
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Appendix Figure 9. Gastrointestinal hemorrhage associated with adjunctive corticosteroid therapy in patients with
community-acquired pneumonia.

Study, Year (Reference) Participants, n/N Risk Ratio (95% CI)
Corticosteroids Control
Blum et al, 2015 (16) 3/392 4/393 . [— 0.75 (0.17-3.34)
Confalonieri et al, 2005 (24) 1/23 1/23 | I | 1.00 (0.07-15.04)
El-Ghamrawy et al, 2006 (40) 1/17 1/17 f L { 2.00 (0.20-20.04)
Fernandez-Serrano et al, 2011 (46) 1/23 1/22 | ] | 2.88 (0.12-67.03)
Nafae et al, 2013 (41) 1/60 1/20 } ] { 0.33 (0.02-5.09)
Torres et al, 2015 (17) 0/61 1/59 } L | 0.32(0.01-7.76)
Wagner et al, 1956 (39) 0/52 1/61 | i | 0.39 (0.02-9.37)
Random effects: I> = 0% |‘| 0.82 (0.33-1.62)
I — I — —
0.01 0.05 0.1 05 1 5 10 50 100

Appendix Table 15. Subgroup Analyses for
Gastrointestinal Hemorrhage Associated With Adjunctive
Corticosteroid Therapy in Patients Hospitalized With CAP

Subgroup, by Analysis Studies, n RR (95% CI) P Value
Risk of bias

Low 1 0.75(0.17-3.34)

High 6 0.86(0.32-2.32) 0.88
Year

<2000 1 0.39(0.02-9.37)

=2001 6 0.82(0.37-1.80) 0.65
Severity

Severe 4 0.62(0.13-2.86)

Not severe 3 0.84 (0.15-4.86) 0.80
Prescription duration

<3d 0 -

=4d 7 - -

CAP = community-acquired pneumonia; RR = risk ratio.
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Appendix Figure 10. Severe neuropsychiatric complications associated with adjunctive corticosteroid therapy in patients with

community-acquired pneumonia.

Study, Year (Reference) Participants, n/N

Risk Ratio (95% CI)

Corticosteroids Control
Blum et al, 2015 (16) 5/392 2/393 | L | 2.51(0.49-12.84)
Snijders et al, 2010 (42) 4/97 3/102 I Il { 1.40 (0.32-6.10)
Torres et al, 2015 (17) 1/61 0/59 I L | 2.90 (0.12-69.87)
Wagner et al, 1956 (39) 1/52 3/61 I { 1.17 (0.25-5.57)
Random effects: I> = 0% 1.65 (0.88-3.08)
I — — —
0.1 0.5 1 5 10 50 100

Severe neuropsychiatric complications include but are not limited to

mania, psychosis, and delirium.

Appendix Table 16. Subgroup Analyses for
Neuropsychiatric Complications Associated With
Adjunctive Corticosteroid Therapy in Patients Hospitalized

With CAP
Subgroup Studies, n RR (95% ClI) P Value
Risk of bias

Low 2 1.82(0.05-71.45)

High 2 1.40(0.01-131.27) 0.93
Year

<2000 1 1.17 (0.25-5.57)

>2001 3 1.91(0.75-4.88) 0.60
Severity

Severe 1 2.90(0.12-69.87)

Not severe 3 1.82(0.64-5.21) 0.79
Prescription duration

<3d 0 -

>4d 4 - -

CAP = community-acquired pneumonia; RR = risk ratio.
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Appendix Figure 11. Risk for rehospitalization after discharge with adjunctive corticosteroid therapy for patients hospitalized

with community-acquired pneumonia.

Study, Year (Reference) Participants, n/N
Corticosteroids  Control

Blum et al, 2015 (16) 32/392 28/393
Meijvis et al, 2011 (43) 7/151 7/153
Random effects: I = 0%

0.1

Risk Ratio (95% CI)

1.15 (0.70-1.87)
1.01 (0.36-2.82)
1.12 (0.59-2.13)

Appendix Table 17. OIS Calculations for Selected Outcomes in Corticosteroids for CAP*

Outcome Control Event Rate Calculated RR Predicted RRR OIS, n Actual
Size, n
Mortality 7.9% 0.67 30% 3500 1974
Mechanical ventilationt 5.7% 0.45 30% 4948 1060
ICU admissiont 7.6% 0.69 30% 3648 950
ARDST 3.0% 0.24 30% 9630 945
Duration of hospitalization n-adjusted median SD = (2.24) Mean difference = —1.00 1-d reduction 80 1499
Time to clinical stability n-adjusted median SD = (0.74) Mean difference = —1.22 1-d reduction 10 1180
Hyperglycemia 7.7% 1.49 +30% 4748 1534
Gastrointestinal hemorrhaget 1.5% 0.82 +20% 56 608 1223
Severe neuropsychiatric complicationst 1.3% 1.69 +20% 65 462 1217

ARDS = acute respiratory distress syndrome; CAP = community-acquired pneumonia; ICU = intensive care unit; OIS = optimal information size;

RR = risk ratio; RRR = relative risk reduction.
* a error = 0.05; B = 0.80.
T Rated down for imprecision.
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