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BACKGROUND: Community-acquired pneumonia (CAP) is
a leading cause of morbidity and mortality among adults.
Although steroids appear to be beneficial in animal models
of CAP, clinical trial data in humans are either equivocal or
conflicting.

PURPOSE: Our purpose was to perform a systematic
review and meta-analysis of studies examining the impact
of steroid therapy on clinical outcomes among adults
admitted with CAP.

DATA SOURCES AND STUDY SELECTION: We identified
randomized controlled trials (RCTs) through a systematic
search of published literature up to July 2011.

DATA EXTRACTION: We estimated relative risks (RR) and
weighted mean differences, pooled from each study using a
random effects model.

DATA SYNTHESIS: Eight RCTs, comprising 1119 patients,
met our selection criteria. Overall quality of the studies was
moderate. Adjunctive steroid therapy had no effect on
hospital mortality or length of stay in the intensive care unit,
but reduced the overall length of hospital stay (RR: —1.21
days [95% confidence interval (Cl): —2.12 to —0.29]). Less
robust data also demonstrated reduced incidence of
delayed shock (RR: 0.12 [95% CI: 0.03 to 0.41]) and
reduced persistence of chest x-ray abnormalities (RR: 0.13
[95% ClI: 0.06 to 0.27]). A priori subgroup and sensitivity
analyses did not alter these findings.

CONCLUSIONS: Moderate-quality evidence suggests that
adjunctive steroid therapy for adults hospitalized with CAP
reduced the length of hospital stay but did not alter
mortality. Journal of Hospital Medicine 2013;8:68-75.
© 2012 Society of Hospital Medicine

Community-acquired pneumonia (CAP) is the most
common lower respiratory tract infection in adults
and a leading cause of infection-related deaths in the
United States.! According to a survey, pneumonia was
the most common reason for hospital admissions
through the emergency department in 2003.% CAP is
associated with significant morbidity and mortality
among those sick enough to require hospitalization. In
a prospective study, hospital mortality rates ranged
from 5% to 18% and length of stay from 9 to 23
days depending on patient location (intensive care
unit [ICU] vs elsewhere) and severity of illness.’
Empirical evidence suggests that host inflammatory
response contributes significantly to lung injury in
pneumonia.* Studies have demonstrated reduction in
the host inflammatory response as well as in mortality
among animals with bacterial pneumonia when
exposed to glucocorticoids.>® Furthermore, the
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efficacy of adjunctive steroid therapy in severe
pneumonia caused by Preumocystis jirovecii’ and in
pneumococcal meningitis®” is already established.
However, due to equivocal, and at times conflicting,
human clinical trial data on the impact of steroid ther-
apy in CAP, the 2007 consensus guidelines (jointly
published by the Infectious Diseases Society of Amer-
ica and American Thoracic Society) do not provide
recommendations for or against use of steroids in
CAP, except in the setting of hypotension secondary
to adrenal insufficiency.'”

In their meta-analysis, Chen et al. analyzed data
from 6 randomized clinical trials (RCTs) published
between 1972 and 2007 (including 2 on pediatric
patients) and concluded that adding steroids to cur-
rent standard of care was not beneficial.!! Earlier,
Lamontagne et al.’s meta-analysis included RCTs on
hospitalized CAP patients as well as those on patients
with acute lung injury (ALI) or acute respiratory
distress syndrome (ARDS) from any cause.'> They
concluded that low-dose corticosteroid therapy
reduced all-cause in-hospital mortality in this mixed
patient population (relative risk [RR]: 0.68 [95% con-
fidence interval (CI): 0.49 to 0.96]). Recently, data
from a number of additional RCTs have become
available.'*™'” Therefore, an updated review of RCTs
evaluating the role of adjunctive steroid therapy
among adults hospitalized with CAP was warranted.
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MATERIALS AND METHODS

We conducted this systematic review and meta-analy-
sis in accordance with the recommendations published
in the Cochrane Handbook for Systematic Reviews of
Interventions'® and reported our findings according to
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses guidelines.'” The overall quality of
evidence was judged using the Grading of Recommen-
dations Assessment, Development, and Evaluation
(GRADE) framework.*

Data Sources and Search Strategies

A comprehensive search of several databases including
PubMed, Ovid MEDLINE In-Process & Other Non-
Indexed Citations, Ovid MEDLINE, Ovid EMBASE,
Ovid Cochrane Database of Systematic Reviews, Ovid
Cochrane Central Register of Controlled Trials, and
Scopus was conducted. The time range for search
started from each database’s earliest inclusive dates up
to July 2011. An experienced institutional librarian
assisted with the design and conduct of our literature
search. Controlled vocabulary, supplemented with
keywords, was used to search for the topic: steroid
therapy for community-acquired pneumonia. We con-
sulted expert colleagues to ensure the inclusion of all
eligible reports and also checked the bibliographies of
previously published systematic reviews.'*!

Eligibility Criteria

Studies deemed eligible for inclusion were RCTs that
met the following patients, intervention, control, out-
comes (PICO) criteria: P, adults hospitalized with
CAP; I, administration of systemic corticosteroids plus
standard treatment; C, standard treatment without
corticosteroids; O, primary outcome: hospital mortal-
ity; secondary outcomes, length of hospital stay,
length of ICU stay and duration of mechanical ventila-
tion. Under the P criterion we included RCTs that
defined CAP as a lung infection (based on a reasona-
ble combination of history, physical examination,
imaging, and/or other investigative data, such as per
the American Thoracic Society definition)** of pre-
sumed or proven bacterial etiology, in a patient who
was not immunocompromised and had no exposure
to a healthcare facility in the past 90 days.

Study Selection and Quality Assessment

Two reviewers independently performed study selec-
tion, data extraction, and quality assessment. Data
were abstracted using standardized data collection
instruments. Kappa statistic was calculated to assess
the reviewers’ level of agreement.

We perused full texts of all articles whose abstracts
met selection criteria, performing an appraisal of their
quality using the Cochrane risk-of-bias tool.”*> We
also reviewed the baseline characteristics of patients in
each study cohort.

Steroids in Pneumonia | Shafiq et al

Analysis
We estimated RR and weighted mean differences
along with the respective 95% confidence intervals by
pooling data using a random effects model.** Study
heterogeneity was assessed using the I” statistic, which
estimates the percentage of variation that is not attrib-
utable to chance.”> We performed a priori subgroup
analyses based on the location (ICU vs non-ICU) and
mean age group of study participants (based on a
cutoff of 50 years). A significant (P < 0.05) test of
interaction would provide an explanation for any het-
erogeneity.”® We also performed an a priori sensitivity
analysis excluding any studies published before the
year 2000 to exclude the impact of changing stand-
ards of care for inpatient management of CAP over
time.

The original investigators were not contacted for
purposes of obtaining raw data.

RESULTS

Eight RCTs, comprising 1119 subjects, were eventu-
ally chosen.'?™27730 Seven shortlisted studies were
excluded due to methodological limitations, failure to
fully meet PICO criteria, or gross insufficiency of
descriptive data on subjects or methodology.'”>3173¢
Figure 1 illustrates the study selection process.

Table 1 summarizes the baseline characteristics of
patient populations from each study. Mean ages in 7
RCTs were between 60 years and 80 years. In Marik
et al., the mean age of the intervention group was 31.7
years, whereas that of the control group was 40.6 years
(P value not reported).”” Three RCTs included ICU
patients only,'®*"?° whereas 4 only included general
medical ward patients.'*'*?%3° Disease severity scores
at admission were similar between the 2 groups in all
RCTs except Sabry and Omar,'® which was the only
clinical trial to use a chest radiograph score. Only Sabry
and Omar,'® and Mikami et al.*® excluded chronic ob-
structive pulmonary disease patients. Where possible,
the serum C-reactive protein (CRP) value on day one
was subtracted from that on day eight to generate a
one week “delta CRP.”

The mean ICU length of stay was 12.7 days for the
steroid group and 12.3 days for the control group. The
mean hospital lengths of stay were 10.2 days and 13.6
days, respectively. Quality of the studies was moderate
(see Supporting Information, Appendix I, in the online
version of this article). Kappa score was >0.90.

Meta-analysis

Figure 2 illustrates the results of our meta-analyses.
Although adjunctive steroid therapy had no effect on
hospital mortality or ICU length of stay, it was associ-
ated with reduced hospital length of stay (RR: —1.21
days [95% CI: —2.12 to —0.29]). Of note, Mikami
et al.?® did not report mortality in their article,
whereas in McHardy and Schonell,>® using the facto-
rial design, each of the 2 treatment groups were
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FIG. 1. The study selection process.

further subdivided into those patients who received 1
g of ampicillin and those who received 2 g of ampicil-
lin (Figure 2A).

Analysis of other outcomes was limited by the fact
that data were pooled from only a few studies. These
included the need for and duration of mechanical ven-
tilation, development of new ARDS and ICU admis-
sion rate, neither of which was associated with steroid
therapy. However, steroid use was associated with
lower incidence of delayed shock (ie, shock occurring
after enrollment (RR: 0.12 [95% CI: 0.03 to 0.41])
and lower incidence of persistent chest x-ray abnor-
malities at 1 week (RR: 0.13 [95% CI: 0.06 to 0.27]).

Subgroup and Sensitivity Analyses

Heterogeneity (I* statistic) was <50% for all out-
comes except ICU length of stay (74%). There were
no significant interactions to suggest a subgroup effect
based on older vs younger or ICU vs non-ICU based
patients (Table 2). In a priori sensitivity analysis that
excluded McHardy and Schonell (published in 1972)
and Marik et al. (published in 1993),*° the results
were not different from the main analysis.

Quality of Evidence

Using the GRADE framework, the overall quality of
evidence (confidence in the estimates) was judged to
be moderate with the following main limitations: 1)
methodological limitations among included studies
(prognostic imbalance), 2) imprecision (small number
of events and wide confidence intervals), and 3) incon-
sistency in the outcome ICU length of stay (as
reflected by the I* statistic).

Other Reported Outcomes
Four studies'®"**%3° provided descriptive details of
microbiologic data, whereas 1 study'® provided analytical
data on microbiology. In the latter, patients with Strepto-
coccus pnewmoniae infection (identified variably by
sputum, pleural fluid, urine, or blood samples), had lower
clinical cure rates in the steroid group at day 30 (P =
0.01) and higher numbers of late failures (defined as recur-
rence of signs and symptoms of pneumonia, P = 0.02).
Three*”***% studies did not provide data on glyce-
mic trends, whereas Fernandez-Serrano et al., Mikami
et al., and Snijders et al. reported that rates of hyper-
glycemia were not different across the 2 groups.'®!%-?8
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Relative risk and 95% CI

Outcome
RR  LowerUpper
limit limit p-Value
Confalonieri 2005 005 000 085 0.04
Delayed Shock - Sabry 2011 0.14 003 059 0.01 —_—t
0.12 003 041 0.00 —
[ Fernandez-Serrano 2011 0.77 024 248 0.66 —_—
ICU Admission | Meijvis 2011 071 028 181 047 —
073 035 152 0.40 D —
- Confalonieri 2005 0.07 000  1.10 0.06
Fernandez-Serrano 2011 0.96 006 1437 0.97
Marik 1993 0.38 004 326 0.38
Mortality | McHardy 1972 (1g) 0.31 004 233 025
| squared=0% MoHarcy 1972 (2g) 215 033 14.19 043
Meijvis 2011 1.01 0.39 263 0.98 —
Sabry 2011 033 007 155 016
Sniders 2010 1.05 035 315 093 s
- 073 042 127 0.27 R
M Fernandez-Serrano 2011 0.14 0.01 251 0.18
Need for Mechanical ventilation | Marik 1993 057 012 266 0.48 —_—r
L 0.42 011 163 0.21
Confalonieri 2005 014 001 262 019
New ARDS { Sabry 2011 0.33 007 155 0.16
0.28 007  1.08 0.06
[ Confalonieri 2005 0.11 003 043 0.00 —_—
Persistence of CXR findings by day 8 - Sabry 2011 0.13 005 034 0.00 o
L 0.13 0.06 027 0.00 ——
0.01 0.1 1 10 100
Favors steroids Favors control
Meta Analysis
Difference in means and 95% ClI
Outcome Difference Lower Upper
in means limit  limit p-Value
r Confalonieri 2005 -8.00 -16.41 0.41 0.06
Fernandez-Serrano 2011 -2.00 -5.01 1.01 0.19
. Meijvis 2011 -1.00 187 013 0.02 —a—
Hospital Length of Stay - Mikami 2007 -4.20 -10.25 1.85 017
I squared=3% Sniders 2010 0.40 -3.91 311 0.82
1.21 212 0.29 0.01 —
¢ Confalonieri 2005 -8.00 1321 279 0.00
Fernandez-Serrano 2011 -4.00 -9.62 1.62 0.16
ICU length of Stay | Marik 1993 -0.30 891 331 087
| squared=74% Meijvis 2011 6.00 079 1279 0.08
L .79 690  3.32 0.49
[ Confalonieri 2005 -6.00 -11.19 -0.81 0.02
Mechanical Ventilation days | saoy 2011 220 245 195 0.00 -
L -3.18 644 0.8 0.06
-8.00 -4.00 0.00 4.00 8.00

Favors steroids favors control

Meta Analysis

FIG. 2. (A) Meta-analysis of the dichotomous outcomes. (B) Meta-analysis of the continuous outcomes. Abbreviations: ARDS, acute respiratory distress
syndrome; Cl, confidence interval; CXR, chest radiograph; ICU, intensive care unit; RR, relative risk.

Meijvis et al.'® reported more frequent hyperglycemia
in the steroid group (44% vs 23%, P < 0.001) but no
difference in the need for glucose-lowering treatment
(5% vs 3%, P = 0.57). Sabry and Omar'® reported a
higher incidence of hyperglycemia in the steroid group
(no numerical data reported). Snijders et al.,'> Meijvis
et al.,"® and Sabry and Omar'® reported that the rates
of super-infection were not different between the 2
groups. No other adverse effects were consistently
reported.

DISCUSSION

In this meta-analysis of 8 RCTs, we found no signifi-
cant association between steroid therapy and our

primary outcome of interest (hospital mortality).
However, length of hospital stay was shorter in the
steroid group. These findings were not altered in vari-
ous sensitivity and subgroup analyses. Although
adverse effects of steroid therapy were not consistently
reported, most of the RCTs reported that hyperglyce-
mia was either no more common in the steroid group
or did not require additional treatment.

Previous meta-analyses have also concluded that
adding corticosteroids to conventional therapy does
not impact mortality among adults hospitalized with
CAP.'"?! This may or may not be a consequence of
inadequate statistical power. Although Lamontagne
et al.'? reported that low-dose corticosteroid therapy
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TABLE 2. Subgroup Analyses

No. of  Effect P for Interaction
Studies  Size LL uL (Difference Between Subgroups)
Mortality
ICU 3 027 008 083 0.06
Non-ICU 4 0.96 045 205
Older 7 075 040 138 056
Young 1 038 004 326
Need for mechanical ventilation
ICU 1 0.57 012 266 0.39
Non-ICU 1 0.14 001 251
Older 1 014 001 251 0.39
Younger 1 0.57 012 266
L0S
ICU 1 -800 -1641 041 0.11
Non-ICU 3 -114 197 -0.31
ICU LOS
ICU 2 =391 144 362 045
Non-ICU 2 081 -898 1060
Older 3 =226 995 543 0.65
Younger 1 -030 -391 33

NOTE: Abbreviations: ICU, intensive care unit; LOS, length of stay; LL, Lower Limit; UL, Upper Limit.

(2 mg/kg/day or less of methylprednisolone or equiva-
lent) was associated with reduced hospital mortality
(RR: 0.68 [95% CI: 0.49 to 0.96]), this result was
obtained by pooling data from 5 RCTs on adults hos-
pitalized with CAP and 4 on adults with ALI/ARDS
from any cause. In a subgroup analysis of RCTs
conducted only on CAP patients, no impact on mor-
tality was found. Of note, all RCTs involving CAP
patients had used low-dose steroids; the 3 RCTs using
high-dose steroids were carried out on ALI/ARDS
patients.®=® Similarly, all RCTs in our meta-analysis
were also characterized by steroid doses under 2 mg/
kg/day of methylprednisolone or equivalent.

Our study is the first to demonstrate decreased
length of hospital stay in this patient population.
Importantly, each of the 5 studies that reported this
outcome (including 3 relatively recent RCTs) showed
the same trend. However, it is not inconceivable that
steroid use led to a quicker decline in cytokine levels
resulting in an earlier resolution of fever and hence
earlier discharge without a faster cure per se. The two
studies whose data permitted calculation of delta CRP
also demonstrated a faster CRP decline in the steroid
group (Table 1).

Our analysis also suggested reduced incidence of
delayed shock. However, these data were pooled from
only 2 RCTs,'®?” and each of them used hydrocorti-
sone, whose direct mineralocorticoid effect is an
obvious confounder. Similarly, according to data
pooled from 2 RCTs, steroid use was associated with
fewer cases of persistent chest x-ray abnormalities by
day 8. Of note, although calculation of the I* statistic
was not possible because of too few studies, visual
inspection of the forest plots suggested low levels of
heterogeneity.

It is plausible that the impact of adjunctive steroids
in CAP may vary based on the causative pathogen.

Steroids in Pneumonia | Shafiq et al

This pathogen-specific association has been observed
in patients with bacterial meningitis, where most of
the benefit is seemingly limited to pneumococcal
meningitis.>” Unfortunately, as demonstrated by
Snijders et al.," establishing microbiologic etiology in
CAP can be difficult, and most patients are treated
empirically.

Our analysis showed no difference in duration of
ventilation among patients who required ventilatory
support on admission. However, only 2 studies
reported this outcome.'®?” Second, in Confalonieri
et al.,”” the steroid group had a more severe baseline
inflammatory response as illustrated by higher serum
CRP levels (P = 0.04). Moreover, while mechanical
ventilation was defined as either invasive or noninva-
sive ventilation, the steroid group had a higher num-
ber of patients who required noninvasive ventilation
(P = 0.03), thus introducing selection bias. This study
had additional areas of concern too, including a mor-
tality of 0 among its 46 ICU patients, in contrast to
established mortality rates of up to around 20%.’
Unlike this study, Sabry and Omar'® reported that
none of their patients was on noninvasive ventilation.
It may be pertinent to compare our findings with
those of Steinberg et al.,>” who studied patients with
ARDS (pneumonia being the most common cause)
who received methylprednisolone. This group had an
early increase in ventilator-free days, but that effect
became less pronounced (though still significant) when
the study end point was prolonged from 30 to 90
days.**

The 2 studies that were published before 2000
(McHardy and Schonell,>® and Marik et al.*’) were
excluded in our a priori sensitivity analysis. A number
of considerations led to this decision. First, standards
of care for inpatient management of pneumonia—
including pharmacologic therapies and ventilation
strategies—have changed considerably over time. For
instance, newer generation macrolides became avail-
able for clinical use in the early 1990s and merope-
nem in 1996.*" Therefore, it would be hard to assume
constancy of effect from that time period. Further-
more, the study by McHardy and Schonell*° suffered
from significant differences in the baseline characteris-
tics of its 2 arms. There was incomplete randomiza-
tion; patients with diabetes were excluded from only
the steroid arm. Another issue with Marik et al.?” was
the considerably younger age of participants com-
pared to other studies (Table 1).

Limitations

In spite of our relatively stringent selection criteria
and a number of subgroup and sensitivity analyses,
the overall quality of evidence was only moderate
(Table 2). Key issues with the findings reported by
Confalonieri et al.,”” McHardy and Schonell,>® and
Marik et al.>® were discussed earlier. Baseline severity
of illness, patient comorbidities, and length of follow-
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up were variable both within and across various
studies. Another major limitation was that the
intervention of interest (ie, steroid therapy) was not
uniformly applied as the regimens varied considerably
even though all regimens fit the designation of low-
dose steroids as previously noted (Table 1).

In conclusion, although evidence suggests that ad-
junctive steroid therapy is associated with reduced
hospital length of stay, the data are not strong enough
to recommend routine use of steroids among all adults
hospitalized with CAP. However, considering that
there was no increase in mortality or hospital length
of stay with steroid use, it is reasonable to continue
steroids if warranted for treatment of underlying
comorbid conditions.

Due to the aforementioned limitations in RCTs pub-
lished to date, we believe that additional studies that
are more robustly designed and sufficiently powered
to detect differences in key outcomes (including
mortality) are warranted. Investigators should ensure
appropriate randomization of groups, taking into
account severity of illness, comorbid conditions and
prior use of steroid therapy. Standardizing the
intervention (including dose and duration of steroid
therapy and time to first antibiotic dose) would be
essential. Concurrent measurement of inflammatory
markers such as delta CRP would be useful too.
Finally, accurate measurement of all secondary out-
comes of interest, including adverse effects and
duration of both invasive and noninvasive mechanical
ventilation, would be important to accurately study
the benefit of steroids among the most likely beneficia-
ries: those patients who are the sickest.
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