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Abstract. - OBJECTIVES: There exist reports
that statin treatment has beneficial effects for pa-
tients with pneumonia. The objective of this study
was to evaluate whether the available published
data support that statins as adjunctive therapy
could reduce mortality associated with pneumo-
nia and, thus, help to assess whether a random-
ized controlled study is warranted.

MATERIALS AND METHODS: A meta-analysis
of observational studies such as cohort studies
and case-control studies identified in Pubmed,
Scopus, EMBASE, the Cochrane Central Regis-
ter of Controlled Trials and Clinicaltrials.gov. Eli-
gible patients were adults with pneumonia. Stud-
ies that reported mortality of pneumonia
grouped by statins usage were included. Data
was analyzed and pooled using Revman 5.1.

RESULTS: Fourteen studies with 269,739 par-
ticipants were included in this study. Pooled
analysis showed that statin treatment was asso-
ciated with lower 30-day mortality, with an OR of
0.44 (95% CIl, 0.29-0.67), and an adjusted OR of
0.59 (95% CI 0.48-0.73, NNT30d = 19). Statin ther-
apy was also associated with lower long-term (>
30 days) mortality, with an OR of 0.49 (95% ClI,
0.29-0.84) and an adjusted OR of 0.65 (95% ClI,
0.51-0.82, NNTlong-term = 15). For pneumonia in-
patients, the raw data demonstrated no signifi-
cant benefit from statin therapy (OR = 0.86, 95%
Cl, 0.56-1.34). Adjusted data showed a marginal
benefit (adjusted OR = 0.89, 95% CI, 0.81-0.97,
NNTinpatient = 230). Subgroup analysis revealed
that current statin users might have better out-
comes than recent or past statins users.

CONCLUSIONS: This meta-analysis supports
that patients who happen to be receiving statin
therapy have less mortality from pneumonia.
However, it remains unclear whether initiation of
statins at time of diagnosis is beneficial. There is
only modest evidence to support the value of a
well-designed randomized controlled clinical trial.
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Introduction

Pneumonia remains a major cause of mortality
even when antibiotics are provided timely. In
America, community-acquired pneumonia (CAP)
leads to 500,000 hospitalizations and 45,000
deaths every year'. The average cost to patients
older than 65 years is estimated to be 7000 US
dollars, and the total medical costs for pneumo-
nia patients are over 1 billion US dollars per
year?.

The mortality of pneumonia is ascribed to the
virulence and invasiveness of the infecting mi-
croorganisms and damage to lung tissue that re-
sults from the host responses. Modulation of the
release of inflammatory mediators with glucocor-
ticoids, macrolides, aspirin, and Toll-like recep-
tor antagonists is a component of some treatment
strategies. The application of these drugs has
been limited by their adverse effects and limited
supporting evidence.

Statins [3-hydroxy-3-methylglutaryl coenzyme
A (HMG-CoA) reductase inhibitors] are exten-
sively used as lipid-lowering agents and athero-
sclerotic plaque stabilizers. Experimental studies
have indicated that statins may also have the abil-
ity to modulate both innate and adaptive immune
responses and to reduce the level of pro-inflam-
matory mediators and thrombosis**. Several clin-
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ical studies have shown that statins as adjunctive
therapy provide survival benefit in patients with
bacteremia and sepsis>S. These findings suggest
statins might be beneficial in the treatment of pa-
tients with pneumonia. No randomized con-
trolled trials have evaluated this possibility but
there are observational studies in the published
literature. We performed a systematic review and
meta-analysis of the available data to provide an
assessment of the potential effect size of statins
as adjunctive therapy in the management of
pneumonia.

Materials and Methods

Eligibility Criteria

We selected cohort studies (prospective/retro-
spective) and case-controlled studies that report-
ed patient mortality with pneumonia grouped by
statin usage. Included studies: (1) enrolled adult
patients (= 18 years old) with a diagnosis of
pneumonia; (2) reported the mortality of both the
treatment group (statin users) and a control
group; (3) reported an adjusted effect for one or
more potential confounders.

Search Sources and Strateqgy

The literature search was conducted in
PubMed, Scopus, EMBASE, the Cochrane cen-
tral register of controlled trials and Clinicaltri-
als.gov. The search was conducted using terms
for statins (“Hydroxymethylglutaryl-CoA Reduc-
tase Inhibitors”, “HMG CoA reductase in-
hibitors”, “simvastatin”, “lovastatin”, “pravas-
tatin”, “fluvastatin”, “atorvastatin”, “rosuvas-
tatin”, “pitavastatin” and “statins”) and combined
with the term pneumonia (“pneumonia”, and
“low-respiratory-tract-infection”) as a MeSH or
text word. The searches were limited to studies in
the English language. There were no restrictions
on publication date or pneumonia status. Search
results were saved as EndNote files (Version:
Endnote X5).

Screening and Data Extraction

Two reviewers independently assessed publi-
cation eligibility and excluded any articles that
failed to meet the inclusion criteria. Disagree-
ment was resolved by consensus. The following
data were abstracted from each study: study char-
acteristics (publication year, country, study de-
sign, sample size), participant characteristics
(gender, mean age, types of pneumonia), type

and dose of statins, clinical outcome, and con-
founder adjustments. Two authors separately
qualified the enrolled cohort studies and case-
controlled studies using the Newcastle-Ottawa
Quality Assessment Scale.

Data Analysis

Raw data of all-cause mortality and its adjust-
ed odds ratio (OR) were pooled for the meta-
analysis according to the statistical methods of
Mantel-Haenszel and Generic Inverse Variance.
Heterogeneity between studies was explored us-
ing the Cochran’s Q test and I>. An I? value of
25%, 50% and 75% was considered low, moder-
ate and high level heterogeneity, respectively’.
When substantial heterogeneity was confirmed (p
value of Cochran’s Q test < 0.1 or I? value >
50%) a random-effects model was used to con-
duct the meta-analyses. Otherwise a fixed-effect
model was used.

3 clinical outcomes were evaluated using a
pooled analysis: (1) in-hospital mortality; (2) 30-
day mortality; and (3) long-term (> 30 days)
mortality. If a study reported two or more clinical
outcomes, results were abstracted simultaneously
and separate pooled analyses were performed.
Results of “current users” were extracted rather
than “recent” or “past” if both were provided.
The number needed to treat (NNT) was estimated
when the pooled results favored statin treatments.
Publication bias was assessed intuitively using a
funnel plot. A Begg/Egger’s test was used in the
case of an asymmetric funnel plot or inconclu-
sive findings. Subgroup analyses were conducted
to explore whether continuation of statin treat-
ment, dosage of statin or severity of pneumonia
had implications for the effect size of the statin
therapy.

Statistical analyses were performed using
Revman version 5.1 (Nordic Cochrane Centre,
Kobenhavn, Denmark).

Results

ldentification and Characteristics of
Included Studies

The initial search strategy yielded 1381 stud-
ies, of which 50 articles were chosen for full re-
view (Figure 1). A total of 14 studies®*?!' address-
ing the roles of statins in the treatment of pneu-
monia were finally included.

There were 2 case-controlled studies'!?°, 3
prospective cohort studies®!'>!° and 9 retrospective
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Figure 1. Flow diagram of the process of article selection for the meta-analysis.

cohort studies that fulfilled the inclusion criteria.
The findings of 269,739 patients were reported,
with the largest study having almost 98,000 pa-
tients. The studies were geographically diverse.
The majority were from Europe (4 British studies
and 1 from Denmark) and North America (7 from
the USA and 2 from Canada). Patient information
was abstracted from the health databases of local
governments or hospitals. The patients were main-
ly Caucasian (78%-91%), with ages from 60 to 75
years. Patients from 6 studies were diagnosed with
community-acquired pneumonia. The classifica-
tion of pneumonia was not stated in the other stud-
ies. Since the incidence of hospital-acquired pneu-
monia globally is about 0.5%-5.0%, the unspeci-
fied pneumonia was considered to be CAP. Smok-
ing status was reported in 8 studies and vaccina-
tion status was stated in five. All the studies ad-
justed potential confounders using a propensity
score analysis or multivariable logistic regression
models.

Among the 14 included studies, 2 studies
reported both 30-day mortality and long-term

16,18

mortality. Results were abstracted and analyzed
separately. All of the included studies were of
high quality. The average Newcastle-Ottawa
Scale (NOS) score was 6.6. Characteristics and
results of each study were extracted and summa-
rized in Table I.

Meta-Analysis

Meta-analysis of unadjusted data from 3
studies'1217 showed no benefit for statin users for
in-hospital pneumonia mortality (OR = 0.86, 95%
CI 0.56-1.34). However, pooled analysis of adjust-
ed data revealed an association between statin
therapy and lower hospital pneumonia mortality
(adjusted OR = 0.89, 95% CI 0.81-0.97), with a
number needed to treat of 230 patients (Figure 2).

Of the 9 studies®?13-16:182021 reporting 30-day
mortality, only five provided raw data for unad-
justed pooling. One study (Kwong, et al) report-
ed unadjusted ORs (OR = 0.84, 95% CI 0.77-
0.91) without raw data. Combined analyses of
both unadjusted and adjusted data revealed that
statin therapy was associated with a lower 30-day
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Figure 2. Forest plots of unadjusted and adjusted odds ratios for pneumonia mortality in statin users and non-statin users.
A study of In-hospital mortality.
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Figure 3. Forest plots of unadjusted and adjusted odds ratios for pneumonia mortality in statin users and non-statin users.
A study of 30-day mortality.



Beneficial effects of statins on outcomes in pneumonia: a systematic review and meta-analysis

justed data indicated that statin users were asso-
ciated with a decreased long-term mortality (OR
= 0.49, 95% CI 0.29-0.84; adjusted OR = 0.65,
95% CI 0.51-0.82) and a number needed to treat
of 15 patients (Figure 4).

Risk of Bias and Sensitivity Analyses
Funnel plot of 30-day mortality showed an
asymmetric diagram. The p-value for the Egger’s
test was 0.004, indicating publication bias in
these studies. The Begg/Egger test was per-
formed in the other 2 subgroups and no publica-
tion bias was demonstrated (for in-hospital mor-
tality: Pr = 1.000, p = 0.717; for long-term mor-
tality: Pr = 0.734, p = 0.412). A sensitivity analy-
sis was performed to address the source of bias,
but failed to identify a single study that con-
tributed most of the heterogeneity. The sensitivity
analysis of 30-day mortality is shown in Table II.

Subgroup Analyses

Of the 14 studies included, 4 studies!>!'®1819 re-
ported the risk of death after pneumonia grouped
by “current/continued users”, “recent users” and
“past users” (Table III). A trend was found be-
tween current statin use and decreased pneumo-
nia mortality.

Three studies®!*!? conducted a census of statin
types. 90% of the statins prescribed were simvas-
tatin, atorvastatin or pravastatin. Thomsen et al'®

reported that only simvastatin was associated with
a reduced mortality (simvastatin: OR 0.60, 95% CI
0.48-0.75; atorvastatin: OR 0.96, 95% CI 0.66-
1.40; pravastatin: OR 0.81, 95% CI 0.53-1.23).

Only one study (Frost et al'!) explored the re-
lationship between statin dose and pneumonia
mortality. A moderate dose (adjusted OR 0.62,
95% CI 0.43-0.91) and not a low dose (adjusted
OR 0.26, 95% CI 0.04-2.13) was associated with
lower pneumonia-related mortality.

Chalmers et al® reported that 30-day mortality
of severe pneumonia (PSI = IV) was significantly
lower among patients receiving statin adjunctive
therapy (OR 0.46, 95% CI 0.25-0.85). The mor-
tality of patients with PSI I-III was not reported.

Adverse Reports
Adverse effects were not reported in any of the
included studies.

Discussion

This meta-analysis suggests a relationship be-
tween statin therapy and decreased 30-day/long-
term mortality of pneumonia patients. However,
our analysis can not determine causality. Based
on our analysis, the association of statin therapy
with reductions in in-hospital mortality is sub-
stantially lower.

Test for overall effect Z= 368 (P =0.0002)

statins Control Odds Ratio 0Odds Ratio
| Studyor Subqroup  Events Total Events Total Weight M.H, Randormn, 95% CI M.H, Egnggm. 95% ClI
Douglas 2011 109 847 578 2927 255% 0.60(0.48,0.75)
Myles (T) 2009 95 657 1406 3324 254% 0.23[0.18,0.29] -
Thomsen 2008 230 1372 6381 28528 261% 0.70[061,081) -
Yende 2011 28 354 186 1541 23.0% 0.63(0.41,0.95) —
Total (95% CI) 3230 36320 100.0% 0.49 [0.29, 0.84] -
Total events 462 8551
Heterogeneity: Tau® = 0.28; Chi* = 67 46, df = 3 (P < 0.00001); F= 96% ; f t t i 1
- _ 0102 05 2 5 10
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Figure 4. Forest plots of unadjusted and adjusted odds ratios for pneumonia mortality in statin users and non-statin users.

A study of long-term mortality.
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Table Il. Sensitivity analyses of 30-day mortality.

Scenario

Sensitivity analysis outcomes, (OR, 95% Cl), I

Subgroup by study design
Case-controlled study?®
Perspective cohort study®
Retrospective cohort studies
Subgroup by geography region

North America®!3132!

Eur0p68'16']8'20

Excluding studies with sample size®'31416.18:2021
Excluding studies with NOS score < mean® 315161821

9,13-16,18,21

0.47 (0.25, 0.88)
0.46 (0.25, 0.85)
0.77 (0.72, 0.82), I* = 84%

0.64 (0.49-0.84), I* = 85%
0.50 (0.34-0.73), > = 62%

0.62 (0.50-0.76), I> = 84%
0.64 (0.50-0.80), I = 83%

Frost et al'! reported an in-hospital mortality
rate of less than 1%, much lower than that report-
ed by Majumdar et al'? (9.8%) and Rothberg et
al'” (5.4%). Heterogeneity displayed in the sub-
group may be caused by differences in the gener-
al characteristics of the 3 studies (e.g., overall
mortality), as the I value fell to an acceptable
level after adjustment. Furthermore, the NNT;,,,
wene indicated that 230 pneumonia patients needed
to be treated to prevent one additional hospital
death, a weak preventive effect of statins against
pneumonia.

The meta-analysis of both unadjusted and ad-
justed 30-day mortality and long-term mortality
revealed that statin therapy was associated with
lower risk of death in pneumonia patients. 19 and
15 patients, respectively, needed to be treated to
prevent one additional death during 30 days or
long-term follow-up after diagnosis of pneumo-

nia. Although a larger percentage of deaths oc-
curred during hospitalization, the 30-day interval
is a time point which has been invoked as being
most correlated with mortality from
pneumonia?,

Mortensen et al'?, Myles et al'® and Thomsen et
al'® reported that 30-day mortality was significantly
reduced among statin users who took the last pre-
scription within 90 days (Thomsen et al: 125 days)
of admission. Previous users that took statins more
than 90 days before admission (Thomsen et al: 125
days) received no benefit. Similar results were re-
ported by Myles et al and Thomsen et al regarding
long-term mortality. Yende et al' found that de-
creased mortality was only found in patients taking
statins within 1 week of admission. Subgroup
analysis revealed that statins may be more effective
if taken before and during treatment. A study of pa-
tients undergoing aortic reconstructive surgery

Table Ill. Mortality of current users and prior users of statins (OR, 95% CI).

Studies Current/continued users

Recent users Past/prior users

30-day mortality
Mrotensen (2012) 0.68 (0.59-0.78) — in-hospital use

Myles 0.33 (0.19-0.58) — using within
30 days before admission

Thomsen 0.69 (0.58-0.82) — using within

125 days before admission

Long-term mortality

Myles 0.45 (0.32-0.62) — using within
30 days before admission

0.75 (0.65-0.86) — using within
125 days before admission

Yende 0.73 (0.47-1.13) — using
before and after admission

Thomsen

0.74 (0.68-0.82) — in-hospital use  NAD

0.58 (0.34-0.99) — last

prescription within 31-90 days

before admission
NAD

0.62 (0.43-0.89) — last

prescriptionwithin 31-90 days

before admission
NAD

0.90 (0.63-1.29) — last
prescription with 1 week
before admission

0.36 (0.86-2.16) — last
prescription dating over
90 days before admission
0.97 (0.64-1.48) — last
prescription dating over
125 days before admission

1.13 (0.77-1.65) — last
prescription dating before
90 days before admission

NAD

NAD
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found that patients that discontinued statin therapy
had a higher mortality from cardiovascular events
than patients that took statins®. It is not clear
whether the mechanism of statin action in pneumo-
nia patients is similar to that in patients with car-
diovascular diseases.

There is not enough evidence to confirm the
relationship between statin dose and treatment
effects, although the study by Frost et al'' sup-
ported a dose-dependent effect. The relationship
between pneumonia severity and statin treatment
effect needs further study.

Statins in Severe Infections

Statins were first reported to be effective in pa-
tients with bacteremia in 2001 by Liappis et al*.
In their cohort study, statin users had a lower all-
cause mortality and attributable mortality after
infections with aerobic gram-negative bacilli and
Staphylococcus aureus. This study prompted ad-
ditional studies to evaluate the role of statins in
patients with severe infectious diseases®. A meta-
analysis of 41 studies demonstrated the protec-
tive effect of statins in patients with sepsis, bac-
teremia, pneumonia and mixed infections. These
findings were weakened by the cohort design of
most of the reported studies and variable defini-
tion of statin exposure®. There are not enough
randomized controlled trials to establish a clear
relationship between statin use and improved sur-
vival in patients with severe infections.

Other Adjunctive Agents in Pneumonia

Glucocorticosteroids (GCs) have been used as
adjunctive therapy in infectious diseases since
the 1950s. Clinical evidence supports the anti-in-
flammatory, immunosuppressive and hemody-
namic properties of GCs as improving oxygena-
tion in patients with septic shock and ARDS. A
meta-analysis suggested low-dose corticosteroids
could improve the survival of patients with
ARDS?. Another meta-analysis from the
Cochrane database included 6 RCTs and 437 par-
ticipants. There was a trend toward a more rapid
recovery of patients with pneumonia. However,
the small number of patients and methodological
limitations did not allow any conclusive find-
ings?”’. GCs may have more activity than statins,
but they are also associated with more risks.
These risks include secondary infections, glucose
intolerance, neuromyopathy and aseptic bone
necrosis. GCs are not recommended for the treat-
ment of community-acquired pneumonia patients
without septic shock or ARDS?.

Macrolides are another adjunctive agent used in
pneumonia therapy that possesses a myriad of im-
munomodulatory effects unrelated to killing of the
bacterial pathogen. These benefits have been
demonstrated in clinical practice with the success-
ful treatment of diffuse panbronchiolitis, cystic fi-
brosis and asthma. Several, but not all, studies have
demonstrated an improved survival of CAP pa-
tients treated with both cephalosporins/quinolones
and macrolides, compared to cephalosporins/
quinolones alone?*. Macrolide therapy is thought
to benefit patients with severe pneumonia®’.

Strengths and Limitations of
this Meta-analysis

There are several strengths of our systematic
review and meta-analysis. First, we enrolled 14
studies and had a large sample size with 269,739
participants. This is much larger than the 2 previ-
ous meta-analyses of this topic**¥. Second, 2
studies reporting pneumonia mortality and pneu-
monia prophylaxis?®?! were included. Third, both
unadjusted and adjusted data were pooled. We
found different effects with statin adjunctive ther-
apy used in different severities of pneumonia, a
finding that has not been previously reported.
Fourth, we conducted subgroup analyses to eval-
uate the relationship between the continued use
of statin therapy, statin dose, pneumonia severity
and patient survival. The evidence we found sup-
porting the association of statin use with de-
creased hospital pneumonia mortality was weak-
er than that of the previous two studies. Our in-
ferences were weakened by individual study de-
sign. It is possible that the effects of statins in
pneumonia were confounded by factors such as
age, underlying diseases, and life style including
smoking, alcohol abuse and vaccination'?. Publi-
cation bias and heterogeneity among the studies
could not be ruled out by our sensitivity analyses.
Several randomized controlled trials are in
progress to address the efficacy of adjunctive
statin use>.

Of course, there is no realistic expectation that
statins can or should be started population-wide
in anticipation of the small potential for an indi-
vidual to develop pneumonia. The NNT with
prophylactic statin therapy would be enormous.
Therefore the only relevant question for clinical
decision-making purposes is whether statin thera-
py should be initiated or discontinued upon diag-
nosis of pneumonia. Although a recent cohort
study in Taiwan reported favourable outcomes of
pneumonia in previous statin users®, the current-
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ly available data from RCT in regard to this spe-
cific question remain limited. Papazian et al*’ re-
ported a multicenter randomized blinded place-
bo-controlled clinical trial in which simvastatin
therapy or placebo was initiated in suspected
Ventilator-Associated Pneumonia (VAP), but the
study was stopped at the first check point for fu-
tility. Indeed, there appeared at this early point an
adverse effect of simvastatin with a nearly statis-
tically significant increase in 28-day mortality.
This was a study of VAP, not a study of CAP, but
it decreases enthusiasm for the potential value of
initiating statins for treatment of CAP.

The positive effects on 30 day mortality evi-
dent in our meta-analysis may result from benefi-
cial effects of statins in pneumonia, or from the
multiple confounders that remain uncontrolled in
the cohort studies available to analyze. From our
data, we cannot say whether initiation of statin
therapy at diagnosis of pneumonia is potentially
beneficial.

Conclusions

This meta-analysis supports that patients on
statin therapy have less mortality from pneumo-
nia. However, the key clinically-relevant question
is whether initiation of statins at the time of
pneumonia diagnosis is beneficial or not. A
meta-analysis of the available cohort data can not
provide useful information to clinicians for their
determination of therapy for pneumonia, but
rather can only provide evidence to support or re-
fute the potential utility of investing in a careful-
ly designed clinical trial of initiation of statins
upon diagnosis of CAP. The attention already
given to this issue of statins in the literature may
cause clinicians to “try” statin therapy acutely in
pneumonia, and such use may in the future lead
to data sufficient for a retrospective cohort study
capable of beginning to address the question. Op-
timally, if there is to be further study of this ques-
tion, the effort should be made only with a care-
fully designed randomized controlled clinical tri-
al. The evidence to support the utility of such a
trial remains marginal at this time.
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