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Background. Prior retrospective studies suggest that statins may benefit patients with community-acquired pneumonia (CAP)
due to antiinflammatory and immunomodulatory effects. However, prospective studies of the impact of statins on CAP outcomes are
needed. We determined whether statin use was associated with improved outcomes in adults hospitalized with CAP.

Methods. Adults aged ≥18 years hospitalized with CAP were prospectively enrolled at 3 hospitals in Chicago, Illinois, and 2
hospitals in Nashville, Tennessee, from January 2010—June 2012. Adults receiving statins before and throughout hospitalization
(statin users) were compared with those who did not receive statins (nonusers). Proportional subdistribution hazards models
were used to examine the association between statin use and hospital length of stay (LOS). In-hospital mortality was a secondary
outcome. We also compared groups matched on propensity score.

Results. Of 2016 adults enrolled, 483 (24%) were statin users; 1533 (76%) were nonusers. Statin users were significantly older,
had more comorbidities, had more years of education, and were more likely to have health insurance than nonusers. Multivariable
regression demonstrated that statin users and nonusers had similar LOS (adjusted hazard ratio [HR], 0.99; 95% confidence interval
[CI], .88–1.12), as did those in the propensity-matched groups (HR, 1.03; 95% CI, .88–1.21). No significant associations were found
between statin use and LOS or in-hospital mortality, even when stratified by pneumonia severity.

Conclusions. In a large prospective study of adults hospitalized with CAP, we found no evidence to suggest that statin use before
and during hospitalization improved LOS or in-hospital mortality.
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A dysregulated inflammatory response that leads to cellular
damage is a major contributor to treatment failure andmortality
among patients with severe community-acquired pneumonia
(CAP) [1–4]. Therapies that modulate inflammation may im-
prove clinical outcomes. Although best known for their benefits
in cardiovascular disease, statins (3-hydroxy-3-methylgultaryl
coenzyme A reductase inhibitors) have antiinflammatory and
immunomodulatory effects [5–9], and several large observa-
tional studies suggest that statins may improve clinical out-
comes in infectious processes [10–17]. Systematic reviews of
mainly observational studies that examined the relationship be-
tween statins and various infections, including pneumonia
mortality, reported significant protective effects [18–20]. In
contrast, recent randomized controlled trials (RCTs) have not
shown any benefit of statins for patients with acute respiratory
distress syndrome (ARDS), including sepsis-associated ARDS,
and ventilator-associated pneumonia [21–23].

No definitive RCTs have examined the effect of statins on
CAP outcomes, including in hospitalized patients. Carefully
done observational studies could fill this knowledge gap.
Here, we determined whether statin use was associated with im-
proved outcomes among adults hospitalized with CAP, includ-
ing those with severe pneumonia, by comparing hospital length
of stay (LOS) and in-hospital mortality between statin users and
nonusers who were enrolled in the Centers for Disease Control
and Prevention (CDC) Etiology of Pneumonia in the Commu-
nity (EPIC) study [24]. LOS has been used as a surrogate for
time to clinical stability [25], and shorter LOS is associated
with decreased cost and risk of adverse nosocomial events
[26]. We hypothesized that statin use would be associated
with shorter hospital LOS and reduced mortality.

METHODS

Study Design and Study Population
We conducted a study nested within the EPIC study, a large,
multicenter, prospective surveillance study that assessed inci-
dence and etiology of CAP. Details of the EPIC study have
been previously described [24]. Briefly, from 1 January 2010
to 30 June 2012, we enrolled individuals aged ≥18 years at 5
US hospitals in Nashville, Tennessee (2), and Chicago, Illinois
(3). Adults admitted to study hospitals were eligible if they had
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CAP, defined as evidence of acute infection, acute respiratory
illness, and radiographic findings consistent with pneumonia.
Patients were excluded if they were recently hospitalized, severe-
ly immunocompromised, resided in a nursing home and unable
to function independently, or had an alternative diagnosis. In-
formed consent was obtained prior to enrollment. The institu-
tional review boards at each institution and the CDC approved
the study protocol.

Demographic, epidemiological, and clinical information,
including statin use, dosage, and timing, was systematically col-
lected through patient interviews and medical chart abstraction.
Since it is possible that any effect statins might have on CAP
outcomes may only be observed if statins were administered
early in the patient’s clinical course, patients were excluded
from analysis if the first dose of a statin was administered
≥48 hours after initial hospital arrival. Patients who were taking
statins before hospitalization but did not continue during hos-
pitalization were excluded; we performed a sensitivity analysis
including these patients in the same group as those who did
not use statins before or during hospitalization (results for
these patients are in the Supplementary Materials). Patients
who were not taking statins before hospitalization but
were newly initiated on statins during hospitalization were
also excluded (results for these patients are in the Supple-
mentary Materials). Therefore, the final patient groups for
comparison were adults using statins before admission who
continued using them during hospitalization (statin users)
and adults who never used statins prior to or during hospitali-
zation (nonusers).

Study Endpoints
The primary outcome was hospital LOS, calculated as the hours
between hospital arrival and discharge. In-hospital mortality
was a secondary outcome.

Statistical Analyses
Multivariable Analysis of Statin Use and Length of Stay

Several analyses were conducted. First, we performed compet-
ing risk survival analysis using the Fine and Gray proportional
subdistribution hazards model [27, 28] to examine the associa-
tion between statin use and hospital LOS by modelling the haz-
ard of discharge in all statin users and nonusers (full cohort).
Given that those patients who die while in the hospital cannot
experience the study outcome of being discharged alive, ac-
counting for this competing risk is necessary. Unlike a tradi-
tional Cox proportional hazards model that would censor
patients who die, our proportional subdistribution hazards
model accounts for this issue by treating death as a competing
event to the outcome of interest [29, 30].We also used the same
model to examine LOS among only those admitted to the inten-
sive care unit (ICU) within 1 day of hospital admission (ICU
cohort). A HR <1 indicates statin exposure was associated
with decreased “risk” of discharge and therefore increased

LOS. After bivariate analysis, we evaluated the demographic
and clinical characteristics and comorbidities as potential con-
founders. We considered biological plausibility and used stan-
dard model fitting procedures such as Akaike information
criterion [31] to select potential covariates for inclusion in mul-
tivariable regression models, excluding those who were missing
complete covariate information. Age categories were defined as
18–34 years, 35–54 years, 55–64 years, and ≥65 years. Patients
were considered insured if they had public or private insurance
or both. Determination of comorbidities was based on chart ab-
straction and patient interview; classification of comorbidities
has been previously defined [24]. In the final multivariable
model for the full cohort, statin use, sex, and race/ethnicity
(non-Hispanic white or not) were included in the model. The
model also included age category, insurance status, education,
home oxygen use, smoking status, as well as cardiovascular
disease, chronic lung disease, and diabetes. We also examined
in-hospital death as a secondary outcome using a multivariable
logistic regression in both the full and ICU cohorts, adjusting
for the same covariates as in the proportional subdistribution
hazards model for LOS.

Stratification by Pneumonia Severity
Severity of pneumonia on hospital presentation was also catego-
rized using the pneumonia severity index (PSI) [32]. Using a
proportional subdistribution hazards model that included the
same covariates as in the full cohort multivariable model, we ex-
amined the association between statin use and the primary out-
come of LOS among patients stratified by PSI class (low risk [I,
II, III], moderate risk [IV], and high risk [V]).

Propensity Score Analysis
In separate analyses, we accounted for confounding using pro-
pensity score matching [33, 34]. The propensity score calculated
for each patient estimated the probability of statin use based on
baseline covariates, regardless of actual statin use. The propen-
sity score for each individual was calculated using a multivari-
able logistic regression model; the dependent variable was statin
use. The propensity score model used for both the full and ICU
cohorts included the following covariates: race/ethnicity; age
category; sex; hospital site; history of cardiovascular, diabetes,
and kidney and liver disease; home oxygen use; angiotensin-
converting enzyme inhibitor use; insurance status; smoking
status; and influenza vaccination. Influenza vaccination status
during the most recent influenza season was based on patient
interview.

Using the propensity score, we matched statin users with
nonusers who had similar propensity scores using a 1:1 greedy
matching algorithm [35]. Propensity-matched cohorts that had
similar baseline characteristics except for statin use were created
from both the full cohort and the ICU cohorts. Using these
propensity-matched cohorts, LOS was analyzed using an unad-
justed proportional subdistribution hazards model; models for
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in-hospital death used logistic regression. To account for resid-
ual confounding, sensitivity analyses that used the propensity-
matched cohorts but that also adjusted for the same variables as
in the main analysis were performed.

Sample size calculations are described in the Supplementary
Materials. All statistical analyses were conducted using SAS
(v. 9.3 and v. 9.4, SAS Institute, Cary, North Carolina) statistical
software.

RESULTS

Study Population
Among 2320 adults hospitalized with radiographically con-
firmed CAP enrolled in the EPIC study, 23 did not have com-
plete statin data available. Sixty-six patients were initiated on
statins in the hospital and 192 had been taking statins before
hospitalization but were discontinued during hospitalization.
Twenty-three statin users continued on statins during hospital-
ization but received their first dose ≥48 hours after the arrival
time. All of these patients were excluded, leaving 2016 adults for
analysis; 483 (24%) were statin users and 1533 (76%) nonusers
(Figure 1). During hospitalization, simvastatin was adminis-
tered most frequently (n = 251, 52%), followed by atorvastatin
(n = 112, 23%), pravastatin (n = 56, 12%), rosuvastatin (n = 39,
8%), lovastatin (n = 24, 5%), and fluvastatin (n = 1, 0.2%). When
compared with nonusers, statin users were significantly older

(median 69 years vs 53 years), and more likely to be male and
admitted to certain hospitals (Table 1). Patients in the statin
group were significantly more likely to be obese, use oxygen
at home, and have more comorbidities. Furthermore, they
were significantly more likely to have health insurance, some
college education, and to report receipt of an influenza vaccina-
tion than nonusers (Table 1). As in the full cohort, in the ICU
cohort, statin users (n = 89) were significantly older and had
more comorbidities when compared with nonusers (n = 227;
Supplementary Table 1).

Hospital Length of Stay
Statin users had a longer crude median LOS compared with
nonusers (92 hours, interquartile range [IQR] 56–154 vs 75
hours, IQR 48–127; P < .01). In a subdistribution hazard
model for LOS in the full cohort, the unadjusted HR was
0.84 (95% confidence interval [CI], .77–.93). There were
1889 (94%) patients for whom complete covariate data were
available, 36 of whom had death as a competing event. In the
multivariable subdistribution hazard model, we found no dif-
ference in LOS between statin users and nonusers (adjusted
HR [aHR]; 0.99, CI, .88–1.12; Table 2).

Statin users in the ICU cohort tended to have a longer crude
median LOS compared with ICU nonusers, although this was
not statistically significant (162 hours, IQR 95–258 vs 136
hours, IQR 87–233; P = .16). In a subdistribution hazard multi-
variable model adjusted for the same covariates as in the full co-
hort multivariable model, the aHR in the ICU cohort was 1.16
(CI, .88–1.53; Table 2). Results were unchanged when statin
type, statin dosage, time to administration of first antibiotic,
and antibiotic class were included in these models (data not
shown).

When patients were stratified by PSI and a regression model
adjusted for the same covariates as in the full cohort model, we
found no difference in LOS between statin users and nonusers
among those who had low risk (n = 1272; aHR, 0.98; CI, .84–
1.14), moderate risk (n = 477; aHR, 0.96; CI, .81–1.23), or
high risk (n = 140; aHR, 1.00; CI, .67–1.50) PSI.

After propensity score matching, there were 317 individuals
in each of the statin user and nonuser groups in the propensity-
matched full cohort, and 57 in each group in the propensity-
matched ICU cohort. The Supplementary Figure shows the
distribution of propensity scores before matching (full cohort)
and after matching (propensity-matched full cohort). There
were no significant differences in baseline characteristics be-
tween statin users and nonusers either in the propensity-
matched full cohort (Table 1) or the propensity-matched ICU
cohort (Supplementary Table 1).

Among the 634 patients in the propensity-matched full co-
hort, statin users and nonusers had similar crude median LOS
(86 hours, IQR 54–151 vs 88 hours, IQR 56–165). In the sub-
distribution hazard model for the propensity-matched full

Figure 1. Flow diagram of participants from the Etiology of Pneumonia in the
Community study included in this analysis.
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cohort, the HR for LOS in the statin group compared with
the nonuser group was 1.03 (CI, .88–1.21; Figure 2, Table 2).
Results were unchanged in the sensitivity analysis, which
used the propensity-matched full cohort and adjusted for
the same variables as in the main analysis (aHR, 1.00; CI,
.86–1.18). In the propensity-matched ICU cohort (n = 114),
statin users had a similar crude median LOS (150 hours, IQR
93–288) compared with nonusers (167 hours, IQR 94–262).
In the subdistribution hazard model for the propensity-
matched ICU cohort, there was no significant difference in

LOS in the statin group compared with the nonuser group
(aHR, 1.38; CI, .96–2.00).

Death
In the full cohort, 12/483 (3%) statin users and 30/1503 (2%)
nonusers died. In the full multivariable model, the adjusted
odds ratio (aOR) was 0.80 (CI, .35–1.82). In the ICU cohort,
3/89 (3%) statin users and 20/227 (9%) nonusers died; in the
full multivariable model, we found no significant association
between death and statin use (aOR, 0.29; CI, .07–1.15). For
both the full and ICU cohorts, no statistically significant

Table 1. Characteristics of Adults Hospitalized With Community-Acquired Pneumonia, Among All Patients (Full Cohort) and in the Propensity-Matched
Cohort

Characteristic

Full Cohort (n = 2016) Propensity-Matched Cohorta (n = 634)

Statin Group No. (%)
(n = 483)

Nonuser Group No. (%)
(n = 1533)

P
Value

Statin Group No. (%)
(n = 317)

Nonuser Group No. (%)
(n = 317)

P
Value

Age category, y

18–34 3 (0.6) 228 (15) <.001 3 (1) 1 (0.3) .60

35–54 89 (18) 619 (40) 73 (23) 66 (21)

55–64 99 (21) 305 (20) 73 (22) 70 (22)

≥65 292 (61) 381 (25) 168 (53) 180 (57)

Male 257 (53) 730 (47) .03 156 (49) 165 (52) .47

Non-Hispanic white 277 (58) 670 (44) <.01 182 (57) 181 (57) .94

Hospital <.01

A 287 (59) 567 (37) 176 (55) 190 (52) .89

B 17 (4) 191 (13) 16 (5.0) 15 (4.1)

C 24 (5) 251 (16) 18 (5.7) 18 (4.9)

D 75 (16) 215 (14) 46 (15) 69 (19)

E 80 (17) 309 (20) 61 (19) 77 (21)

Comorbidities

Chronic lung diseasea 223 (46) 603 (39) .008 149 (47) 153 (48) .75

Cardiovascular diseaseb 330 (62) 313 (20) <.001 154 (49) 155 (49) .94

Kidney disease 117 (24) 164 (11) <.001 67 (21) 63 (19) .69

Liver diseasec 17 (4) 97 (6) .02 14 (4) 12 (4) .69

Diabetes mellitus 231 (48) 217 (14) <.001 120 (38) 121 (38) .94

Neurologic diseased 81 (17) 119 (8) <.001 43 (14) 40 (13) .72

Immunocompromisede 82 (17) 239 (16) .98 56 (18) 60 (19) .68

Body mass index ≥30 kg/m2 205 (42) 521 (34) <.001 135 (43) 122 (38) .29

Current smoker 72 (15) 475 (31) <.001 58 (18) 54 (17) .68

Former smoker 242 (50) 469 (31) <.001 147 (46) 150 (47) .81

Home oxygen use 66 (14) 132 (9) <.001 40 (13) 46 (15) .49

Angiotensin-converting enzyme
inhibitor use

188 (39) 227 (15) <.001 107 (34) 107 (34) 1.00

Healthy user indicators

Influenza vaccination 375 (78) 905 (59) <.001 240 (76) 245 (77) .64

Has health insurance 459 (95) 1193 (79) <.001 298 (94) 298 (94) 1.00

Education level

Some college or more 208 (45) 517 (34) <.001 137 (43) 139 (44) .87

The propensity-matched cohort included statin users andmatched nonusers with a similar propensity for statin use prior to hospital admission. Propensity score variables included the following:
race/ethnicity (white non-Hispanic vs non-white or Hispanic), age category, sex, site, history of cardiovascular, diabetes, kidney, and liver disease, home oxygen use, angiotensin-converting
enzyme inhibitor use, insurance status (yes/no), influenza vaccination, and being a former smoker.
a Chronic lung disease included asthma and reactive airway disease, chronic obstructive pulmonary disease, and sleep apnea.
b Cardiovascular disease included history of coronary artery disease, congestive heart failure, myocardial infarction, percutaneous coronary intervention, coronary stent placement, or coronary
artery bypass graft.
c Liver disease included cirrhosis, liver failure, and other liver disease.
d Neurologic conditions included stroke, seizures, dementia, and other neurologic conditions.
e Immunosuppression included human immunodeficiency virus, cancer, and immunosuppressive medications.
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association between statin use and death was found on bivariate
analysis, multivariable analysis using logistic regression, or in
the propensity-matched cohorts (Supplementary Table 2).

DISCUSSION

Among a large prospectively enrolled cohort of adults hospital-
ized for CAP, we found no association between statin use—
initiated before and continued during hospitalization—and
CAP hospital LOS and in-hospital death, after adjusting for
age, sex, comorbidities, and other variables such as education
and insurance status. These results were consistent in multiple
analyses that included all hospitalized CAP patients, matched
statin users and nonusers on propensity for statin use, and strat-
ified by severity, as determined either by ICU admission or PSI.

Statins have some antiinflammatory and immunomodulatory
effects [5–9]. It is biologically plausible that they might benefit
patients with pneumonia by modulating the inflammatory re-
sponse that often accompanies severe infection. Animal models
demonstrate improved survival with statin treatment prior to
induction of sepsis [36, 37]. Systematic reviews including mostly
nonrandomized studies examined the association between statins
and infection and reported significant protective effects for var-
ious outcomes, including mortality and sepsis [18–20]. Multiple
retrospective observational studies, most of which used large ad-
ministrative datasets, have demonstrated a beneficial association
of statins with several infectious processes [10–17].However, ad-
justing for potential confounders is often challenging when com-
paring statin users to nonusers, and biases may be difficult to
characterize. As we observed in this study, statin users typically

Table 2. Proportional Subdistribution Hazards Model for Hospital Length
of Stay in Statin Group Compared With Nonuser Group Among All Patients
and Among Intensive Care Unit Patients

Study Population
Sample
Size

Hazard Ratio (95%
Confidence Interval)a P Value

Full cohortb

Multivariable model, full cohortc 1889d 0.99 (0.88–1.12) .93

Propensity-matched full cohorte 634 1.03 (0.88–1.21) .67

ICU cohortf

Multivariable model, ICU cohortc 295d 1.16 (0.88–1.53) .28

Propensity-matched ICU cohorte 114 1.38 (0.96–2.00) .09

Abbreviation: ICU, intensive care unit.
a Hazard ratio <1 indicates longer length of stay for statin users. Death was considered a
competing event in these models.
b The full cohort includes all adult patients hospitalized with community-acquired pneumonia.
c Multivariable models were adjusted for the following covariates: age, sex, race/ethnicity,
insurance status, level of education, home oxygen use, smoking status, and history of the
following comorbidities: cardiovascular disease, diabetes, and chronic lung disease.
d Patients were not included in the multivariable model if missing any of the model
covariates.
e Patients were matched on propensity score, which included the following covariates: race/
ethnicity; age category; sex; hospital site; history of cardiovascular disease, diabetes, and
kidney and liver disease; home oxygen use; angiotensin-converting enzyme inhibitor use;
insurance status; influenza vaccination; and being a former smoker.
f The ICU cohort includes all patients admitted to the ICU within 1 day of hospital arrival.

Figure 2. Cumulative incidence of hospital discharge by statin use category among patients in the propensity score-matched cohort. Statin users and nonusers were matched
on propensity score, which included the following covariates: race/ethnicity; age category; sex; hospital site; history of cardiovascular, diabetes, and kidney and liver disease;
home oxygen use; angiotensin-converting enzyme inhibitor use; insurance status; influenza vaccination; and being a former smoker.
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have more comorbidities than nonusers [38, 39]. Furthermore,
statin users—especially prevalent users (eg, those who have an
indication for and adhere to long-term treatment)—also may
have a constellation of healthier behaviors and characteristics
associated with improved outcomes (the “healthy user effect”)
[38–42].These differences can potentially bias estimates. Obser-
vational studies using administrative data that lack detailed in-
formation on covariates such as smoking and vaccination status
are unable to adequately adjust for these and other potential
confounders.

Thus, careful consideration of the observational study design
is needed for proper interpretation. In contrast to multiple ret-
rospective studies [11–16], 2 prospective studies of adults hos-
pitalized with CAP that, like our study, had detailed clinical
information and used propensity scores to account for mea-
sured confounders, found no mortality benefit for statins [41,
42]. Misclassification of the timing of statin exposure could
also introduce artifacts in statin effects [43], and many studies
lack information on the timing of statin administration during
hospitalization, as well as indicators of pneumonia severity at
the time of hospitalization. Our study used prospectively col-
lected, detailed clinical, laboratory, and demographic data
from interview and medical record abstraction, as well a pro-
pensity score-matching strategy, to evaluate the effect of statins
on LOS and death in patients with a range of CAP severity while
adjusting for the potential confounders for which we had data.

An increasing body of evidence from RCTs also demonstrates
a lack of association between statin use and the reduction of
morbidity and mortality due to different infectious diseases in
adults [21–23, 44–46]. However, most RCTS have been limited
to severely ill patients and only 1 study, stopped prematurely
given failure to achieve its recruitment targets, has specifically
evaluated the effect of statins on clinical outcomes in patients
hospitalized with CAP [47]. Two RCTs suggest that statins
may decrease risk of progression to severe sepsis [48, 49], but
a metaanalysis of 5 RCTs examining the effect of statins in sep-
tic patients showed no association between statin therapy and
mortality [50], and several smaller RCTs failed to show signifi-
cant clinical benefits [22, 45, 46, 51]. Two recent, large RCTs
found no benefit associated with statin use in mechanically ven-
tilated ARDS patients in the ICU, and 1 of those trials found
that randomization to simvastatin may have had detrimental
hepatic and renal effects [21, 23]. Importantly, RCTs of statins
excluded prevalent or recent users of statins [21, 23, 47], whereas
our study compared prevalent statin users to nonusers. Our
findings suggest that the lack of benefit from statins previously
demonstrated in ICU patients also extends to noncritically ill
patients hospitalized with CAP. Results were consistent when
we stratified by pneumonia severity, either by ICU admission
occurring within 1 day of hospital arrival or by PSI.

This study has limitations. As in any observational study, re-
sidual confounding may be present. However, the wealth of data

collected, including healthy user indicators such as education
level and insurance status, and the consistency of findings in
separate propensity score-matched analyses, should reduce
this concern. In addition, we studied only patients hospitalized
with CAP; we are thus unable to examine any possible effect of
statin use on preventing hospitalization from CAP or on clinical
outcomes in those CAP patients whose disease was not severe
enough to warrant hospitalization. We also were dependent
on self-report of statin use prior to hospitalization, which
may have led to misclassification of statin use. We also lacked
information on statin type, medication compliance, and dura-
tion of use prior to hospitalization. Overall, mortality in the
EPIC study was low, thus we used LOS as the primary clinical
outcome. While widely used, LOS may be affected by factors un-
related to clinical status. However, LOS does correlate with time
to clinical stability [25], and shorter LOS is informative in that it
is also associated with other factors, such as decreased cost and
risk of adverse events associated with prolonged hospitalization
[26]. In addition, inadequate sample size may have limited our
ability to detect a significant association between LOS and statin
use in the propensity-matched full cohort and in the ICU co-
horts, and low numbers of in-hospital deaths likely limited
our ability to detect a significant association between mortality
and statin use.

In conclusion, after adjusting for potential confounding, we
found no significant difference in LOS and in-hospital mortality
between statin users and nonusers among adults hospitalized
with CAP. Results were consistent when we examined all CAP
patients, when CAP patients were stratified by ICU admission
and PSI, and when CAP patients were matched on propensity
for statin use prior to admission. Our study supports data from
both RCTs and prospective observational studies that control
for healthy user effects, which have not found associations be-
tween statin use and clinical outcomes in patients hospitalized
with various infections.

Supplementary Data
Supplementary materials are available at http://cid.oxfordjournals.org.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.
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