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R E V I E W A R T I C L E 

Association between Preoperative Statin Therapy and Postoperative 
Infectious Complications in Patients Undergoing Cardiac Surgery: 

A Systematic Review and Meta-analysis 

Imad M. Tleyjeh, MD, MSc;1'2'3'5'" Faisal A. Alasmari, MD;la Aref A. Bin Abdulhak, MD;1 Muhammad Riaz, MSc;2 

Musa A. Garbati, MD;1 Patricia J. Erwin, MLS;4 Tarek Kashour, MD;6 

Mouaz H. Al-Mallah, MD, MSc;7 Larry M. Baddour, MD3 

Infectious complications of cardiac surgery are often severe and life threatening. Statins having both immunomodulatory and anti-inflam
matory effects were intuitively thought to influence the development of postsurgical infections. We sought to systematically examine whether 
any association exists between statin use and risk of infectious complications in patients undergoing cardiac surgery. We searched Ovid 
MEDLINE, Ovid EMBASE, Thomson Scientific Web of Science, and Elsevier Scopus from inception through February 2011 for comparative 
studies examining the association between statin use and risk of postoperative infections in patients undergoing cardiac surgery. We contacted 
a study's author for missing information. We conducted a random-effects meta-analysis of individual studies' odds ratios (adjusted for 
potential confounders). We identified 6 cohort studies for inclusion, 3 of which were conducted in Canada and 3 of which were conducted 
in the United States. Four were single-center studies, and 2 were population based. Exposure ascertainment was based on a review of 
admission medication list or prescription databases. Infectious outcomes were heterogeneous and included surgical site infections within 
30 days, serious infections (sepsis), or any other postoperative infection. Statin use in the preoperative period was associated with a trend 
toward reduction in the incidence of postoperative infections in patients who underwent cardiac surgery (odds ratio, 0.81 [95% confidence 
interval, 0.64-1.01]; P = .06; I2 = 75%). Heterogeneity was explained by country effect. Studies performed in Canada showed weaker 
associations than studies performed in the United States. This difference could not be attributed to study quality alone. We did not find 
good evidence to support an association between statin use and postoperative infectious complications. However, the trend toward statistical 
significance for this association indicates that further investigation is warranted. 

Infect Control Hosp Epidemiol 2012;33(11):1143-1151 

Cardiac surgery improves life expectancy and quality of life tilation, sterilization methods, barriers, surgical technique, 
and has made a dramatic impact in the constantly aging and availability of antimicrobial prophylaxis—these strategies 
populations of developed countries. In addition, mortality have not completely eliminated infection risk. Thus, if out-
due to cardiac surgery has decreased in recent years.1 None- comes among cardiac surgery patients are to be improved, 
theless, morbidity has increased, primarily because cardiac implementation of novel strategies to limit the risk of major 
surgery has been increasingly utilized in older and more vul- infectious events complicating cardiac surgery is imperative, 
nerable patients.2 Serious infections complicating cardiac sur- Recently, the medical literature has paid considerable at-
gery are uncommon but potentially devastating. For example, tention to previously unrecognized beneficial effects of com-
an observational study of 331,429 cardiac surgery patients monly used medications, among them statins.4"6 Statins, 
demonstrated that patients who developed a postoperative 3-hydroxy-3-methylglutaryl coenzyme A (CoA) reductase in-
infection were 87% more likely to have a prolonged hospital hibitors, are commonly prescribed for primary and secondary 
length of stay and were 83% more likely to die prior to prevention of cardiovascular events in patients with hyper-
hospital discharge compared with patients who did not.3 cholesterolemia and more recently have been prescribed for 

While advances have been made in infection control and patients with normal cholesterol levels who are at risk for or 
prevention practices—such as improved operating room ven- are known to have coronary artery disease. Beyond their lipid-
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lowering actions, statins exert lipid-independent ("pleiotro-
pic") effects that offer additional cardiovascular protection.7'8 

In addition, statins modulate both innate and adaptive im
mune systems and have anti-inflammatory effects as well as 
direct inhibitory effects on pathogenic microorganisms.9"15 On 
the basis of these characteristics, it is conceivable that statins 
might possess novel therapeutic benefits for the prevention 
of post-cardiac surgery infectious complications. Although 
there are no randomized controlled trials of statin use and 
its impact, if any, on postoperative infectious complications 
following cardiac surgery, accumulating evidence from recent 
observational studies suggests that statin use in other clinical 
syndromes is associated with a reduced incidence of infection-
related morbidity and mortality.4 6 The apparent impact of 
statin use on complications following cardiac surgery has 
been incongruous.16 21 Therefore, we conducted a systematic 
review and meta-analysis to examine the effect of statin use 
on the incidence of postoperative infectious complications. 

METHODS 

The procedures used for the meta-analysis were consistent 
with recent guidelines as outlined in the Meta-analysis of 
Observational Studies in Epidemiology guidelines for obser
vational studies.22 

Search Strategy and Data Sources 

Studies that described an estimate of effect for potential as
sociation between use of statins and risk of postoperative 
infection were identified. The search strategy and subsequent 
literature searches were performed by a medical reference 
librarian (P.J.E.) with 39 years of experience. The initial strat
egy was developed in Ovid MEDLINE (1950 through Feb
ruary 2011), using Medical Subject Headings-controlled vo
cabulary, and then modified for Ovid EMBASE (1988 through 
February 2011). The primary terms were hydroxymethyl-
glutaryl-CoA reductase inhibitors, atorvastatin, cerivastatins, 
compactin, dalvastatin, fluindostatin, lovastatin, mevinolin, 
monacolin, pravastatin, pravastatin, rosuvastatin, simva
statin, postoperative complications, surgical wound dehis
cence, and surgical wound infection. The strategy was again 
modified to text words for Thomson Scientific Web of Science 
(inception through February 2011) and Elsevier Scopus (in
ception through February 2011). Articles were limited to clin
ical trials, meta-analyses, cohort studies, and case-control 
studies. There was no restriction on language. Two authors 
(F.A.A. and A.A.B.A.) independently assessed the eligibility 
of identified studies on the basis of predetermined selection 
criteria. 

Study Selection 

Any study that met all of the following criteria was included: 
it was a case-control study, a cohort study (retrospective or 
prospective), or a randomized controlled trial; it investigated 
the association between use of statins for any indication and 

incidence of postoperative infections of any kind; and it quan
tified the outcome with adjusted odds ratios (ORs), relative 
risk, or number of events and corresponding 95% confidence 
intervals (CIs). For studies that did not report adjusted effect 
estimates, the authors were contacted to obtain missing in
formation. Pediatric, experimental, and laboratory-based 
studies were excluded. 

Data Extraction and Quality Assessment 

A data collection form was developed to retrieve information 
on relevant features and results of pertinent studies. Two 
reviewers (F.A.A. and A.A.B.A.) worked independently and 
in duplicate and extracted and recorded data on a predefined 
checklist. Disagreements between the 2 extracting authors 
were resolved by consensus. Unresolved issues were referred 
to a third author (I.M.T.). 

The methodological quality of included studies was as
sessed with the Newcastle-Ottawa quality assessment scale, 
using 3 broad perspectives to judge the studies: the selection 
of the study groups, the comparability of groups, and the 
ascertainment of either the exposure or the outcome of in
terest for case-control or cohort studies, respectively.23 Two 
reviewers (F.A.A. and M.A.G.) independently assessed the 
methodological quality of selected studies. 

Statistical Analysis 

The primary effect measure used in the meta-analysis was the 
OR of postoperative infectious complications. When adjusted 
ORs were not presented, the authors were contacted for ad
ditional information. If adjusted ORs could not be obtained 
from authors, the study was excluded from the analysis. ORs 
from all included studies were pooled in a meta-analysis 
weighing the individual studies according to their log-trans
formed inverse variance. The DerSimonian Laird random-
effects model was used to calculate the overall effect.24 In
consistency among studies was explored by calculation of I2 

values, which range from 0% to 100% and describe the pro
portion of variation in treatment effect estimates that is due 
to genuine variation rather than sampling error.25 A value of 
0% indicates no observed heterogeneity. Higgins et al25 sug
gest describing I2 values of 25%, 50%, and 75% as low, mod
erate, and high, respectively. We assessed publication bias by 
generating a contour-enhanced funnel plot,26 which is an aid 
to establishing whether any funnel plot asymmetry is likely 
to be due to publication bias compared with other underlying 
causes of funnel plot asymmetry. By identifying the regions 
of the funnel plot that correspond to statistically significant 
effects, an assessment can be made as to whether the location 
of the perceived missing studies is in significant or nonsig
nificant regions. If the majority of the region where studies 
are perceived missing corresponds to an area of statistical 
nonsignificance, then this adds credence to the funnel asym
metry being caused by publication bias and vice versa. Sta-
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tistical analysis was performed using Stata 10 statistical soft
ware (StataCorp). 

R E S U L T S 

Figure 1 illustrates the flow diagram of study identification 
and selection. Our initial search strategy yielded 604 citations, 
of which 596 were not eligible on the basis of abstract and 
title review. Eight articles were considered for full-text review. 
In addition, the reference lists of all eligible articles were 
systematically examined, and no additional study was iden
tified that was not captured with the search strategy. Three 
studies were later excluded because of non-infection-related 
end points27 or missing outcome data that the primary author 
could not provide upon contact.17'20 Data from a population-
based cohort that addressed the association between statin 
use and incidence of surgical site infection among coronary 
artery bypass graft (CABG) surgery patients was included 
with the final eligible studies.28 A total of 6 studies met our 
predefined inclusion criteria for the meta-analysis.1618'19'21'28,29 

The general characteristics of included studies are pre
sented in Table 1. All studies were published between 2005 
and 2010. Three studies were conducted in Canada,1819,29 and 
3 were conducted in the United States.16,21,28 Four were single-
center studies,19,21,29 and 2 were population-based studies.18,28 

Statin exposure ascertainment was based on a review of ad
mission medication list19 and prescription databases18,21,28 and 
was not available in 2 studies.16,29 Infectious outcomes in
cluded surgical site infections within 30 days,18,28 serious in
fections (sepsis),21,29 and any postoperative infection.16,19 Cen
ters for Disease Control and Prevention18,19,21,28 and Society 
of Thoracic Surgery16 criteria were used to define these out
comes (Table 2). 

Included studies were of good quality and differed in the 
representativeness of the cohorts (population-based studies 
vs others), outcome assessment (blind vs not blind), and 
comparability of the exposed and nonexposed groups. Of the 
6 studies, 2 were population-based studies, 1 included blinded 
outcome assessment, and all adjusted for multiple confound-
ers. The primary meta-analysis included all 6 of the studies 
and was evaluated using a random-effects model (Figure 2). 
Use of statins in the preoperative period was associated with 
a trend toward reduced odds of postoperative infections 
among patients who underwent cardiac surgery (OR, 0.81 
[95% CI, 0.64-1.01]; P = .06; I2 = 75%. The funnel plot 
(Figure 3) was asymmetrical at the base because it was missing 
studies in the bottom-right corner, suggesting the possibility 
of publication bias (P = .048, Egger test). 

To explore sources of heterogeneity, a univariate meta-
regression analyses was done, considering the following 
study-level variables: country (Canada vs United States), set
ting (population based vs hospital), multicenter versus single 
center, and outcome (surgical site infections vs others). The 
country where studies were performed was an important 
source of heterogeneity. Canadian studies had, on average, 

604 Citation titles and abstracts obtained from 
initial data search 

=> 

596 Reports excluded after abstract 
review 
563 Not relevant 
14 Review articles 
15 Commentaries/letters/editorials 
4 Basic and animal studies 

I Were considered for full-text review 

3 Studies excluded: I with no 
infection-related endpoint and 2 
with missing outcome data 

6 Eligible articles 

F I G U R E i. F low d i a g r a m of eligible s tudies showing the n u m b e r of 

c i ta t ions identified, retr ieved, a n d inc luded in the final analysis. 

higher effect estimates than US studies (P = .05), with re
sidual I2 = 38%. This difference could not be attributed to 
study quality alone. 

D I S C U S S I O N 

Findings from our systematic review and meta-analysis do 
not provide good evidence that statin use is associated with 
a beneficial effect in preventing post-cardiac surgery infec
tions. Moreover, the meta-analysis displayed large heteroge
neity and evidence of publication bias. Heterogeneity was 
explained by country effect. Studies performed in Canada 
showed weaker associations than studies performed in the 
United States. This difference could not be attributed to study 
quality. However, the pooled effect estimate of 0.8 and the 
trend toward statistical significance for this association in
dicates that further investigation is warrented. 

Two systematic reviews addressing the role of statins in 
sepsis or infection have been published recently;3031 however, 
our review is unique. We limited our review to cardiac sur
gery. Infection risk differs depending on the type of surgery, 
and thus focusing on cardiac surgery, which has a relatively 
low risk of infection, yields a precise estimate of the anti-
infective effects of statins. We also limited our review to rel
evant clinical outcomes. 

Although there is good biological plausibility for an as
sociation among statins, infection prevention, and outcomes, 
a recent meta-analysis of 11 randomized clinical trials chal-
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Study 

ID 

Odds % 

Ratio (95% CI) Weight 

Ali and Buth,29 2005 

Mohammed et al,™ 2009 

Daneman et al,ia 2009 

Subramaniam et al,21 2008 

Coleman et al,18 2007 

Tley]ehetal,2!l2012 

Overall (l-squared = 75.1%, p = 0.001) 

NOTE: Weights are from random effects analysis 

i 

i im 
j I f f 

o 
1 1 

0.70(0.50,1.10) 

1.08(0.89,1.31) 

1.03(0.95,1.11) 

0.68(0.31,1.48) 

0.67 (0.46, 0.99) 

0.49 (0.32, 0.75) 

0.81 (0.64,1.01) 

I 

14.98 

22.80 

26.47 

6.45 

15.36 

13.93 

100.00 

FIGURE 2. Forest plot of all studies included in the meta-analysis. Shown are pooled odds ratios for postoperative infections in statin 
users versus nonusers, determined using a random-effects model. Error bars indicate confidence intervals (CIs). 

lenged this hypothesis.32 This meta-analysis failed to prove in 
a pooled analysis of eligible trials that statins have a beneficial 
role in the prevention of infection. However, this study was 
limited by the lack of reporting of infection-related events in 
the majority of statin trials (only 11 of 632 trials). Moreover, 
none of the included trials included infection-related events 
or mortality as a primary outcome measure. In addition, the 
majority of included trials did not describe the type of in
fection in the cohort. 

Beyond lowering cholesterol, statins are recognized for 
their pleiotropic effects, which include anti-inflammatory, 
immunomodulatory, and antioxidant properties.33"35 Statins 
modulate the function of different immune cells, including 
T cells, macrophages, natural killer (NK) cells, and endothelial 
cells. These effects range from a reduction in different cell 
receptors and cytokines involved in inflammation, such as 
MCH-II, P-selectin, RANTES, and MCP-1,34,35 to activation 
of NK cells36 and enhancement of phagocytosis.37 Statins are 
also well known to have anti-inflammatory properties in
dependent of their lipid-lowering properties, as demonstrated 
in a number of studies of acute coronary syndrome and stable 
coronary artery disease, where statin therapy led to a reduc
tion in high-sensitivity C-reactive protein.33 In addition, it 
has been shown that statins exert direct effects on pathogenic 
microorganisms, including antibacterial9 and antiviral10,11 

effects. 

Our meta-analysis has several limitations, some of which 
are inherent to the individual studies. First, the pooled es
timates of the meta-analyses are limited by the statistically 
significant heterogeneity. While this is not uncommon for 

epidemiological studies, it may be explained by many factors. 
Studies performed in Canada showed weaker associations 
than studies performed in the United States. This difference 
could not be attributed to study quality. There are other 
potential factors that could have contributed to the observed 
heterogeneity. Some of the included studies did not specify 
the type of statins used. Data from the acute coronary syn
drome literature suggest that statins differ in their pleiotropic 
effects. Not all statins reduce inflammatory markers equally. 
The pleiotropic effects of different statins are different at dif
ferent dosages. In addition, the duration of statin use prior 
to surgery may have impacted the outcomes. Although we 
pooled heterogeneous studies regarding patients, setting, and 
treatment regimen, we believe there was a valid biological 
justification to perform a broad meta-analysis, which con
siderably increases generalizability and usefulness. 

In addition, given the observational design of included 
studies and retrospective data collection in several studies, 
the possibility exists that the observed association between 
statin use and outcome was associated with bias or con
founding. In particular, this study may be subject to bias by 
indication, as statin users differ systematically from statin 
nonusers in important respects.38 However, all patients un
dergoing cardiac surgery have indications for statins. Non-
users may have a contraindication to statins, such as liver 
disease, which may make them more prone to infections. In 
an attempt to limit the effect of confounding in these studies, 
we pooled only the adjusted estimates from studies rather 
than the unadjusted estimates. 

Finally, statin administration is considered a class I indi-

https://doi.org/10.1086/668019 Published online by Cambridge University Press

https://doi.org/10.1086/668019


STATIN AND POST-CARDIAC SURGERY INFECTIONS II49 

I 
"2 9. 
13 
C 
S 
to 

.3 

.4-

• 

a 

Studies 

p < 1 % 

1%<p<5% 

5%<p<10% 

p>10% 

Effect estimate 

FIGURE 3. Contour-enhanced funnel plot of the association between the estimated effect size and its standard error in all 6 studies, comparing 
those exposed and those unexposed to statins. Areas of statistical significance are displayed. Contours represent conventional "milestone" levels 
of statistical significance (eg, <.01, <.05, <.l). This funnel plot is asymmetrical at the base because it is missing studies in the bottom-right 
corner of the statistical nonsignificance area (white area), suggesting the possibility of publication bias (P = .048, Egger test). 

cation for patients undergoing coronary bypass surgery;39 

thus, the need for conducting a meta-analysis could be ques
tioned. Several arguments in support of undertaking such a 
study are noteworthy. First, because of the absence of decisive 
data linking statin use and prevention of post-cardiac surgery 
infections, undertaking a meta-analysis to shed more light on 
such possible associations appears scientifically warranted. 
Second, the prevalence of statin use among patients under
going coronary bypass surgery has been less than optimal, 
and demonstrating additional benefits of these agents could 
enhance their use. In our review, for example, the proportion 
of patients undergoing cardiac surgery who were taking sta
tins ranged from 34% to 74%, with a mean of 57%. In a 
large, contemporary practice-improvement registry of out
patients with obstructive coronary artery diseases, 22% of 
patients were not receiving guideline-based treatment with 
statins. This registry, the NCDR PINNACLE Registry, was 
launched in 2008 by the American College of Cardiology and 
represents the first national, prospective, office-based quality-
improvement registry of cardiac patients in the United 
States.40 Third, although the benefits of post-CABG low-
density lipoprotein (LDL) lowering with statins have been 
reported previously, no randomized or prospective studies of 
the impact of preoperative LDL cholesterol lowering on post-
CABG clinical outcomes are available.40 Current guidelines 
recommend initiation of high-dose statin therapy immedi
ately in patients undergoing urgent or emergency CABG who 
are not taking a statin but acknowledge that there are no 
robust data to support this recommendation (level of evi

dence: C, class Ila).40 Fourth, it is not clear whether statins 
reduce the risk of sternal surgical site infection and other 
infections in patients who have undergone noncoronary car
diac surgery, which represented a sizable proportion of pa
tients in our review. A study examining these patients is 
needed because many of them do not have an indication for 
statins otherwise. 

In conclusion, this pooled analysis provides at least a mod
icum of evidence that supports the need for further research 
to support or refute the notion that statins reduce the risk 
of infection in patients after cardiac surgery. 
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