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KEY POINTS
• Question: Is preoperative statin use associated with a decreased requirement of intraopera-

tive albuterol treatment, and decreased incidences of respiratory, infectious, and cardiovascu-
lar complications after noncardiac surgery?

• Findings: In this retrospective cohort analysis of 92,139 adults who had noncardiac surgery, 
preoperative statin use was associated with slightly lower incidences of intraoperative albuter-
ol treatment requirement (odds ratio [OR] = 0.89; 97.5% confidence interval [CI], 0.82–0.97; 
P = .001; number needed to treat [NNT] = 216), postoperative respiratory complications  
(OR = 0.82; 98.75% CI, 0.78–0.87; P < .001; NNT for women = 169, NNT for men = 61), 
postoperative infectious complications (OR = 0.87; 99.4% CI, 0.80–0.94; P < .001; NNT for 
women = 467, NNT for men = 100), and postoperative cardiovascular complications  
(OR = 0.75; 99.4% CI, 0.72–0.79; P < .001; NNT for women = 54, NNT for men = 54).

• Meaning: Although preoperative statin use in noncardiac surgical patients was associated 
with slightly reduced odds of postoperative respiratory, infectious, and cardiovascular compli-
cations, the NNTs were high, suggesting that the associations were not clinically meaningful.

BACKGROUND: Statins possess pleiotropic effects, which potentially benefit noncardiovascular 
conditions. Previous work suggests that statins reduce inflammation and prevent acute respira-
tory distress syndrome and infections. However, there is a paucity of data regarding potential 
benefits of statins on respiratory and infectious complications, particularly after noncardiac sur-
gery. We therefore evaluated respiratory and other complications in noncardiac surgery patients 
taking or not taking statins preoperatively.
METHODS: We obtained data from the Cleveland Clinic Perioperative Health Documentation 
System and evaluated medical records of 92,139 inpatients who had noncardiac surgery. 
Among these, 31,719 patients took statins preoperatively. Statin patients were compared to 
nonstatin patients on incidence of intraoperative use of albuterol and postoperative respiratory 
complications for primary analysis. Infectious complications, cardiovascular complications, in-
hospital mortality, and duration of hospitalization were compared for secondary analyses, using 
inverse probability of treatment weighting to control for potential confounding.
RESULTS: Statin use was associated with lower odds of intraoperative albuterol treatment (odds 
ratio [OR] = 0.89; 97.5% confidence interval [CI], 0.82–0.97; P = .001; number needed to treat 
[NNT] = 216). Postoperative respiratory complications were also less common (OR = 0.82; 
98.75% CI, 0.78–0.87; P < .001). Secondarily, statin use was associated with lower odds of 
infections, cardiovascular complications, in-hospital mortality, and shorter duration of hospital-
ization. The interaction between statin use and sex was significant (with significance criteria  
P < .10) for all primary and secondary outcomes except intraoperative use of albuterol.
CONCLUSIONS: Preoperative statin use in noncardiac surgical patients was associated with 
slightly reduced odds of postoperative respiratory, infectious, and cardiovascular complications. 
However, the NNTs were high. Thus, despite the fact that statins appeared to be associated with 
lower odds of various complications, especially cardiovascular complications, our results do not 
support using statins specifically to reduce noncardiovascular complications after noncardiac 
surgery.  (Anesth Analg 2021;133:123–32)
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GLOSSARY
ACEI = angiotensin-converting enzyme inhibitor; ARBs = angiotensin II receptor blockers; ARDS = 
acute respiratory distress syndrome; ASA = American Society of Anesthesiologists; ASD = absolute 
standardized difference; BMI = body mass index; Ca-channel = calcium channel; CCS = Clinical 
Classifications Software; CI = confidence interval; CNS = central nervous system; COPD = chronic 
obstructive pulmonary disease; CVA = cerebrovascular accident; GI = gastrointestinal; HR = haz-
ard ratio; ICD-9 = International Classification of Diseases, Ninth Revision; ICD-9-CM = International 
Classification of Diseases, Ninth Revision Clinical Modification; IPTW = inverse probability of treatment 
weighting method; N/A = not applicable; NNT = number needed to treat; OR = odds ratio; SD = stan-
dard deviation; STROBE = Strengthening the Reporting of Observational Studies in Epidemiology; 
TIA = transient ischemic attack

Statins, 3-hydroxy-3-methylglutaryl coenzyme A 
reductase inhibitors, possess pleiotropic effects 
including antioxidant properties, normalization 

of endothelial function, and attenuation of inflam-
mation1—all of which potentially benefit noncar-
diovascular conditions. In nonsurgical settings, the 
pleiotropic effects of statins moderate inflammatory 
conditions including asthma,2 pneumonia,3 acute 
respiratory distress syndrome (ARDS),4 and sepsis.4 
Chronic statin use protects against the development 
of severe sepsis and ARDS5 and improves survival in 
patients with severe sepsis-associated ARDS.4

Hyperreactive airways promote intraoperative 
respiratory complications including bronchospasm. 
Such intraoperative events may well influence the 
postoperative course and delay recovery. Preclinical 
studies suggest that statins mitigate asthma patho-
genesis by countering airway remodeling and reduc-
ing airway inflammation.6

Previous work suggests that statin therapy reduces 
the risk of noncardiovascular complications including 
pneumonia and infectious complications and shortens 
postoperative mechanical ventilation, especially after 
cardiac and vascular surgery.7–11 However, available evi-
dence with respect to statins and noncardiac surgery, 
particularly for noncardiac outcomes including respira-
tory and infectious complications, remains limited.12,13

We therefore tested the primary hypotheses that 
intraoperative albuterol use and postoperative respi-
ratory complications are lower in adults having 
noncardiac surgery who take statins at least 30 days 
before surgery. Secondarily, we evaluated associations 
between preoperative statin use and postoperative 
infectious complications, postoperative cardiovascu-
lar complications, in-hospital mortality, and the dura-
tion of hospitalization.

METHODS
After institutional review board approval and waiver 
of consent, we obtained data from the Cleveland 

Clinic Perioperative Health Documentation System 
for inpatients who had noncardiac procedures under 
general anesthesia at the Cleveland Clinic between 
April 2005 and December 2015 and performed a 
retrospective cohort analysis. Our article adheres to 
the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines. 
Beneficial effects of statins were expected to be more 
significant in sicker patients who are more likely to 
have postoperative complications; thus, we restricted 
analysis to patients with an American Society of 
Anesthesiologists physical status score of III or IV. We 
defined patients as statin users if their medical record 
included a prescription that extended to within 
30 days before surgery. Nearly all operations per-
formed at the Cleveland Clinic are elective. Patients 
thus established care relationship with surgeons in 
advance of the date of surgery. Per routine, medi-
cations are reviewed during each patient visit. We 
were therefore able to capture prescription informa-
tion in advance of the surgery. We used International 
Classification of Diseases, Ninth Revision, (ICD-9) diag-
nosis codes in electronic medical records of patients 
to identify the outcomes.

Primary Outcome
Statin and nonstatin patients were compared on the 
2 primary outcomes (intraoperative use of albuterol 
and postoperative respiratory complications based 
on ICD-9 diagnosis codes during the hospital stay 
[Supplemental Digital Content, Appendix I, http://
links.lww.com/AA/D191]) in 2 separate multivari-
able logistic regression models. Bonferroni correction 
was used to adjust for multiple comparisons to con-
trol the overall type I error at 0.05. Thus, correspond-
ing 97.5% confidence intervals (CIs) were reported; 
the significance criterion for the 2 primary outcomes 
was P < .025 (ie, .05/2).

Post hoc testing for interaction between the statin 
use and sex was added to both primary multivariable 
logistic regression models, and significant interaction 
was claimed if the corresponding P value was <.10 (a 
commonly used criteria; chosen before any post hoc 
analyses were conducted). Because the interaction 
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was significant for postoperative respiratory com-
plications outcome, the odds ratios (ORs) along with 
98.75% CIs were reported separately by sex and 
Bonferroni corrections were applied (P < .0125, ie, 
.025/2). Post hoc, we also added estimates of the 
numbers needed to treat (NNTs) and corresponding 
CIs from multivariable logistic regression models.14 
We also assessed (post hoc) whether the association 
between statin use and our 2 primary outcomes dif-
fered as a function of surgical duration (ie, 0.5–2, 2–4, 
>4 hours). An interaction term was added to primary 
multivariable logistic regression models, and signifi-
cant interaction was claimed if the corresponding  
P value was <.10 (for postoperative respiratory com-
plications outcome, we checked 3-way interaction).

As with any observational comparative study, 
it is likely that there were some confounding vari-
ables unknown to the investigators that were thus 
either not measured or not included in the analyses. 
Because by definition a confounding variable would 
need to be associated with both the exposure variable 
and the outcome variable, we conducted a sensitivity 
analysis assessing the strength of each of these rela-
tionships that would have been needed to change our 
conclusions on the primary outcomes. Specifically, 
we conducted a post hoc sensitivity analysis for both 
primary outcomes using the E value approach15 to 
assess the magnitude of an unmeasured confound-
ing variable (or set of variables) that would be needed 
to (1) reduce an observed relative risk to 1.0 and (2) 
reduce the upper or lower confidence limit to 1.0. For 
example, an E value of 2.0 for reducing an observed 
relative risk to 1.0 means that there would need to be 
an unmeasured confounding variable that was associ-
ated with the exposure with a relative risk of 2.0 and 
also associated with the outcome with relative risk of 
2.0, both after adjusting for other confounding vari-
ables already included in the analyses.

Secondary Outcomes
We also evaluated the association between preop-
erative statin use and (1) postoperative infectious 
complications, (2) postoperative cardiovascular com-
plications (Supplemental Digital Content, Appendix 
II, http://links.lww.com/AA/D191), (3) in-hospital 
mortality, and (4) length of hospital stay. To analyze 
the first 3 binary secondary outcomes, we built sepa-
rate multivariable logistic regression models.

For length of hospital stay, we used Cox propor-
tional hazard regression to estimate the effect of pre-
operative statin use. The outcome event in the Cox 
model was “discharged alive,” which indicated that 
patients who died in the hospital were considered 
as never having the event by assigning a censoring 
time equal to the observed longest duration of the 
hospitalization among those discharged alive. The 

proportional hazard assumption in the Cox model 
was verified graphically. Bonferroni correction was 
utilized to adjust for multiple comparisons to control 
the overall type I error at 0.05. Thus, 98.75% CIs were 
reported; the significance criterion for the 4 secondary 
outcomes was P < .0125 (ie, .05/4).

Post hoc tests for interaction between the statin use 
and sex were added to all 4 secondary outcomes by 
modifying corresponding regression models, and sig-
nificant interaction was claimed when P values were 
<.10. For 3 secondary outcomes with significant inter-
action, the ORs along with 99.4% CIs were reported 
separately by sex, and Bonferroni corrections were 
applied (P < .006, ie, .0125/2). We also added post 
hoc analysis of individual postoperative cardiovas-
cular morbidities; the analysis was performed in the 
same way as the original analysis on cardiovascu-
lar composite with weighing by stabilized inverse 
propensity scores and adjustment for the type of 
procedure; Bonferroni corrections were applied to 
correct for additional 9 tests on individual morbidities  
(P < .0014, ie, .0125/9). We also added the estimates of 
the NNT calculated based on the multivariable regres-
sion models for both binary14 and time-to-event16 
secondary outcomes. In this observational study, we 
caution that NNT results should not be interpreted as 
inferring causality of the exposure.

Statistical Analyses
We used the inverse probability of treatment weighting 
method to control for observed potential confound-
ing.17 Specifically, we first estimated the probability 
of using statins preoperatively (ie, propensity score) 
for each patient using logistic regression with statin 
(versus nonstatin) as the outcome and all prespeci-
fied demographic and baseline characteristics listed 
in Table 1 as independent variables. Second, we cal-
culated stabilized inverse propensity scores (ie, 1 

for satin patients and 
ˆ

ˆ
p

p1−
 for nonstatin patents, p̂ :  

estimated propensity score)18 that account for pos-
sibly inaccurate or unstable scores for subjects with 
very low probability of receiving treatment received. 
Last, we used the stabilized inverse propensity scores 
as weights in all regression models below to reduce 
potential confounding when comparing statin and 
nonstatin patients on outcomes and to estimate the 
average treatment effect for treated patients.18,19

All regression multivariable models also included 
explicit adjustment for 98 distinct surgery types. Rare 
operations with fewer than 100 cases constituted 1.6% 
of study population and were combined into surgery 
type “Other” for the modeling purposes.

During the planning stage before formal data 
assessment performed for data up to December 
2015, we performed a preliminary data search on the 
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Table 1.  Demographics and Baseline Characteristics for Statin and Nonstatin Patients (N = 92,139)
Variable Statin (n = 31,719) Nonstatin (n = 60,420) ASDa

Age, y 65.6 ± 11.8 56.6 ± 15.4 0.66
Sex, women, n (%) 14,207 (44.8) 33,937 (56.2) 0.23
Race, n (%)   0.02
 Caucasian 26,501 (83.5) 50,147 (83.0)  
 African American 4569 (14.4) 8932 (14.8)  
 Other 649 (2.0) 1341 (2.2)  
BMI (kg/m2) 30.9 ± 7.9 30.2 ± 9.1 0.08
ASA physical status n (%)   0.16
 III 26,236 (82.7) 53,311 (88.2)  
 IV 5399 (17.0) 6955 (11.5)  
 V 84 (0.26) 154 (0.25)  
Charlson comorbidity scoreb, n (%)   0.46
 0 4582 (14.4) 17,840 (29.5)  
 1 5803 (18.3) 10,509 (17.4)  
 2 6968 (22.0) 13,486 (22.3)  
 3 5019 (15.8) 6354 (10.5)  
 4 3277 (10.3) 3075 (5.1)  
 5 1769 (5.6) 1556 (2.6)  
 6 1783 (5.6) 4520 (7.5)  
 >6 2518 (7.9) 3080 (5.1)  
Medical history, yes, n (%)    
 Diabetes mellitus 12,101 (38.2) 9782 (16.2) 0.51
 Hypertension 24,071 (75.9) 28,400 (47.0) 0.62
 Coronary artery disease 12,516 (39.5) 5137 (8.5) 0.78
 Myocardial infarction 4680 (14.8) 1792 (3.0) 0.42
 Congestive heart failure 4006 (12.6) 3067 (5.1) 0.27
 Valve disease 2761 (8.7) 2724 (4.5) 0.17
 Peripheral vascular disease 5818 (18.3) 4186 (6.9) 0.35
 Acute renal failure 1069 (3.4) 1204 (2.0) 0.09
 Chronic renal failure 4463 (14.1) 4254 (7.0) 0.23
 Liver disease 2066 (6.5) 6514 (10.8) 0.15
 Deep vein thrombosis 476 (1.5) 812 (1.3) 0.01
 COPD 6565 (20.7) 10,677 (17.7) 0.08
 Asthma 3307 (10.4) 6613 (10.9) 0.02
 Carotid disease 2295 (7.2) 750 (1.2) 0.30
 Supraventricular arrhythmia 5212 (16.4) 5035 (8.3) 0.25
 Ventricular arrhythmia 5041 (15.9) 3860 (6.4) 0.31
 CVA/TIA 4882 (15.4) 3581 (5.9) 0.31
 Hyperlipidemia 23,702 (74.7) 9310 (15.4) 1.48
 Dialysis 1379 (4.3) 1688 (2.8) 0.08
Use of drugs, yes, n (%)    
 ACEI 13,123 (41.4) 11,197 (18.5) 0.51
 Beta blocker 19,282 (60.8) 19,942 (33.0) 0.58
 Ca channel blocker 10,170 (32.1) 10,460 (17.3) 0.35
 Steroids 5823 (18.4) 11,719 (19.4) 0.03
 ARBs 5968 (18.8) 5686 (9.4) 0.27
Year of surgery, n (%)   0.11
 2005 1274 (4.0) 2567 (4.2)  
 2006 2620 (8.3) 4751 (7.9)  
 2007 2861 (9.0) 4831 (8.0)  
 2008 2835 (8.9) 4777 (7.9)  
 2009 2986 (9.4) 4950 (8.2)  
 2010 3027 (9.5) 5099 (8.4)  
 2011 3112 (9.8) 5805 (9.6)  
 2012 3388 (10.7) 6753 (11.2)  
 2013 3587 (11.3) 7346 (12.2)  
 2014 3471 (10.9) 7748 (12.8)  
 2015 2558 (8.1) 5793 (9.6)  
Emergent case 1555 (4.9) 3416 (5.7) 0.03
Duration of surgery, h 3.5 [2.2, 5.0] 3.5 [2.2, 5.0] <0.01
 0.5–2 h 6393 (20.2) 12,824 (21.2)  
 2–4 h 12,805 (40.4) 23,432 (38.8)  
 >4 h 12,521 (39.5) 24,164 (40.0)  

(Continued)
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number of patients who were on preoperative statins, 
as well as baseline incidences of primary outcomes 
in patients who were not on statins. This confirmed 
that we would have at least 22,000 patients per group, 
which would provide >90% power to detect an OR 
of ≤0.77 for intraoperative albuterol use (statin ver-
sus nonstatin) and an OR of ≤0.81 for the collapsed 
composite of postoperative respiratory complications 
based on the observed incidences for nonstatin (ie, 
4.3% and 6.7%, respectively) at the overall significance 
level of 0.05 (0.025 criterion adjusting for 2 primary 
outcomes) with a 2-tailed χ2 test. As the magnitude 
of difference to be detected is smaller than the differ-
ence in incidence of respiratory complication between 
statin and nonstatin groups demonstrated in the larg-
est study of this topic (relative risk: 0.79, London et 
al20), our sample size was sufficient to detect clinically 
meaningful difference in primary outcomes between 
the groups. In a post hoc power analysis, we assumed 
the same total sample size but included the observed 
ratio of 1:2 between statin users and nonusers. This 
gave 90% power to detect an OR of 0.76 or stronger 
for intraoperative albuterol use and 0.80 or stronger 
for respiratory complications. The statistical analysis 
plan except for interaction with sex was written and 
approved by the Cleveland Clinic Institutional Review 
Board in January 2018. However, some evidence sug-
gests a differential effect of statins on primary and 
secondary prevention of cardiovascular events,21–23 
in favor of men, with possible explanations including 
differential interactions between sex hormones and 
statins on endothelial function.24 We therefore added 
post hoc analysis of the interaction between the statin 
use and sex on primary and secondary outcomes. 

Sensitivity analysis was added post hoc. SAS software 
version 9.4 (SAS Institute, Cary, NC) was used for all 
analyses.

RESULTS
We obtained data from 100,704 patients who met our 
inclusion and exclusion criteria. We excluded 8565 
patients whose use of preoperative statin was unclear 
or who were missing either the primary outcome 
and/or any of the prespecified potential confounders. 
Our analysis was therefore based on a total of 92,139 
patients: 31,719 statin users (34%) and 60,420 nonus-
ers (66%).

Primary Outcome
While controlling for potential confounders, signifi-
cant associations were found between preoperative 
use of statin and both primary outcomes (Table  2). 
The raw incidence of intraoperative use of albuterol 
was 3.9% for the statin and 4.3% for the nonstatin, 
with inverse probability of treatment weighting and 
type of surgery adjusted estimated OR of 0.89 (97.5% 
CI, 0.82–0.97), P < .001. There was no interaction 
between statin use and sex for intraoperative use of 
albuterol (P = .225). Additionally, post hoc analysis 
revealed a significant interaction between statin use 
and duration of surgery (P < .001), meaning that the 
association between statin use and intraoperative 
use of albuterol outcome differed by duration of sur-
gery. For long (>4 hours) surgeries, the OR (98.75% 
CI) was 0.82 (0.73–0.92), P < .001; for medium (2–4 
hours) and short (>0.5–2 hours) surgeries, the OR 
(98.75% CI) was 0.88 (0.77–1.01), P = .018, and 1.35 
(1.04–1.75), P = .005, respectively.

Vascular surgery, n (%) 2820 (8.9) 2479 (4.1) 0.20
10 most frequent types of surgeryc, n (%)   0.19
 Incision and excision of CNS 709 (2.2) 1927 (3.2)  
 Other OR therapeutical nervous system 671 (2.1) 1895 (3.1)  
 Other therapeutical hemic and lymph 687 (2.2) 1473 (2.4)  
 Colorectal resection 1237 (3.9) 3003 (5.0)  
 Upper GI therapeutical procedure 1146 (3.6) 2369 (3.9)  
 Lower GI therapeutical procedure 673 (2.1) 2624 (4.3)  
 Other GI therapeutical procedures 821 (2.6) 2117 (3.5)  
 Nephrectomy 1097 (3.5) 1782 (2.9)  
 Hysterectomy 678 (2.1) 1593 (2.6)  
 Spinal fusion 1119 (3.5) 1960 (3.2)  

Summary statistics presented as n (%) of patients, mean ± SD, or median [Q1, Q3].
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARBs, angiotensin II receptor blockers; ASA, American Society of Anesthesiologists; ASD, absolute 
standardized difference; BMI, body mass index; Ca-channel, calcium channel; CCS, Clinical Classifications Software; CNS, central nervous system; COPD, chronic 
obstructive pulmonary disease; CVA, cerebrovascular accident; GI, gastrointestinal; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical 
Modification; OR, odds ratio; SD, standard deviation; TIA, transient ischemic attack.
aThe absolute difference in means or proportions divided by the pooled standard deviation.
bWe collapsed Charlson comorbidity score >6 in Table 1 for the brevity in display. In the analysis, we did not collapse the groups but considered Charlson 
comorbidity score as a continuous variable.
cWe adjusted for 98 surgery types in the analysis; for the presentation purpose, we only displayed top 10 most frequent types of surgery. The rare surgery types 
with <100 cases constituted 1.6% of 92,139 patients and were combined into surgery type “Other” for the modeling purposes. Surgery type is characterized into 
1 of 244 mutually exclusive clinically appropriate categories using the Agency for Healthcare Research and Quality single-level CCS for ICD-9-CM procedure code.

Table 1.  Continued
Variable Statin (n = 31,719) Nonstatin (n = 60,420) ASDa
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Likewise, the raw incidence of having a postopera-
tive respiratory complication was 7.2% for the statin 
group and 6.7% for the nonstatin group. The inter-
action between statin use and sex was significant 
(P = .011), meaning the association between statin 
use and respiratory composite outcome differed by 
sex (Table  2). The inverse probability of treatment 
weighting adjusted estimated OR was 0.89 (98.75% 
CI, 0.81–0.98), P = .004, for women and 0.78 (98.75% 
CI, 0.72–0.85), P < .001, for men. Additionally, post 
hoc analysis of respiratory complications revealed 
significant 3-way interactions among statin use, sex, 
and duration of surgery (P = .037). Statin use was 
associated with significantly improved respiratory 
outcome for women having surgeries lasting >4 
hours (OR = 0.84; 99.6% CI, 0.72–0.99; P = .002) and 
men having medium duration operations (2–4 hours) 
(OR = 0.77; 99.6% CI, 0.65–0.91; P < .001) and long 
surgeries (OR = 0.78; 99.6% CI, 0.69–0.89; P < .001). 
The association was not significant for women hav-
ing short (OR = 1.01; 99.6% CI, 1.70–1.44; P = .970) 
or medium-length (OR = 0.93; 99.6% CI, 0.77–1.13;  
P = .292) surgeries. For men having short operations, 
the OR was 0.82 (0.61–1.11), P = .057.

E value estimates for the intraoperative albuterol 
use outcome indicate that increasing the OR of 0.88 to 
1.00 would require an unmeasured confounder with 
OR of 1.53 (the E value) or stronger and 1.29 to make 
the result to nonsignificant. Reducing the observed 
OR of 0.89 for respiratory complications in women to 
1.00 would require an unmeasured confounder with 
OR of 1.50 (the E value) and 1.16 to make the result 
to nonsignificant. Reducing the observed OR of 0.78 
for respiratory complications in men to 1.00 would 

require an E value of 1.88 or stronger and 1.63 to make 
the result to nonsignificant.

Secondary Outcome
While controlling for potential confounders, there 
were significant associations between preoperative 
use of statins and each of the secondary outcomes. 
Furthermore, there was a significant interaction 
between sex and the relationships between statin use 
and infections, cardiovascular outcomes, and mortal-
ity (Table 3). Post hoc analysis of individual postop-
erative cardiovascular morbidities (Table 4) revealed 
that the cardiovascular composite was mostly driven 
by postoperative heart failure, which was the most 
frequent cardiovascular complication.

The types of statins patients used are summarized 
in Table 5. The NNTs for each outcome were high (eg, 
216 for intraoperative albuterol use) and are presented 
in Tables 2 and 3.

DISCUSSION
Statin use was associated with an estimated 12% 
reduction in odds of using intraoperative albuterol. 
Results were similar in men and women. Nevertheless, 
the difference in the proportion with intraoperative 
albuterol was low, and the associated NNT was 216. 
Thus, preoperative statin use was not associated with 
a clinically meaningful reduction in perioperative alb-
uterol use for airway hyperreactivity.

Statin use was associated with an 11% reduction in 
odds of respiratory complications in women, whereas 
the reduction in odds was 22% in men, possibly con-
sequent to differing pharmacodynamic and pharma-
cokinetic properties of statins in women and men.25 
Iannuzzi13 reported an adjusted 38% decrease in the 

Table 2.  Primary Outcomes for Inverse Propensity Score–Weighed Analysis (N = 92,139)
Raw Incidence, n (%) Unadjusted  

OR (CI) 
(Statin Versus  

Nonstatin)

Adjusted  
ORa (CI) 

(Statin Versus  
Nonstatin)

Post hoc Sex  
Interaction  

P Valueb P Valuea NNT (CI)c Primary Outcome
Statin  

(n = 31,719)
Nonstatin  

(n = 60,420)
   (97.5% CI)d    
Intraoperative use of albuterol 1222 (3.9) 2612 (4.3) 0.89 (0.81–0.97) 0.89 (0.82–0.97) .225b .001 216 (131–725)
   (98.75% CI)e    
Postoperative respiratory 

complicationsf

2284 (7.2) 4054 (6.7)  0.82 (0.78–0.87) .011b <.001  

 Women 970 (6.8) 1941 (5.7) 1.21 (1.09–1.34) 0.89 (0.81–0.98)  .004 169 (95–1189)
 Men 1314 (7.5) 2113 (8.0) 0.94 (0.85–1.03) 0.78 (0.72–0.85)  <.001 61 (47–88)

The association between preoperative use of statin and (1) intraoperative use of albuterol and (2) postoperative respiratory complications. Raw data are 
presented as n (%) of patients.
Abbreviations: CI, confidence interval; IPTW, inverse probability of treatment weighting method; NNT, number needed to treat; OR, odds ratio.
aComparisons were adjusted for all the demographic and baseline characteristics listed in Table 1 via IPTW within multivariable logistic regression model; 
adjustment for 98 distinct surgery types was included in the model explicitly along with IPTW.
bInteraction test P value; significant interaction (P < .10) indicated that the association between statin use and postoperative respiratory complications was 
modified by gender.
cPost hoc we added estimate for NNT and corresponding CI. The calculation of NNT was based on the primary multivariable logistic regression model.
dFor intraoperative use of albuterol, the 97.5% CI was reported; significance criterion was P < .025 (ie, .05/2, Bonferroni correction).
eFor postoperative respiratory complications, the 98.75% CIs are reported for each gender; significance criterion was P < .0125 (ie, .025/2, Bonferroni correction).
fRespiratory complications are defined and described in Supplemental Digital Content, Appendix I, http://links.lww.com/AA/D191.
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odds of a composite postoperative respiratory com-
plications after noncardiac surgery in 7777 patients 
(OR = 0.62; 95% CI, 0.42–0.92; P = .017). Results were 
also similar in a study by London et al,20 who evalu-
ated >180,000 veterans and reported a 21% reduction 
in relative risk of a composite of respiratory complica-
tions, including pneumonia.20 In the study by London 
et al,20 only 3.6% of the 90,000 matched patients were 
women, which precluded a well-powered interaction 
analysis for sex. Other studies show no respiratory 
benefit from preoperative statin use.11,26–28 These nega-
tive studies particularly included high-risk aortic11,26 
and thoracic26,27 surgeries. Possibly, the benefits of 
statins were overwhelmed during cardiac and major 
vascular/thoracic surgery because the inflammatory 
stimulus is so great.

Most previous data suggested that preoperative 
statin use is associated with fewer respiratory com-
plications after noncardiac surgery. Our study, which 
included >90,000 patients, of whom nearly half were 
women, confirms previous reports while adding 

that preoperative statin use is associated with fewer 
respiratory complications, with that association being 
stronger in men than in women. Specifically, the 
NNT was 169 for women versus 61 for men. It seems 
unlikely that statin use provides meaningful protec-
tion against respiratory complications even in men 
and almost surely not in women.

We observed fewer postoperative infections in 
patients taking statins. The association was not sig-
nificant in women (OR = 0.95; 97.5% CI, 0.83–1.09; 
P = .294) and significant in men (OR = 0.81; 97.5% 
CI, 0.73–0.90; P < .001) with an NNT of 100 (69,199). 
Most of the observational studies in noncardiac 
surgery13,20,29–31 report fewer postoperative infec-
tions with preoperative statins, although others32–34 
report no benefit. To the extent that statins might 
reduce infection risk, current study and available 
data suggest that the magnitude is not clinically 
important.

The odds of postoperative cardiovascular compli-
cations were lower in those with preoperative statin 

Table 3.  Secondary Outcomes for Inverse Propensity Score–Weighed Analysis (N = 92,139)

Secondary Outcome

Raw Data Unadjusted  
OR (CI) 

(Statin Versus  
Nonstatin)

Adjusted  
ORa (99.4% CI) 
(Statin Versus  

Nonstatin)

Post hoc Sex  
Interaction  

P Valueb P Valuea NNT (CI)c
Statin  

(n = 31,719)
Nonstatin  

(n = 60,420)
Postoperative infectious 

composited

1492 (4.7) 2971 (4.9)  0.87  
(0.80 to 0.94)

.011b <.001  

 Women 625 (4.4) 1509 (4.5) 0.99  
(0.87 to 1.13)

0.95  
(0.83 to 1.09)

 .294 467  
(137 to −272)

 Men 867 (5.0) 1462 (5.5) 0.89  
(0.79 to 1.01)

0.81  
(0.73 to 0.90)

 <.001 100  
(69 to 199)

Postoperative cardiovascular 
composited

4599 (14.5) 4751 (7.9)  0.75  
(0.72 to 0.79)

.019b <.001  

 Women 1833 (12.9) 2334 (6.9) 2.01  
(1.83 to 2.20)

0.72  
(0.66 to 0.77)

 <.001 54  
(45 to 68)

 Men 2766 (15.8) 2417 (9.1) 1.87  
(1.72 to 2.03)

0.78  
(0.73 to 0.83)

 <.001 54  
(44 to 72)

In-hospital mortality 374 (1.2) 760 (1.3)  0.67  
(0.58 to 0.78)

.053b   

 Women 156 (1.1) 367 (1.1) 1.02  
(0.78 to 1.32)

0.77  
(0.60 to 0.99)

 .005 405  
(231 to 11,271)

 Men 218 (1.2) 393 (1.5) 0.84  
(0.66 to 1.06)

0.62  
(0.51 to 0.76)

 <.001 176  
(136 to 277)

   HRe (98.75% CI) 
(Statin Versus Nonstatin)

   

Length of hospital stay (days) 3.0 [2.0, 6.0]f 4.0 [2.0, 7.0]f 1.02  
(1.00 to 1.04)

1.09  
(1.07 to 1.11)

.410b <.001 −244  
(−294 to −210)g

Raw data are presented as n (%) of patients or median [Q1, Q3] for binary and skewed continuous outcomes, respectively.
Abbreviations: CI, confidence interval; HR, hazard ratio; IPWT, inverse probability of treatment weighting method; NNT, number needed to treat; OR, odds ratio.
aComparisons were adjusted for all the demographic and baseline characteristics listed in Table 1 via IPTW within multivariable logistic regression model; 
adjustment for 98 distinct surgery types was included in the model explicitly along with IPTW. OR was for statin versus nonstatin patients; significance criterion 
was P < .006 (Bonferroni correction for 4 secondary outcomes and 2 genders).
bInteraction test P value; significant interaction (P < .10) indicated that the association between statin use and an outcome was modified by sex.
cPost hoc we added estimate for number of patients NNT and corresponding CI. The calculation of NNT was based on the multivariable regression model.
dPostoperative infectious morbidities and postoperative cardiovascular morbidities in the composites were defined in Supplemental Digital Content, Appendix II, 
http://links.lww.com/AA/D191.
eComparisons were adjusted for all the demographic and baseline characteristics listed in Table 1 via IPTW within multivariable logistic regression model; 
adjustment for 98 distinct surgery types was included in the model explicitly along with IPTW. HR corresponds to hazard ratio of being discharged from the hospital 
alive for statin versus nonstatin patients; significance criterion was P < .0125 (Bonferroni correction for 4 secondary outcomes).
fMedian, first quartile, and third quartile for the length of hospital stay were calculated based on those that were alive during hospital stay.
gNNT for length of hospital stay outcome is negative due to a higher hazard rate for discharge alive (better outcome) in the statin group compared to nonstatin 
group.
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use in our cohort (OR = 0.75) and not markedly dif-
ferent between women (0.72) and men (0.78). Unlike 
other studied outcomes, the observed difference 
between statin and nonstatin users was high (>5%), 
making the adjusted NNT 54 in both men and women. 
Results were similar in the large cohort reported by 
London et al20: relative risk: 0.73; 95% CI, 0.64–0.83. 
Our results are thus generally consistent with previ-
ous work showing that statin use is associated with 
fewer postoperative cardiac events after noncardiac, 
nonvascular surgery.

Some evidence indicates differential association 
of statins with primary and secondary prevention of 
cardiovascular events,21–23 in favor of men, with pos-
sible explanations including differential interactions 
between sex hormones and statins on endothelial 
function.24

A limitation of our study is its retrospective 
approach, which limits the type and quality of data 
collected, and surely there is at least some residual 
confounding. We conservatively used the E value,15 
a method to assess the magnitude of unmeasured 

Table 4.  Post hoc Analyses of Individual Postoperative Cardiovascular Morbidities in the Composite  
(N = 92,139)

Individual Cardiovascular Morbidities

Raw Incidence n (%) ORa (CI) 
(Statin Versus  

Nonstatin)
Sex Interaction  

P Valueb P Valuea
Statin 

(n = 31,719)
Nonstatin 

(n = 60,420)
Postoperative cardiovascular compositec 4599 (14.5) 4751 (7.9) 0.75 (0.71–0.80) .019b <.001
 Men 2417 (9.1) 2766 (15.8) 0.78 (0.73–0.83)  <.001
 Women 1833 (12.9) 2334 (6.9) 0.72 (0.66–0.77)  <.001
Cardiac complications, not elsewhere classified 584 (1.8) 693 (1.1) 0.59 (0.51–0.68) .385b <.001
 Men 362 (1.4) 377 (2.2)    
 Women 207 (1.5) 331 (0.98)    
Peripheral vascular complications, not elsewhere 

classified
135 (0.43) 139 (0.23) 0.92 (0.67–1.26) .002b .406

 Men 75 (0.28) 84 (0.48) 0.75 (0.50–1.13)  .017
 Women 51 (0.36) 64 (0.19) 1.50 (0.81–2.79)  .027
Postoperative shock, not elsewhere classified 129 (0.41) 300 (0.50) 1.02 (0.74–1.42) .281b .824
 Men 167 (0.63) 86 (0.49)    
 Women 43 (0.30) 133 (0.39)    
Cardiorespiratory arrest 190 (0.60) 281 (0.47) 0.66 (0.51–0.85) .500b <.001
 Men 140 (0.53) 110 (0.63)    
 Women 80 (0.56) 141 (0.42)    
Sudden cardiac death successfully resuscitatedd 0 (0.0) 0 (0.0) N/A N/A N/A
 Men 0 (0.0) 0 (0.0)    
 Women 0 (0.0) 0 (0.0)    
Cardiorespiratory failure 19 (0.06) 27 (0.04) 1.11 (0.46–2.67) .064b .716
 Men 18 (0.07) 14 (0.08) 0.83 (0.30–2.35)  .552
 Women 5 (0.04) 9 (0.03) 4.21 (0.26–67.7)  .079
Heart failure 3272 (10.3) 2596 (4.3) 0.77 (0.72–0.82) .036b <.001
 Men 1297 (4.9) 1965 (11.2) 0.79 (0.72–0.87) … <.001
 Women 1307 (9.2) 1299 (3.8) 0.73 (0.65–0.81) … <.001
Acute myocardial infarction 404 (1.3) 218 (0.36) 0.63 (0.53–0.75) <.001b <.001
 Men 128 (0.48) 279 (1.6) 0.78 (0.62–0.99)  <.001
 Women 125 (0.88) 90 (0.27) 0.44 (0.32–0.60)  <.001
Pulmonary embolism and infarction 203 (0.64) 376 (0.62) 0.96 (0.74–1.25) .689b .650
 Men 189 (0.71) 118 (0.67)  …  
 Women 85 (0.60) 187 (0.55)  …  
Venous embolism and thrombosis of deep 

vessels of lower extremity
678 (2.1) 1090 (1.8) 0.89 (0.77–1.03) .373b .011

 Men 583 (2.2) 413 (2.4)    
 Women 265 (1.9) 507 (1.5)    
Phlebitis and thrombophlebitis of iliac veind 0 (0.0) 2 (0.00) N/A N/A N/A
 Men 2 (0.01) 0 (0.0)    
 Women 0 (0.0) 0 (0.0)    

Raw data are presented as n (%) of patients.
Abbreviations: CI, confidence interval; IPTW, inverse probability of treatment weighting method; N/A, not applicable; OR, odds ratio.
aComparisons were adjusted for all the demographic and baseline characteristics listed in Table 1 via IPTW within multivariable logistic regression model; 
adjustment for 98 distinct surgery types was included in the model explicitly along with IPTW. OR was for statin versus nonstatin patients. Significance criterion 
was P < .0014 in model with no sex × statin interaction (we applied Bonferroni correction for 9 individual cardiovascular morbidities [α = .0125/9]); significance 
criterion was P < .0007 (we applied Bonferroni correction for 9 individual cardiovascular morbidities  and 2 sexes [α = .0125/9*2]).
bInteraction test P value; significant interaction (P < .10) indicated that the association between statin use and an outcome was modified by sex and, therefore, 
should be reported by sex.
cPostoperative cardiovascular morbidities in the composites were defined in Supplemental Digital Content, Appendix II, http://links.lww.com/AA/D191.
dAnalysis was not performed due to very low incidence of the outcome.
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confounding that would be required to move the 
observed OR to 1.0 (ie, to completely remove the 
observed association) or to change significant results 
to nonsignificant (ie, the CI crosses 1.0). We found that 
only a small to moderate unmeasured confounding 
OR of 1.29 and 1.16 would be required respectively 
for the outcomes of “intraoperative albuterol use” 
and “respiratory complications in women” to become 
nonsignificant. This implies that the results of the 
study are rather fragile with regard to unobserved 
confounding and that they should therefore be inter-
preted with caution.

Another limitation may be our use of intraopera-
tive albuterol administration as an indirect marker of 
intraoperative respiratory events. Albuterol use in the 
perioperative period is common, and many clinicians 
use it prophylactically. Consequently, true difference 
in bronchospasm events may have been diluted by 
prophylactic use. However, the ratio of patients who 
received albuterol prophylactically (versus thera-
peutic use for intraoperative bronchospasm) was 
presumably similar in statin and nonstatin patients. 
Furthermore, we adjusted for comorbidities such as 
chronic obstructive pulmonary disease (COPD) and 
asthma to minimize confounding.

Anti-inflammatory action has been reported after 
administration of statins for 3 days in mice35 and 7 
days in humans.36 Therefore, being on statins for at 
least 30 preoperative days is presumably sufficient for 
the patients to benefit from anti-inflammatory effect 
of statins. That said, we only know that our patients 
received statin prescriptions extending to within 30 
days of surgery and thus cannot be sure how long 
patients used the drugs.

We used ICD-9 codes to define postoperative mor-
bidity. The incidence of major postoperative compli-
cations based on ICD-9 coding has been reported to 
be similar to that based on prospective assessment 
of complications, but ICD-9 coding captured many 
medical events of limited clinical importance and 
tends to inflate overall incidence of adverse events.37 
In addition, as with all billing data, there is a degree of 
inaccuracy that is hard to quantify, which could have 

introduced misclassification of outcome. Finally, this 
was a single-center study; results may differ in other 
settings and other populations.

In summary, preoperative statin use in noncardiac 
surgical inpatients for at least 30 days was associated 
with decreased intraoperative use of albuterol and 
reduced postoperative respiratory complications. 
Statin use was also associated with lower postopera-
tive infectious complications, lower cardiovascular 
complications, lower in-hospital mortality, and shorter 
hospitalization. Nonetheless, the observed associa-
tions were small and probably not clinically meaning-
ful. Thus, despite statins appearing to be favorably 
associated with lower odds of some complications, 
especially cardiovascular complications, our results 
do not support starting statins specifically to reduce 
noncardiovascular complications after noncardiac 
surgery. E

DISCLOSURES
Name: Ryu Komatsu, MD, MS.
Contribution: This author helped design the analysis plan, 
perform the data analysis, draft the manuscript, and revise and 
approve the final manuscript.
Name: Huseyin Oguz Yilmaz, MD.
Contribution: This author helped draft the manuscript and 
revise and approve the final manuscript.
Name: Natalya Makarova, MS.
Contribution: This author helped perform the data analy-
sis, draft the manuscript, and revise and approve the final 
manuscript.
Name: Alparslan Turan, MD.
Contribution: This author helped design the analysis plan, draft 
the manuscript, and revise and approve the final manuscript.
Name: Daniel I. Sessler, MD.
Contribution: This author helped draft the manuscript and 
revise and approve the final manuscript.
Name: Shobana Rajan, MD.
Contribution: This author helped draft the manuscript and 
revise and approve the final manuscript.
Name: Maged Argalious, MD, MBA, MEd, FASE, FASA.
Contribution: This author helped draft the manuscript and 
revise and approve the final manuscript.
This manuscript was handled by: Ken B. Johnson, MD.

REFERENCES
 1. Terblanche M, Almog Y, Rosenson RS, Smith TS, Hackam 

DG. Statins and sepsis: multiple modifications at multiple 
levels. Lancet Infect Dis. 2007;7:358–368.

 2. Huang CC, Chan WL, Chen YC, et al. Statin use in patients 
with asthma: a nationwide population-based study. Eur J 
Clin Invest. 2011;41:507–512.

 3. Chalmers JD, Short PM, Mandal P, Akram AR, Hill AT. 
Statins in community acquired pneumonia: evidence 
from experimental and clinical studies. Respir Med. 
2010;104:1081–1091.

 4. Mansur A, Steinau M, Popov AF, et al. Impact of statin ther-
apy on mortality in patients with sepsis-associated acute 
respiratory distress syndrome (ARDS) depends on ARDS 
severity: a prospective observational cohort study. BMC 
Med. 2015;13:128.

 5. O’Neal HR Jr, Koyama T, Koehler EA, et al. Prehospital 
statin and aspirin use and the prevalence of severe sepsis 

Table 5.  Types of Statins Received by Statin Group 
Patients (n = 31,179)

Statin
Raw Incidence n (%)a 

(n = 31,719)
Atorvastatin 12,102 (38.2)
Simvastatin 11,184 (35.3)
Pravastatin 3406 (10.7)
Rosuvastatin 3047 (9.6)
Lovastatin 1727 (5.4)
Fluvastatin 194 (0.6)
Pitavastatin 59 (0.2)
aAround 4.7% of patients received >1 type of statins in the past.



Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
132   www.anesthesia-analgesia.org aNesthesia & aNalgesia

Statins and Complications After Noncardiac Surgery

and acute lung injury/acute respiratory distress syndrome. 
Crit Care Med. 2011;39:1343–1350.

 6. Bhattacharjee D, Chogtu B, Magazine R. Statins in asthma: 
potential beneficial effects and limitations. Pulm Med. 
2015;2015:835204.

 7. Liakopoulos OJ, Choi YH, Haldenwang PL, et al. Impact of 
preoperative statin therapy on adverse postoperative out-
comes in patients undergoing cardiac surgery: a meta-anal-
ysis of over 30,000 patients. Eur Heart J. 2008;29:1548–1559.

 8. Hartholt NL, Rettig TC, Schijffelen M, Morshuis WJ, van de 
Garde EM, Noordzij PG. Preoperative statin therapy and 
infectious complications in cardiac surgery. Neth Heart J. 
2014;22:503–509.

 9. Aboulnaga S, Mahfouz A, Ewila HA, et al. Postoperative 
cardiac surgery outcomes in a statin-native population. 
Anesth Essays Res. 2018;12:223–228.

 10. Coleman CI, Lucek DM, Hammond J, White CM. 
Preoperative statins and infectious complications following 
cardiac surgery. Curr Med Res Opin. 2007;23:1783–1790.

 11. Le Manach Y, Ibanez Esteves C, Bertrand M, et al. Impact 
of preoperative statin therapy on adverse postopera-
tive outcomes in patients undergoing vascular surgery. 
Anesthesiology. 2011;114:98–104.

 12. Singh PP, Srinivasa S, Lemanu DP, Maccormick AD, Hill 
AG. Statins in abdominal surgery: a systematic review. J Am 
Coll Surg. 2012;214:356–366.

 13. Iannuzzi JC, Rickles AS, Kelly KN, et al. Perioperative 
pleiotropic statin effects in general surgery. Surgery. 
2014;155:398–407.

 14. Zhang J, Yu KF. What’s the relative risk? A method of cor-
recting the odds ratio in cohort studies of common out-
comes. JAMA. 1998;280:1690–1691.

 15. VanderWeele TJ, Ding P. Sensitivity analysis in observa-
tional research: introducing the E-value. Ann Intern Med. 
2017;167:268–274.

 16. Altman DG, Andersen PK. Calculating the number needed 
to treat for trials where the outcome is time to an event. 
BMJ. 1999;319:1492–1495.

 17. Austin PC. An introduction to propensity score methods for 
reducing the effects of confounding in observational stud-
ies. Multivariate Behav Res. 2011;46:399–424.

 18. Robins JM, Hernán MA, Brumback B. Marginal structural 
models and causal inference in epidemiology. Epidemiology. 
2000;11:550–560.

 19. Joffe MM, Ten Have TR, Feldman HI, Kimmel SE. Model 
selection confonder control and marginal structural mod-
els: review and new applications. Am Stat. 2004;58:272–279.

 20. London MJ, Schwartz GG, Hur K, Henderson WG. 
Association of perioperative statin use with mortality and 
morbidity after major noncardiac surgery. JAMA Intern 
Med. 2017;177:231–242.

 21. Petretta M, Costanzo P, Perrone-Filardi P, Chiariello M. 
Impact of gender in primary prevention of coronary heart 
disease with statin therapy: a meta-analysis. Int J Cardiol. 
2010;138:25–31.

 22. Gutierrez J, Ramirez G, Rundek T, Sacco RL. Statin therapy 
in the prevention of recurrent cardiovascular events: a sex-
based meta-analysis. Arch Intern Med. 2012;172:909–919.

 23. Puri R, Nissen SE, Shao M, et al. Sex-related differences of 
coronary atherosclerosis regression following maximally 
intensive statin therapy: insights from SATURN. JACC 
Cardiovasc Imaging. 2014;7:1013–1022.

 24. Koh KK, Cardillo C, Bui MN, et al. Vascular effects of estro-
gen and cholesterol-lowering therapies in hypercholesterol-
emic postmenopausal women. Circulation. 1999;99:354–360.

 25. Cangemi R, Romiti GF, Campolongo G, et al. Gender related 
differences in treatment and response to statins in primary 
and secondary cardiovascular prevention: the never-ending 
debate. Pharmacol Res. 2017;117:148–155.

 26. Yadav H, Lingineni RK, Slivinski EJ, et al. Preoperative 
statin administration does not protect against early postop-
erative acute respiratory distress syndrome: a retrospective 
cohort study. Anesth Analg. 2014;119:891–898.

 27. Shyamsundar M, McAuley DF, Shields MO, et al. Effect of 
simvastatin on physiological and biological outcomes in 
patients undergoing esophagectomy: a randomized pla-
cebo-controlled trial. Ann Surg. 2014;259:26–31.

 28. Komatsu R, Yilmaz HO, You J, et al. Lack of association 
between preoperative statin use and respiratory and neu-
rologic complications after cardiac surgery. Anesthesiology. 
2017;126:799–809.

 29. Berwanger O, Le Manach Y, Suzumura EA, et al; VISION 
Investigators. Association between pre-operative statin use 
and major cardiovascular complications among patients 
undergoing non-cardiac surgery: the VISION study. Eur 
Heart J. 2016;37:177–185.

 30. Schurr JW, Wu W, Smith-Hannah A, Smith CJ, Barrera R. 
Incidence of sepsis and mortality with prior exposure of 
HMG-COA reductase inhibitors in a surgical intensive care 
population. Shock. 2016;45:10–15.

 31. Disbrow D, Seelbach CL, Albright J, et al. Statin medications 
are associated with decreased risk of sepsis and anastomotic 
leaks after rectal resections. Am J Surg. 2018;216:31–36.

 32. Hauer-Jensen M, Fort C, Mehta JL, Fink LM. Influence of 
statins on postoperative wound complications after ingui-
nal or ventral herniorrhaphy. Hernia. 2006;10:48–52.

 33. Daneman N, Thiruchelvam D, Redelmeier DA. Statin use 
and the risk of surgical site infections in elderly patients 
undergoing elective surgery. Arch Surg. 2009;144:938–945.

 34. Fransgaard T, Thygesen LC, Gögenur I. Statin use is not 
associated with improved 30-day survival in patients 
undergoing surgery for colorectal cancer. Int J Colorectal Dis. 
2018;33:199–207.

 35. Melo AC, Valença SS, Gitirana LB, et al. Redox mark-
ers and inflammation are differentially affected by atorv-
astatin, pravastatin or simvastatin administered before 
endotoxin-induced acute lung injury. Int Immunopharmacol. 
2013;17:57–64.

 36. Macin SM, Perna ER, Farías EF, et al. Atorvastatin has an 
important acute anti-inflammatory effect in patients with 
acute coronary syndrome: results of a randomized, double-
blind, placebo-controlled study. Am Heart J. 2005;149:451–457.

 37. Campbell PG, Malone J, Yadla S, et al. Comparison of 
ICD-9-based, retrospective, and prospective assessments 
of perioperative complications: assessment of accuracy in 
reporting. J Neurosurg Spine. 2011;14:16–22.


