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Abstract 
Background 

There have been conflicting reports regarding a protective effect of statin therapy after colon 

cancer surgery.  

Objective 

This study aimed to evaluate the association between statin therapy and the post-operative 

mortality following elective colon cancer surgery.  

Design 

This population-based cohort study is a retrospective analysis of prospectively collected data 

from the Swedish Colorectal Cancer Register.  

Settings 

Patient inclusion was achieved by inclusion through a nationwide register. 

Patients 

All adult patients undergoing elective surgery for colon cancer between the period of January 

2007 and September 2016 were included in the study. Patients who had received and collected 

a prescription for statins pre- and post-operatively were allocated to the statin positive cohort. 

Main Outcome Measures 

The primary and secondary outcomes of interest were 90-day all-cause mortality and 90-day 

cause-specific mortality. 

Results 

A total of 22,337 patients underwent elective surgery for colon cancer during the study period, 

of whom 6,494 (29%) were classified as statin users. Statin users displayed a significant 

survival benefit despite being older, having a higher comorbidity burden, and less fit for 

surgery. Multivariate analysis illustrated significant reductions in the incidence risk for 90-day 

all-cause mortality (Incidence Rate Ratio = 0.12, p < 0.001) as well as 90-day cause-specific 

deaths due to sepsis, multiorgan failure, or of cardiovascular and respiratory origin.  

Limitations 

The limitations of this study include its observational retrospective design, restricting the ability 

to perform standardized follow-up of statin therapy. Confounding from other uncontrolled 

variables cannot be excluded. 
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Conclusions 

Statin users had a significant post-operative benefit regarding short-term mortality following 

elective colon cancer surgery in the current study, however, further research is needed to 

ascertain if this relationship is causal. 

 

Key words: Colon cancer; Colon surgery; Statins; Mortality 
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Introduction 
 

Advancement in surgical techniques in the field of major abdominal surgery and the 

optimization of peri-operative care has resulted in fewer adverse post-operative outcomes.1 

Despite these advancements, serious non-surgical post-operative complications remain 

relatively high, occurring in approximately 10% of all operative cases.2 Non-surgical 

complications include cardiac, respiratory, cerebrovascular and infectious complications, which 

especially affect patients at high risk.3–6 In addition to patient-specific comorbidities, these 

complications are likely to be attributable to the intense stress and inflammatory reaction 

induced by the surgical trauma itself, which is associated with altered metabolic and 

immunological functions.7  

The high morbidity following major abdominal surgery is particularly evident within colorectal 

surgery, where 90-day mortality rates of 1.7% to 11.5% have been reported.8–10 Ricciardi et al. 

previously noted that post-operative complications most often resulting in mortality following 

colorectal surgery are of cardiovascular and septic origin, representing 24% and 15% of all 

complications, respectively; and leading to the death of one-third of those affected.11 For this 

reason, drugs that offer cardiovascular protection, such as the HMG-CoA reductase inhibitors 

(‘statins’), might influence outcomes in these instances, as has been observed within 

cardiothoracic and vascular surgery where statins display a peri-operative cardiovascular 

benefit.12 In addition to their cardioprotective effects, statins also exhibit pleiotropic 

immunomodulating properties, which are postulated to reduce the immediate pro-inflammatory 

state induced by major surgery.13 High serum levels of pro-inflammatory cytokines have been 

associated with a less favorable prognosis after colorectal surgery.14 

Studies evaluating the protective effects of statins in colorectal surgery are contradictory and 

agreement is lacking about whether this group of drugs have any potential beneficial effect on 

post-operative outcomes.13,15–20 Thus, this study aims to assess the association between regular 

peri-operative statin therapy and post-operative mortality following elective colon cancer 

surgery using a large national sample. 
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Methods 

 
Study setting 

This retrospective cohort study was performed per the Declaration of Helsinki and adhered to 

STROBE guidelines. Upon receiving ethical approval from the Regional Ethical Review Board 

(Ref. 2018/400, Uppsala, Sweden), all adult patients (≥ 18 years) undergoing elective surgery 

for colon cancer in the period between 1 January 2007 and 22 September 2016 were identified 

through the Swedish Colorectal Cancer Register (SCRCR), a nationwide prospectively-

collected register which monitors all colorectal cancer patients in Sweden with an overall 

coverage rate of 99.5%.21 From the SCRCR, the following patient demographic and outcome 

variables were collected: sex, age, body mass index (BMI), American Society of 

Anesthesiologist (ASA) classification, cancer stage, TNM classification, type of surgical 

resection, surgical technique (open versus laparoscopic), adjuvant therapy, total length of 

hospital stay, and 30-day all-cause mortality. Data regarding patient comorbidities, 90-day all-

cause, and 90-day cause-specific mortality were extracted from the Swedish Board of Health 

and Welfare through the National Patient Register and the Swedish Cause of Death Register. 

Linkages across these registers were performed using unique national registration numbers (i.e. 

Swedish personnummer), which are individually assigned to all Swedish residents. Acquired 

data on comorbidity was used for calculating the Charlson Comorbidity Index (CCI).22 The 

primary and secondary outcomes of interest were 90-day all-cause mortality and 90-day cause-

specific mortality. 

 

Statin therapy 

Information regarding statin prescriptions was collected from the national drug register. This is 

a register that contains data on all physician issued prescriptions in Sweden including drug type, 

dosage, date of issue, and date of collection. Statin users (ATC-code C10AA) were patients 

who had ongoing statin therapy at the time of surgery, defined as a collected prescription within 

12 months before surgery. This timeframe was set since statins are usually prescribed for a 

longer period in Sweden. We also checked for a post-discharge prescription in patients on pre-

operative treatment as a surrogate for the fact that the medication was not discontinued during 

the hospital stay, i.e. allocating them to the peri-operative cohort. Patients who were prescribed 

statin therapy but had not collected their prescriptions were regarded as non-users.  
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Statistical analyses 

Data were presented as means ± standard deviations (SD) for continuous variables, as counts 

and percentages for categorical variables, or as median and quartiles for ordinal variables 

wherever suitable. Differences between groups were tested using the Student’s t-test for 

continuous variables with equal variances, or Chi-squared test for categorical and ordinal data.  

Poisson regression model, with robust standard errors for variance, were used to assess the 

adjusted risk ratios of 90-day all-cause and cause-specific mortality with age, sex, ASA 

classification, cancer stage, type of surgical resection, surgical technique, and received adjuvant 

therapy as covariates.23 In the regression models, time to death (in days) was used as an offset. 

The risk ratios were presented as incidence rate ratios (IRR) with corresponding 95% 

confidence intervals (CI). Missing values for ASA classification were handled by applying a 

multiple imputation method using the Markov chain Monte Carlo method.24 A two-sided p 

value of less than 0.05 was considered as statistical significance. All analyses were completed 

using IBM SPSS Statistics for Windows, version 25 (IBM Corp., Armonk, N.Y., USA). 

 

Results 
 

A total of 22,337 patients underwent elective surgery for colon cancer during the study period, 

of whom 6,494 (29%) were classified as statin users. Statin exposure levels were comparable 

to that of the general Swedish population, encompassing 28% of all residents within a similar 

age range.25 Pre-operative patient demographics and clinical characteristics are shown in Table 

1. Patients on statin therapy were older (74 ± 8 years versus 71 ± 12 years, p < 0.001), less 

likely to be females (43.7% versus 54.7%, p < 0.001), and less fit for surgery when comparing 

the cumulative number of patients in each group classified as ASA class of 3-4 (45.1% versus 

25.9%, p < 0.001). Furthermore, statin users were less likely to present with metastatic disease 

(8.8% versus 13.6%, p < 0.001), stage 3 (31.4% versus 33.0%, p < 0.001) and stage 4 (8.8% 

versus 13.6%, p < 0.001) advanced disease. Statin users received adjuvant therapy at a lower 

rate compared to non-users (17.8% versus 22.2%, p < 0.001).  

As depicted in Table 2, statin users had higher Charlson Comorbidity Index scores, indicating 

a greater comorbid burden. Cardiovascular disease (65.8% versus 34.9%, p < 0.001), peripheral 
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vascular disease (8.0% versus 2.1%, p < 0.001), renal disease (17.2% versus 13%, p < 0.001), 

and diabetes (27.3% versus 7.6%, p < 0.001) were all more common in statin users (Table 2). 

Overall, statin users had lower incidences in crude mortality at 30 and 90 days post-operatively. 

When comparing 90-day crude cause-specific mortality, statistically significant differences 

between statin users and non-users could be seen regarding deaths due to cardiovascular (0.3% 

versus 1.0%, p < 0.001) and respiratory events (0.03% versus 0.50%, p < 0.001), as well as 

sepsis (0.05% versus 0.30%, p < 0.001) and multi-organ failure (0.3% versus 2.2%, p < 0.001) 

(Table 3).  

After adjustment for clinically relevant confounding factors, patients on statin therapy had an 

overall 90-day mortality incidence risk that was one-eighth of that of non-users (IRR = 0.12, 

95% CI: 0.09-0.16, p < 0.001) (Table 4). For 90-day cause-specific mortality, the risk of death 

from cardiovascular (IRR = 0.17, 95% CI: 0.10-0.29, p < 0.001), respiratory origin (IRR = 0.02, 

95% CI: 0.00-0.14, p < 0.001), sepsis (IRR = 0.10, 95% CI: 0.03-0.35, p < 0.001), and 

multiorgan failure (0.11, 95% CI: 0.07-0.18, p < 0.001) were significantly lower in statin users 

(Table 5). 

 

Discussion 
 

This nationwide observational cohort study, which includes more than 22,000 individual cases 

of elective colon cancer surgery, evaluates the effects of statin therapy on post-operative 

mortality. The results indicate that patients on statin therapy at the time of surgery have a 

significantly decreased risk of 90-day post-operative mortality.  

The observed survival benefit is presumed to be mediated through the various physiological 

protective properties conveyed by statins. Firstly, the cardiovascular protective effects of statins 

through their anti-inflammatory actions on vascular endothelial cells might lower the incidence 

of cardiovascular complications after surgery.26 Secondly, circulating post-operative pro-

inflammatory cytokines are demonstrated to correlate with an increased incidence of adverse 

events like surgical site infections, respiratory complications, anastomotic leak, and sepsis.14,27 

The pleiotropic anti-inflammatory effects by which statins lower the release of pro-

inflammatory cytokines induced by major intraabdominal surgery, particularly interleukin (IL)-

6, IL-8, and tumor necrosis factor-alpha (TNF-α), may therefore improve surgical outcomes.28–
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30 Thirdly, statins could have additional actions by halting carcinogenic progression, including 

suppression of tumor growth, angiogenesis inhibition, and induction of apoptosis, thus 

facilitating cancer-free survival.31 A previous study investigating tumor characteristics of 

colorectal cancer observed an association between regular statin use and a less advanced tumor 

stage with a lower prevalence of metastases at diagnosis.32 Likewise, meta-analysis of pre- and 

post-diagnosis statin therapy in colorectal cancer displayed that statin users exhibit both reduced 

overall and cancer-specific mortality, which further supports the theory of its anti-carcinogenic 

properties.33 

The above listed protective actions of statin therapy could have an impact on the post-operative 

overall outcome, and as demonstrated in the current study, by significantly decreased risks of 

death due to several organ specific causes. The cardiovascular protective effects of statins are 

supported by a significant reduction in the incidence of death from cardiovascular nature in the 

present study cohort. Further, lower incidence rate ratios in deaths caused by sepsis, multiorgan, 

and respiratory failure in the statin positive cohort could signify the anti-inflammatory actions 

by which statins downregulate pro-inflammatory mediators and thereby dampen the occurrence 

of systemic inflammatory response syndrome. Longitudinal anti-neoplastic properties of statin 

therapy may contribute to the lower prevalence of advanced cancer stage observed at the time 

of operation in the statin-treated patients, compared to the non-users. Overall, this study found 

a marked 90-day reduction in all-cause mortality in statin users compared to non-users despite 

them being older, more burdened by comorbid conditions, and less fit for surgery; all of which 

are factors that have been strongly associated with worse prognosis after major abdominal and 

colorectal surgery.34  

The beneficial effects of pre-operative statin therapy on short-term post-operative mortality 

after colon cancer surgery have previously not been demonstrated.15–18 However, there have 

been a randomized controlled trial and multiple large retrospective studies reporting that statins 

reduce peri-operative mortality in non-cardiovascular surgery, but these comprised of patients 

undergoing a broad range of surgical procedures.35–37 In the context of colorectal surgery, a 

study by Shao et al. showed that statin users had better cancer-specific (adjusted hazard ratio 

(HR) = 0.77, 95% CI: 0.68-0.88, p < 0.001) and overall long-term survival (adjusted HR = 0.82, 

95% CI: 0.74-0.92, p < 0.001) in colorectal cancer patients undergoing curative resections, 

however, no data on short-term post-operative mortality were reported.38 Several studies within 

the field of colorectal surgery have detected an association between statin exposure and 

decreased infectious complications or anastomotic leakage in the post-operative period.15,16,20 
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However, other studies have not found any post-operative benefit of such therapy.17–19 Despite 

finding no difference in post-operative complications, a prospective study performed by Singh 

and colleagues demonstrated reduced C-Reactive Protein, IL-6, IL-8, and TNF-α levels in 

plasma and lower peritoneal concentrations of IL-6 and IL-8 following colorectal surgery in 

statin naïve patients receiving peri-operative statin therapy for a maximum duration of three 

weeks.13 In a propensity scored cohort of 3572 patients subjected to colorectal cancer surgery, 

Disbrow et al. found that statin users had a significant reduction in the post-operative rate of 

sepsis (3.75% versus 5.32%, p = 0.03). However, this could not be seen in the subgroup analysis 

only including colectomies. Additionally, no statistically significant differences in 30-day 

mortality could be seen for neither patients undergoing colectomies (1.21% versus 1.51%, p = 

0.615), nor colectomies and rectal resections combined (0.67% versus 1.34%, p = 0.065).15 In 

the present study, the association between statin use and post-operative complications were not 

investigated, although it is important to notice that statin users exhibited a significant reduction 

in cause-specific post-operative mortality due to sepsis. 

Another large retrospective colorectal study by Fransgaard and colleagues investigated the peri-

operative use of statin therapy showing no difference in 30-day post-operative mortality rates.17 

Unlike the current study, they included the heterogeneous groups of both colon and rectum 

procedures, as well as did not distinguish between emergency and elective surgical cases. It is 

important to distinguish between emergency colon cancer surgery from its elective counterpart 

as studies have shown that elective surgery leads to better short-term outcomes as planned 

surgery allows for patient optimization pre-operatively.9,10 Moreover, the use of 90-day 

mortality rates as an outcome measure after colorectal cancer resections have been shown to 

better correlate with long term prognosis in comparison with 30-day mortality rates.39 

This current study has several strengths and limitations. The cohort comprises nearly all elective 

resections for colon cancer in Sweden between January 2007 and September 2016, as SCRCR 

has a high coverage rate. Including patients only subjected to elective colon cancer surgery 

gives a more homogenous patient population in both presenting diseases and surgical 

procedures performed, which brings similar post-operative risk for adverse outcomes. Also, not 

including emergency surgery for colon cancer, is of paramount importance. The limitations of 

this study include the use of a register data, despite it being prospectively collected, which 

restricts the ability to perform a standardized follow-up of statin therapy and more detailed post-

operative events that could affect the outcome of interest. The inability to control for pre-

admission therapy compliance and pre- or post-operative administrations makes it impossible 
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to distinguish if the positive outcomes measured are due to pre-operative use or continuous 

post-operative use of statins. Further, patients not on statin therapy presented to a larger extent 

with more advanced cancer, which could potentially make their surgery more challenging with 

an increased physiological stress response. The current database did not capture operative time, 

conversion rates, blood loss or intraoperative complications, to be adjusted for. Finally, 

different types of statins could differ in their pharmacological properties, although no studies 

have investigated a possible alteration in pleiotropic effects based on drug type.40 

 

Conclusion 
 

This large-scale nationwide cohort study, encompassing more than 22,000 cases of elective 

colon cancer cases, illustrates that statin use has a marked post-operative benefit regarding 

short-term mortality rates. These results may endorse future research in the form of controlled 

randomized double-blinded trials to delineate the role of statin therapy in patients undergoing 

surgery for colon cancer. 
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