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Abstract

Purpose There is a long-standing debate about whether

statins have chemopreventive properties against colorectal

cancer (CRC), but the results remain inconclusive. We

therefore present a meta-analysis to investigate the asso-

ciation between statin use and risk of CRC.

Methods A comprehensive literature search was under-

taken through July 2013 looking for eligible studies.

Pooled relative risk (RR) estimates and 95 % confidence

intervals (CIs) were used to calculate estimated effect.

Results Forty-two studies [18 case–control studies, 13

cohort studies, and 11 randomized controlled trials (RCTs)]

were included in this analysis. Overall, statin use was asso-

ciated with a modest reduction in the risk of CRC

(RR = 0.90, 95 % CI 0.86–0.95). When the analyses were

stratified into subgroups, a significant decreased association

of CRC risk was observed in observational studies

(RR = 0.89, 95 % CI 0.84–0.95), rectal cancer (RR = 0.81,

95 % CI 0.66–0.99), and lipophilic statin (RR = 0.88, 95 %

CI 0.85–0.93), but not in RCTs (RR = 0.96, 95 % CI

0.85–1.08), colon cancer, and hydrophilic statin. However,

long-term statin use (C5 years) did not significantly affect

the risk of CRC (RR = 0.96, 95 % CI 0.90–1.03). Cumu-

lative meta-analysis showed that statin use significantly

reduces the risk of CRC, which has been available between

2007 and 2013.

Conclusions Our results suggest that statin use is asso-

ciated with a modest reduced risk of CRC; apparent asso-

ciations were found for lipophilic statin use. However,

long-term statin use did not appear to significantly affect

the risk of CRC.

Keywords Statin � Colorectal cancer � Risk �
Prevention � Meta-analysis

Introduction

Colorectal cancer (CRC) is one of the most common can-

cers, and CRC-related deaths are highly prevalent world-

wide, which has become a major public health challenge

[1]. In 2013, there were 142,820 estimated new cases, and

50,830 estimated deaths from CRC occurred in the USA [2].

Moreover, the five-year survival rate remains low in

advanced CRC [3]. Although improved oncological tech-

niques and advanced treatment have certainly had a positive

impact on CRC outcomes, further advances in outcomes

should be possible with chemopreventive strategies [4].

Thus, prevention efforts merit additional consideration.

Statins (3-hydroxy-3-methyl glutaryl-coenzyme A reduc-

tase inhibitors), a group of cholesterol-lowering drugs, are
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used to manage and prevent coronary heart disease. Recent

experimental evidence suggests that statins have an addi-

tional chemopreventive potential through inhibiting tumor

growth and angiogenesis [5], attenuating metastatic poten-

tial [6], stimulating cellular immunity, and potentiating the

antitumor effects of some cytokines [7]. A growing number

of epidemiologic studies [8–38] have investigated the

association between statin use and risk of CRC. There were

also many randomized controlled trials (RCTs) of statins

[39–53]. However, the results of these trials have been

inconsistent, with some studies reporting reduced risk,

some describing an increased risk, and others failing to

identify any effect.

A previous meta-analysis done by Bonovas et al. [54] in

2007 did not support the hypothesis that statins strongly

reduce the risk of CRC using six RCTs and twelve

observational studies published between 1995 and 2007.

The last study conducted by Bardou et al. [55], last updated

in September 2009, suggests a small reduction in the risk

(9 %) of CRC attributable to chronic statin use. Thirteen

observational studies [19–25, 33–38] published after 2009

have also shown contrasting results, including decreased

risk [19, 21, 24, 38], increased risk [22], and no probable

association, which has added new evidence to the previous

research.

In view of the widespread use of statins, more knowledge

is needed on the association between statins and risk of CRC.

Therefore, we performed a comprehensive meta-analysis of

all published studies to better understand this issue.

Methods

Systematic search

A systematic literature search of PubMed, Embase, Web of

Science, and Cochrane library databases was conducted by

two investigators (Y. Liu and S. Li) independently for all

relevant articles on the effects of statin use on CRC risk

(last update on July 30, 2013). The MeSH and free text

keywords search terms included the following: (1) statins:

‘‘HMG-CoA reductase inhibitor(s),’’ ‘‘statin(s),’’ ‘‘simva-

statin,’’ ‘‘lovastatin,’’ ‘‘fluvastatin,’’ ‘‘atorvastatin,’’ ‘‘prav-

astatin,’’ ‘‘rosuvastatin,’’ ‘‘cerivastatin,’’ ‘‘mevastatin’’; (2)

colorectal cancer: ‘‘cancer,’’ ‘‘neoplasm(s),’’ ‘‘neoplasm,’’

‘‘malignancies,’’ ‘‘malignancy’’; (3) human study. No lan-

guage restrictions were imposed. Additional studies were

scanned by manual search through the reference lists of

relevant articles. We followed the Meta-analysis Of

Observational Studies in Epidemiology (MOOSE) guide-

lines [56] and Preferred Reporting Items for Systematic

reviews and Meta-Analyses (PRISMA) statement [57] to

report our analysis.

Eligibility criteria

Studies were included if they met all the following inclu-

sion criteria: (1) The original studies evaluated exposure to

statins and risk of CRC; (2) They provided a relative risk

(RR) estimate (risk ratio, rate ratio, hazard ratio, or odds

ratios) with the corresponding 95 % confidence intervals

(95 % CIs) or sufficient data to calculate them; (3) They

were full-text articles. Studies were excluded if (1) they did

not fulfill the inclusion criteria; (2) they were reviews,

letters, editorials, conference abstracts, or case reports; (3)

they were animal trials. When multiple publications from

the same population were identified, only the most recent

study was included, unless the reported outcomes were

mutually exclusive. Disagreements in the study selection

were discussed among the co-authors until consensus was

reached.

Data extraction

Data were independently abstracted onto a standardized

form by two reviewers (S. Li and Y. Liu). Conflicts were

resolved by consensus, referring back to the original arti-

cle. The following data were collected from each study:

first author’s name, study year, region of origin, study

design, total number of persons in each group, exposure

period of study, primary outcome reported, type of medi-

cation, dose and duration of statin use (if reported), follow-

up period, information source for exposure measurement,

multivariable-adjusted risk estimates and their 95 % CIs,

and adjustment for confounding variables.

Statistical analysis

The use of statins is defined as ‘overall use’: all the reported

intake levels of statin use. Pooled relative risks were used to

estimate the effect and were calculated by two techniques: a

random-effects model (the DerSimonian and Laird method)

[59] and a fixed-effects model (the Mantel–Haenszel

method) [60]. When heterogeneity is found, the random-

effects model is considered more appropriate, although both

models may be biased [61]. Statistical heterogeneity was

assessed by performing Cochran Q and I2 test [62, 63].

Sensitivity analyses were also conducted to assess the

robustness of results by sequential omission of individual

studies [64]. Additionally, the Galbraith plot was used to

spot the outliers as the possible major sources of hetero-

geneity [65]. Cumulative meta-analysis was conducted to

examine how the evidence has changed over time. Publi-

cation bias was assessed graphically using a funnel plot and

quantitatively using the Begg rank correlation test [66] and

the Egger regression asymmetry test [67]. All p \ 0.05
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(two-sided) was considered as significant unless otherwise

specified. All analyses were performed using STATA,

version 12.0 (StataCorp, College Station, TX).

Results

Study selection and characteristics

A total of 12,540 articles were identified during the initial

search (Fig. 1). After removing the duplicates and

reviewing the titles and abstracts, 9,201 were found to be

ineligible as they were reviews, letters, editorials, confer-

ence abstracts, or case reports, or they were not relevant

based on title or abstract. Fifty-one full-text articles were

reviewed for more detailed evaluation. Seven articles were

excluded for reasons. In particular, studies by Kushiro et al.

[50], Matsushima et al. [53], and Limburg et al. [52] were

post hoc analyses of primary studies. Finally, 42 studies

[8–38] were identified as suitable for meta-analysis.

Eighteen articles [8–25] used a case–control design, 13

articles [26–38] used a cohort design, and eleven studies

were RCTs [39–49]. The publication dates of the studies

included in the meta-analysis ranged from 1995 to 2013.

The characteristics of case–control studies, cohort studies,

and RCTs in this meta-analysis are presented in Tables 1,

2, and 3, respectively.

Overall analysis

We performed a combined analysis of observational stud-

ies and RCTs. Compared to non-use, the use of statins at

any point in time was associated with a statistically sig-

nificant 10 % reduction in the incidence of CRC (random-

effects models: pooled RR = 0.90, 95 % CI 0.86–0.95;

p \ 0.001). Meanwhile, a moderate degree of heterogene-

ity was observed among all the studies (I2 = 66.5 %;

p \ 0.001) (Fig. 2). Sensitivity analysis was performed to

evaluate the robustness of the results. The omission of any

individual study did not alter the direction and magnitude

of the positive effect (data were not shown). This analysis

demonstrated that no study influenced the overall results,

confirming the stability of our results.

Meta-analysis of RCTs

Eleven large RCTs of statins involving 95,984 participants

were included in the analysis [39–49]. Meta-analysis of all

eleven trials indicated a non-significant decrease in CRC

Fig. 1 Flow chart depicting the

selection of eligible studies
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risk in all statin users (random-effects models: pooled

RR = 0.96, 95 % CI 0.85–1.08, p = 0.491; fixed-effects

models: RR = 0.94, 95 % CI 0.86–1.04, p = 0.239). The

Cochran’s Q test resulted a p = 0.238 and the corre-

sponding I2 = 21.6 %, both indicating the absence of

heterogeneity (Fig. 2). Sensitivity analysis also demon-

strated that no study apparently influenced the overall

results (data were not shown).

Meta-analysis of observational studies

Eighteen case–control articles [8–25] and thirteen cohort

articles [26–38] involving 7,812,690 participants evaluated

exposure to any statins and CRC risk. Nine reports [11, 17,

19, 21, 23, 24, 29, 33, 38] indicated a significantly lower

risk of CRC in the treatment group, while one report [22]

found a significantly higher risk, and others did not obtain

statistically significant results. A pooled analysis of 31

studies indicated that compared to non-use, ever having

used statins was statistically significantly associated with a

modest reduction in the risk of colorectal cancer (random-

effects models: pooled RR = 0.89, 95 % CI 0.84–0.95;

p \ 0.001). Meanwhile, a high degree of heterogeneity was

observed among all the studies (I2 = 72.6 %; p \ 0.001)

(Fig. 2).

Sensitivity analysis demonstrated that study by Vinog-

radova et al. [22] apparently influenced the overall results.

When the Galbraith plot was analyzed, seven outliers [11,

15, 21, 22, 24, 29, 32] were identified as the major sources

of heterogeneity. By excluding these studies from the

analysis, similar pooled RR and significance were obtained

(RR = 0.93, 95 % CI 0.90–0.98; p \ 0.001), and hetero-

geneity was decreased (I2 = 15.9 %; p = 0.242) (data not

shown). After stratifying the data into subgroups based on

study design, we found a significant inverse association

between statin use and risk of CRC in both case–control

studies (RR = 0.84, 95 % CI 0.76–0.93; p = 0.001) and

cohort studies (RR = 0.93, 95 %CI 0.87–0.99;

p = 0.019), although both showed significant heterogene-

ity within the group (Fig. 2).

Other subgroup analysis

Colon and rectal cancer

We extracted the available data from studies that reported

RR estimates for colon cancer and rectal cancer separately.

There were 13 studies [8–13, 15, 25, 30, 32–34, 36] that

evaluated exposure to any statins and colon cancer risk,

and 11 studies [9–13, 15, 25, 30, 32, 33, 36] that evaluated

rectal cancer risk. The pooled results indicated that statin

use was statistically significantly associated with a modest

reduction in the risk of rectal cancer (RR = 0.81, 95 %T
a
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CI 0.66–0.99, p = 0.040; heterogeneity: I2 = 69.6 %), but

not colon cancer risk (RR = 0.97, 95 % CI 0.92–1.01,

p = 0.142; heterogeneity: I2 = 32.3 %). Funnel plots were

presented in Online Resource 1.

Long-term statin use

Clinical studies require a longer-term follow-up after statin

use to detect cancer outcomes for the long latency period of

CRC [68]. We chose C5 years as a cutoff point of long term,

according to the mean of follow-up and statin use in RCTs.

Pooled results showed that long-term statin use did not sig-

nificantly affect the risk of CRC (random effect model:

RR = 0.96, 95 % CI 0.88–1.04, p = 0.297; fixed effect

RR = 0.96, 95 % CI 0.90–1.03, p = 0.235). No statistical

heterogeneity was observed among studies (I2 = 26.5 %;

p = 0.134) (Fig. 3). Stratification by study design showed

that the direction and magnitude of estimate effect did not

change essentially (case–control studies: RR = 0.95, 95 %

CI 0.84–1.07, p = 0.399; cohort studies: RR = 0.98, 95 %

CI 0.90–1.07, p = 0.715; RCTs: RR = 0.91, 95 % CI 0.78–

1.07, p = 0.254). No statistical heterogeneity was observed

among cohort studies and RCTs (I2 = 0.0 %, p = 0.917 and

I2 = 0.0 %, p = 0.547, respectively), but moderate hetero-

geneity was observed among case–control studies (I2 = 68.6 %,

p = 0.004) (Fig. 3).

Type of statin

With respect to statin type, we categorized statins according

to whether they were lipophilic (simvastatin, lovastatin,

fluvastatin, and atorvastin) or hydrophilic (pravastatin and

rosuvastatin), as it has been hypothesized that the pre-

ventive effect of statins against cancer may be more

apparent to lipophilic than hydrophilic statins [69]. As

expected, the pooled results only showed a significant

association between lipophilic statin use and CRC risk

(RR = 0.88, 95 % CI 0.85–0.93, p \ 0.001) and a null

association between hydrophilic statin use and CRC risk

(RR = 0.88, 95 % CI 0.76–1.02, p = 0.088). Statistical

heterogeneity for both was observed (I2 = 94.0 %,

p \ 0.001 and I2 = 75.5 %, \ 0.001, respectively). Funnel

plots were presented in Online Resource 1.

Cumulative meta-analysis

A cumulative meta-analysis of a total of 42 studies was

carried out to evaluate the cumulative effect estimate over

time. In 1995, Shepherd et al. [39] first reported a signifi-

cant effect estimate of 0.90. Between 1995 and 2007, 20

studies were published, with a cumulative RR of 0.86

(95 % CI 0.79–0.94). Between 2007 and 2013, 22 more

publications were added cumulatively, resulting in an

overall effect estimate of 0.89 (95 % CI 0.84–0.95)

(Fig. 4).

Publication bias

Begg’s funnel plot and Egger’s test were performed to

access the publication bias of the literature included in this

meta-analysis. The shapes of the funnel plot did not reveal

obvious evidence of asymmetry for the overall analysis,

Table 3 Descriptive characteristics of randomized control study included in the meta-analysis

Study Study

location

Statin type Dosage of

statin use

All

participants

Statin

users (n)

CRC

cases

Exposure

period

Period of

follow-up

(year)

Shepherd (WOSCP) [39] Scotland Pravastatin 40 mg daily 6,595 3,302 61 1989–1991 Mean 4.9

Sacks (CARE) [40] USA Pravastatin 40 mg daily 4,159 2,081 33 1989–1991 Median 5.0

Downs (AFCAPS) [41] USA Lovastatin 20–40 mg daily 6,605 3,304 45 1991–1993 Mean 5.2

(LIPID) [43] Australia Pravastatin 40 mg daily 9,014 4,512 146 1990–1992 Mean 6.0

(HPS) [44] United Kingdom Simvastatin 40 mg daily 20,536 10,269 145 1994–1997 Median 5.0

(ALLHAT-LLT) [42] USA Pravastatin 40 mg daily 10,355 5,170 84 1994–2002 Mean 4.8

Shepherd (PROSPER) [45] United Kingdom Pravastatin 40 mg daily 5,804 2,839 110 1997–1999 Mean 3.2

Colhoun (CARDS) [46] UK and Ireland Atorvastatin 10 mg daily 2,838 1,428 50 1997–2001 Median 3.9

Strandberg (4S) [47] Nordic counties� Simvastatin 20 mg daily 4,444 2,221 57 1988–1989 Median 10.4

Nakamura (MEGA) [48] Japan Pravastatin 10–20 mg daily 7,832 3,866 123 1994–1999 Mean 5.3

Ridker et al. [49] In 26 countries Rosuvastatin 20 mg daily 17,802 8,901 705 2003–2006 Median 1.9

WOSCP West of Scotland Coronary Prevention Study Group, CARE Cholesterol and Recurrent Events Trial investigators, AFCAPS Air Force/

Texas Coronary Atherosclerosis Prevention Study, LIPID long-term intervention with pravastatin in ischemic disease, HPS heart protection

study, ALLHAT-LLT antihypertensive and lipid-lowering treatment to prevent heart attack trial, PROSPER, CARDS, 4S Scandinavian Simva-

statin Survival Study, MEGA Management of Elevated Cholesterol in the Primary Prevention Group of Adult Japanese

� Denmark, Finland, Iceland, Norway, and Sweden
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and the p values for Begg’s test and Egger’s test were 0.416

and 0.113, respectively. The above results suggest that

publication bias was not evident in this meta-analysis.

Discussion

There is a long-standing debate concerning the association

between use of statins and cancer. As a result, statins are

now being studied in clinical trials for cancer prevention.

Several reviewed studies have discussed the potential

chemoprevention of statin use against cancer at various

sites, such as breast [70], prostate [71], pancreatic [72], and

hepatocellular cancer [73]. This meta-analysis of 18 case–

control studies, 13 cohort studies, and 11 RCTs involving

more than 7.9 million patients demonstrates that the RR of

CRC after statins use is 0.90 (95 % CI 0.86–0.95). In other

words, summary estimates suggest that the use of statins is

associated with a modest reduction in risk of CRC com-

pared to non-users. Similar results were found in subgroup

analyses of case–control and cohort studies. This effect was

more pronounced and consistent in the rectal cancer and

lipophilic statin users. However, our results do not support

the hypothesis that long-term statin use may reduce the risk

of CRC incidence. On the other hand, it provides evidence

that long-term statin use is not associated with a substan-

tially decreased or increased risk of CRC. The likelihood of

important selection and publication bias in our meta-ana-

lysis is small.

Present findings were statistically significantly associ-

ated with a modest reduction of approximately 10 % in the

risk of CRC, a more pronounced result than Bardou et al.’s

Fig. 2 Forest plot of the

association between statin use

and risk of colorectal cancer

stratified by study design
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[55] findings of a 9 % risk reduction. This is likely to be

due to the inclusion of 13 new studies published after

Bardou et al.’s [55] meta-analysis, which showed a positive

association between statin use and a reduced risk of CRC

[19, 21, 24, 38]. Cumulative meta-analysis showed a

change in the trend of reporting risk to continue positive in

statin users between 2007 and 2013 (Fig. 4).

A meta-analysis of dose, duration, and type effects of

statins was expected, because each of these drugs has its

own side effect profile and so far, no single agent has been

recommended for chemopreventive use in the general

population. However, statin dose varied in each trial,

making statistical analysis between these groups impossi-

ble. We were capable of investigating potentially different

effects on risk by the long-term duration and type of statins

used. The decreased risk of CRC in long-term statin users

was found here to be non-significant. There are several

plausible explanations of the discrepancy between the

overall results and those for long-term statin use. First, the

definition of ‘‘long-term use’’ varied among the studies,

which could have led to non-significant results. Second,

long-term users of statins tend to be healthier and more

adherent to therapy. They have easier and more frequent

access to preventive healthcare services such as screening

colonoscopies, which theoretically could lower the inci-

dence of colorectal cancer by removing colorectal adeno-

mas. Moreover, statin users might have healthier lifestyle

habits than non-users of statins, particularly after beginning

to take the drugs. However, the long-term studies may have

failed to adjust fully for these factors, possibly leading to

residual confounding.

It is hypothesized that lipophilic statins (e.g., simvasta-

tin, lovastatin) may have a greater chemoprotective effect

than hydrophilic statins (e.g., pravastatin) due to greater

lipid solubility and membrane permeability [74]. In this

analysis, a significant reduction in CRC risk was observed

in lipophilic statin users but not in hydrophilic statin users,

which was consistent with previous research. This may

shed light on recommending lipophilic statin for chemo-

preventive use in the specific population.

Fig. 3 Forest plot of the association between long-term statin use and risk of colorectal cancer
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Use of statins is associated with a reduced risk of CRC

in some, but not all, studies. Recent studies suggest this

may be related to genetic variation in 3-hydroxy-3-meth-

ylglutaryl CoA reductase (HMGCR) activity [75]. Lipkin

et al. [75] found that the genetic variant in the HMGCR

gene significantly modified the protective association

between statins and CRC risk and is associated with lower

serum levels of low-density lipoprotein. Lee et al. [36]

found that KRAS mutation status may also modified stat-

ins’ protective properties, while these required further

confirmation. We anticipate that these data may advance

the development of personalized statin use for reducing the

risk of cancer.

Heterogeneity is a potential problem when interpreting

the results of a meta-analysis, and finding sources of het-

erogeneity is one of the most important goals of meta-

analysis [76]. In the present meta-analysis, significant

between-study heterogeneity was observed in the pooled

analyses of total eligible studies (I2 = 72.6 %, p \ 0.001).

To find the sources of heterogeneity, we performed sensi-

tivity, subgroup, and Galbraith plot analyses. The subgroup

analyses based on different study designs could not explain

the significant heterogeneity seen in the overall analysis.

Colorectal cancer site and participants’ sex may be the

sources of heterogeneity. Seven outliers (Poynter et al.

[11], Boudreau et al. [15], Samadder et al. [21], Vinogra-

dova et al. [22], Lakha et al. [24], Farwell et al. [29], and

Haukka et al. [32]) were identified as the main contributors

to heterogeneity by using Galbraith plot and sensitivity

analyses. Five of them were case–control studies, which

have limitations including different populations with dif-

ferent underlying CRC risks, different control groups, and

insufficient statin exposure to detect a protective effect

(some studies included patients with statin exposure of

Fig. 4 Cumulative meta-

analysis of 42 studies on the

association of statin use and

colorectal cancer risk
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only 30 days [21]). Interestingly, when these studies were

excluded from the analysis, similar pooled RR and sig-

nificance were obtained (RR = 0.93, 95 % CI 0.90–0.98;

p \ 0.001) and heterogeneity was decreased (I2 = 15.9 %;

p = 0.242), indicating that our results were robust and

reliable.

The strength of the present analysis lies in inclusion of

42 studies (31 observational studies and 11 RCTs) report-

ing data from more than 7.9 million participants, including

519,317 CRC cases. However, several limitations should

be noted when interpreting our findings. First, observa-

tional studies, with their large, representative and ethni-

cally diverse populations, have limitations, notably bias

and unmeasured confounding. For the case–control studies,

we cannot rule out the possibility of recall bias. However,

in most of these studies, because pharmacy drug prescrip-

tion information from population-based databases was

used, the effects of this are likely minimal. Second, all

studies did not adjust for the same confounders. They

generally failed to account for one or more of the following

risk factors for CRC: poor nutrition, physical inactivity,

family history of colorectal cancer, inflammatory bowel

disease, diabetes, use of nonsteroidal anti-inflammatory

drugs, or check of colonoscopy. Third, the included studies

were different in terms of definitions of drug exposure and

long-term statin use, which could have led to heterogene-

ity. Fourth, colorectal cancer has never been a primary

outcome in the included RCTs of statins; thus, most results

of them were ambiguous because of inadequate power.

In conclusion, the findings of this meta-analysis of 42

studies suggest a modest decreased relative risk of CRC in

statin users. This chemoprotective association is more

pronounced in rectal cancer and lipophilic statin users.

However, long-term statin use did not appear to signifi-

cantly affect the risk of CRC.
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