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Abstract: (1) Background: The pleiotropic effects of statins may explain a chemoprotective action
against colorectal cancer (CRC). Many studies have tested this hypothesis, but results have been
inconsistent so far. Moreover, few have examined statins individually which is important for deter-
mining whether there is a class effect and if lipophilicity and intensity may play a role. (2) Methods:
From 2001-2014, we carried out a study comprised of 15,491 incident CRC cases and 60,000 matched
controls extracted from the primary healthcare database BIFAP. We fit a logistic regression model
to compute the adjusted-odds ratios (AOR) with their 95% confidence intervals (CIs). Additionally,
we carried out a systematic review and meta-analysis. (3) Results: Current use of statins showed
a reduced risk of CRC (AOR = 0.87; 95% CI: 0.83-0.91) not sustained after discontinuation. The
association was time-dependent, starting early (AORgmonths-1year = 0-85; 95% CI: 0.76-0.96) but
weakened beyond 3-years. A class effect was suggested, although only significant for simvastatin
and rosuvastatin. The risk reduction was more marked among individuals aged 70 or younger,
and among moderate-high intensity users. Forty-eight studies were included in the meta-analysis
(pooled-effect-size = 0.90; 95% CI: 0.86-0.93). (4) Conclusions: Results from the case-control study
and the pooled evidence support a moderate chemoprotective effect of statins on CRC risk, modified
by duration, intensity, and age.

Keywords: statin; colorectal cancer; chemoprevention; real-world data; real-world evidence

1. Introduction

In 2020, colorectal cancer (CRC) was the third type in number of new cases worldwide
and the first most incident in Europe, after excluding gender-specific types [1]. Better treat-
ments, together with the spread of population-wide screening policies, have improved sur-
vival, although their effectiveness critically depends on the stage at diagnosis [2,3]. Almost
80% of diagnosed CRCs have no identifiable genetic basis [2,3] and arise from pre-existing
polyps, in which pro-inflammatory factors [4,5], including hypercholesterolemia [6,7], seem
to play a role [2-7]. Chemoprevention of CRC acting on these factors has emerged as a
promising strategy [8]; in fact, this was evidenced in 2016 when the U.S. Preventive Services
Task Force (USPSTF) endorsed the use of low-dose aspirin for the primary prevention of
cardiovascular disease (CVD) and CRC in a specific population [9]. However, they recently
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revised and downgraded that statement [10] once the net benefit of low-dose aspirin for
primary prevention of CVD was put into question [11-13]. Along these lines, statins, of
which among their pleiotropic effects include anti-inflammatory and anti-proliferative
actions [14], have been widely studied in observational and post-hoc analyses from ran-
domized clinical trials as potential chemoprotective agents against CRC, but no conclusive
results have been reached; this is mostly due to the high heterogeneity across studies [15].
Furthermore, there are still a number of questions that remain unclear; for instance, in
most of the studies published to date, authors assumed homogeneous effects across all
statins against CRC, however, there is scarce data available regarding individual drugs
to support that assumption (low numbers of many of them being a limitation for that
purpose) [15]. This is not a trivial issue because extrahepatic effects of statins may be linked
to their lipophilicity [16] and intensity of use (with regards to active principle and daily
dose) [16], so both features can only be addressed by studying the association with CRC at
individual drug level. Finally, the interaction with other concomitant drugs used for CVD
prevention, such as low-dose aspirin, is a gap previously pointed out by the USPSTF [9]
that also remains unexplored.

Thus, the main objective of the present study was to examine the chemoprotective
effect of statins on CRC as a whole group and by active principle, which in turn would allow
us to test whether such is a class effect and whether it is dependent on their lipophilicity and
intensity. As a secondary objective we examined the potential synergistic effect of statins
with other drugs used for CVD prevention, as antiplatelet drugs. Finally, we synthesized
the available epidemiological evidence in a systematic review with meta-analysis.

2. Subjects and Methods
2.1. Source of Data

We carried out a case-control study nested in a cohort extracted from BIFAP (“Base de
datos para la Investigacién Farmacoepidemioldgica en Atencion Primaria”) [17], a health-
care database containing pseudonymized electronic health records of patients attended
by primary care physicians (PCPs) from 10 Spanish regions (out of 17). The population
included in BIFAP is representative of the Spanish population, and the database has been
successfully validated by comparison to other well-known European databases for pharma-
coepidemiologic research purposes [17]. BIFAP comprises information on demographics,
medical problems, and drug prescriptions (product name, dosage, indication, date, and
duration of supply), among many other data [17]. We used BIFAP in its 2014 version, which
included 7.6 million patients and a 5.1 year follow-up on average per subject (a total of
38.6 million person-years).

2.2. Design

Through the period from 1 January 2001 to 31 December 2014, subjects fulfilling the
inclusion criteria (aged 20-89, without record of any type of cancer, and with at least
1-year record with their PCP) conformed the study cohort and the date of entering was the
“start date”. All of the subjects from the study cohort (1 = 5,310,198) were then followed
up until the occurrence of the event of interest (an incident CRC), a censoring event (a
cancer diagnosis different from CRC, 90 years old or death), or the end of the study period,
whichever came first.

2.3. Selection of Cases and Controls

Previously, we successfully validated the CRC diagnosis in BIFAP in a study published
elsewhere [18]. Briefly, we built an algorithm to mine codes from the International Classifi-
cation of Primary Care (ICPC-2) and the International Classification of Diseases (ICD-9)
with their linked text descriptors to search for potential cases of CRC [18]. Potential cases
retrieved were considered valid when we found additional supporting information in their
healthcare records, such as specialist referrals, tumor information (diagnostic procedures,
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location, histopathology, staging or treatments) or confirmed death from CRC [18]. We
excluded all of the subjects with a diagnosis of CRC of known genetic origin.

We selected controls using an incidence-density sampling [19]. To this end, we as-
signed a random date within the study period to all of the subjects in the cohort, so they
were considered as eligible controls when the random date fell within their period of
observation. This way we ensured that the more person-time a subject contributes to the
cohort, the higher the probability to be selected as a potential control [19]. Finally, from the
pool of candidates, we sampled without replacement 60,000 controls frequency-matched to
cases by age, sex, and year of event occurrence. The “index date” for cases was the first
recorded CRC diagnosis and for controls was the random date assigned before sampling.

2.4. Drugs Included and Exposure Definition

Statins were studied as a group and individually, including simvastatin, atorvastatin,
pravastatin, lovastatin, fluvastatin, rosuvastatin, and pitavastatin. Statins were grouped
into hydrophilic (rosuvastatin and pravastatin) and lipophilic (the rest), and also into three
categories of intensity (low, moderate and high) depending on the targeted reduction in
blood LDL-cholesterol achievable by dose and active principle [20].

Recency of use of statins in cases and controls was ascertained from the index date
backwards and classified as: current users when the supply of the last recorded prescription
ended between 0-90 days; recent users when finished between 91-365 days; past users when
finished beyond 365-days; non-users if no prescriptions were recorded in the database.

Treatment duration of statins was assessed after adding up the duration of all con-
tinuous prescriptions, considered as that when the gap between the end of supply of one
and the beginning of the following were equal or lower than 90-days. We used the same
definitions of exposure for all of the drugs studied.

2.5. Confounding Assessment

Potential confounders (including co-medications) and risk factors were selected by
domain knowledge and ascertained any time before the index date. We included the
following comorbidities and risk factors: chronic gastritis, gastro-esophageal reflux, in-
flammatory bowel disease, irritable bowel syndrome, complicated upper gastrointestinal
(GI) disorders (complicated ulcer, bleeding gastritis or duodenitis and upper GI bleeding),
non-complicated upper GI disorders (non-bleeding or non-complicated ulcer, gastritis or
duodenitis), dyspepsia, lower GI bleeding, constipation, anorectal pathology (hemorrhoids,
anal fissure and anorectal abscess), alcohol abuse, smoking status, body mass index (BMI),
hyperuricemia, gout, and the number of visits to the PCP in year before the index date.
We also included the use of the following co-medications: nonsteroidal anti-inflammatory
drugs (NSAIDs), symptomatic slow acting drugs for osteoarthritis (SYSADOAs), corti-
costeroids, low-dose aspirin and non-aspirin antiplatelet drugs, oral anticoagulants, oral
glucose-lowering drugs and insulin, serotonin selective reuptake inhibitors, serotonin
receptor antagonists with serotonin reuptake inhibition, drugs for peptic ulcer and gastro-
esophageal reflux (proton-pump inhibitors and H2-receptor antagonists), anti-diarrheal
drugs, analgesic opioids, drugs for constipation, antihypertensives, other lipid-lowering
drugs (fibrates, bile acid sequestrants and other lipid-modifying agents), and calcium with
or without vitamin D supplements.

2.6. Statistical Analysis

To estimate the association between the exposure of interest and the risk of CRC, we
specified an unconditional logistic regression model to compute the unadjusted odds-ratios
(OR; including only the matching variables as predictors), and the fully adjusted-odds ratios
(AOREs; including the matching variables and the vector of above-mentioned confounders as
predictors), with their 95% confidence intervals (95% CI). The incidence-density sampling
method of controls ensures that the OR obtained is an unbiased estimate of the incidence
rate ratio in the underlying cohort, even in presence of competing risks [19,21].
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With a sample size of 15,491 CRC cases and 60,000 matched controls, a targeted AOR
of 0.80 or lower, a confidence level of 95% in a bilateral test, we would reach a statistical
power of at least 85%, provided the prevalence of use of statins among controls was 1.5%
or higher.

The variables such as “smoking” and “BMI” were not systematically recorded by
PCPs in their daily routine, so there were missing data at the time of ascertainment. After
confirming the pattern of missingness was “missing at random”, we fit a multiple imputa-
tion by chained equations (MICE) model to obtain 20 imputed databases then used in the
logistic model to compute all measures of association [22].

We evaluated the interaction between statins and age (<70, >70 years), sex, and BMI in
a multiplicative scale and tested using the method proposed by Altman and Bland [23]. We
also evaluated the interaction between statins and antiplatelet drugs (including low-dose
aspirin), antihypertensives, other lipid-lowering drugs, and NSAIDs, by computing the
effect of their combination in an additive scale [19]. For that purpose, we built a variable
with 5 categories; non-use of any of the two drug classes, current use of statins alone,
current use of the other drug class alone, current use of both drug classes combined, and
rest of combinations (past and recent users of both); we then used it as the variable of
exposure in the logistic model. When we evaluated the association of each individual
statin with CRC, we excluded all current users with previous recorded prescriptions of
another statin in order to avoid a residual or cumulative effect. Among current users,
we additionally examined whether lipophilicity of statins (lipophilic or hydrophilic) and
intensity of treatment (low, moderate, or high) modified the main association with CRC.

2.7. Sensitivity Analysis

From the analysis, we excluded all users of low-dose aspirin, clopidogrel and NSAIDs
ever and in the prior year before index date to avoid a residual effect of other drugs known
to reduce the risk of CRC.

2.8. Systematic Review and Meta-Analysis

We carried out the review in accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-analysis (PRISMA). A systematic literature search was conducted
in PubMed and Web of Science for all studies published up to 31 January 2022, without
language restriction, and using the following terms: “Statin*”, “Hydroxymethylglutaryl-
CoA Reductase Inhibitor”, “3-hydroxy-3-methylglutaryl-coenzyme”, “HMG-CoA”, “Colon
cancer risk”, “Rectal cancer risk”, “Colorectal cancer risk”, “Colorectal neoplas* risk”,
“Colorectal adenom* risk”. Additionally, we perused the list of references of the studies
reviewed to identify potential eligible studies. To consider a study as eligible it must
fulfil the following criteria: (1) cohort or case-control designs, (2) aimed to evaluate the
association between statin use and the risk of CRC (including colorectal, or colon and
rectum separately), (3) provide a measure of association (risk ratio, incidence rate ratio,
odds ratio or hazard ratio) adjusted for potential confounders, and their 95% Cls, (4) in-
clude at least 50 CRC cases. We excluded: (1) experimental studies and systematic reviews
and/or meta-analyses, and (2) all studies including mortality, progression, or prognosis
after CRC diagnosis as the sole outcome. Studies conducted only among females or males
as well as those that only reported estimates by duration, were also included and pooled.
A random effects model was used to produce pooled effect sizes (ES) in the multiplicative
scale (including odds ratios, relative risks, incidence rate ratios and hazard ratios) with
their 95% Cls. Heterogeneity was measured through the statistic I2. All of the results were
displayed in a forest plot stratified by study design, and we evaluated the publication bias
through a funnel plot.

The level of statistical significance was set at p < 0.05. All statistical analyses, including
MICE and meta-analysis, were performed with STATA/SE, v.14.2 (Statacorp LLC, College
Station, TX, USA).
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3. Results

From a study cohort of 5,310,198 subjects throughout the study period, we identified
and extracted 15,491 incident CRC cases and 60,000 controls successfully matched by age
(mean: 68.6, SD =+ 11.8, years), sex (males 58.8%) and year of index date (Figure 1). The
median follow-up (in years) since start date among cases and controls was 3.05 (interquartile
range (IQR): 4.57) and 2.80 (IQR: 4.28), respectively.

PATIENTS IN BIFAP f
N =7,368,865 Inclusion criteria:
- 20-89 years old

t - At least 1-year registry with the

STARTING COHORT primary care physician

N = 5,563,959

Exclusion criteria:
| - Due to quality criteria (n = 25,912)
- History of cancer (n = 227,849y

STUDY COHORT
N = 5,310,198
I 777777777777777777777777 Follow-up - Censoring:
Earliest record of incident CRC, other cancer diagnosis, - Age > 89 years (n = 75,290)
90 years old, death or end of study - Death (n=101,381)

- Cancer (n = 154,438)

Potential CRC cases
retrieved (n = 21,836)

Diagnosis validation —+ Non-valid (n = 6345) J
60,000 frequency- 15,491 valid CRC
matched controls cases

Figure 1. Flowchart of study cohort inception.

3.1. Characteristics of Cases and Controls

Characteristics of cases and controls at index date are shown in Table 1. Past smokers,
alcohol abusers, and history of diabetes, gout, hypertension, angina pectoris, peripheral
artery disease and acute GI disorders (constipation, anorectal pathology, complicated
and non-complicated upper GI disorders, dyspepsia and lower GI bleeding) were more
prevalent among cases resulting in a crude positive association with CRC, which was
still present after full adjustment, excepting for diabetes, hypertension, angina pectoris,
constipation, non-complicated upper GI disorders and dyspepsia that lost the statistical
significance. On the other hand, history of acute myocardial infarction and inflammatory
bowel disease were more prevalent among controls resulting in a crude negative association
with CRC, but after a full adjustment also stroke and irritable bowel syndrome showed a
significant negative association with CRC risk (Table 1). Current users of statins compared
to non-users, among controls, were mostly men, overweight or obese (BMI > 25), aged
70-years or older and with hypertension under treatment with antihypertensive drugs
(Figure S1).

3.2. Association of Statins with Colorectal Cancer, by Recency, Duration and Subgroup Analyses
Current users of statins were equally prevalent among cases and controls resulting in
a crude OR of 0.99 (95% CI: 0.94-1.03), but after full adjustment the AOR was 0.87 (95% CI:
0.83-0.91). Upon discontinuation, the magnitude of the AOR slightly weakened in recent
users (AOR = 0.91; 95% CI: 0.83-1.01) and disappeared in past users (AOR = 1.09; 95%
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CI: 1.00-1.19) (Table 2). Such reduced risk among current users was only significant after
180-days of continuous exposure (AOR = 0.85; 95% CI: 0.76-0.96), then the magnitude of
the reduction increased after 1-3 years (AOR = 0.79; 95% CI: 0.73-0.84) though after this, it
declined (AOR:3.years = 0.94; 95% CI: 0.87-1.02; Table 2). The exclusion of users of NSAIDs
and/or antiplatelet drugs barely changed the estimators (Table 2).

Table 1. Baseline characteristics of cases and controls.

Cases Controls Non-Adjusted Fully-Adjusted-OR
n=15,491 n = 60,000 OR * (95% CI) t(95% CI)
Age, mean (£SD), years 68.6 (11.8) 68.6 (11.8) Matched Matched
Women, 1 (%) 6376 (41.2) 24,693 (41.2) Matched Matched
Follow-up in years, median (IQR) 3.05 (4.57) 2.80 (4.28) 1.03 (1.02-1.04) 1.04 (1.03-1.05)
Visits to primary care in the prior year,
n (%):
<6 3248 (21.0) 19,508 (32.5) Reference Reference
6-10 3639 (23.5) 13,357 (22.3) 1.71 (1.62-1.80) 1.83 (1.73-1.93)
11-20 5298 (34.2) 17,118 (28.5) 2.01 (1.91-2.11) 2.23 (2.11-2.36)
>20 3306 (21.3) 10,017 (16.7)  2.23(2.11-2.37) 2.52 (2.35-2.70)
BMI, kg/m?, 1 (%):
<24.99 2123 (13.7) 7635 (12.7) Reference Reference
25-30 4933 (31.8) 18,108 (30.2) 1.00 (0.95-1.05) 0.98 (0.93-1.03)
>30 3652 (23.6) 13,421 (22.4) 0.99 (0.93-1.05) 0.97 (0.91-1.03)
Missing 4783 (30.9) 20,836 (34.7) Imputed Imputed
Smoking, 1 (%):
Non-smoker 4904 (31.7) 18,016 (30.0) Reference Reference
Current smoker 2384 (15.4) 8960 (14.9) 0.99 (0.92-1.06) 1.04 (0.97-1.12)
Past smoker 1217 (7.86) 3821 (6.37) 1.19 (1.10-1.28) 1.19 (1.11-1.29)
Missing 6986 (45.1) 29,203 (48.7) Imputed Imputed
History of, n (%):
Alcohol abuse * 552 (3.56) 1578 (2.63) 1.38 (1.25-1.52) 1.24 (1.12-1.38)
Diabetes 3170 (20.5) 10,778 (18.0) 1.18 (1.13-1.23) 1.06 (0.98-1.16)
Non-gout hyperuricemia 984 (6.35) 3829 (6.38) 1.01 (0.93-1.08) 0.92 (0.86-1.00)
Gout 718 (4.63) 2363 (3.94) 1.19 (1.09-1.30) 1.12 (1.02-1.22)
Hypertension 7527 (48.6) 28,051 (46.8) 1.09 (1.05-1.13) 0.98 (0.94-1.04)
Perypheral artery disease 466 (3.01) 1420 (2.37) 1.28 (1.15-1.43) 1.17 (1.04-1.31)
Acute myocardial infarction 502 (3.24) 2213 (3.69) 0.88 (0.79-0.97) 0.86 (0.77-0.96)
Angina pectoris 467 (3.01) 1600 (2.67) 1.13 (1.02-1.26) 1.10 (0.98-1.23)
Stroke § 559 (3.61) 2249 (3.75) 0.96 (0.87-1.06) 0.87 (0.79-0.97)
Transient ischemic attack 281 (1.81) 1109 (1.85) 0.98 (0.86-1.12) 0.94 (0.82-1.08)
Chronic gastritis 154 (0.99) 604 (1.01) 0.99 (0.83-1.18) 0.84 (0.70-1.01)
Gastroesophageal reflux 1866 (12.1) 6896 (11.5) 1.05 (1.00-1.11) 0.93 (0.87-0.98)
Inflammatory bowel disease 51 (0.33) 238 (0.40) 0.83 (0.61-1.12) 0.41 (0.30-0.57)
Irritable bowel syndrome 238 (1.54) 941 (1.57) 0.98 (0.85-1.13) 0.84 (0.72-0.97)
Constipation 1601 (10.3) 5424 (9.04) 1.16 (1.10-1.24) 0.93 (0.81-1.06)
Anorectal pathology T 1995 (12.9) 5741 (9.57) 1.40 (1.32-1.48) 1.24 (1.17-1.31)
Complicated upper GI disorders ** 459 (2.96) 1062 (1.77) 1.73 (1.55-1.94) 1.41 (1.26-1.59)
Non-complicated upper GI disorders H 1103 (7.12) 3889 (6.48) 1.14 (1.06-1.22) 1.02 (0.95-1.10)
Dyspepsia 1797 (11.6) 6549 (10.9) 1.10 (1.04-1.16) 0.97 (0.92-1.03)
Lower GI bleeding 898 (5.80) 1310 (2.18) 2.76 (2.53-3.01) 2.44 (2.23-2.67)

OR: odds ratio; CI: confidence interval; SD: standard deviation; IQR: interquartile range; BMI: body mass index; GI:
gastrointestinal. * Model adjusted only for matching variables (age, sex and calendar year). T Model adjusted for:
(1) Matching variables: age, sex and calendar year, (2) Comorbidities and risk factors: number of visits in the last
year, BMI, alcohol abuse, smoking, chronic gastritis, reflux, inflammatory bowel disease, irritable bowel syndrome,
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constipation, anorectal pathology, upper GI disorders, lower GI bleeding, hyperuricemia and gout, and (3) Use of
drugs: antihypertensives, low-dose aspirin, non-aspirin antiplatelet drugs, oral anticoagulants, glucose-lowering
drugs (oral and insulin), other lipid-lowering drugs, anti-H2 acid suppressors, proton pump inhibitors, antidiar-
rheal drugs, drugs for constipation, selective serotonin reuptake inhibitors and serotonin receptor antagonists with
serotonin reuptake inhibition, analgesic opioids, NSAIDs (non-selective and coxibs), SYSADOAs, calcium and
vitamin D supplements, and corticosteroids. The category of reference was “no presence of the disease”. ¥ When
the general practitioner recorded an excessive consumption of alcohol. § Includes haemorrhagic and ischemic
stroke. T Includes hemorrhoids, anal fissure, and anorectal abscess. ** Includes complicated ulcer, gastritis or
duodenitis with bleeding and upper GI bleeding. t Includes non-bleeding or non-complicated ulcer, gastritis

or duodenitis.

Table 2. Use of statins and risk of colorectal cancer.

Cases
n =15,491

Controls
1 = 60,000

Non-Adjusted
OR * (95% CI)

Fully-Adjusted
OR * (95% CI)

Non-users

10,826 (69.9)

42,008 (70.0)

Reference

Reference

Recency of use, in days, 1 (%):

Current (0-90) 3332 (21.5) 13,105 (21.8)  0.99 (0.94-1.03) 0.87 (0.83-0.91)
Recent (91-365) 540 (3.49) 2068 (3.45) 1.01 (0.92-1.12) 0.91 (0.83-1.01)
Past (>365) 793 (5.12) 2819 (4.70) 1.09 (1.01-1.18) 1.09 (1.00-1.19)
Continuous duration, among current users:
<1 year: 1055 (6.81) 4006 (6.68) 1.02 (0.95-1.10) 0.91 (0.84-0.98)
<91 days 409 (2.64) 1575 (2.62)  1.01(0.90-1.13) 0.94 (0.84-1.05)
91-180 days 249 (1.61) 924 (1.54) 1.05 (0.91-1.20) 0.95 (0.82-1.10)
181 days-1 year 397 (2.56) 1507 (2.51) 1.02 (0.91-1.14) 0.85 (0.76-0.96)
>1 year: 2277 (14.7) 9099 (15.2) 0.97 (0.92-1.02) 0.85 (0.81-0.90)
366 days-3 years 1195 (7.71) 5081 (8.47) 0.91 (0.85-0.98) 0.79 (0.73-0.84)
>3 years 1082 (6.98) 4018 (6.70) 1.04 (0.97-1.12) 0.94 (0.87-1.02)
p for trend < 0.001
Excluding prior use of NSAIDs  and/or
antiplatelet drugs, $ among current users:
Ever: n = 4646 n = 18,086
Any duration 558 (12.0) 2229 (12.3) 0.98 (0.89-1.08) 0.79 (0.71-0.88)
Continuous duration:
<1 year 187 (4.02) 805 (4.45) 0.91 (0.77-1.07) 0.77 (0.65-0.92)
>1 year 371 (7.99) 1424 (7.87) 1.02 (0.90-1.15) 0.80 (0.71-0.91)
In the prior year: n = 8826 n = 33,277
Any duration 1211 (13.7) 4520 (13.6) 1.01 (0.94-1.08) 0.82 (0.76-0.89)
Continuous duration:
<1 year 411 (4.66) 1518 (4.56)  1.02 (0.91-1.15) 0.85 (0.76-0.96)
>1 year 800 (9.06) 3002 (9.02) 1.00 (0.92-1.09) 0.81 (0.74-0.88)

OR: odds ratio; CI: confidence interval; NSAIDs: nonsteroidal anti-inflammatory drugs. * Model adjusted only
for matching variables (age, sex, and calendar year). * Model adjusted for: (1) Matching variables: age, sex and
calendar year, (2) Comorbidities and risk factors: number of visits in the last year, BMI, alcohol abuse, smoking,
chronic gastritis, reflux, inflammatory bowel disease, irritable bowel syndrome, constipation, anorectal pathology,
upper Gl disorders, lower GI bleeding, hyperuricemia and gout, and (3) Use of drugs: antihypertensives, low-dose
aspirin, non-aspirin antiplatelet drugs, oral anticoagulants, glucose-lowering drugs (oral and insulin), other lipid-
lowering drugs, anti-H2 acid suppressors, proton pump inhibitors, antidiarrheal drugs, drugs for constipation,
selective serotonin reuptake inhibitors and serotonin receptor antagonists with serotonin reuptake inhibition,
analgesic opioids, NSAIDs (non-selective and coxibs), SYSADOAs, calcium and vitamin D supplements, and
corticosteroids. ¥ Including non-aspirin NSAIDs (COX-2 selective and non-selective). § Including low-dose
aspirin, cilostazol, clopidogrel, dypiridamole, ditazole, prasugrel, ticagrelor, ticlopidine and triflusal.
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We found a significant reduced risk of CRC associated with statins in both sexes, in
patients older and younger than 70-years, and across all categories of BMI. However, the
reduced risk was greater in subjects aged 70-years or younger, as compared to the older

group (p-value for interaction = 0.04; Figure 2).

Cases (%) Controls (%)

Non-adjusted

Fully-adjusted

p—value

n=15,491 n=60,000 OR (95%Cl)* OR (95%Cl)t (test for interaction)
Women n=6376 n=24,693
Any duration 1306 (20.5) 5115 (20.7)  1.01 (0.94-1.08) 0.89 (0.82-0.96)
0.17
Men n=9115 n=35,307
Any duration 2026 (22.2) 7990 (22.6) 0.97 (0.92-1.03) 0.83 (0.78-0.88)
<70 years n=7448 n= 28,866
Any duration 1257 (16.9) 4981 (17.3)  0.98 (0.91-1.05) 0.80 (0.74-0.87)
0.04
>70 years n=28043 n=31,134
Any duration 2075 (25.8) 8124 (26.1)  0.99 (0.94—1.05) 0.89 (0.83-0.94)
BMLI, in kg/m2
<25 n=2123 n=7635
Any duration 423(19.9) 1527 (20.0)  1.02 (0.90-1.16) 0.86 (0.76-0.98)
25-30 n=4933 n=18,108
Any duration 1300 (26.4) 4932 (27.2)  0.95 (0.89-1.03) 0.86 (0.79-0.92) -
>30 n=3652 n=13,421
Any duration 1008 (27.6) 3929 (29.3)  0.92 (0.85-1.00) 0.84 (0.77-0.92)
Missing n=4783 n=20,836
- 601 (12.6) 2717 (13.0) Imputed Imputed

1T 1

Figure 2. Current use of statins and risk of colorectal cancer, by gender, age and body mass index
(BMI). BMI: body mass index; OR: odds ratio; CI: confidence interval * Model adjusted only for
matching variables (age, sex, and calendar year). The category of reference was “non-use of statins”.

* Model adjusted for: (1) Matching variables: age, sex and calendar year, (2) Comorbidities and

risk factors: number of visits in the last year, BMI, alcohol abuse, smoking, chronic gastritis, reflux,

inflammatory bowel disease, irritable bowel syndrome, constipation, anorectal pathology, upper

GI disorders, lower GI bleeding, hyperuricemia and gout, and (3) Use of drugs: antihypertensives,

low-dose aspirin, non-aspirin antiplatelet drugs, oral anticoagulants, glucose-lowering drugs (oral

and insulin), other lipid-lowering drugs, anti-H2 acid suppressors, proton pump inhibitors, antidiar-

rheal drugs, drugs for constipation, selective serotonin reuptake inhibitors and serotonin receptor

antagonists with serotonin reuptake inhibition, analgesic opioids, NSAIDs (non-selective and coxibs),

SYSADOAS, calcium and vitamin D supplements, and corticosteroids.



J. Clin. Med. 2022, 11, 1528

90f17

3.3. Association of Statins with CRC by Active Principle, Lipophilicity and Intensity

By active principle, we found a trend of a reduced risk with the current use of all statins,
albeit statistically significant results were only reached with simvastatin (AOR = 0.86;
95% CI: 0.80-0.93) and rosuvastatin (AOR = 0.58; 95% CI: 0.41-0.83), being marginally
significant for atorvastatin (AOR = 0.92; 95% CI: 0.84-1.00; Table 3).

Table 3. Current use of individual statins and risk of colorectal cancer.

Cases Controls Non-Adjusted OR*  Fully-Adjusted OR *

n =15,491

n = 60,000

(95% CI)

(95% CI)

Non-users

10,826 (69.9)

42,008 (70.0)

Reference

Reference

Any duration:
Simvastatin
Atorvastatin
Pravastatin
Lovastatin
Fluvastatin
Rosuvastatin
Pitavastatin

1097 (8.85)
951 (7.85)
253 (2.26)
177 (1.60)
117 (1.06)
37 (0.34)
10 (0.09)

4310 (8.97)
3642 (7.76)
966 (2.23)
684 (1.59)
448 (1.05)
221 (0.52)
35 (0.08)

0.99 (0.92-1.06)
1.01 (0.94-1.09)
1.02 (088-1.17)
1.00 (0.85-1.19)
1.01 (0.82-1.24)
0.65 (0.46-0.92)
1.11 (0.55-2.24)

0.86 (0.80-0.93)
0.92 (0.84-1.00)
0.92 (0.80-1.06)
0.96 (0.81-1.13)
0.91 (0.74-1.13)
0.58 (0.41-0.83)
0.93 (0.46-1.91)

OR: odds ratio; CI: confidence interval. * Model adjusted only for matching variables (age, sex, and calendar year).
The category of reference was “non-use of statins”. ¥ Model adjusted for: (1) Matching variables: age, sex and
calendar year, (2) Comorbidities and risk factors: number of visits in the last year, BMI, alcohol abuse, smoking,
chronic gastritis, reflux, inflammatory bowel disease, irritable bowel syndrome, constipation, anorectal pathology,
upper GI disorders, lower GI bleeding, hyperuricemia and gout, and (3) Use of drugs: antihypertensives, low-
dose aspirin, non-aspirin antiplatelet drugs, oral anticoagulants, glucose-lowering drugs (oral and insulin),
other lipid-lowering drugs, anti-H2 acid suppressors, proton pump inhibitors, antidiarrheal drugs, drugs for
constipation, selective serotonin reuptake inhibitors and serotonin receptor antagonists with serotonin reuptake
inhibition, analgesic opioids, NSAIDs (non-selective and coxibs), SYSADOAs, calcium and vitamin D supplements,
and corticosteroids.

The association of low-intensity statins with a reduced risk of CRC was of a lesser
magnitude (AOR = 0.93; 95% CI: 0.85-1.01) than that observed with moderate (AOR = 0.84;
95% CI: 0.79-0.90) and high (AOR = 0.85; 95% CI: 0.74-0.98) intensities, although itreached
the statistical significance when duration of use was longer than 1-year (AOR = 0.89; 95% CI:
0.81-0.99; Table 4). The reduced risk of CRC was observed with lipophilic and hydrophilic
statins alike (Table 4).

3.4. Potential Interaction of Statins with Other Drugs

The association of statins with a reduced risk of CRC was apparently not modified by
their combination with antihypertensives, antiplatelet drugs, other lipid-lowering drugs
or NSAIDs, with the exception of fibrates, where the point estimate of the combination
was greater than the independent results of each drug class (AOR = 0.61; 95% CI: 0.44-0.84;
Table 5).

Table 4. Current use of statins and risk of colorectal cancer, by intensity and lipophilicity.

Cases Controls
n =15,491 n = 60,000

Non-Adjusted OR *
(95% CI)

Fully-Adjusted
OR ' (95% CI)

Non-users

10,826 (69.9) 42,008 (70.0) Reference Reference

Intensity:

Any duration:

Low intensity
Moderate intensity
High intensity
Missing dose

747 (4.82) 2748 (4.58)

1714 (11.1)
285 (1.84)
586 (3.78)

6855 (11.4)
1103 (1.84)
2399 (4.00)

1.05 (0.97-1.15)
0.97 (0.92-1.03)
1.00 (0.88-1.14)
0.95 (0.86-1.04)

0.93 (0.85-1.01)
0.84 (0.79-0.90)
0.85 (0.74-0.98)
0.88 (0.80-0.97)
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Table 4. Cont.

Cases Controls Non-Adjusted Fully-Adjusted OR
n =15,491 n = 60,000 OR * (95% CI) T (95% CI)
Continuous duration:
Low intensity:
<1year 235 (1.52) 793 (1.32) 1.15 (0.99-1.33) 1.02 (0.88-1.18)
>1 year 512 (3.31) 1955 (3.26) 1.02 (0.92-1.12) 0.89 (0.81-0.99)
Moderate intensity:
<1 year 536 (3.46) 2083 (3.47) 1.00 (0.91-1.10) 0.87 (0.78-0.96)
>1 year 1178 (7.60) 4772 (7.95) 0.96 (0.89-1.02) 0.83 (0.77-0.89)
High intensity:
<1year 87 (0.56) 332 (0.55) 1.02 (0.80-1.29) 0.89 (0.70-1.14)
>1 year 198 (1.28) 771 (1.29) 1.00 (0.85-1.17) 0.83 (0.70-0.98)
Lipophilicity:
Any duration:
Lipophilic § 2947 (19.0) 11,503 (19.2) 0.99 (0.95-1.04) 0.88 (0.83-0.92)
Hydrophilic 1 385 (2.49) 1604 (2.67) 0.93 (0.83-1.04) 0.81 (0.72-0.91)
Continuous duration:
Lipophilic:
<1 year 933 (6.02) 3536 (5.89) 1.02 (0.95-1.10) 0.91 (0.84-0.98)
>1 year 2014 (13.0) 7965 (13.3) 0.98 (0.93-1.03) 0.86 (0.81-0.92)
Hydrophilic:
<1year 122 (0.79) 470 (0.78) 1.01 (0.82-1.23) 0.88 (0.72-1.08)
>1 year 263 (1.70) 1134 (1.89) 0.90 (0.78-1.03) 0.78 (0.68-0.90)

OR: odds ratio; CI: confidence interval. * Model adjusted only for matching variables (age, sex and calendar year).
The category of reference was “non-use of statins”. ¥ Model adjusted for: (1) Matching variables: age, sex and
calendar year, (2) Comorbidities and risk factors: number of visits in the last year, BMI, alcohol abuse, smoking,
chronic gastritis, reflux, inflammatory bowel disease, irritable bowel syndrome, constipation, anorectal pathology,
upper Gl disorders, lower GI bleeding, hyperuricemia and gout, and (3) Use of drugs: antihypertensives, low-dose
aspirin, non-aspirin antiplatelet drugs, oral anticoagulants, glucose-lowering drugs (oral and insulin), other lipid-
lowering drugs, anti-H2 acid suppressors, proton pump inhibitors, antidiarrheal drugs, drugs for constipation,
selective serotonin reuptake inhibitors and serotonin receptor antagonists with serotonin reuptake inhibition,
analgesic opioids, NSAIDs (non-selective and coxibs), SYSADOAs, calcium and vitamin D supplements, and
corticosteroids. ¥ Intensity according to American Heart Association [20]: low-intensity (simvastatin < 20 mg,
fluvastatin 2040 mg, lovastatin 20 mg, pitavastatin 1 mg, and pravastatin < 20 mg); moderate-intensity (sim-
vastatin 2040 mg, fluvastatin 40-80 mg, lovastatin 40 mg, pitavastatin 2—4 mg, pravastatin 40-80 mg, rosuvas-
tatin 5-10 mg, and atorvastatin 10-20 mg); high-intensity (atorvastatin 40-80 mg and rosuvastatin 20-40 mg).
§ Includes simvastatin, atorvastatin, pitavastatin, fluvastatin, lovastatin, and cerivastatin. T Includes rosuvastatin
and pravastatin.

Table 5. Interactions between current use of statins and current use of cardiovascular drugs or
nonsteroidal anti-inflammatory drugs (NSAIDs), and risk of colorectal cancer.

Cases Controls Non-Adjusted Fully-Adjusted
n =15,491 n = 60,000 OR * (95% CI) OR * (95% CI)
Antihypertensive drugs:
Non-users 10,453 (67.5) 40,572 (67.6) Ref. Ref.
Statins only 3121 (20.2) 12,273 (20.5) 0.99 (0.94-1.03) 0.87 (0.82-0.91)
Alpha blockers only 199 (1.28) 895 (1.49) 0.86 (0.74-1.01) 0.76 (0.65-0.89)
Statins + Alpha blockers 141 (0.91) 484 (0.81) 1.13 (0.94-1.37) 0.97 (0.80-1.18)
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Table 5. Cont.

Cases Controls Non-Adjusted Fully-Adjusted

n =15,491 n = 60,000 OR * (95% CI) OR 1 (95% CI)
Antihypertensive drugs:
Non-users 9834 (63.5) 38,316 (63.9) Ref. Ref.
Statins only 2399 (15.5) 9488 (15.8) 0.99 (0.94-1.04) 0.86 (0.81-0.91)
Beta blockers only 644 (4.16) 2263 (3.77) 1.11 (1.01-1.21) 0.94 (0.85-1.03)
Statins + Beta blockers 744 (4.80) 2901 (4.83) 0.99 (0.92-1.09) 0.84 (0.76-0.92)
Non-users 9765 (63.0) 38,146 (63.6) Ref. Ref.
Statins only 2589 (16.7) 10,252 (17.1) 0.99 (0.94-1.04) 0.86 (0.82-0.91)
ARBs only 647 (4.18) 2306 (3.84) 1.10 (1.00-1.20) 0.92 (0.84-1.01)
Statins + ARBs 484 (3.12) 1851 (3.08) 1.02 (0.92-1.13) 0.84 (0.76-0.94)
Non-users 8906 (57.5) 35,050 (58.4) Ref. Ref.
Statins only 2076 (13.4) 8449 (14.1) 0.97 (0.92-1.02) 0.84 (0.80-0.89)
ACEIs only 1033 (6.67) 3829 (6.38) 1.06 (0.99-1.15) 0.88 (0.81-0.95)
Statins + ACEIs 788 (5.09) 2917 (4.95) 1.05 (0.96-1.14) 0.83 (0.76-0.91)
Non-users 9566 (61.8) 37,225 (62.0) Ref. Ref.
Statins only 2424 (15.7) 9623 (16.0) 0.98 (0.93-1.03) 0.85 (0.81-0.90)
CCBs only 758 (4.89) 2916 (4.86) 1.01 (0.93-1.10) 0.89 (0.82-0.97)
Statins + CCBs 625 (4.03) 2440 (4.07) 1.00 (0.91-1.09) 0.84 (0.76-0.93)
Non-users 9570 (61.8) 37,309 (62.2) Ref. Ref.
Statins only 2529 (16.3) 10,081 (16.8) 0.98 (0.93-1.03) 0.85 (0.80-0.90)
Diuretics only 839 (5.42) 3201 (5.33) 1.02 (0.94-1.11) 0.88 (0.81-0.96)
Statins + diuretics 545 (3.52) 2269 (3.78) 0.94 (0.85-1.03) 0.78 (0.71-0.87)
Antiplatelet drugs:
Non-users 9626 (62.1) 37,319 (62.2) Ref. Ref.
Statins only 1970 (12.7) 7942 (13.2) 0.96 (0.91-1.02) 0.83 (0.78-0.88)
Low-dose aspirin only 712 (4.60) 2928 (4.88) 0.94 (0.86-1.03) 0.81 (0.74-0.88)
Statins + Low-dose aspirin 1064 (6.87) 4212 (7.02) 0.98 (0.91-1.05) 0.80 (0.74-0.87)
Non-users 10,671 (68.9) 41,465 (69.1) Ref. Ref.
Statins only 2971 (19.2) 11,701 (19.5) 0.99 (0.94-1.03) 0.87 (0.83-0.92)
Clopidogrel only 107 (0.69) 386 (0.64) 1.08 (0.87-1.34) 0.82 (0.66-1.03)
Statins + Clopidogrel 229 (1.48) 927 (1.54) 0.96 (0.83-1.11) 0.75 (0.65-0.88)
Other lipid-modifying agents:
Non-users 10,792 (69.7) 41,848 (69.8) Ref. Ref.
Statins only 3206 (20.7) 12,577 (21.0) 0.99 (0.94-1.03) 0.87 (0.82-0.91)
Other lipid-lowering drugs only § 21 (0.14) 90 (0.15) 0.90 (0.56-1.46) 0.70 (0.43-1.15)
Statins + Other lipid-lowering drugs 75 (0.48) 314 (0.52) 0.93 (0.72-1.19) 0.80 (0.62-1.04)
Non-users 10,612 (68.5) 41,143 (68.6) Ref. Ref.
Statins only 3154 (20.4) 12,383 (20.6) 0.99 (0.94-1.03) 0.87 (0.83-0.91)
Fibrates only 113 (0.73) 485 (0.81) 0.90 (0.74-1.11) 0.79 (0.64-0.98)
Statins + Fibrates 47 (0.30) 246 (0.41) 0.74 (0.54-1.01) 0.61 (0.44-0.84)
NSAIDs: 1
Non-users 4356 (28.1) 16,996 (28.3) Ref. Ref.
Statins only 1074 (6.93) 4227 (7.04) 0.99 (0.92-1.07) 0.82 (0.76-0.89)
NSAIDs only 1433 (9.25) 6567 (11.0) 0.85 (0.80-0.91) 0.66 (0.61-0.71)
Statins + NSAIDs 581 (3.75) 2632 (4.39) 0.86 (0.78-0.95) 0.65 (0.58-0.72)

NSAIDs: nonsteroidal anti-inflammatory drugs; OR: odds ratio; CI: confidence interval; ARB: angiotensin-II
receptor blockers; ACEI: angiotensin-converting enzyme inhibitors; CCB: calcium channel blockers. * Model
adjusted only for matching variables (age, sex, and calendar year). The category of reference was “non-use of both
drug classes”. t Model adjusted for: (1) Matching variables: age, sex and calendar year, (2) Comorbidities and risk
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First author (year,country) *

Case-control

Blais et al (2000, Canada)

Graaf et al (2004, Netherlands)
Graaf et al (2004, Netherlands)
Kaye et al (2004, United Kingdom)
Kaye et al (2004, United Kingdom)
Khurana et al (2004, United States)
Poynter et al (2005, Israel)

Rubin et al (2005, Denmark)

Rubin et al (2005, Denmark)
Coogan et al (2007, United States)1
Coogan et al (2007, United States)2
Hoffmeister et al (2007, Germany)
Vinogradova et al (2007, United Kingdom)
Boudreau et al (2008, United States)
Yang et al (2008, United Kingdom)
Hachem et al (2009, United States)
Shadman et al (2009, United States)
Robertson et al (2010, Denmark)

Tumour location, gender  Study size (CRC cases)

Colon, both sexes
Colon, both sexes
Rectum, both sexes

factors: number of visits in the last year, BMI, alcohol abuse, smoking, chronic gastritis, reflux, inflammatory
bowel disease, irritable bowel syndrome, constipation, anorectal pathology, upper GI disorders, lower GI bleeding,
hyperuricemia and gout, and (3) Use of drugs: antihypertensives, low-dose aspirin, non-aspirin antiplatelet
drugs, oral anticoagulants, glucose-lowering drugs (oral and insulin), other lipid-lowering drugs, anti-H2 acid
suppressors, proton pump inhibitors, antidiarrheal drugs, drugs for constipation, selective serotonin reuptake
inhibitors and serotonin receptor antagonists with serotonin reuptake inhibition, analgesic opioids, NSAIDs
(non-selective and coxibs), SYSADOAs, calcium and vitamin D supplements, and corticosteroids. ¥ Includes
hydrochlorothiazide in combination with ARBs or ACEIs. S Includes bile-acid sequestrants and ezetimibe.
T Includes COX-2 selective and non-selective NSAIDs.

3.5. Systematic Review and Meta-Analysis

The automated search retrieved a total of 341 articles, of which 47 met the inclusion
criteria (Figure S2) so finally 48 studies (47 plus the present study) were pooled. Their
main characteristics are shown in Tables S1 and 52. Individual ES (95% CI), weights (in
percentage) and pooled estimates (by study design and overall) are shown in Figure 3.
Pooled-ES (95% CI) across strata showed a moderate risk reduction in CRC associated
to statins use; among case-control studies ES was 0.90 (95% CI: 0.86-0.96), among cohort
studies ES was 0.88 (95% CI: 0.82-0.95), and overall ES was 0.90 (95% CI: 0.86-0.93).
All strata showed a high heterogeneity (I> > 80%). The funnel plot (Figure S3) showed
asymmetry suggesting a publication bias favouring a protective effect.

ES (95% Cl) % Weight

5962 (56) 0.83(0.37,1.89) 0.24
20,105 (292) .87 (0.48,1.57)  0.43
20,105 (148) 0.48 (0.16,1.48) 0.14

o
®
<

Colon, both sexes 18,088 (329) —— 1.00 (0.60,1.70)  0.53
Rectum, both sexes 18,088 (183) ——— 1.60 (0.90, 2.80) 0.46
Colon, both sexes 534,273 (5339) L 0.94 (0.89,1.00) 2.82
Colorectal, both sexes 3968 (1953) ——— . 0.53 (0.38,0.74) 1.04
Colorectal, both sexes 1536 (364) —_—— 0.74 (0.52,1.05) 0.97
Colorectal, both sexes 385,704 (18,076) (] 0.92(0.89,0.96) 2.91
Colorectal, both sexes 8813 (726) —_——— 0.80 (0.50, 1.20) 0.70
Colorectal, both sexes 3618 (1809) —— 0.92(0.78,1.09) 2.03
Colorectal, both sexes 1154 (540) —e— 0.69 (0.45,1.06) 0.73
Colorectal, both sexes 30,668 (5686) ——

Colorectal, both sexes 1330 (665) ————

Colorectal, both sexes 48,724 (4432) —

Colorectal, both sexes 30,400 (6080) L J

Colorectal, women 2044 (669) ——

Colorectal, both sexes 109,769 (9979) -

Cheng et al (2011, Taiwan) Colorectal, both sexes 5780 (1156) ——
Samadder et al (2011, Israel) Colorectal, both sexes 3842 (1882) ——— -
Vinogradova et al (2011, United Kingdom)  Colorectal, both sexes 60,373 (11,749) | -
Broughton et al (2012, United Kingdom) Colorectal, both sexes 233 (101) —— —
Lakha et al (2012, United Kingdom)a Colorectal, both sexes 603 (309) T |
Lakha et al (2012, United Kingdom)b Colorectal, both sexes 603 (309)
Deshpande et al (2013, United States) Colon, both sexes 73,472 (36,736) -
Bjorkhem-Bergman et al (2014, Sweden)  Colon, both sexes 126,858 (21,143) [ ]
Sehdev et al (2014, United States) Colorectal, both sexes 357,702 (32,616) (]
Mamtani et al (2016, United Kingdom)c Colorectal, both sexes 108,701 (904) =
Mamtani et al (2016, United Kingdom)d Colorectal, both sexes 108,701 (4936) L ]
Horibe et al (2017, Japan) Colorectal, both sexes 168 (70) .
Renman et al (2017, Sweden) Colorectal, both sexes 325 (107) ——
Ibafez-Sanz et al (2019, Spain) Colorectal, both sexes 154,928 (25,811) [ ]
Dickerman et al (2020, United Kingdom) Colorectal, both sexes 3,599,596 (3596) ——
Rodriguez-Miguel et al (2022, Spain) Colorectal, both sexes 5,310,198 (15,491) L ]
Subtotal (I-squared = 89.4%, p <0.001) <O

1
Cohort |
Friis et al (2005, Denmark) Colorectal, both sexes 334,754 (3006) 0.85(0.65,1.11) 1.35
Jacobs et al (2006, United States) Colorectal, both sexes 132,136 (815) ——— 1.03 (0.85,1.26) 1.80
Setoguchi et al (2007, United States) Colorectal, both sexes 31,723 (249) —— 0.96 (0.70,1.31) 1.12
Farwell et al (2008, United States) Colorectal, both sexes 62,842 (687) —— 0.65(0.55,0.78) 1.97
Friedman et al (2008, United States) Colon, men 2,097,474 (292)* - 0.88 (0.78,1.00) 2.37
Friedman et al (2008, United States) Rectum, men 2,097,474 (129)* —— 0.93(0.77,1.12) 1.87
Friedman et al (2008, United States) Colon, women 2,145,593 (243)* —— 0.97 (0.85,1.11) 2.29
Friedman et al (2008, United States) Rectum, women 2,145,593 (69)* e — 0.97 (0.76, 1.25) 1.46
Flick et al (2009, United States) Colorectal, men 69,115 (171) —— 0.89 (0.61,1.30) 0.87
Singh et al (2009, United States) Colorectal, both sexes 423,558 (6637) - 1.13(1.02,1.25) 254
Haukka et al (2010, Finland) Colon, both sexes 472,481 (2950) - 0.99(0.92,1.06) 275
Haukka et al (2010, Finland) Rectum, both sexes 472,481 (2066) --= 1.07 (0.98,1.17) 263
Jacobs et al (2011, United States)e Colorectal, both sexes 133,255 (259)" —— 0.93 (0.80, 1.07) 220
Jacobs et al (2011, United States)f Colorectal, both sexes 133,255 (270)" — 0.96 (0.82,1.12) 2.1
Lee et al (2011, United States) Colorectal, both sexes 131,922 (1680) —— 0.97 (0.84,1.12) 221
Clancy et al (2013, Italy) Colorectal, both sexes 266,109 (2420) - 0.84 (0.76,0.93) 2.54
Leung et al (2013, Taiwan) Colon, both sexes 34,205 (458) —— 1.11(0.77,1.60) 0.92
Leung et al (2013, Taiwan) Rectum, both sexes 34,205 (196) —————— 0.54 (0.27,1.12)  0.31
Ananthakrishnan et al (2016, United States) Colorectal, both sexes 11001 (317) —— - 0.42(0.28,0.62) 0.81
Liu et al (2016, Taiwan) Colon, both sexes 43,802 (946) —— 1 0.52(0.44,0.62) 1.99
Lee et al (2019, Korea)g Colorectal, both sexes 31,149 (617)* —— 1.10 (0.86, 1.40)  1.49
Lee et al (2019, Korea)h Colorectal, both sexes 31,149 (617)* ——— 0.60(0.45,0.80) 1.24
Erkinantti et al (2021, Finland) Colon, both sexes 306,317 (1349) —— 0.94 (0.84,1.05) 246
Han et al (2021, Korea) Colorectal, both sexes 131,266 (1552) —— 0.80 (0.67,0.95) 1.97
Yeh et al (2021, Taiwan) Colorectal, both sexes 20,072 (380) —_—— 0.73(0.59,0.89) 1.74
Zhang et al (2022, United States) Colorectal, both sexes 148,291 (2924) = 1.05(0.95, 1.16)  2.55
Subtotal (I-squared = 81.8%, p <0.001) é 088(082,,095) 47.59
Overall (I-squared = 86.9%, p <0.001) 6 0.90 (0.86, 0.93)  100.00

1

| I I
0.5 1.0 15
Statins reduce risk of CRC Statins increase risk of CRC

Figure 3. Forest plot. Results from individual studies and pooled estimates from random-effects model.
CRC: colorectal cancer; ES: effect size in the multiplicative scale from pooled odds ratios, relative risks,



J. Clin. Med. 2022, 11, 1528

13 of 17

incidence rate ratios and hazard ratios; CI: confidence interval.  ES for >2 dispensed statins
prescriptions at least 2 months pre-recruitment. Only reported the total number of CRC cases (not
disaggregated). P ES for >2 dispensed statins prescriptions at least 7 months pre-recruitment. Only
reported the total number of CRC cases (not disaggregated). © ES for short-term statin use (<1 year).
d ES for long-term statin use (>1 year). ¢ ES for <5 years of statin use. fES for >5 years of statin use.
& ES for low users (based on Medication Possession Ratio). Only reported the total number of CRC
cases (not disaggregated). ' ES for high users (based on Medication Possession Ratio). Only reported
the total number of CRC cases (not disaggregated). * Only reported the number of exposed CRC
cases. T See Supplementary Materials for references in the figure.

4. Discussion

Results from the case-control study support the hypothesis that the current use of
statins is associated with a moderate risk reduction (around 15%) of developing CRC when
the duration of treatment is longer than 180 days. Such reduced risk barely persisted up to
1-year upon discontinuation but not beyond. All of the individual statins examined showed
a trend of a reduced risk of variable magnitude without differences regarding lipophilicity,
while moderate and high intensity of treatment seems to present a greater effect. The
concomitant use of low-dose aspirin, other non-aspirin antiplatelet drugs (as clopidogrel),
NSAIDs, antihypertensive drugs, or other lipid-lowering drugs did not modify the main
effect of statins, with the exception of fibrates which showed an independent risk reduction
that may be additional to the one observed with statins when both of them are combined.
Finally, the synthesis of the epidemiological evidence also supports the hypothesis of a
moderate risk reduction (10%) of CRC associated to statins use.

Statins are competitive and reversible inhibitors of the HMG-CoA reductase, a key
enzyme for the synthesis of cholesterol in the liver. In the pathway from HMG-CoA to
cholesterol, numerous intermediate metabolites are generated, contributing to the prenyla-
tion of proteins Ras, Rho and Rap, which are involved in several cell signaling functions
related to cell growth, proliferation and migration, superoxide generation and oxidative
stress, or increased platelet activation [16,24], and some of them are closely concerned
with carcinogenesis [14,16,24]. Moreover, CRC cells overexpress HMG-CoA reductase
resulting in an increased biosynthesis of mevalonate, cholesterol, Ras and Rho, leading
to potential deleterious effects as a consequence [16,24]. In addition, some authors have
shown that the use of statins may lead to lower prevalence of gut microbiota dysbiosis
and favors the growth of species whose metabolites may exert anti-inflammatory effects as
Bifidobacterium [25-28].

Our study presents several features that have been poorly explored in the literature
that need to be discussed: first, our study was performed in a Mediterranean population,
characterized by different lifestyle factors and lower CV morbidity. A similar study per-
formed in the Spanish region of Catalonia was recently published [29] and authors found
no association between statins and CRC, although limited individual validation of the
exposure and cancer status, as the authors recognized, may have led to a misclassification
that could have distorted the risk estimates towards the null.

Second, the reduced risk of CRC associated with statins was time-dependent and
started 6-months after the initiation of treatment. Such an early effect was also observed in
previous studies with statins [30,31], but also with other drugs such as low-dose aspirin
or NSAIDs [32,33], yet it is a matter of controversy. In addition, we observed that the
association of statins with a reduced risk of CRC did not persist upon discontinuation
of treatment, suggesting a reversible effect, although additional studies are needed to
support this hypothesis. The reduced risk of CRC seems to vanish after 3-years of use,
which is an unexpected result. Nevertheless, other authors found a similar trend [34,35]
or even an increased long-term risk [36]. In our view, this could be partly explained by a
time-dependent lack of adherence to chronic treatments.

Third, we observed that the reduced risk of CRC associated with statins appeared
to be higher among subjects aged 70-years or younger, which may be consistent with the
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idea that younger statin users are more adherent to healthy habits [37,38] such as screening
colonoscopy, resulting in a lower risk of CRC [31], or it may truly mean that older subjects
have less potential to experience benefits.

Fourth, regarding individual statins, we observed a significant reduced risk of CRC
associated to current use of simvastatin, rosuvastatin and marginally to atorvastatin. Al-
though for the rest the statistical significance was not reached, all statins showed a trend
to a reduced risk, which can be interpreted as if there were a class effect. The protection
observed for rosuvastatin differs substantially from the one observed for the rest of statins.
Despite the fact that complex anti-tumor mechanisms have been specifically described
for rosuvastatin in in-vivo studies [39], the extent of those in the prevention of CRC is
unknown. Furthermore, since pleiotropic effects are a beneficial consequence of the inhi-
bition of HMG-CoA reductase, it would be pharmacologically plausible that the higher
the intensity of such inhibition the more enhanced pleiotropic effects [16]. On the other
hand, it has been hypothesized that lipophilic statins may have a greater chemoprotective
effect as they can cross cell membranes and exert pleiotropic effects in many tissues while
hydrophilic statins depend on specific membrane transporters [16]. However, our results
do not support this hypothesis.

Fifth, the association of statins with a reduced risk of CRC was observed even when
used alone or combined with other drugs for CVD prevention or NSAIDs. Interestingly,
our results suggest that the association of statins with fibrates has a greater effect than the
one separately observed with each drug, which is compatible with, at least, an additive
effect. Fibrates activate the peroxisome proliferator-activated receptors (PPAR) alpha,
which beyond its action in lipid homeostasis, have been described as playing a role in
the modulation of the inflammatory response and tumorigenesis [40]. In addition, it is
described that the biological actions deployed by NSAIDs are not exclusively mediated by
COX inhibition but also through the activation of PPARs, among others [40,41].

Some limitations should be mentioned. First, there remains a low probability of
misclassification of the outcome (<5%) [34] but likely non-differential with respect to the
exposure (the process of validation of CRC diagnoses was blinded to drug prescriptions),
which may have led to a minor underestimation of the chemoprotective effect. Second, we
only had access to electronic prescriptions, so non-adherent subjects could be misclassified;
although presumably non-differential with respect to the outcome, it would have resulted
in an underestimation of the main association. Moreover, the possibility of unmeasured
confounding factors or selection bias could not be ruled out from observational data.

Finally, the results from the synthesis of available evidence are consistent with those
observed in the present study towards a moderate reduced risk of CRC associated to
statins use, although pooled results were strongly weighed down by a high heterogeneity
across studies.

5. Conclusions

Results from the case-control study and meta-analysis support a moderate chemo-
protective effect of statins against CRC risk. All in all, the risk reduction seems to be
a class effect but heterogeneous across statins. The reduced risk was time-dependent
and apparently greater among people aged 70-years or younger, and with moderate and
high intensity treatments with statins. The reduced risk was observed when statins were
used alone of combined with low-dose aspirin and other CV drugs. The greater risk
reduction observed when statins were associated with fibrates is interesting and merits
further exploration.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm11061528/s1, Figure S1. Vascular risk factors, comorbidity
and comedication associated with current use of statins as compared to non-use, among controls.
Figure S2. Flow diagram for systematic review. Figure S3. Funnel plot. Table S1. Summary evidence
from studies included in review. Table S2. Reported subgroup analyses from studies included
in review.
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