
Citation: Florensa, D.; Mateo, J.;

Solsona, F.; Galván, L.; Mesas, M.;

Piñol, R.; Espinosa-Leal, L.; Godoy, P.

Acetylsalicylic Acid Effect in

Colorectal Cancer Taking into

Account the Role of Tobacco, Alcohol

and Excess Weight. Int. J. Environ.

Res. Public Health 2023, 20, 4104.

https://doi.org/10.3390/

ijerph20054104

Academic Editor: Paul B. Tchounwou

Received: 4 January 2023

Revised: 17 February 2023

Accepted: 22 February 2023

Published: 24 February 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Article

Acetylsalicylic Acid Effect in Colorectal Cancer Taking into
Account the Role of Tobacco, Alcohol and Excess Weight
Didac Florensa 1,2,* , Jordi Mateo 1 , Francesc Solsona 1 , Leonardo Galván 3, Miquel Mesas 4 ,
Ramon Piñol 5 , Leonardo Espinosa-Leal 6 and Pere Godoy 2,7,8

1 Department of Computer Engineering and Digital Design, University of Lleida, Jaume II 69,
25001 Lleida, Spain

2 Population Cancer Registry in Lleida, Santa Maria University Hospital, Av. Alcalde Rovira Roure 44,
25198 Lleida, Spain

3 Pharmacy Unit, Catalan Health Service, Av. Alcalde Rovira Roure 2, 25006 Lleida, Spain
4 SAP-Argos Department, Santa Maria University Hospital, Av. Alcalde Rovira Roure 44, 25198 Lleida, Spain
5 Catalan Health Service, Department of Health, Av. Alcalde Rovira Roure 2, 25006 Lleida, Spain
6 Graduate School and Research, Arcada University of Applied Science, Jan-Magnus Janssonin Aukio 1,

00550 Helsinki, Finland
7 Lleida Biomedical Research Institute, Av. Alcalde Rovira Roure 80, 25198 Lleida, Spain
8 CIBER Epidemiology and Public Health (CIBERESP), Health Institute Carlos III, 28029 Madrid, Spain
* Correspondence: didac.florensa@gencat.cat

Abstract: Excess weight, smoking and risky drinking are preventable risk factors for colorectal cancer
(CRC). However, several studies have reported a protective association between aspirin and the risk
of CRC. This article looks deeper into the relationships between risk factors and aspirin use with
the risk of developing CRC. We performed a retrospective cohort study of CRC risk factors and
aspirin use in persons aged >50 years in Lleida province. The participants were inhabitants with
some medication prescribed between 2007 and 2016 that were linked to the Population-Based Cancer
Registry to detect CRC diagnosed between 2012 and 2016. Risk factors and aspirin use were studied
using the adjusted HR (aHR) with 95% confidence intervals (CI) using a Cox proportional hazard
model. We included 154,715 inhabitants of Lleida (Spain) aged >50 years. Of patients with CRC,
62% were male (HR = 1.8; 95% CI: 1.6–2.2), 39.5% were overweight (HR = 2.8; 95% CI: 2.3–3.4) and
47.3% were obese (HR = 3.0; 95% CI: 2.6–3.6). Cox regression showed an association between aspirin
and CRC (aHR = 0.7; 95% CI: 0.6–0.8), confirming a protective effect against CRC and an association
between the risk of CRC and excess weight (aHR = 1.4; 95% CI: 1.2–1.7), smoking (aHR = 1.4; 95%
CI: 1.3–1.7) and risky drinking (aHR = 1.6; 95% CI: 1.2–2.0). Our results show that aspirin use
decreased the risk of CRC and corroborate the relationship between overweight, smoking and risky
drinking and the risk of CRC.

Keywords: colorectal cancer; aspirin use; excess weight; smoking; risky drinking

1. Introduction

Colorectal cancer (CRC) is the third leading cause of cancer death globally and the
second in Europe, and its incidence is steadily rising in developing nations [1], with nearly
520,000 new cases in Europe in 2020 [2], even though a large proportion of these case are
highly preventable [3]. A study in nine European countries found that approximately 20%
of CRC cases may be related to overweight, smoking and risky drinking [4]. In contrast,
studies have shown that long-term aspirin use may prevent CRC [5,6].

Shaukat et al. found a direct relationship between the body mass index (BMI) and
long-term CRC mortality and suggested that BMI modulation may reduce the risk of CRC
mortality [7]. A recent study has shown the role of obesity and overweight in early-onset
CRC, and concluded that obesity is a strong risk factor [8]. Ghazaleh Dashti et al. found an
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association between risky drinking and an increased risk of CRC [9]. Likewise, a study has
suggested an association between passive smoking and the risk of CRC [10].

Some studies have found a protective effect of aspirin against CRC [11] and various
studies have concluded that aspirin reduces the overall risk of CRC recurrence and mortality
and colorectal adenomas. Ma et al. recently found that aspirin, including low-dose aspirin,
reduced the risk of CRC [12]. A recent study by Zhang et al. on the effect of aspirin use
for 5 and 10 years found that the continuous use of aspirin increases the protective effect
on CRC [13]. A Danish study also found that the continuous use of low-dose aspirin was
associated with a reduced CRC risk [14]. Some studies have shown differing results on
the protective effect of aspirin due to the different designs used, the type of follow-up, the
recorded aspirin consumption and the size and type of population. Although the data
seem compelling, a limitation of these analyses is that they do not take into account risk
factors for CRC [15]. These previous studies investigated the association between the use
of aspirin and CRC, but they did not study the role played by risk factors such as tobacco
smoking, alcohol or excess weight. In this study, we explore how these factors, combined
with aspirin use, affect the risk of CRC in a particular society.

The objective of this study was to determine the protective effect of aspirin against
CRC, taking into account the effect of other risk factors (overweight/obesity, risky drinking
and smoking), in Lleida, a province in Catalonia, Spain, with a large rural population and
an agri-food industry that may present specific risk factors [16,17].

2. Materials and Methods
2.1. Study Population

We conducted a retrospective cohort study of aspirin use and risk factors to analyze the
impact of these factors on the risk of CRC. We carried out the study on 154,715 inhabitants
of Lleida aged >50 years at the start of the study period, with data available on aspirin use
from 1 January 2007 to 31 December 2016 in the Catalan Health Service (CatSalut) system.
The reason for selecting this period was to ensure that those CRC cases detected in 2012
had the opportunity to be exposed to aspirin for at least five years. This population was
linked to the Lleida Population-based Cancer Registry to detect CRC diagnosed between
2012 and 2016.

Data on aspirin use were obtained from the number of packages dispensed by pharma-
cies. Catalonia has a public health system in which medicines are dispensed in pharmacies
after presenting a doctor’s prescription. Drugs administered to hospitalized patients and
those prescribed by private providers are not registered in the CatSalut system, and there-
fore were not included in this study. The CRC cases in the sample were obtained from the
Lleida Population-Based Cancer Registry, and the demographic characteristics of partici-
pants, including age and sex, were obtained from the CatSalut system. Figure 1 shows a
flowchart of the study population. Initially, the pharmacy database registered 724,070 inhab-
itants with any prescription, although 346,365 were excluded because they did not reside
in the Lleida region. Another exclusion criterion was age. We only included inhabitants
aged >50 years at the start of the observed period (2007), resulting in 154,717 inhabitants.
We also excluded those inhabitants who did not register the risk factors correctly, although
the cases excluded were minimal.

As has been presented before, this study included different databases. To enable this
linkage, it was necessary to use a personal identification code called CIP. This code is
unique to each inhabitant who resides in Catalonia and permits us to identify them in the
Catalan Health Service and its registers (hospitals, pharmacies or primary care centers).

2.2. Data Collection

Data on CRC diagnoses were obtained from the Lleida Population-Based Cancer
Registry using five consecutive years of incidence data, from 2012 to 2016. This period
was chosen as the available years validated by the professionals of the register. Potential
CRC cases were validated by checking medical records. We used hospital and pathological
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anatomy records as the main information sources. Cancers were identified following
the rules defined by the International Association of Cancer Registries, the International
Association for Research on Cancer and the European Network of Cancer Registries.

Figure 1. Flowchart of subjects included for the analysis.

The risk factors included were risky drinking, smoking and body mass index. This
information was extracted using the eCAP software (V 20.4.3) used by primary care
physicians to record all patient information, which registers information from 2001. The
values of these variables at the time that this study started were obtained. Body mass
index (BMI) was calculated by the weight and height of the patient using the formula
BMI = weight(kg)/height(m)2 and categorized as follows: 18.5–24.9 normal weight,
25–29.9 overweight and >30 obesity [18]. The ICD-10 international criteria identified risky
drinking and smoking. The ICD-10 code for risky drinking is F10.2, and those for smoking
are F17 (mental and behavioral disorders due to tobacco use) and Z72 (tobacco use). Risky
drinking was defined as consumption of >40 g/day of alcohol in men and >24 g/day in
women [19]. The Spanish Health Ministry defined these grams per day with the supervision
of the WHO [20]. The software also states the date of smoking onset. Smokers were defined
as exposure for >5 years before the start of the study. The reason for using a period of five
years was due to a previous study that suggested that this period might increase the risk of
cancer [21]. Former smokers were considered smokers because the observed points in the
dataset were minimal, and adding this new category could have imbalanced the dataset.
General characteristics are represented in Table 1.

2.3. Exposure

Aspirin was categorized according to the Anatomical Therapeutic Chemical (ATC)
classification system as A01AD05 (acetylsalicylic acid) medication. The use of aspirin was
evaluated based on the defined daily dose (DDD) and the milligrams (mg) accumulated
dose consumed by each patient throughout the study period. The DDD is a technical unit
of measurement that corresponds to the daily maintenance dose of a drug for its main
indication in adults and a given route of administration. The DDDs of active ingredients
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are established by the WHO and published on the WHO Collaborating Center for Drug
Statistics Methodology website [22,23].

Table 1. General characteristics of the inhabitants included in this study.

Total Men Women

N % N % N %

Gender
Female 80,865 52.3 - - - -
Male 73,850 47.7 - - - -
Age

[50–59) 46,454 30.0 24,080 32.6 22,374 27.7
[60–69) 35,819 23.2 17,655 23.9 18,164 22.5
[70–79) 28,138 18.2 12,842 17.4 15,296 18.9
[80–89) 23,651 15.3 10,176 13.8 13,475 16.7

[90–) 20,653 13.3 9097 12.3 11,556 14.3
Aspirin
Non-use 138,157 88.1 66,695 90.3 71,462 88.4

Use 16,558 11.9 7155 9.7 9403 11.6
Body Mass Index

Normal weight 47,761 30.9 21,088 28.6 26,673 33.0
Overweight 51,022 33.0 27,005 36.6 24,017 29.7

Obesity 55,932 36.1 25,757 34.9 30,175 37.3
Risky drinking

No 151,323 97.8 71,997 97.5 79,326 98.1
Yes 3392 2.2 1853 2.5 1539 1.9

Smoking
No 140,749 90.9 62,995 85.3 77,754 96.2
Yes 13,966 9.1 10,855 14.7 3111 3.8

Exposure was determined from computerized pharmacy data and consisted of the
total DDD dispensed to an individual during the study period. For instance, if a person
consumed aspirin for a while, then stopped using it and later started again, the total DDD
consumed during the following period was considered. To be considered as exposed to
aspirin, the total number of years of consumption had to be ≥5 years. The number of years
was based on previous studies, which suggested this period as the minimum for aspirin to
have a protective effect [13,24]. To consider exposure to aspirin, the minimum consumed
daily was >75 mg [25,26]. The number of DDD calculated this value in mg.

2.4. Statistical Analysis

Descriptive analyses were performed to evaluate the association between characteris-
tics at baseline, exposure and outcomes. Patients’ characteristics, risk factors and aspirin
exposure were analyzed to determine the association with the risk of CRC. The incidence
rate of CRC was calculated to each factor over a specified period. A bivariate analysis
was initially used to estimate the crude hazard ratios for the association between aspirin
consumption and the risk of incident CRC.

A Cox proportional hazard model was used to determine the HR and the correspond-
ing 95% CI. The models were adjusted by sex, age, aspirin exposure, BMI, risky drinking
and smoking. Subsequently, stratified models were calculated by sex.

The probability values for the statistical tests were two-tailed, and a CI that did not
contain 1.0 was regarded as statistically significant. Results with wide CIs should be
interpreted cautiously. All statistical analyses were performed using R (R Core Team
2019), an open-source programming language and environment for statistical analysis and
graphic representation.
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3. Results

We analyzed 154,715 inhabitants of Lleida aged >50 years, of whom 1276 (0.8%) had
CRC between 2012 and 2016. The mean CRC incidence rate and the total cases by sex and
age group for the five study years are shown in Figure 2a,b.

Figure 2. (a) Total CRC cases by age groups and sex for 5 years. (b) Mean observed CRC incidence
by age groups and sex during one year.

The sociodemographic information and aspirin exposure in patients with CRC (Table 2)
were analyzed in the bivariate analysis.

We recorded 485 (0.8 × 1000) females and 791 (1.4 × 1000) males (HR = 1.9; 95% CI;
1.6–2.0) with CRC. Most patients were from the 60–69 years (HR = 1.8; 95% CI; 1.6–2.1) and
70–79 years age groups (HR = 2.0; 95% CI; 1.9–2.6). There were 1138 (1.2 × 1000) CRC cases
without aspirin consumption and 138 with aspirin consumption (1.0 × 1000) (HR = 0.9;
95% CI; 0.8–1.1). There were 504 (1.2 × 1000) cases with overweight (HR = 2.5; 95% CI;
2.2–3.1) and 603 (1.3 × 1000) with obesity (HR = 2.7; 95% CI; 2.3–3.3), and there were 56
(2.2 × 1000) cases with risky drinking (HR = 2.1; 95% CI; 1.6–2.7), while 220 (2.0 × 1000)
were smokers (HR = 2.0; 95% CI; 1.8–2.4).

Cox regression showed variations in the outcomes (Table 3). Sex, age and aspirin
exposure were significantly associated with CRC. The adjusted HR (aHR) for males was 1.8
(95% CI: 1.6–2.1) and 1.8 (95% CI: 1.6–2.1) in the 60–69 years age group, 2.3 (95% CI: 1.9–2.7)
in the 70–79 years age, 2.2 (95% CI: 1.8–2.6) in the 80–89 years age group and 0.2 (95%
CI: 0.1–0.3) in the 90 years age group. Aspirin consumption had an aHR of 0.7 (95%
CI: 0.6–0.8). The BMI also was significant. Overweight had an aHR of 1.4 (95% CI: 1.2–1.7)
and obesity of 1.5 (95% CI: 1.3–1.8). Risky drinking had a significant aHR of 1.6 (95%
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CI: 1.2–2.0) and smoking an aHR of 1.4 (95% CI: 1.3–1.7). Figure 3 represents the adjusted
hazard ratios graphically.

Table 2. Bivariate analysis with the observed years and CRC patients.

Total
n % (n/p-y)

Crude
HR 1 95% CIPerson-Year

(p-y) %

Gender
Female 639,455 53.1 485 0.8 1.0 Ref. group
Male 563,716 46.9 791 1.4 1.9 1.6–2.1
Age

(50–59) 393,275 32.7 303 0.8 1.0 Ref. group
(60–69) 297,538 24.7 426 1.4 1.8 1.6–2.1
(70–79) 215,272 17.9 349 1.6 2.0 1.9–2.6
(80–89) 147,817 12.3 184 1.2 1.6 1.3–1.9

(90–) 149,269 12.4 14 0.1 0.1 0.1–0.2
Aspirin
Non-use 1,068,470 88.8 1138 1.2 1.0 Ref. group

Use 134,701 11.2 138 1.0 0.9 0.8–1.1
Body mass index
Normal weight 350.994 29.2 169 0.5 1.0 Ref. Group

Overweight 404.905 33.7 504 1.2 2.5 2.2–3.1
Obesity 447,272 37.2 603 1.3 2.7 2.3–3.3

Risky drinking
No 1,177,736 97.9 1220 1.0 1.0 Ref. Group
Yes 25,435 2.1 56 2.2 2.1 1.6–2.7

Smoking
No 1,094,891 91.0 1056 1.0 1.0 Ref. Group
Yes 108,280 9.0 220 2.0 2.0 1.8–2.4

1 Hazard ratio.

Table 3. Multivariate analysis—Cox regression.

Adjusted Hazard Ratio
(aHR); 95% CI 1 p-Value

Female - Ref. Group
Male 1.8 (1.6–2.1) <0.001

(50–59) - Ref. Group
(60–69) 1.8 (1.6–2.1) <0.001
(70–79) 2.3 (1.9–2.7) <0.001
(80–89) 2.2 (1.8–2.6) 0.007

(90-) 0.2 (0.1–0.3) <0.001
Aspirin use 0.7 (0.6–0.8) 0.006

Normal weight - Ref. Group
Overweight 1.4 (1.2–1.7) <0.001

Obesity 1.5 (1.3–1.8) <0.001
Risky drinking 1.6 (1.2–2.0) 0.006

Smoking 1.4 (1.3–1.7) <0.001
1 Confidence interval.

HRs were adjusted by gender, age, aspirin use, BMI, risky drinking and smoking.
Table 4 shows the results of the Cox regression stratified by sex. In the case of males,

the results were similar to the general table. In this model, aspirin exposure remained
significant (aHR: 0.7; 95% CI: 0.6–0.8), as did the BMI, risky drinking and smoking. In
females, aspirin use remained significant (aHR: 0.6; 95% CI: 0.4–0.8), but, of the risk factors,
only obesity remained significant (aHR: 1.4; 95% CI: 1.2–1.9). Figure 4 represents the
adjusted hazard ratios graphically.
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Figure 3. Hazard ratios by Cox regression adjusted for gender, age, aspirin use, BMI, risky drinking
and tobacco smoking.

Table 4. Adjusted Cox regression model stratified by men and women.

Men Women

Adjusted
Hazard Ratio

(aHR); 95% CI 1
p-Value

Adjusted
Hazard Ratio

(aHR); 95% CI 1
p-Value

(50–59) - Ref. Group - Ref. Group 2

(60–69) 1.9 (1.7–2.3) <0.001 1.7 (1.3–2.2) <0.001
(70–79) 2.3 (1.9–2.8) <0.001 2.3 (1.7–2.9) <0.001
(80–89) 2.1 (1.6–2.7) <0.001 2.2 (1.7–3.0) <0.001

(90–) 0.2 (0.1–0.4) <0.001 0.2 (0.1–0.5) <0.001
Aspirin use 0.7 (0.6–0.9) 0.005 0.6 (0.4–0.8) 0.005

Normal weight - Ref. Group 2 - Ref. Group 2

Overweight 1.5 (1.2–2.0) <0.001 1.2 (0.9–1.6) 0.1
Obesity 1.6 (1.3–2.1) <0.001 1.4 (1.2–1.9) 0.004

Risky drinking 1.6 (1.2–2.1) 0.001 1.2 (0.4–3.7) 0.7
Smoking 1.5 (1.3–1.7) <0.001 1.4 (0.9–2.2) 0.1

1 Confidence interval. 2 Reference group.

Figure 4. Hazard ratios by Cox regression stratified by males and females. Adjusted for age, aspirin
use, BMI, risky drinking and tobacco smoking.
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HRs were adjusted by age, aspirin use, BMI, risky drinking and smoking.

4. Discussion

Our results confirm the negative association between aspirin consumption and CRC
independently of the other risk factors measured. Males may be at a higher risk of CRC
than females but aspirin may be slightly more protective in females.

Reports support a delayed effect of aspirin on CRC [27]. A meta-analysis by Rothwell
et al. examined the long-term effects of aspirin on CRC outcomes using trials of aspirin [28].
Studies on the impact of aspirin in CRC prevention have been published [6,29], although
the effects of risk factors and aspirin use together have not yet been analyzed. Therefore,
our findings corroborate the research in the field highlighting the protective effect of aspirin
and go beyond comparing this positive effect with the negative effects caused by several
risk factors.

Several recent studies have suggested an association between aspirin use and some
specific cancers. Ciu et al. concluded that high-dose aspirin reduced the risk of pancreatic
cancer [30]. Jacobo et al. analyzed studies on the relationship between aspirin and breast
cancer [31] and concluded that aspirin consumption reduced the relative risk of breast
cancer. Sieros et al. suggested that aspirin reduced the risk of esophageal cancer [32].

We found significant differences according to sex, suggesting that men have a higher
risk of developing CRC. It has been reported that men have higher cumulative levels of
smoking than women and a higher alcohol intake, which may explain the higher risk [33].

People aged between 60 and 80 years had a higher risk of CRC and the 80–89 years and
90–99 years age groups had a lower risk [34,35]. Older adults may have a differential mech-
anism compared with younger people. For example, aging is associated with alterations
in DNA methylation, which may affect the susceptibility to cancer. The gut microbiota of
older people differs from that of younger adults, which may influence drug metabolism and
inflammatory processes. Genetics, underreporting and age-related physiological effects
could explain the reduced risk [36].

We found some differences with respect to risk factors, such as overweight/obesity,
risky drinking and smoking. Overweight represented 39.5% of total CRC cases and obe-
sity 47.3%. Therefore, approximately 85% of patients with CRC presented excess weight,
suggesting exposure to a poor diet. These results corroborated previous studies [37–40].
Excess weight is one of the most important risk factors for CRC. Individuals with a higher
BMI have higher levels of chronic inflammation, and obesity may act through the gut
microbiome on colorectal tumorigenesis and also promotes colorectal cancer in mice. There
were notable differences in risky drinking. Patients with risky drinking had a higher
risk of CRC (HR = 2.2). Meta-analyses of case–control and cohort studies suggest that
high alcohol consumption might be associated with an increased risk of colorectal can-
cer. The epidemiological evidence has been complemented by molecular evidence on the
mechanisms that could explain this association [17,41]. Similar results were obtained for
smoking (HR = 2.0). The crude HR obtained also indicated this association between smok-
ing and CRC [42]. Smoking was more closely associated with colorectal tumors that arose
from non-conventional pathways, such as the serrated polyps pathway, and smoking was
significantly associated with the risk of advanced serrated polyps in a screening population.

The Cox regression included all the remaining model variables, such as risk factors and
aspirin exposure for CRC. Sociodemographic variables such as gender and age confirmed
the correlation with CRC. Males were 1.8 times more at risk than females. This may be
related to men having excess body weight and higher exposure to alcohol and smoking
than women [43]. Regarding the age groups, the results confirmed that the 70–79 years age
group had the highest risk, which was 2.3 times greater than the 50–59 years (ref. group)
and the 69–69 years and 80–89 years age groups. Other studies found similar outcomes on
the incidence and association related to CRC [44,45].

The use of aspirin for ≥5 years was significant in the Cox regression. The analysis
suggested that aspirin decreased the risk of CRC. The HR was 0.7 (95% CI: 0.6–0.8), meaning
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that it reduced the risk of CRC by 30% [46,47]. Studies have found reductions of 20–30% [46]
and 27% [47] in the risk for CRC. The risk factors were correlated with an increased risk
of CRC. Overweight and obesity were significantly associated with a CRC risk 1.4 and
1.5 times higher, respectively. Obesity had a higher risk, although the HR was similar [48].
Risky drinking and smoking also had a significant HR. Risky drinking had a 1.6 times higher
risk and smoking a 1.4 times higher risk. Other studies also found these associations [49,50],
with a 1.3 and 1.2 times higher risk for risky drinking, respectively, and a 1.2 higher risk for
smoking [50].

The Cox regression stratified by sex also obtained significant results. Men and women
had similar outcomes according to age. The trends were the same as the non-stratified
regression. The risk of CRC was higher in people aged 60–89 years in both sexes. The
use of aspirin also maintained the association with a reduced CRC risk. Specifically, in
females, aspirin could prevent CRC, in the best case, by up to 40%. A similar percentage
was obtained by Cook et al. [51] in a randomized controlled trial, which showed 42%
aspirin protection against CRC risk among women. These results corroborated the fact
that aspirin reduces the risk of CRC in both sexes [52]. However, the results related to
risk factors were significant in males. Overweight and obesity were associated with a 1.5
and 1.6 times higher risk of CRC, respectively [53]. Risky drinking and smoking were also
correlated with the CRC risk. The differences between males and females may be that males
more often have a poor diet and drink and smoke more than females [54]. In females, only
obesity was significantly associated with an increased risk of CRC. Moreover, as a previous
study concluded [55], only excess weight among men was significantly associated with
increased CRC risk. In addition, the authors suggested that this risk might be reversed in
obese men taking aspirin. Similarly, in our study, in the analysis stratified by normal weight
and overweight/obesity, aspirin was protective against CRC in both groups, but it was
only statistically significant in overweight/obese patients (Supplementary Table S1) [55].
The remaining risk factors were not related to CRC, although the HR was >1 in all of them.
Individual susceptibility and the type of exposure may explain these results. Men probably
have a different pattern of consumption than women and are more intensely exposed to
alcohol and smoking. In addition, it seems that without the effect of aspirin, these factors
are related to CRC (Supplementary Table S2).

The preventive effect of aspirin has been attributed to the inhibition of cyclooxygenase
(COX), the enzyme responsible for the synthesis of prostaglandins [56,57]. COX-2 is abnor-
mally expressed in many cancer cell lines and is involved in the processes of carcinogenesis,
angiogenesis and tumor growth. Additional mechanisms of aspirin include the induction
of apoptosis through COX-independent pathways. Future research should also study the
role of aspirin metabolites and the role of the intestinal microbiota in cancer prevention
against CRC.

Long-term aspirin is prescribed for patients with a high cardiovascular risk of non-
focal continuous pain due to arthritis, and the results of this study may support this
indication [58,59].

The study has some limitations. Firstly, some patients could buy aspirin directly
in pharmacies without a doctor’s prescription, and this consumption is underreported.
Second, some patients may not take the medication, even if they have purchased it at
the pharmacy, and, in this case, aspirin use will be overreported. Third, although the
Population-Based Cancer Registry is exhaustive, it cannot be ruled out that some cases
were diagnosed in hospitals in other territories and some cases have not been correctly
registered. We were unable to study the dose–response relationship between low-dose
aspirin and CRC because more than 90% of aspirin use in this study was at a dose of
100 mg/day, which did not allow us to assess the highest related dose effect. Another
limitation is the lack of specification of the types of CRC, such as familial polyposis or
familiar cancer genetics, as a possible bias. This information was not taken into account in
the register. A limitation that must be considered concerns the CRC cases diagnosed before
2012. These cases were not included because the Cancer Registry started registering cases in
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2012. However, CRC cases prior to 2012 would not have had the opportunity to be exposed
to risk factors or aspirin for a period of 5 or more years and would not have been recorded
as incident cases in this study. Despite this, CRC is a type of cancer that can present another
primary cancer a few years later; therefore, some CRC cases may be included. moreover,
related to the risk factors, some bias was present due to under-reporting, although the
percentage of our cases was similar to the prevalence observed in Catalonia. Finally, the
impact of these excluded cases was minimal because they were younger than 50, where
cancer may be unrelated to risk factors, or they were cases from other regions, and few
patients had to be excluded due to a lack of information on risk factors.

The study’s strengths included the fact that data are presented on risk factors, such as
excess weight, smoking and risky drinking. The study was performed with information
from clinical practice, with physicians unaware of the study objectives, which avoided
investigator bias.

5. Conclusions

This retrospective study found an association between aspirin use for ≥5 years and a
reduced risk of CRC. The protective effect due to aspirin was higher in women. The results
also showed an association between the risk of CRC and risk factors such as overweight,
obesity, smoking and risky drinking, specifically in men. Moreover, the risk of CRC in
women was significantly associated with obesity. The 70–79 and 80–89 age groups had a
higher risk of CRC in men and women. Therefore, despite some limitations, such as the
lack of information on food or dietary factors or some bias in the aspirin prescriptions, the
results are according to the recently published literature.

In general, these results reinforce the need for public health messaging about the
harmful effects of smoking, alcohol use and excess weight, and the use of aspirin to prevent
CRC under prescription. They also encourage continued research into CRC to find new
factors or interactions among them associated with this cancer. They also may help the
health system to focus on preventing them and recommend the continuous use of aspirin
under medical supervision.

Supplementary Materials: The following supporting information can be downloaded at: https:
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weight (obesity-overweight) and normal-weight; Table S2: Cox regression stratified by aspirin and
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Rev. Przegląd Gastroenterol. 2019, 14, 89–103. [CrossRef]
2. Ferlay, J.; Ervik, M.; Lam, F.; Colombet, M.; Mery, L.; Piñeros, M.; Znaor, A.; Soerjomataram, I. Global Cancer Observatory: Cancer

Today; International Agency for Research on Cancer: Lyon, France, 2020. Available online: https://gco.iarc.fr/today (accessed on
15 February 2023).

3. Cardoso, R.; Guo, F.; Heisser, T.; Hackl, M.; Ihle, P.; De Schutter, H.; Van Damme, N.; Valerianova, Z.; Atanasov, T.; Májek, O.; et al.
Colorectal cancer incidence, mortality, and stage distribution in European countries in the colorectal cancer screening era: An
international population-based study. Lancet Oncol. 2021, 22, 1002–1013. [CrossRef]

4. Aleksandrova, K.; Pischon, T.; Jenab, M.; Bueno-de-Mesquita, H.B.; Fedirko, V.; Norat, T.; Romaguera, D.; Knüppel, S.; Boutron-
Ruault, M.C.; Dossus, L.; et al. Combined impact of healthy lifestyle factors on colorectal cancer: A large European cohort study.
BMC Med. 2014, 12, 168. [CrossRef] [PubMed]

5. Burn, J.; Sheth, H.; Elliott, F.; Reed, L.; Macrae, F.; Mecklin, J.-P.; Möslein, G.; McRonald, F.E.; Bertario, L.; Evans, D.G.; et al.
Cancer prevention with aspirin in hereditary colorectal cancer (Lynch syndrome), 10-year follow-up and registry-based 20-year
data in the CAPP2 study: A double-blind, randomised, placebo-controlled trial. Lancet 2020, 395, 1855–1863. [CrossRef] [PubMed]

6. Serrano, D.; Patrignani, P.; Stigliano, V.; Turchetti, D.; Sciallero, S.; Roviello, F.; D’Arpino, A.; Grattagliano, I.; Testa, S.;
Oliani, C.; et al. Aspirin Colorectal Cancer Prevention in Lynch Syndrome: Recommendations in the Era of Precision Medicine.
Genes 2022, 13, 460. [CrossRef] [PubMed]

7. Shaukat, A.; Dostal, A.; Menk, J.; Church, T.R. BMI Is a Risk Factor for Colorectal Cancer Mortality. Dig. Dis. Sci. 2017, 62,
2511–2517. [CrossRef] [PubMed]

8. Li, H.; Boakye, D.; Chen, X.; Hoffmeister, M.; Brenner, H. Association of Body Mass Index With Risk of Early-Onset Colorectal
Cancer: Systematic Review and Meta-Analysis. Am. J. Gastroenterol. 2021, 116, 2173–2183. [CrossRef] [PubMed]

9. Dashti, S.G.; Buchanan, D.D.; Jayasekara, H.; Ouakrim, D.A.; Clendenning, M.; Rosty, C.; Winship, I.M.; MacRae, F.A.; Giles,
G.G.; Parry, S.; et al. Alcohol consumption and the risk of colorectal cancer for mismatch repair gene mutation carriers. Cancer
Epidemiol. Biomarkers Prev. 2017, 26, 366–375. [CrossRef] [PubMed]

10. Yang, C.; Wang, X.; Huang, C.H.; Yuan, W.J.; Chen, Z.H. Passive Smoking and Risk of Colorectal Cancer: A Meta-analysis of
Observational Studies. Asia Pac. J. Public Health 2016, 28, 394–403. [CrossRef] [PubMed]

11. Coyle, C.; Cafferty, F.H.; Langley, R.E. Aspirin and Colorectal Cancer Prevention and Treatment: Is It for Everyone? Curr. Colorectal
Cancer Rep. 2016, 12, 27–34. [CrossRef]

12. Ma, S.; Han, T.; Sun, C.; Cheng, C.; Zhang, H.; Qu, G.; Bhan, C.; Yang, H.; Guo, Z.; Yan, Y.; et al. Does aspirin reduce the incidence,
recurrence, and mortality of colorectal cancer? A meta-analysis of randomized clinical trials. Int. J. Colorectal Dis. 2021, 36,
1653–1666. [CrossRef]

13. Guo, C.G.; Ma, W.; Drew, D.A.; Cao, Y.; Nguyen, L.H.; Joshi, A.D.; Ng, K.; Ogino, S.; Meyerhardt, J.A.; Song, M.; et al. Aspirin Use
and Risk of Colorectal Cancer Among Older Adults. JAMA Oncol. 2021, 7, 428–435. [CrossRef]

14. Friis, S.; Riis, A.H.; Erichsen, R.; Baron, J.A.; Sørensen, H.T. Low-Dose Aspirin or Nonsteroidal Anti-inflammatory Drug Use and
Colorectal Cancer Risk. Ann. Intern. Med. 2015, 163, 347–355. [CrossRef] [PubMed]

15. Cho, M.H.; Yoo, T.G.; Jeong, S.M.; Shin, D.W. Association of Aspirin, Metformin, and Statin use with gastric cancer incidence and
mortality: A nationwide cohort study. Cancer Prev. Res. 2021, 14, 95–104. [CrossRef] [PubMed]

16. Henley, S.J.; Anderson, R.N.; Thomas, C.C.; Massetti, G.M.; Peaker, B.; Richardson, L.C. Invasive cancer incidence, 2004–2013,
and deaths, 2006–2015, in nonmetropolitan and metropolitan counties—United States. MMWR Surveill. Summ. 2017, 661, 1–13.
[CrossRef] [PubMed]

17. Florensa, D.; Godoy, P.; Mateo, J.; Solsona, F.; Pedrol, T.; Mesas, M.; Pinol, R. The Use of Multiple Correspondence Analysis to
Explore Associations between Categories of Qualitative Variables and Cancer Incidence. IEEE J. Biomed. Health Inform. 2021, 25,
3659–3667. [CrossRef] [PubMed]

18. WHO|World Health Organization. Available online: https://www.who.int/en (accessed on 18 January 2023).
19. Sierosławski, J.; Foster, J.; Moskalewicz, J. Survey of European drinking surveys. Alcohol survey experiences of 22 European

countries. Drugs Educ. Prev. Policy 2013, 20, 383–398. [CrossRef]
20. Low Risk Alcohol Consumption Thresholds. Update on the Risks Related to Alcohol Consumption Levels, Consumption Patterns

and Type of Alcoholic Beverages. Available online: https://www.sanidad.gob.es/profesionales/saludPublica/prevPromocion/
Prevencion/alcohol/docs/Low_Risk_Alcohol_Consumption_Thresholds_Part1.pdf (accessed on 20 January 2023).

21. Kenfield, S.A.; Stampfer, M.J.; Rosner, B.A.; Colditz, G.A. Smoking and smoking cessation in relation to mortality in women.
JAMA 2008, 299, 2037–2047. [CrossRef]

22. WHOCC—ATC/DDD Index. Available online: https://www.whocc.no/atc_ddd_index/ (accessed on 22 December 2022).

http://doi.org/10.5114/pg.2018.81072
https://gco.iarc.fr/today
http://doi.org/10.1016/S1470-2045(21)00199-6
http://doi.org/10.1186/s12916-014-0168-4
http://www.ncbi.nlm.nih.gov/pubmed/25319089
http://doi.org/10.1016/S0140-6736(20)30366-4
http://www.ncbi.nlm.nih.gov/pubmed/32534647
http://doi.org/10.3390/genes13030460
http://www.ncbi.nlm.nih.gov/pubmed/35328014
http://doi.org/10.1007/s10620-017-4682-z
http://www.ncbi.nlm.nih.gov/pubmed/28733869
http://doi.org/10.14309/ajg.0000000000001393
http://www.ncbi.nlm.nih.gov/pubmed/34309586
http://doi.org/10.1158/1055-9965.EPI-16-0496
http://www.ncbi.nlm.nih.gov/pubmed/27811119
http://doi.org/10.1177/1010539516650724
http://www.ncbi.nlm.nih.gov/pubmed/27217428
http://doi.org/10.1007/s11888-016-0306-9
http://doi.org/10.1007/s00384-021-03889-8
http://doi.org/10.1001/jamaoncol.2020.7338
http://doi.org/10.7326/M15-0039
http://www.ncbi.nlm.nih.gov/pubmed/26302241
http://doi.org/10.1158/1940-6207.CAPR-20-0123
http://www.ncbi.nlm.nih.gov/pubmed/32938643
http://doi.org/10.15585/mmwr.ss6614a1
http://www.ncbi.nlm.nih.gov/pubmed/28683054
http://doi.org/10.1109/JBHI.2021.3073605
http://www.ncbi.nlm.nih.gov/pubmed/33857006
https://www.who.int/en
http://doi.org/10.3109/09687637.2013.797381
https://www.sanidad.gob.es/profesionales/saludPublica/prevPromocion/Prevencion/alcohol/docs/Low_Risk_Alcohol_Consumption_Thresholds_Part1.pdf
https://www.sanidad.gob.es/profesionales/saludPublica/prevPromocion/Prevencion/alcohol/docs/Low_Risk_Alcohol_Consumption_Thresholds_Part1.pdf
http://doi.org/10.1001/jama.299.17.2037
https://www.whocc.no/atc_ddd_index/


Int. J. Environ. Res. Public Health 2023, 20, 4104 12 of 13

23. Torres-Bondia, F.; Dakterzada, F.; Galván, L.; Buti, M.; Besanson, G.; Gill, E.; Buil, R.; de Batlle, J.; Piñol-Ripoll, G. Proton pump
inhibitors and the risk of Alzheimer’s disease and non-Alzheimer’s dementias. Sci. Rep. 2020, 10, 21046. [CrossRef]

24. Chan, A.T.; Giovannucci, E.L.; Meyerhardt, J.A.; Schernhammer, E.S.; Wu, K.; Fuchs, C.S. Aspirin Dose and Duration of Use and
Risk of Colorectal Cancer in Men. Gastroenterology 2008, 134, 21–28. [CrossRef]

25. Hwang, I.C.; Chang, J.; Kim, K.; Park, S.M. Aspirin Use and Risk of Hepatocellular Carcinoma in a National Cohort Study of
Korean Adults. Sci. Rep. 2018, 8, 4968. [CrossRef] [PubMed]

26. Thun, M.J.; Jacobs, E.J.; Patrono, C. The role of aspirin in cancer prevention. Nat. Rev. Clin. Oncol. 2012, 9, 259–267. [CrossRef]
[PubMed]

27. Rothwell, P.M.; Wilson, M.; Elwin, C.E.; Norrving, B.; Algra, A.; Warlow, C.P.; Meade, T.W. Long-term effect of aspirin on
colorectal cancer incidence and mortality: 20-year follow-up of five randomised trials. Lancet 2010, 376, 1741–1750. [CrossRef]
[PubMed]

28. Rothwell, P.M.; Fowkes, F.G.R.; Belch, J.F.; Ogawa, H.; Warlow, C.P.; Meade, T.W. Effect of daily aspirin on long-term risk of death
due to cancer: Analysis of individual patient data from randomised trials. Lancet 2011, 377, 31–41. [CrossRef]
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