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Aim: to present current research data on the epidemiology and carcinogenesis of colorectal cancer.

Key points. Colorectal cancer (CRC) ranks third in the incidence of malignant tumors in most countries of the world,
including Russia. At the same time, the incidence rate continues to grow both globally and in Russia, where CRC
accounts for 12.2 % of the total oncological incidence. It is possible to stop the growth and achieve a significant re-
duction in the incidence of CRC only by identifying proven causes and risk factors for CRC and introducing effective
measures for its prevention into the healthcare system. The review includes three sections of research: 1) CRC prev-
alence in populations and the dynamics of CRC incidence; 2) causes and modifiable and non-modifiable risk factors
of CRC; 3) mechanisms of CRC carcinogenesis. The majority of CRC cases, 90 to 95 %, are sporadic and largely due
to a combination of modifiable environmental and lifestyle risk factors, such as certain dietary characteristics, gut
microbiota, body weight, physical activity, alcohol consumption, tobacco use, precancerous diseases of the colon
and rectum, and the level of knowledge about the causes of CRC and measures to prevent them. It is estimated that
approximately 30 % of CRC cases are due to varying degrees of genetic predisposition or non-modifiable risk fac-
tors, but only 5 % of all CRC cases develop in the context of known genetic syndromes that are caused by a specific
germline mutation.

Conclusion. The information presented in the review on proven modifiable and non-modifiable risk factors for CRC
and the mechanisms of their participation in CRC carcinogenesis will contribute to the development of effective
methods for the prevention of CRC and their implementation in practical health care.
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dakTopbl pUCKa 1 KaHL,eporeHe3 KOJIOPEeKTaJIbHOro paka

B.®. NleBwiviH
DIrbY «HavmoHanbHbIv MeAULIMHCKNIA MCCNEeA0BATENbCKUI LLEHTP OHKOI0ruy uM. H.H. BrioxuHa» MyuHUCTEPCTBA 34paBOOXPAHEHUS
Poccurickori Penepaumm, MockBa, Poccurickas Penepadms

Llenb: NnpencTaBuTh AaHHbIE O HakTOpax PUCKa U NX y4aCTUM B KAHLLEPOreHe3€e KOMOPEKTANbHOro paka.
OcHoBHble nosioxeHud. KonopekrtanbHbili pak (KPP) 3aHMMaeT TpeTbe MecTO B CTPykType 3ab0sieBaeMoCcTu
3/10Ka4eCTBEHHbLIMU OMyX0JiiMM B BOJLLUMHCTBE CTpaH Mmpa, Bkodas Poccuto. Mpu aTom 3ab6osieBaemMocTb Npo-
[OMmKaeT pactu u B mupe, 1 B Poccun, roe KPP coctaBnseT 12,2 % B 00LLEe OHKOJIOrMYECKO 3a001eBAaEMOCTMU.
OcCTaHOBUTb POCT U JOOUTHLCS CYLLLECTBEHHOrO CHUXeHus 3abonesaemocty KPP BO3MOXHO TOJIbKO Ha OCHOBE
onpeaeneHns AokasaHHbIX NpuynH 1 daktopos pucka KPP v BHegpeHus B cCUCTEMY 34paBOOXPaHEHUS 3P deKTMB-
HbIX Mep ero npodunakTuku. O630p BKIIKOYAET TPU pasaesa uccnenoBaHunin: pacnpoctpaHeHne KPP B nonynsaumsx
1 AMHaMuKa rnokasaTtenei 3a60neBaemMoCT; NPUYMHBI U MoandULMpyeMble N HeMoanduuMpyemblie dhakTopbl pu-
cka KPP; mexaHuambl kaHueporeHeda KPP. BonbuivHcTBo cnyydaeB KPP (90-95 %) HocuT cnopaamnyeckunii xapakrep
1 B 3HAYNTENIbHOWM CTEeneHn 0OYC/IOBAEHO COBOKYMHOCTbIO MOANDULIMPYEMbBIX HAKTOPOB pUCKa OKPYXaIoLLEen cpe-
Obl 1 06pasa Xn3HW, Taknx Kak ornpeaesieHHble XapakTePUCTUKN NUTaHUS, MUKPOBUOTa KULLEeYHWKa, BEC, dr3nye-
cKas akTUBHOCTb, ynoTpebneHne ankorons, TabakokypeHue, npeaonyxonesbie 3adboneBaHns 000404HON U NPSMON
KULUKWN, YPOBEHb 3HAHWUI O MPUYMHAX 3J10KA4ECTBEHHbLIX HOBOOOPa30BaHUI U Mepax ux npodunaktiku. Mpegno-
naraetcsi, 4To okonio 30 % cnyyaeB 3abonesaHuii KPP B pa3Holi cTeneHn oOyCnoBNIEHO HACNeACTBEHHOW Mpea-
PaACNONOXEHHOCTBIO U HeMoauduLMpyembiMu pakTopammn pucka, Ho nuwb 5 % Bcex cnyyaeB KPP pasBuBatloTcsa
Ha GOHE U3BECTHbIX HACEACTBEHHbBIX CUHAPOMOB, KOTOPbIE BbI3BaHbI ONPEAENEHHON FrEPMUHANBLHON MyTauven.
3aknioueHume. lNpeacraBneHHble B 0630pe AaHHbIE O A0Ka3aHHbIX MOANDUUMPYEMBIX U HEMOOUPULIMPYEMbIX
dakTopax pucka KPP n mexaHnamax 1x y4acTus B KaHLEPOreHe3e 3710Ka4eCTBEHHbIX HOBOOOpPAa30BaHWIA TONICTOMN
W NPSAMOIA KULLIKM ByaoyT crnocobCcTBOBaTL pa3paboTke U BHEAPEHMIO B MPaKTUYECKOoe 3apaBooxpaHeHne addek-
TUBHbIX METOA0B NPOMUNaKTUKL N CHUXEHMIO 3aboneBaemocTu KPP.
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Kniouesble cnoBa: KO/I0peKkTasbHbIA pak, 3aNMAeMuonorng, kaHueporeHes, moambuuypyemsle n Hemogmbuumpy-

emMble hakTopbl pucka

KoHdnukT uHTEepecoB: aBTop 3asBnseT 06 OTCYTCTBMM KOHDIMKTA MHTEPECOB.

Ang uutupoBaHua: JleswunH B.dD. dakTopbl prcka 1 KaHLEporeHe3 KONopeKkTanbHOro paka POCCUINCKNIA XXypHaU racTPO3HTEPO-
norun, renatonorum, kononpokTtonorun, 2025;35(4):27-38. https://doi.org/10.22416/1382-4376-2025-35-4-27-38

Introduction

In the world statistics on the incidence of ma-
lignant tumors, colorectal cancer (CRC) ranks
third in terms of the number of newly diagnosed
cancers among the adult population of the world
and is also the third leading cause of cancer death
in both men and women. Every year, 1.9 mil-
lion cases of CRC are detected worldwide (10 %
of all new cancer cases in the world) and about
900,000 deaths from it [1]. The incidence of CRC
is traditionally the highest in Western countries.

In Russia, CRC also ranks third in terms of
prevalence among malignant neoplasms. In the
structure of the incidence of all diseases, colon
cancer accounts for 7.1 %, tumors of rectum, rec-
tosigmoid junction and anus — 5.1 %. All these
localizations, collectively referred to as CRC, ac-
count for 12.2 % of the total incidence of can-
cers. The absolute number of people with newly
diagnosed CRC increased from 49,470 in 2011 to
71,001 in 2021. The incidence rate per 100,000
population increased from 41.6 in 2011 to 48.67
in 2021. The increase in gross incidence rates over
a 10-year period was 25.3 % for colon cancer and
15.5 % for rectal, rectosigmoid junction and anus
cancers [2]. In most countries of the world, in-
cluding Russia, the incidence of CRC continues
to grow [3, 4]. It is expected that without the in-
troduction of effective CRC prevention measures
into practical healthcare, 2.4 million new cases of
CRC will be detected worldwide by 2035 [5].

The aim of this literature review is to provide
data on risk factors and their involvement in CRC
carcinogenesis.

A literary review of articles published in the
period from January 2018 to February 2024 de-
voted to the study of the epidemiology, etiology
and carcinogenesis of CRC has been performed. A
systematic literature search on the target research
topics was carried out on the basis of electronic
data by searching in international scientific da-
tabases: PubMed/MEDLINE, Google, Library,
RusMed. A manual search was also conducted in
the lists of primary sources of the analyzed studies.

Proven causes and risk factors of CRC

In the development of CRC, the combined ac-
tion of carcinogens and carcinogenesis promoters,
which are designated as risk factors, is of decisive

importance, since they do not individually deter-
mine the development of a malignant tumor, but
to one degree or another increase the likelihood of
its development. Risk factors are divided into as-
sumed and proven. In relation to the latter, on the
basis of special analytical studies, confirmation of
their statistically reliable cause-and-effect or dose-
dependent relationship with the development of
a certain form of oncological neoplasm has been
obtained. In preventive medicine, non-modifiable
risk factors are traditionally distinguished, the
elimination or correction of which is impossible
or limited, and modifiable risk factors that can
be eliminated or their characteristics changed. To
date, a causal relationship has been established
between a number of both non-modifiable and
modifiable risk factors.

Non-modifiable risk factors for CRC

Heredity

Summation of data from 20 analytical epidemi-
ological studies of CRC showed that the presence
of first-degree relatives with CRC in the family
history increases the relative risk (RR) of develop-
ing CRC by more than 4 times (RR = 4.21; 95 %
confidence interval (95%CIl): 2,61—6,79) [6]. It
is assumed that about 30 % of cases of CRC are
caused by a hereditary predisposition, but only
5 % of all CRC cases develop against the back-
ground of known hereditary syndromes that are
caused by a certain germinal mutation: Lynch
syndrome, familial adenomatosis of the colon,
MUTYH-associated polyposis, juvenile polypo-
sis, hereditary mixed polyposis syndrome, Peitz —
Jeghers syndrome and serrated polyposis [7]. The
most common hereditary syndrome causing CRC
is Lynch syndrome, which is associated with up
to 3 % of all CRC cases [8]. Currently, there are
~20 identified genes that are associated with an
increased risk of developing CRC. In a large-scale
genome-wide association study of CRC, which in-
cluded 35,145 cases of CRC and 288,934 individu-
als from control groups from different populations,
the results of a targeted meta-analysis confirmed
a significant relationship between polygenic CRC
risk assessment scales and the incidence of CRC.
Individuals with moderate and high polygenic risk
were 2.11 and 3.88 times more likely to develop
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CRC than those in the low-risk subgroup, respec-
tively [9]. Indicative data on the association of the
risk of developing CRC with a hereditary predis-
position to this form of malignant tumors were ob-
tained in a study where a quantitative assessment
of genetic risk based on 140 single-nucleotide pol-
ymorphisms associated with CRC was performed
in a population cohort. Smoking history was also
considered. In individuals with polygenic risk val-
ues above the 90th percentile, the risk of CRC
was increased several times compared with those
with polygenic risk values below the 10th per-
centile, in those who had never smoked, smoked
in the past and continued to smoke, the risk was
increased by 3.6, 4.3 and 6.4 times, respectively.
Multivariate analysis has shown that both poly-
genic risk and smoking have an independent effect
on the risk of CRC [10].

A burdened family history, that is, the pres-
ence of cases of CRC diseases among relatives of
1st—2nd degrees of kinship is noted in 30—35 %
of patients with CRC. At the same time, the fam-
ily history of the disease may be related to both
genetic factors and family-wide lifestyle disorders.
Genetic factors play a more significant role in the
etiology of CRC in families where there are car-
riers of germinal mutations that cause CRC, they
account for only 5—10 % of CRC cases [7, 10].

Gender

According to statistics, in almost all popula-
tions, CRC develops more often in men than in
women. The standardized incidence rate of CRC
per 100,000 men in Russia is 31.87 and 21.86 for
women [2]. In another population, the ratio of
men and women with CRC is 1.25:1.0 [4].

Age

Up to 40 years of age, cases of CRC are rare. As
a rule, it affects people after the age of 40, and in
85 % of cases CRC is detected after the age of 65
[11]. In Russia, the age-related incidence rates per
100,000 population of the corresponding age for
colon cancer are: <40 years — 7.3; 40—49 years —
20.4; 50—39 years — 56.8; 60—69 years — 155.2;
70—79 years — 168.0; 80 and older — 229.2 [2].
These data confirm the presence of a pronounced
trend of an increase in the incidence of CRC with
increasing age, which is also found in many other
populations. The incidence rates in the age groups
over 60 years are ten times higher than those in the
age groups <40 years and 40—49 years. In recent dec-
ades, in some countries, there has been an increase in
the number of cases of CRC among people under the
age of 50, which causes additional concern, but does
not change the main trend of a marked increase in
the risk of CRC with increasing age [12]. Thus, age
appears to be one of the most significant risk factors
for CRC. Age, or rather the aging of the population,

is one of the main reasons for the increase in the
incidence of CRC in most countries of the world in
absolute terms.

Height

A systematic review with meta-analysis of
data from 47 observational studies, including
280,644 cases of CRC, showed that adults with
every 10 cm taller had a slight but significant in-
crease in the risk of CRC (RR = 1.14; 95% CI:
1.11—1.17). The comparison of the incidence of
CRC between adults with the highest growth per-
centiles and those with the lowest growth percen-
tiles varied in individual studies within the risk
ratio values from 1.24 (95% CI: 1.19—1.30) to
1.07 (95% CI: 0.92—1.25) [13]. Thus, the risk ra-
tio for developing CRC was significantly higher
in individuals with the highest height compared
to those with low height. Another meta-analysis
of the results of more than 40 studies, which in-
cluded data on 50,936 cases of CRC in a popula-
tion of 7,393,510 adults, also confirmed the pres-
ence of a significant positive association between
growth and the risk of CRC. The total RR value
was 1.04 (95% CI: 1.02—1.05) with each 5 c¢m
increase in height [14]. A large-scale randomized,
placebo-controlled intervention study conducted
in China also investigated a number of known
risk factors for CRC, including height, to assess
the preventive effectiveness of vitamin supple-
ments. The study cohort included 29,553 healthy
individuals aged 40 to 69 years. After 5.25 years
of follow-up, all cases of CCR were recorded. A
multifactorial analysis assessing the association of
CRC disease with various risk factors showed that
the cumulative risk of CRC increases significantly
with increasing height, regardless of other known
risk factors [11].

Ethnicity

The incidence of CRC varies from country to
country and in different racial /ethnic groups of the
population. In the United States, compared with
the non-Hispanic white population, the morbidity
and mortality rates among the African American
population are 28 and 60 % higher, respectively.
Hispanics have an overall lower incidence rate of
CRC than non-Hispanic whites, with standardized
incidence rates of CRC for the former and latter
being 35.5 and 40.2 per 100,000 population, re-
spectively. Japanese Americans have the highest
incidence of CRC among all Asian Americans [15].
The highest incidence rate of CRC among tribal
and racial groups in the United States was record-
ed in 2018 among American Indians and Alaska
Natives — 61.9 per 100,000 population. This in-
dicator was higher than in any other country in
the world, with the exception of Hungary, where
men had a higher incidence of CRC than men in
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Alaska, 70.6 per 100,000 and 63.6 per 100,000,
respectively [16]. It is assumed that racial and
ethnic differences in the incidence of CRC are
due to a complex of risk factors — genetic, envi-
ronmental, lifestyle-related, which are associated
with both the country of origin and the country of
residence, as well as with different levels of im-
plementation of preventive medicine in healthcare,
in particular, CRC screening.

Modifiable risk factors

Nutrition characteristics

Numerous studies have shown that nutrition,
depending on its specific characteristics, can play
both a causal and protective role in the develop-
ment of CRC. Thus, excessive consumption of ani-
mal protein and fats, especially red and processed
meat, can increase the risk of developing CRC,
while fiber or dietary fiber (vegetables, fruits,
greens), dairy products can protect against CRC
carcinogenesis [17].

The analytical case-control study conducted in
the Omsk region involved 609 people aged 30 to
85 years (average age — 51.2 years). Twenty-
three parameters characterizing the nutrition and
eating habits of the study participants were evalu-
ated. A univariate analysis of the data obtained
confirmed the significance for the risk of devel-
oping CRC only in relation to the following six
parameters: alcohol consumption more than twice
a month with a predominance of strong alcohol,;
the frequency of consumption of red meat more
than 10 times a month; the amount of fresh fruit
consumed less than 100 g at a time; preference for
fatty foods; and a body mass index of more than
25 [18].

A systematic review covering fourteen cohort
studies and seven case-control studies, including
a total of >60,000 cases of CRC and compara-
ble controls, showed a significant reduction in the
risk of CRC associated with high consumption of
total dairy products [19].

Studies of the relationship between the con-
sumption of various types of fruits and the risk of
CRC have yielded contradictory results. A meta-
analysis of 24 relevant studies with a total par-
ticipation of 1,068,158 adults showed that, com-
pared with low, higher consumption of certain
fruits reduces the risk of developing CRC: citrus
fruits — by 9 % (odds ratio (OR) — 0.91; 95% CI:
0.85—-0.97), apples — by 25 % (OR = 0.75;
95% CI: 0.66—0.85), watermelon — by 26 %
(OR = 0.74; 95% CI: 0.58—0.94) and kiwi — by
13 % (OR = 0.87; 95% CI: 0.78—0.96). No reli-
able association with the risk of CRC has been
established for other types of fruits [20].

In a prospective cohort study in Malmg,
923 cases of CRC were identified during 502,136
person-years of follow-up of the study partici-
pants. An analysis of the relationship between
various dietary components and the risk of CRC
showed that dietary fiber intake at the level of
the highest quintile reduced the risk of CRC by
23 % compared with the lowest quintile (hazard
ratio (HR) — 0.77; 95% CI: 0,61—0,98), [17].

A meta-analysis of the results of 7 observational
and case-control studies of the possible association
of the risk of developing CRC with the level of di-
etary anthocyanins (plant components and pigments,
most of which are contained in the skin of berries
and fruits), showed the presence of significant feed-
back between the total consumption of anthocyanins
and the risk of CRC. High consumption of antho-
cyanins compared with low consumption reduced
the risk of CRC according to observational studies
by 22 % (RR = 0.78; 95% CI: 0.64—0.95), accord-
ing to case-control studies — by 31 % (RR = 0.69;
95% CI: 0.60—0.78) [21].

A case-control study was conducted to study
the relationship between different types of plant-
based diets and the risk of CRC in the Chinese
population. The study included relevant data on
2,799 cases of CRC and 2,799 paired controls of
comparable age, gender, place of residence, and
other possible risk factors. To collect nutrition
data, a validated questionnaire on the frequency
and composition of food intake was used, based on
which a plant-based nutrition index was derived,
which makes it possible to assess compliance with
common, healthy and unhealthy plant-based eat-
ing patterns. Compared to the lowest quintile of
index values with the highest quintile, the ad-
justed OR scores for the risk of developing CRC
were: 0.79 (95% CI: 0.66—0.95) for all dietary
patterns, 0.45 (95% CI: 0.38—0.55) for healthy
eating patterns, and 1.45 (95 % CI: 1.18—1.78)
while following an unhealthy eating pattern. In
general, the results confirm the recommendations
that switching to a healthy plant-based diet is im-
portant for the prevention of CRC [20].

A study using UK Biobank data on 114,217 in-
dividuals assessed the intake of types and sources
of carbohydrates based on detailed dietary char-
acteristics collected. Over a multi-year follow-up
period (median follow-up time was 9.4 years),
1,193 individuals from the study cohort were di-
agnosed with CRC. It has been established that
there is a significant inverse association of CRC
risk with the consumption of non-free sugar and
whole grain fiber [22].

The systematic review analyzes current data on
the relationship between dietary calcium and vita-
min D and the risk of CRC based on case-control
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studies. Selected, 32 studies assessed calcium in-
take, and 23 studies assessed vitamin D. In total,
data on 19,076 cases of CRC and 36,746 control
individuals were used. With respect to dietary cal-
cium intake, a 6 % reduction in the risk of CRC
was found for every 300 mg of calcium taken daily
(OR = 0.94; 95% CI: 0.92—0.97). With regard
to vitamin D intake, a 4 % reduction in the risk
of developing CRC was found per 100 TU/day
of vitamin D (OR = 0.96; 95% CI: 0.93—0.98).
Higher dietary intake of calcium and vitamin D is
associated with a significant reduction in the risk
of CRC [23].

In a prospective study, 26,218 adults were inter-
viewed using a standardized questionnaire regard-
ing their diet. With subsequent long-term follow-
up (median follow-up period — 13.3 years), all
cases of cancer among the study participants were
recorded. Analysis using a multivariate regression
model with covariant adjustment and stratifica-
tion by age and gender showed that in women,
high consumption (4th quartile) of processed red
meat was associated with an increased risk of gas-
trointestinal cancer, with an adjusted risk ratio
of 1.68 (95% CI: 1.09—2.57) and individually for
CRC, it was 1.90 (95% CI: 1.12—3.22). No statis-
tically significant associations were observed with
regard to consumption of red meat or processed
meat from non-red meat [24].

In the prospective study of the association of
various dietary components with the risk of CRC
mentioned above, it was found that consumption
of any processed meat at the level of the high-
est quantile increased the risk of CRC by 31 %
compared with the lowest quantile (HR = 1.31;
95% CI: 1.05—1.63) [17].

Since different foods are usually consumed to-
gether and in different complexes, it is important
to explore the importance of not only individual
nutrients, but also holistic diets or dietary patterns.
The largest and most significant study of the as-
sociation of a low-carbohydrate diet with the risk
of CRC is the Singapore-based Chinese prospec-
tive cohort study, which included data on 61,321
Chinese people who were between 45 and 74 years
old at the beginning of the study. On average,
over 19.5 years of follow-up, 2,520 participants
developed CRC. The structure of the diet took
into account the consumption of carbohydrates,
proteins and fats. At the same time, the scores
assessed how many carbohydrates were consumed
from plant products and how many from animals.
Overall, there was no association between total
or plant-based low-carbohydrate diet scores and
the risk of CRC (p > 0.28). The number of ani-
mal-derived carbohydrate scores was moderately
positively associated with the risk of colon cancer

(p = 0.02), but not with rectal cancer. Compared
with the lowest quartile of animal carbohydrate
intake, HR indicators for colon cancer for quar-
tiles 2, 3 and 4 were respectively: 1.12 (95% CI:
0.98—1.29), 1.27 (95% CI: 1.10—1.46) and 1.14
(95% CI: 0.99—1.31). Thus, low-carbohydrate di-
ets with high levels of animal protein and fat were
associated with a moderate increased risk of colon
cancer among Chinese Singaporeans [25].

When analyzing data from the diet and cancer
cohort study in Malmo, the Diet Quality Index
(DOQI) for CRC prevention was used, based on
consumption of processed meat, fiber, and dairy
products. Higher DQI values indicated a higher
content of protective products and were associated
with a lower risk of CRC. The risk of CRC in
the group with the highest quintile of DQI values
was 43 % lower than in the group with the lowest
quintile of DQI (HR = 0.57; 95% CI: 0.43—0.75).
Adherence to a diet with a higher DQI, taking
into account several significant nutritional com-
ponents for CRC, had a stronger association with
CRC than when taking into account individual
nutritional components [17].

A prospective study conducted in the
Netherlands examined the relationship be-
tween adherence to the Mediterranean diet and
the risk of CRC. At the beginning of the study,
120,852 adults completed a basic questionnaire
that included 150 items. During the 20.3 years of
follow-up in the study cohort, 1993 cases of CRC
were detected in men and 1574 in women. A mul-
tifactorial analysis of the collected data showed
that higher adherence to Mediterranean diet was
not associated with a reduced risk of CRC [26].
At the same time, a meta-analysis that included
data from 13 prospective cohort studies showed
a significant 10 % reduction in the risk of CRC,
with the highest adherence to Mediterranean diet
compared with the lowest (RR = 0.90; 95% CI:
0.84—0.96) [27].

Overweight and obesity

Epidemiological data consistently demonstrate
a significant relationship between the degree of
obesity and the risk of developing CRC. Obesity
in adults, both general and abdominal, is a risk
factor for developing CRC, and this association is
more pronounced in men than in women [6, 14].
In most studies, the degree of overweight and obe-
sity was assessed by body mass index (BMI) and
waist circumference [28].

A review was conducted with a meta-analysis of
47 studies, together including 50,936 cases of CRC
detected in populations totaling 7,393,510 people.
The results of the generalized data analysis con-
firm the existing evidence of a positive associa-
tion between an increase in total and abdominal

Poc ypH ractposuTepoJt rematon koaonpokros 2025; 35(4) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(4)

31



32

Reviews / O630pbI

www.gastro-j.ru

body fat and the risk of CRC. The calculation of
dose-effect dependence showed that per 5 kg/m?
increase in BMI increased the risk of CRC by 6 %
(RR = 1.06; 95% CI: 1.04—1.07), every 10 c¢cm of
waist circumference increased the risk of CRC by
3 % (RR = 1.03; 95% CI: 1.01—1.05) [14].

A study was conducted in Germany to assess
the association of overweight during life with the
cumulative risk of CRC. In the case-control study,
3,635 people with CRC and 4,515 people in the
control group received and analyzed data on meas-
urements of their weight and height, starting at
the age of 20 and every subsequent 10 years until
the analysis of the relevant data. Special calcula-
tions were used to determine the weighted num-
ber of years spent overweight (BMI over 25). The
results of the study indicate that the more years
a person lives with excess weight or obesity, the
higher their risk of developing CRC during their
lifetime [29].

Hypodynamia — a sedentary lifestyle

Physical inactivity is a sedentary lifestyle. In
population-based cohort studies, there was a sta-
tistically significant inverse relationship between
the incidence of CRC and the level of physical
activity in all age groups of both sexes [30, 31].

A total of 33,403 people participated in
the Korean National Health and Nutrition
Examination Survey. Sedentary lifestyle was as-
sessed by two values: < 10 hours per day and
> 10 hours per day. Three types of physical ac-
tivity were considered: leisure-time, occupational,
and transportation physical activity. According
to the results of the study, a sedentary lifestyle
(= 10 hours per day) was significantly associated
with an increased risk of CRC (OR = 1.64; 95%
CI: 1.22—-2.21) [32].

A systematic review with a meta-analysis of
studies on the association of physical activity de-
gree with the risk of developing digestive-system
cancer showed that the values of risk ratio in indi-
viduals with high physical activity decreased com-
pared with those with low physical activity: for
colon cancer — by 19 % (RR = 0.81; 95% CI: 0.76—
0.87), for rectal cancer — by 12 % (RR = 0.88;
95% CI: 0.80—0.98), for CRC by 23 %
(RR = 0.77; 95% CI: 0.69—0.85). A meta-analysis
of data from 9 studies, which took into account
three levels of physical activity — low, moder-
ate and high — showed that, compared with low
physical activity, moderate activity also reduced
the risk of developing digestive-system cancer by
11 % (RR = 0.89; 95% CI: 0.80—1.00). When com-
paring high physical activity with moderate one,
no significant difference was found in relation

to the digestive-system cancer risk (RR = 1.11;
95% CI: 0.94—1.32) [30].

Tobacco consumption

Tobacco smoke is the most common proven
carcinogen for humans. A cause-and-effect re-
lationship of tobacco smoking with 15 forms of
malignant neoplasms, including CRC, has been
established. A review of numerous cohort and
case-control studies of the association of tobacco
smoking with the risk of CRC showed that most
of these studies confirm the causal relationship
of smoking with CRC. At the same time, a dose-
dependent relationship was established between
the intensity of tobacco smoking (duration, age of
onset smoking, number of cigarettes smoked per
day) and the risk of developing CRC [33].

A large population-based case-control study in
Germany included 5,086 patients with CRC and
4,120 patients in the control group. Smokers had
a 48 % higher risk of developing CRC than non-
smokers (adjusted OR = 1.48; 95% CI: 1.27—1.72).
Both smoking and the polygenic risk of CRC car-
ry essentially independent information about the
risks of CRC, and their joint consideration pro-
vides a powerful risk stratification. At the same
time, abstinence from smoking can compensate for
a significant proportion of the genetically deter-
mined risk of CRC [10].

Alcohol consumption

The International Agency for Research on
Cancer has confirmed the carcinogenicity of al-
cohol consumption for humans. The main carci-
nogenic components of alcohol are ethanol and
its derivative in the human body, acetaldehyde.
A causal relationship between alcohol consump-
tion has been established with 7 forms of cancer,
including CRC [34].

In a multiethnic cohort study, the association
of alcohol consumption with the risk of developing
CRC, taking into account race/ethnicity, as well
as gender and risk factors related to lifestyle and
type of alcoholic beverage consumed, was investi-
gated based on relevant data for 190,698 people
living in Hawaii and California. During 16.7 years
of follow-up, 4,923 cases of CRC were detected
in the study cohort. According to the results of
a multidimensional analysis of the relevant data,
the hazard ratio index of CRC development in-
creased at different levels of alcohol consumption
compared with non-drinkers: in men — by 16 %
with alcohol consumption of 15.0—29.9 g/day
(HR = 1.16; 95% CI: 1.01—1.34) and by 28 % with
alcohol consumption >30.0 g/day (HR = 1.28;
95% CI: 1.12—1.45); in women — by 6 % with
a lower dose of alcohol (HR = 1.06; 95% CI:
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0.85—1.32) and by 15 % with a higher dose of al-
cohol (HR = 1.15; 95% CI: 0.92—1.43) [35].

In a population-based case-control study, the
association between alcohol consumption and
CRC was assessed based on relevant data in rela-
tion to 5,104 cases of CRC and 4,131 individuals
in the control group. In addition to alcohol con-
sumption, the level of polygenic risk was assessed
based on 140 loci associated with the development
of CRC. The corresponding analysis was carried
out separately for the early (<55 years) and late
(=55 years) development of CRC. Compared with
low alcohol consumption during life (<25 g/day),
average alcohol consumption (=25 g/day)
was more strongly associated with early CRC
(OR = 1.8; 95% CI: 1.2—2.8) than with late onset
(OR = 1.3; 95% CI: 1.1—1.4) [36].

Dysfunction of intestinal microflora

The microecology of the human intestine is a
complex system consisting of numerous microbial
communities with a complex structure. Studies
show that certain changes in the composition of
the microbiota, leading to its imbalance, can play
a significant role in the occurrence and develop-
ment of CRC [37, 38]. Microbes have both pro-
oncogenic and oncoprotective properties. Bacteria
such as Fusobacterium nucleatum, Escherichia
coli, and Bacteroides fragilis contribute to the
development of CRC, and such as Clostridium
butyricum, Streptococcus thermophilus, and
Lacticaseibacillus paracasei can protect against
it [39]. In 45 % of patients, CRC is associated
with the presence of the bacterium Fusobacterium
nucleatum in the intestine. A systematic review,
which included 57 articles with meta-analysis of
generalized data, showed that F. nucleatum is
present in CRC tumor tissue samples 4.6 times
more often than in control samples of healthy tis-
sue (OR = 4.56; 95% CI: 3.31—6.27) and over 3
times more often than in control samples of colo-
rectal adenoma (OR = 3.24; 95% CI: 2.35—4.46)
[40]. Based on these data, F. nucleatum is desig-
nated as one of the risk factors at the beginning of
tumor development and during the progression of
CRC. F. nucleatum is also recognized as a marker
of early warning and prediction of CRC, and as
a target for its prevention and treatment [41, 42].

Precancerous diseases

In most cases, CRC develops against the back-
ground of already existing pathological changes in
the intestinal mucosa. In the oncogenesis of CRC,
there are three variants of precancerous changes:
colorectal adenoma, serrated papillomatosis, and
an inflammatory process. The risk of tumor cells
is especially high in people suffering from co-
lon adenomatosis, MUTY H-associated polyposis,
Lynch syndrome, and chronic inflammatory bowel

diseases (Crohn’s disease, ulcerative colitis, and
colon diverticula) [43, 44].

Patients with colorectal adenoma have a 4-fold
higher risk of developing CRC than the rest of
the population, with approximately 80 % of CRC
cases occurring against the background of colorec-
tal adenoma [37, 43]. Patients with progressive
colorectal adenoma (=1 cm, high grade dysplasia)
are significantly more likely to develop CRC than
those without it (RR = 2.7; 95% CI: 1.9-3.7).
There was no significant difference in the risk of
developing CRC between individuals with non-
progressive colorectal adenoma (<1 c¢cm) and those
without it (RR = 1.2; 95% CI: 0.8—1.7) [45].

A meta-analysis of 31 studies involving 50,445 pa-
tients with a history of diverticulitis showed that
the risk of developing CRC was significantly higher
in patients with complicated diverticulitis than in
patients with uncomplicated diverticulitis [44].

A systematic review of studies on the relation-
ship between inflammatory bowel disease (IBD)
and CRC reviewed 26 papers, which included
data on 531,449 patients with IBD and more than
65 million reference patients. A meta-analysis of
the relevant data, stratified by cancer location,
showed that IBD mainly increased the risk of
bowel cancer rather than stomach cancer. Crohn’s
disease significantly increases the risk of devel-
oping both small bowel cancer and CRC, while
ulcerative colitis increases the risk of CRC alone
[46]. Population data show that the risk of de-
veloping CRC among patients with inflammatory
bowel diseases is 2—3 times higher than in the
general population [47].

Low level of health literacy

Many analytical epidemiological studies of
CRC risk factors have shown a significant rela-
tionship between the level of general education
and health literacy with the risk of developing
CRC. The lower the level of education and knowl-
edge regarding health and hygiene, the higher the
risk of developing CRC [48, 49].

The study of the relationship between the level
of education and the incidence of CRC, conducted
in China, involved 2502 patients with newly diag-
nosed CRC and 2538 people in the control group,
comparable by gender, age, and place of residence.
A multidimensional analysis taking into account
the proven risk factors of CRC confirmed that the
level of education was inversely related to the risk
of developing CRC. People who graduated from
college or universities had a significantly lower
risk of CRC than those who studied only in ele-
mentary school (adjusted OR = 0.42; 95% CI:
0.34—0.52) [48].

In another study, 1,200 persons participated
in a cross-targeted survey targeting the Lebanese
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population aged 50 and over. In the sample,
38.3 % of the respondents knew about any screen-
ing test for CRC, and only 7.5 % had ever used it.
This national study highlights the alarmingly low
level of knowledge about CRC screening tests and
the clearly insufficient coverage of the population
by CRC screening, despite the fact that CRC is
one of the most common cancers in Lebanon [50].

For comparison, in Canadian province of
British Columbia, a region with a higher average
educational level of the population and a lower
incidence of CRC, the adherence of respondents
to CRC screening was 62.4 % [51].

Mechanisms of action of risk factors
in the carcinogenesis of CRC

Various pathophysiological mechanisms are in-
volved in the carcinogenesis of CRC, such as ab-
normal cell proliferation, cell differentiation, resist-
ance to apoptosis, invasion of structures adjacent to
CRC cells, and distant metastasis. These processes
are initiated by the complex interaction of a number
of genetic factors and environmental and lifestyle
factors [52]. For most of the proven CRC risk fac-
tors, the mechanisms of their involvement in CRC
carcinogenesis have been investigated.

Gender

It has been suggested that sex hormones may
be the cause of gender differences in the incidence
and mortality of CRC, but observational studies
of the possible relationship between the level of
endogenous sex hormones and the risk of CRC
have yielded contradictory results [53].

In one of the latest studies using a large-scale
resource of the British Biobank, the relationship
between the concentration of testosterone in the
blood serum and sex hormone binding globulins
with the risk of CRC was investigated. No con-
vincing evidence has been obtained for the inde-
pendent role of hormones in gender differences
in the incidence of CRC. Given the widespread
use of testosterone supplements in older men to
compensate for the age-related decrease in their
endogenous concentrations, large and long-term
randomized controlled trials are needed to clarify
the effect of testosterone on the risk of CRC [53].

Exposure to estrogen may be inversely relat-
ed to the risk of CRC. A large-scale prospective
study in Denmark examined the relationship be-
tween women’s history of oophorectomy, which
reduce the level of estrogen circulating in the
body, and the risk of CRC. The study involved
25,698 women (aged > 45 years) from the Danish
cohort of nurses. During 542,140 person-years of
follow-up, 863 (3.4 %) nurses were diagnosed with
CRC. Multifactorial analysis showed that history

of bilateral ovariectomy was associated with 79 %
increased risk of CRC (adjusted RR 1.79;
95% CI: 1.33—2.42). The history of unilateral ova-
riectomy also showed a slight increase in the risk
of CRC, but statistically unreliable (RR = 1.25;
95% CI: 0.86—1.82) [54].

Old age

The close association of the likelihood of devel-
oping CRC with age is explained by an increase
in the duration of action of other risk factors with
age, including exposure to direct carcinogens and
promoters of CRC oncogenesis and, accordingly,
the accumulation of somatic mutations in genes
and the formation of tumor cells. With age, the
body’s defense systems against cancer cells weak-
en. Experimentally, it was also found that the in-
filtration of macrophages in CRC tissues increases
with age. Macrophages from the aged host were
more likely to polarize to pro-tumor phenotype
and more powerful in promoting tumor cell pro-
liferation [55].

Height

The effect of high height on the risk of de-
veloping CRC is mediated by the metabolic fea-
tures characteristic of individuals with tall stature,
in particular through the endocrine system and
growth hormone [13].

Nutrition

It is assumed that there are four main meta-
bolic pathways involved in the interaction of
diet-related genes and directly involved in CRC
carcinogenesis: folic acid metabolism, lipid meta-
bolism, oxidative stress response, and inflamma-
tory response [56].

The mechanism of influence of meat products
on the risk of developing CRC can be associated
with several ways. Thus, contamination of meat
products during their high-temperature cooking
with polycyclic aromatic hydrocarbons, which
undergo biotransformation and activation in the
body, can cause changes in the DNA structure in
cells of the colorectal mucosa. DNA adducts spe-
cific for polycyclic aromatic hydrocarbons have
been identified in CRC tissues [57].

It is known that heme iron, which is an essen-
tial component of red meat, also contributes to
the carcinogenesis of CRC. The DNA-damaging
property of heme iron with the release of DNA
adducts related to the etiology of CRC has been
established. The products of red meat decompo-
sition, affecting the microbiome, create a pro-
inflammatory microenvironment in the colon, which
also stimulates the carcinogenesis of CRC [58].

A high-fat diet increases the risk of developing
CRC by stimulating bile acid metabolism. Bile
acids are synthesized in the liver in response to
dietary fats. Entering the colon, they undergo a
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complex biotransformation carried out by intes-
tinal bacteria, resulting in the formation of sec-
ondary bile acids, in particular deoxycholic acid
which can activate carcinogenesis in the intestine.
This mechanism combines the action of dietary,
microbial, and genetic risk factors for CRC [59].

The protective effect of dietary fiber against
CRC is due to the fact that it stimulates the bu-
tyrogenic activity of the intestinal microbiota, pro-
viding a high content of butyrate (butyric acid, a
waste product of intestinal bacteria), a substance
with significant antitumor effect. Therefore, di-
ets with fiber supplementation and fat restriction
can be an effective measure to reduce the risk and
prevent CRC [59]. Data from a prospective popu-
lation study confirm the importance of butyrate
production in reducing the risk of CRC when con-
suming whole grain products [22].

Anthocyanins with their antioxidant properties
can also inhibit the development of colon cancer
by interfering with the cell cycle with the effect
of antiproliferation and apoptosis. The formation
of cytoplasmic vacuoles in cells also indicates that
anthocyanins can induce autophagy [21].

Overweight and obesity

The role of insulin resistance and metabolic syn-
drome is assumed in relation to the mechanisms of
the association of obesity with an increased risk
of CRC. It is also suggested that a large waist
circumference is a risk factor for CRC due to the
possible involvement in CRC carcinogenesis of ele-
vated levels of cytokines and hormones produced
in visceral abdominal fat [60].

Physical inactivity

Low physical activity can increase the risk of
developing a number of diseases, including CRC,
by reducing insulin sensitivity and antitumor ac-
tivity of the immune system, as well as by pro-
longing the period of exposure to food carcinogens
on the digestive tract, due to impaired motility
of the gastrointestinal tract and increased transit
time of food [30].

Tobacco consumption

The mechanisms and consequences of tobacco
intoxication have now been studied in sufficient
detail. The chemical composition and biological
activity of tobacco smoke components have been
determined. The latter contains about 4,000 com-
ponents and chemical compounds, several dozens
of which are proven carcinogens to humans. A
number of special experiments and studies have
confirmed the ability of tobacco smoke and its
components to have direct genotoxic and muta-
genic effects on cell DNA [33].

The carcinogenic components of tobacco smoke
enter the bloodstream and reach various organs

and tissues of the body, including the colon. This
is confirmed by the detection of tobacco com-
pounds and their metabolites in sufficiently high
concentrations in urine samples from smokers.
More recent biological studies indicate that tobac-
co consumption may affect macrophage functions
and their polarization, thereby contributing to tu-
mor progression. In particular, the association of
smoking with the incidence of CRC was studied,
taking into account and depending on the number
of macrophages, with the identification of com-
mon, M1-polarized and M2-polarized macrophag-
es in the tumor. It was found that the relationship
between “pack-years”, the quantitative indica-
tor of tobacco consumption, and the incidence of
CRC differed in subgroups with different densities
of stromal macrophages (heterogeneity — 0.003).
This association was stronger for tumors with a
lower number of stromal macrophages, which in-
dicates the interaction of tobacco consumptions
and macrophages in colorectal carcinogenesis [61].

Intestinal microbiota

The human gut microbiota consists of numerous
microbial communities that are involved in many
essential functions such as immunity, protection
against pathogens, metabolism of food compounds,
and maintenance of homeostasis. There is increas-
ing evidence that the gut microbiome, acting as an
important metabolic and immunological regulator,
may play a key role in the initiation and progres-
sion of CRC. The data from certain studies dem-
onstrate the ability of the intestinal microbiota to
interact with the colon epithelium and host im-
mune cells by releasing a wide range of metabo-
lites, proteins, and macromolecules that regulate
the development of CRC [62]. “Harmful” metabo-
lites include some primary bile acids and short-
chain fatty acids, while ursodeoxycholic acid and
butyrate are beneficial and prevent the develop-
ment and progression of tumors. Pathogenic bac-
teria involved in the carcinogenesis of CRC cause
chronic irritation and inflammation, oxidative
stress. Bacterial metabolites form biofilms in the
intestine and produce genotoxins [39]. F. nuclea-
tum promotes the development of CRC through
several mechanisms: invasion, colonization, and
secretion of proinflammatory cytokines. F. nu-
cleatum is regarded as one of the risk factors at
the beginning of tumor development and during
the progression of CRC by affecting the immune
system and modulating inflammation [41].

Precancerous diseases

Benign neoplasms of the colon, rectum, anus,
and anal canal are true neoplasms of the intestinal
mucosa and are associated with a high risk of de-
veloping CRC. The adenoma-carcinoma sequence
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is generally accepted in relation to the stages of
development of sporadic CRC.

A team of Chinese specialists sequenced
54,788 cells from tissue samples collected from
patients, including blood, normal tissue, precan-
cerous, polyp, and CRC. At each stage of car-
cinogenesis, cell types, transcription signatures,
and differentially expressed genes of different cell
populations were determined. Populations of ad-
enoma and carcinoma progenitor cells were identi-
fied and characterized. Modern knowledge about
the evolution of the colorectal epithelium in the
process of carcinogenesis with single-cell resolu-
tion has been obtained [63].

In chronic inflammation (in inflamma-
tory bowel diseases), various cytokines and
chemokines are secreted in the intestine, which
are involved in the pathogenesis of CRC by
influencing tumor growth and immunosup-
pression of colitis-associated tumor formation.
Inflammation can also induce mutagenesis, and
the recurrent nature of inflammation, along
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