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Colorectal Cancer: Does Diet Matter?

Rak jelita grubego. Czy dieta ma znaczenie?
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Abstract

Colorectal cancer (CRC) is the most common malignancy of the gastrointestinal tract and one of the most com-
mon malignancies among men and women in Western countries. The role of dietary factors in CRC development
seems to be significant, however, showing the relation of dietary factors in CRC remains challenging. Data sup-
porting the interaction between diet and malignancy development come from: studies with an animal model of the
disease, observations regarding geographical variation in CRC incidence, and different studies in people, especially
long-term prospective investigations. The most important factor seems to be fiber. Additionally, recently published
studies have shown that the diet-related disease obesity is also a risk factor of CRC. Adipokines, substances pro-
duced and secreted by adipose tissue, are proposed as a link between obesity and carcinogenesis. Genetic studies
will possibly elucidate the complex interactions lying in the background of the development of the malignancy.
Moreover, the gut microbiome seems to also play a role. Our paper discusses the current knowledge regarding CRC
and diet (Piel. Zdr. Publ. 2015, 5, 4, 393-399).
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Streszczenie

Rak jelita grubego jest najczestszym nowotworem zlosliwym przewodu pokarmowego i jednym z najczesciej wyste-
pujacych nowotworéw ztosliwych wérdd kobiet i mezczyzn w krajach zachodnich. Znaczenie czynnikéw dietetycz-
nych w rozwoju raka jelita grubego wydaje si¢ wazne, ale udowodnienie zwigzku przyczynowego czynnik dietetycz-
ny-rak pozostaje wyzwaniem. Za znaczeniem czynnikéw dietetycznych przemawiajg: zréznicowanie geograficzne
w czestosci wystepowania nowotworéw, badania na modelu zwierzecym choroby, réznego typu badania prowa-
dzone u ludzi, z ktorych za najwazniejsze mozna uznac trwajace wiele lat badania prospektywne. Najwazniejszym
czynnikiem wydaje si¢ blonnik. Poza tym, ostatnio opublikowane badania wykazaly, ze otylos¢, choroba zwigzana
z dieta, jest rOwniez czynnikiem ryzyka raka jelita grubego. Wsrdd substancji, ktore mogg stanowic¢ ogniwo taczace
otylos¢ i raka jelita grubego sa wymieniane adipokiny produkowane i wydzielane przez trzewng tkanke tluszczows.
ZYozone zwigzki lezace u podloza rozwoju raka prawdopodobnie zostang wyjasnione réwniez dzieki badaniom
genetycznym. Podnosi si¢ takze role mikroflory jelita grubego. Artykut omawia aktualne poglady na temat zwigzku
miedzy dietg a rakiem jelita grubego (Piel. Zdr. Publ. 2015, 5, 4, 393-399).

Stowa kluczowe: rak jelita grubego, blonnik, otylos¢, dieta.

Colorectal cancer (CRC) is the most common America, Argentina, Australia, New Zealand, and

malignancy of the gastrointestinal tract. CRC is
the third most common cancer worldwide, with
1.2 million cases and 608,000 deaths in 2008 and
with most of the cases occurring in developed
countries. CRC is more prevalent in Europe, North

Japan, and this is the reason it is commonly known
as a Western lifestyle disease [1]. Moreover, there
is an increase in the incidence of CRC in coun-
tries adopting a Western lifestyle. These observa-
tions deliver an argument for the significance of an
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environmental factor in CRC development. Diet,
which typically for Western countries is usually
rich in processed food and fat and poor in fiber,
is connected to a higher risk of CRC. On the oth-
er hand, some patterns of diet like Nordic or Med-
iterranean may deflect the risk of CRC, because of
the high amount of healthy ingredients such as fi-
ber or vitamin D. Some dietary factors (i.e. fiber,
tish and red and processed meat) may play a ma-
jor role in CRC etiology. The interaction between
those dietary factors, genes and biochemical mech-
anisms determine the carcinogenesis. However,
the mechanism of the effect of dietary factors is
complex, not fully elucidated and debatable.

Dietary Factors

Fruits, Vegetables and Fiber

A diet rich in fiber, which is an indigestible el-
ement of food derived from plants, vegetables and
fruits, is associated with a reduction of CRC risk.

For instance, the European Prospective Inves-
tigation into Cancer and Nutrition (EPIC), a co-
hort study conducted in 23 centers from 10 Europe-
an countries, after an analysis of 1025 cases of CRC,
showed that high fiber intake had a great protective
effect in the left colon and the least in the rectum. No
food source of fiber was proved to be significantly
more protective than others. The authors concluded
that the results achieved make it possible to predict
a 40% reduction in CRC risk following doubled in-
takes of fiber [2]. Terry et al. studied fruit, vegetable
and fiber consumption and the risk of CRC among
a Swedish female population known for a low intake
of fruit and vegetables and their high consumption
of cereals. They found a 32% reduction in the risk of
CRC in individuals with a high consumption of fruit
and vegetables and a high consumption of cereal fi-
ber did not decrease the risk of CRC [3].

Levi et al. documented a significant inverse
association between total fiber intake and risk of
CRC and between certain types of fiber and CRC
among 286 patients with CRC (149 with colon can-
cer, 137 with rectal cancer and 550 controls). The
researchers suggested that vegetable fiber may be
more protective than other fruit or grain fiber [4].

The Netherlands Cohort Study on Diet and
Cancer did research on the association between
fruit and vegetable consumption and the risk of
CRC. As far as colon cancer is concerned, no sta-
tistically significant associations with total vege-
table intake or total fruit intake were confirmed.
Even so, among women, an inverse association was
observed with vegetables and fruit. Brassica vege-
tables and cooked leafy vegetables showed an in-

verse relation for both men and women. Among
women and, to a lesser extent among men, the in-
verse associations were stronger for distal colonic
tumors than for proximal colonic tumors. For rec-
tal cancer, no statistically significant associations
were found for vegetable consumption or fruit
consumption or for specific groups of vegetables
and fruits; only Brassica vegetables showed a posi-
tive association in women. As in other cohort stud-
ies, the observed inverse relation between vegeta-
ble and fruit consumption and the occurrence of
colorectal cancer was less strong than relations re-
ported in case-control studies [5].

Mechanisms of Action

Two kinds of fiber have been distinguished:
soluble and insoluble. Bran fiber is insoluble; fruit
and vegetable fiber seems to be more soluble. In-
soluble fiber has a bulking proprietes while solu-
ble fiber is fermented by colonic bacteria to short
chain fatty acids like butyrate (BT) which has anti-
-infmmatory proprieties.

BT plays a main role in homeostatic func-
tions including the ability to prevent or even in-
hibit carcinogenesis. BT is transported into co-
lonic epithelial cells by two types of transport
systems: monocarboxylate transporter 1 (MCT 1)
and sodium-coupled monocarboxylate transport-
er 1 (SMCT1). Under normal conditions, BT is the
main source of energy for normal colon cells. Co-
lonic epithelial tumor cells show a reduction in
BT uptake (reduction in MCT 1 and SMCT 1 pro-
tein expression), glucose uptake and glycolysis be-
come their fundamental energy source. BT has an
anticarcinogenic effect (induction of cell differen-
tiation, apoptosis and inhibition of cell prolifera-
tion) while it has the opposite effect on the growth
of normal colonocytes. This phenomenon is called
“the BT paradox” [6].

It is documented that cruciferous vegetables
have a chemopreventive effect because of their
high content of glucosinolate metabolites, which
are thought to cause apoptosis, inhibit cell prolifer-
ation and reduce pro-inflammatory reactions. The
repress NFkB, GSTM1, GSTT1 and GSTP1 which
encode the glucosinolates metabolizing enzyme
glutathione S-transferases.

Some researchers have suggested that a high
consumption of fat and meat and a low intake of
fiber increases the genotoxicity of fecal water to
colonic cells, and this may contribute to a rise of
CRC risk [7]. Additionally, some researchers have
indicated that suberin and lignin, which are plant
cell-wall constituents, absorb HCA, which is an
carcinogenic agent [8]. For example, potato skins
contain suberin while wheat bran contains lignin.
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Meat

High consumption of red meat may lead to an
increasing risk of CRC from 28% to 35% and high-
er intake of processed meat may be responsible
for a rise in risk from 20% to 49% [9]. The World
Cancer Research Fund has concluded that there is
strong evidence that red and processed meat pos-
es a significant risk of CRC. The Cancer Preven-
tion Study II Nutrition Cohort suggests that great-
er red and processed meat intake before diagnosis
is associated with higher mortality among patients
with non-metastatic CRC. This study was con-
ducted among 2315 participants with CRC. Nine
hundred sixty six died during the follow-up period
(413 from CRC).

Another interesting study was a case-con-
trol study conducted in Pennsylvania. It included
1005 incident cases and 1062 controls. This study
documented the role of dietary iron, heme iron
and supplemental iron on CRC risk. The research
showed that dietary iron intake was inversely as-
sociated with CRC among women but not among
men. Intake of more than 18 mg a day of supple-
mental iron was positively associated with CRC
incidence both among women and men. This sug-
gests that intake of more than 18 mg/day of sup-
plemental iron may increase the risk of CRC [10].

What is more, some studies show that the risk
of CRC cancer depends on the type of red meat
which is consumed. A study was conducted among
53,988 participants; 644 cases of colon cancer and
345 cases of rectal cancer. No associations were
found between the intake of red meat, processed
meat, fish, or poultry and risk of CRC. Risk was
associated with the subtype of red meat depend-
ing on the animal of origin. There was an associa-
tion between higher intake of lamb and higher risk
of CRC. Additionally, the risk of CRC was elevated
during higher intake of pork [11].

Sihna et al. also found evidence of increased
CRC adenoma risk with consumption of certain
types of red meat. The increased risk was mainly
associated with well-done/very well-done red meat,
with an excess risk of 29% per 10 g/day (OR, 1.29;
CI, 1.08-1.54) vs. an excess of 10% per 10 g/day
(OR, 1.10; CI, 0.96-1.26) for consumption of ra-
re/medium red meat. High-temperature cook-
ing methods were also associated with increased
risk; 26% per 10 g/day (OR, 1.26; CI, 1.06-1.50) of
grilled red meat and 15% per 10 g/day (OR, 1.15;
CL 0.97-1.36) of pan-fried red meat consump-
tion [12].

A high risk of CRC may be caused directly by
high consumption of meat or indirectly because
a diet high in meat tends to be low in fruit, vegeta-
bles and fiber.

A case control study was conducted by Bido-
li et al. in the Pordenone province of north-east-
ern Italy, on 123 cases of colon cancer, 125 cases of
rectal cancer and 699 controls. This study showed
that a high consumption of refined starches, eggs,
cheese and red meat contribute to a higher risk
of CRC while a fiber-rich or vegetable-rich diet is
a protection from CRC [13].

Mechanism of Action

Processed meat involves nitric compounds.
These alkaline agents may react with DNA, caus-
ing carcinogenesis. Nitric compounds like nitrosa-
mines need metabolic activation to be converted into
a carcinogenic agent. Similarly, heterocyclic amines
(HCA) can lead to carcinogenesis by causing muta-
tions in DNA [9]. Red and processed meat contain
carcinogenic HCA, polycyclic aromatic hydrocar-
bons (PAH) and N-Nitroso compounds produced
by cooking at high temperature and during meat
processing. N-acetyltransferases coded by NAT1 and
NAT?2 are enzymes which activate HCA and PAH.

Fish

Some studies show a strong association be-
tween higher intake of fish and lower risk of colon
cancer but not rectal cancer.

For instance, a study by Jedrychowski et al.
suggests that fish consumption decreases the risk
of CRC. This hospital case-control study was per-
formed among 548 CRC patients (of the Surgery
Clinic, University Hospital in Krakéw, Poland).
The control group consisted of 745 patients of the
same hospital with no history of cancer admitted
for treatment of non-neoplastic conditions. Addi-
tionally, the study showed that intake of stewed or
cooked meat increased the risk of CRC. This is fur-
ther evidence that processed meat may contribute
to a higher risk of CRC [14].

Another example study is the Fukuoka
Colorectal Cancer Study, covering 782 cases and
793 controls. This study presents no association
between beef, pork, processed meat, total fat or
6-PUFA (polyunsaturated fatty acid) consumption
and increased risk of CRC, but on the other hand,
it indicates that higher fish intake has an influence
on the elimination of high CRC risk [15].

Mechanism of Action

Eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA) are naturally occurring
omega (w)-3 long-chain polyunsaturated fatty ac-
ids, which are found in their highest quantities in
oily fish such as sardines and mackerel [16].
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Fish consumption is associated with a reduc-
tion in the risk of CRC because of PUFA, which
reduces inflammation-driven carcinogenesis in the
colon. It causes down-regulation of PGE2 and cy-
clo-oxygenase-2 (COX2) (arachidonic acid path-
way). PUFA has the ability to modulate the variety
of genomic and immune responses. It decreases
the C-reactive protein/albumin ratio.

Dairy Products

Studies shows that milk and cheese play an im-
portant role in reducing CRC risk. Dietary calcium
and calcium dairy products are also significantly
inversely associated. This reducing of CRC risk ef-
fect may be attributed to the fact that dairy prod-
ucts like milk and cheese consist of a lot of cal-
cium. In general, cohort studies have found that
milk and dairy products have a protective effect on
CRC, but case-control studies do not support this
relationship [17].

The European Prospective Investigation in-
to Cancer and Nutrition (EPIC) investigated the
associations between intakes of total milk and
milk subtypes (whole-fat, semi-skimmed and
skimmed), yogurt, cheese, and dietary calcium
and colorectal cancer risk amongst 477,122 men
and women. The results of this study suggest that
dairy products may play a protective role from de-
veloping CRC [18].

Aune et al. conducted a systematic review to
clarify the character of the association between
dairy product consumption and the risk of CRC.
This meta-analysis indicates that milk and to-
tal dairy products, but not cheese and other dairy
products, reduce the risk of CRC [19].

Mechanism of Action

The most essential components of dairy prod-
ucts which may be responsible for the reduction
the CRC risk are calcium and vitamin D. This pro-
tective effect seems to be the result of 2 types of
mechanisms: reducing proliferation and induc-
ing differentiation of cells. The effects of vitamin
D and calcium may be mediated by the vitamin
D receptor (VDR), which is encoded by the VDR
gene [20].

Nuts

The EPIC study documented that higher nut
and seed intake is not significantly associated with
the risk of CRC in men but did show an inverse as-
sociation with CRC in women.

Alcohol

The data confirms that current alcohol intake is
positively associated with the risk of rectal but not
of colon cancer [21]. What is more, excessive alco-
hol consumption has been associated with elevat-
ed risk of CRC. Meanwhile, the effect of medium
alcohol intake on CRC risk is unclear [22]. Drink-
ing > 1 drink/day increases the risk of CRC [23].

Mechanism of Action

Ethanol itself is not carcinogenic but the avail-
able data suggests that acetaldehyde (AA) and re-
active oxygen species, both products of ethanol
metabolism, have a genotoxic effect, promoting
carcinogenesis. Other carcinogenetic mechanisms
include nutritional deficits, changes in DNA meth-
ylation, and impaired immune surveillance. Alco-
hol has a direct mucosal effect and indirect effects
mediated by the mechanical pressure determined
by gas. The role of sugar or artificial sweeteners
is also debated as factors involved in the carcino-
genic processes [24]. What is interesting is, there is
a correlation between alcohol drinking and smok-
ing. Tobacco may be responsible for mutations in
DNA. It is harder to repair it while alcohol is pres-
ent. Moreover, smoking changes the oral bacterial
flora, increasing acetaldehyde. On the other hand,
alcohol can be treated as a solvent which simplifies
the penetration of other carcinogenic substances.
High amounts of alcohol contribute to decreasing
valuable nutrients - the tissues are more suscepti-
ble to carcinogenesis [25].

Mediterranean Diet

The basic components of the Mediterranean diet
are: fruits, vegetables, fish, whole grains, dairy prod-
ucts and small amounts of red and processed meat
and sweets. Some studies have documented that this
type of diet decreases the risk of CRC [26, 27].

The EPIC study found an association between
keeping a Mediterranean diet and the risk of CRC.
The results show that the Mediterranean diet may
reduce the risk of CRC from 3 to 4%. These con-
nections were more noticeable among women.
This study suggests that a Mediterranean diet may
have a positive influence on the risk of CRC.

Nordic Diet

The Nordic diet is based on products like
boiled potatoes, whole-grain wheat and rye bread,
oats, barley, fermented milk and red meat. A sum-
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Table 1. Dietary factors and CRC

Tabela 1. Czynniki zywieniowe i CRC

Diet factors which change the | CRC risk Major components of action

risk of CRC

Fiber, fruit, vegetables \A butyrate: anti-inflammatory proprieties
Suberin, lignin: absorbing carcinogenic agents

Nuts I

Fish \ PUFA: reducing inflammation-driven carcinogenesis in the colon,
down-regulation of PGE2 and cyclo-oxygenase-2 (COX2) (arachidonic
acid pathway). Modulating the variety of genomic and immune re-
sponses, decreasing C-reactive protein/albumin ratio

Red and processed meat T nitric compounds: reaction with DNA-carcinogenesis, HCA, PAH

Dairy products { calcium, vitamin D: reducing proliferation and inducing differentia-
tion of cells

Alcohol ) acetaldehyde: genotoxic effect promoting carcinogenesis, binding to
DNA and proteins, destructing folate, hyperproliferations
reactive oxygen: genotoxic effect promoting carcinogenesis

T _increase the risk of CRC; 4 — decrease the risk of CRC; /T - unclear effect.

mary review shows that whole grains, which are
an important component of Nordic diet, may be
a protection against CRC [28].

Obesity and CRC

It is estimated that about 20% of all cancers are
caused by obesity [29]. What is more, around 11%
of colorectal cancer (CRC) cases have been associ-
ated with overweight and obesity in Europe. Obe-
sity increases the risk of CRC from 30% to 70% in
men, whereas this association is less significant in
women [30]. Obesity, which is a diet-related dis-
ease, is a well-known risk factor of CRC [31]. Ad-
ipokines, substances produced and secreted by
adipose tissue, possessing proinflammatory prop-
erties, are proposed as a link between obesity and
carcinogenesis.

For instance, reports from the International
Agency for Research into Cancer and the World
Cancer Research Fund (WCRF) indicate that
there is a strong association between obesity and
a high risk of CRC. Several factors may be relative-
ly strongly associated with higher CRC risk: insu-
lin, insulin-like growth factor-1, sex steroids, and
adipokines [32].

Moreover, Perrigue et al. suggest that high eat-
ing frequency may have an influence on CRC risk.
They found an inverse association between eating
frequency and CRC [33].

A meta-analysis by Ben et al. indicates that
increased BMI is associated with a higher risk of
colon but not rectal adenoma [34]. Another me-
ta-analysis also found a relationship between high
BMI and an increased risk of CRC [35].

Intestinal Microflora
and CRC

The human gastrointestinal tract contains
more than 102 microorganisms in one gram of the
stool. There are about 1000 species of microorgan-
isms which colonize the large and small intestine.

The gut microflora is a complex of different mi-
croorganisms which creates a special kind of eco-
system. Its activity has a great influence on human
health [36]. Some types of commensal bacteria, for
example E. coli, Bacteroides fragilis and Streptococ-
cus bovis, are connected with an elevated risk of
CRC. As an example, Bacteroides fragilis may cause
carcinogenesis by a hyperproliferation of cells and
proinflammatory proprieties. What is more, it may
increase the genotoxicity of HCA, a carcinogenic
agent produced during high temperature cooking
of meat. On the other hand, other types of bacteria
like bifidobacteria may play a protective role [37].
It has been observed that the amount of bifidobac-
teria in the mucosa-adherent microbiota is reduced
among patients with CRC [38].

Summary

The role of dietary factors that could contrib-
ute to high CRC incidence still remains unclear. In
the contemporary world, people have more choic-
es of the variety of food thanks to the omnipres-
ent advanced technology. Different patterns of di-
et contain a variety of dietary factors, sometimes
both healthy and unhealthy. Because of the com-
bination of nutrients and foods, we cannot in-
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vestigate a single diet factor which causes CRC.
Therefore, studies show that some specific dietary
patterns may be associated with a higher risk of

risk of CRC. A major step toward reducing the risk
of CRC is elimination of the carcinogen, or at least
minimizing exposure, but without a full identifica-

tion of the corresponding risk factors, it is difficult
to put into practice these actions in primary pre-
vention. It is estimated that more than two-thirds
of cancer cases could be prevented through appro-
priate lifestyle modifications [39].

CRC. Studies have presented that the Western di-
etary pattern, like eating processed red meat, fatty
food, alcohol, etc., significantly increases CRC in-
cidence. Dairy food, for example milk, fish, vegeta-
bles and fruit are factors which may also affect the
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