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Role of diet in primary prevention of colorectal cancer

Colorectal cancer and primary prophylaxis
In the group of cancerous diseases colorectal cancer was classified by the World 
Health Organization (WHO) on the third position from the aspect of the number of 
cases and deaths (Kubiak et al., 2014). In 2012, 1,360,602 people worldwide fell 
ill with colorectal cancer, and approximately 693,933 died due to this cause (Król, 
Kapka-Skrzypczak, 2011). Such a high position in the ranking by the WHO is the 
result of poorly effective actions in the area of primary and secondary prevention 
(Schuz et al., 2015), despite the fact that this is one of the best recognized cancerous 
diseases, and knowledge concerning the stimuli triggering the processes of its 
development is comprehensive. This is a diet-related disease which means that the 
risk of occurrence of the disease is modified by means of dietary habits. 

Early detection of colorectal cancer improves treatment prognoses. However, 
the majority of patients undergo the therapy too late, which results in a low 
effectiveness of the treatment methods applied (Kubiak et al., 2014; Król, Kapka- 
-Skrzypczak, 2011). Late detection of the disease results from problems associated 
with an effective system of diagnosing. At an early stage, the symptoms are difficult 
to observe, additionally, low awareness of both physicians and patients indicates 
the necessity for placing a greater emphasis on actions biased towards primary and 
secondary prevention (Kubiak et al., 2014; Schuz et al., 2015; Cancer Prevention 
WHO, 2016). Dietary and health education modifying factors related with life style 
should prove effective. 

An argument in favour of primary prophylaxis are also costs of cancer treatment, 
which in the European Union have been estimated at 126 billion EUR (data of 2009). 
Oncologic treatment considerably burdens the national budgets and also has its 
social aspect. Despite the fact that cancerous diseases afflict mainly older population, 
a large number of new cases is observed in the population group at productivity age, 
which entails difficult the estimation of indirect costs related with the occurrence 
of the disease, i.e. costs of productivity and work absenteeism, as well as costs of 
patient care (Luengo-Fernandez et al., 2013). It is presumed that implementation 
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of a health promoting life style, i.e. an adequate diet, increased physical effort or 
maintenance of a proper body weight, would result in a decrease in the number of 
new cases of colorectal cancer even by 47% according to the World Cancer Research 
Fund (WCRF) (Anderson et al., 2015). Thus, the improvement of the level of health 
knowledge in a time of unfavourable demographic changes related with the ageing 
of societies, poses a challenge to the present health and educational systems. 

Diet and its components in colorectal cancer
From the aspect of an individual and possibilities to avoid a cancerous disease, 

so-called modifiable factors are of great importance, such as physical activity and 
diet. Food and the methods of its production, processing, preservation and storage 
may, on the one hand, trigger negative processes in the colorectal region; however, 
on the other hand, they may play a considerable role in cancer prophylaxis. Life span 
is increasing; and consequently, a longer life is related with an increased exposure 
to carcinogens; therefore, it is worthwhile using a diet as a modifiable carcinogenic 
factor in order to reduce the risk of development of the disease. An appropriately 
balanced diet and its individual components may favour, delay or even prevent 
negative phenomenon taking place in this section of the gastrointestinal tract. 

The International Agency for Research on Cancer (IARC) in association with 
the European Union (UE) have issued recommendations concerning prophylaxis 
of cancerous diseases entitled the “European Code Against Cancer”. Into the 
factors conducive for the development of colorectal cancer have been classified: 
obesity, consumption of red meat and its products, and alcohol (Schuz et al., 2015;  
Thomson, 2015).

Scientific studies confirm the relationship between BMI (Body Mass Index) and 
WHR (Waist to Hip Ratio), and the risk of contracting colorectal cancer (Pischon  
et al., 2006; Renehan et al., 2012; Tandon et al., 2015). In individuals with BMI higher 
than 25 kg/m2 the risk of occurrence of colorectal cancer increases by 30–50% 
(Kiciak et al., 2012). Per each subsequent 1 kg/m2 exceeded over the normal value 
of BMI this risk increases by 2% (Gray et al., 2012). It was found that morbidity 
increases in males in whom body weight gain took place in adult life (over the age 
of 18), and decreases with body weight loss (Renehan et al., 2012; Gray et al., 2012; 
Rapp et al., 2008). A similar relationship was not observed among females (Chan et 
al., 2011; Migdał et al., 2014). This may result from the fact that higher tendencies 
towards the development of the disease were noted in abdominal (visceral) obesity 
typical of males, than in gluteal-femoral (gynoid) obesity typical of females (Doyle 
et al., 2012; Lee et al., 2016).

The effect of obesity on carcinogenic processes in the colorectal region is 
explained in various ways. Metabolic changes accompanying an excessive increase 
in adipose tissue lead to an increase in the resistance to insulin, intensification of 
inflammatory states in the body, modification in the level of sex hormones, changes 
in the production of adipokines, cause oxidative stress and changes in immune 
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response. All these processes favour carcinogenesis (Schuz et al., 2015). In addition, 
nutritional behaviours leading to obesity, such as: an excessive consumption of 
processed products with low nutritional value, i.e. low content of fibre, micro- and 
macroelements, and a high contribution of simple carbohydrates and hydrogenated 
vegetable fats, affect the composition of the microflora of the colon and its peristalsis. 
In turn, the motility of the colon exerts an effect on the duration of the contact of 
gastric contents with the colon wall. The retention of undigested products triggers 
carcinogenic processes, while disorders in the bacterial flora of the colon weaken its 
structure and protective functions, leading to dysbiosis and intensified endotoxemia, 
and cause a chronic inflammatory state (Nowak, Libudzisz, 2008). 

Also, the relationship between the occurrence of colorectal cancer and the 
consumption of products which have a high glycaemic index (GI) and glycaemic load 
(GL) is significant. Among Canadians surveyed from the aspect of daily diet during 
the period 1994–1997, those whose diet was characterized by high GI and GL more 
frequently contracted colorectal cancer (Hu et al., 2013). 

Other observations made among the American population, the diet of which 
is based on high GI and GL, revealed a positive correlation between the above- 
-mentioned indices and the prevalence of colorectal cancer (Gil et al., 2010), 
especially among individuals whose physical activity was on a low level. A high GI 
diet increased the risk of colorectal cancer by 69% in females and 87% in males 
(Ciok, Dolna, 2005).

The classification of food based on the above-mentioned indices specifies 
the effect of diet on the level of glucose in blood. Products with a high GI and GL 
cause the states of glycaemia, i.e. an elevated concentration of free glucose in 
blood, above the values adopted as normal. Glucose accompanies growth and 
proliferation of cancer cells (Dudziak, Regulska-Ilow, 2013). In addition, chronically 
persisting hyperglycaemia typical of type 2 diabetes is most often related with 
hyperinsulinaemia accompanying overweight and obesity, and enhances the 
processes of initiation and progression of cancer. Epidemiological studies showed 
that in patients with type 2 diabetes the risk of colorectal cancer increases even  
1.5 times (Dudziak, Regulska-Ilow, 2013; Dąbrowski, 2010).

In response to the above-quoted reports, for the purpose of cancer prevention, 
the American Institute for Cancer Research (AICR) recommends the maintenance of 
normal body weight, irrespective of age, and a proper weight circumference, through 
physical activity and an adequate diet in order to avoid visceral obesity (Schuz et al., 
2015). Elimination from the diet products containing easily absorbed carbohydrates, 
i.e. with a high GI and GL, should also, to a large extent, protect the intestine against 
carcinogenic processes (Gil et al., 2010; Dudziak, Regulska-Ilow, 2013).

The International Agency for Research on Cancer (IARC) considered red meat 
(pork, beef, and mutton) as a factor possibly causing colorectal cancer (Group 2A), 
whereas its products (cold cuts, sausages, pates etc.) as carcinogenic factors in the 
discussed section of the gastrointestinal tract (Group 1). This classification was based 
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on scientific reports which showed that the risk of contracting colorectal cancer 
increased by 14% per each 100 g of daily red meat and meat products consumed 
(Chan et al., 2011). The risk related with red meat concerns the colon rather than 
the rectum, whereas the consumption of its products affects the development of 
cancer concerning these both sections of the gastrointestinal tract (Chan et al., 2011; 
Fatima et al., 2009).

The carcinogenic effect of red meat has not been ultimately explained and 
requires further studies. One of the causes is the presence of heme iron which 
generates free radicals activating a number of unfavourable processes leading to 
changes in the colorectal region (Fatima et al., 2009; Samraja et al., 2015). In addition, 
during processing, especially an exposure of red meat to a high temperature, results 
in the formation of mutagenic substances, such as heterocyclic amines (HCA), or 
polycyclic amines, polycyclic aromatic hydrocarbons (PAHs) (Majcherczyk, Surówka, 
2015; Klusek et al., 2011). Although the effect of consumption of red meat requires 
recognition of the mechanisms of effect on carcinogenic processes in the colon, 
there is no doubt concerning the carcinogenic effect of industrial meat products. 
The IARC placed these products in the group of factors with a high carcinogenic 
effect on humans (Group 1) (Can et al., 2011). Especially the substances used in 
meat processing, such as dyes, preservatives, acidity regulators, antioxidants, 
stabilisers and emulsifiers, flavour enhancers and others, are not indifferent to 
health (Majcherczyk, Surówka, 2015). Cold cuts are a rich source of PAHs produced 
during the processes of the smoking of meats. They may impair the genome and 
favour carcinogenic processes. The PAHs include several hundred compounds, 15 
of which have a potentially carcinogenic effect. Nitrogen compounds added to cold 
cuts products for preservation purposes, during digestion are transformed into 
nitrosamines – strongly carcinogenic compounds (Migdał et al., 2014).

Concerning scientific publications, the WHO recommends the limitation 
of consumption of red meat to 500 g per week and avoidance of consumption of 
processed cured meat products (Schuz et al., 2015). 

The risk of development of colorectal cancer is 1.4 times higher in individuals 
who regularly consume more than 50 g of ethyl alcohol per day, compared to 
abstainers. The relationship between colon and rectal cancer and the consumption 
of alcohol has been observed, irrespective of the type of alcohol consumed, because 
the carcinogenic factor in this case is ethanol and its metabolite – acetaldehyde 
(Schuz et al., 2015; Kasicka-Jonderko, 2012).

The effect of alcohol on the development of colorectal cancer results 
from disorders in digestion and absorption caused by ethanol metabolites, i.e. 
acetaldehyde and acetic acid. They exert an effect on motor and secretory functions 
of the gastrointestinal system, leading to flatulence and inefficiency of digestion, as 
well as disorders in the absorption of micro- and macro-components. This results 
in the deficiency of vitamins which play the role of antioxidants in the human 
body. In individuals who abuse alcohol, a slowing down of intestinal motility has 
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been observed, which leads to an excessive development of intestinal flora and 
its translocation. Ethanol increases the production of nitric oxide, superoxide free 
radicals and peroxynitrite anions, which enhance the permeability of the intestines 
by the weakening of tightness of the mucous (Kasicka-Jonderko, 2012). 

The WHO classified alcohol beverages, ethanol and acetaldehyde, into impor-
tant carcinogenic factors (Group 1) and recommended the limitation of alcohol 
consumption to two drinks in the case of males and one drink for females per day, 
i.e. 20–30 g of ethanol daily (Schuz et al., 2015; Cancer Prevetion WHO, 2016). 

Food components and nutritional habits decreasing the risk of occurrence of 
colorectal cancer include the maintenance of normal body weight and appropriate 
consumption of fruits, vegetables and cereal products (Schuz et al., 2015). In the 
context of prophylaxis of colon cancer, many scientific studies  emphasize the role of 
milk and milk products (Kuczyńska et al., 2013; Cichosz, Czeczot, 2012). 

Non-starchy food of plant origin is indicated in the European Code Against 
Cancer as a basis of diet (Schuz et al., 2015). However, evidence for the presence 
of the relationship between a higher consumption of vegetables and fruits and 
the risk of contracting colorectal cancer is not unequivocal. The relation between 
a reduced risk of occurrence of colorectal cancer and consumption of fruits and 
vegetables was observed based on scientific reports indicating that this disease 
is less common among vegetarians than individuals who consume meat (Orlich et 
al., 2015; Key et al., 2014). The effectiveness of anti-cancer effect in this section of 
the gastrointestinal tract has been scientifically confirmed only for some groups of 
vegetables, such as cruciferous plants, to which belong cabbage, brussel sprouts, 
cauliflower, broccoli, turnip, kale, wasabi (Japanese horseradish), or Alliacae, e.g. 
garlic, onions, leeks or chives (Wu et al., 2013; Wroński, 2013). Cruciferous plants 
contain glucosinolates, substances which are precursors of compounds which play 
functions in the protection of cells against DNA damage by carcinogenic factors and 
reactive oxygen species, and do not allow the development of cancer. Glucosinolates 
exert an effect on many processes taking place in a cell, such as: regulation of the 
level of transcription factors, signalling paths, regulation of cell cycle and apoptosis. 
While exerting an effect on cell cycle, they enable the degradation of cancerously 
changed cells at early stages of tumour development. Glucosinolates show anti- 
-angiogenic, anti-inflammatory, anti-bacterial and anti-viral effects (Śmiechowska 
et al., 2008; Zalega, Szostak-Węgierek, 2013).

In turn, plants of the Alliacae species contain sulfur compounds, the anti- 
-cancer effect of which is based on the induction of apoptosis in colon cancer. Their 
bactericidal effect was also confirmed; therefore, the WCRF recommends the daily 
consumption of fresh garlic (Wroński, 2013). 

Although there is no unequivocal evidence for a direct relationship between 
the risk of contracting colorectal cancer and general consumption of vegetables 
and fruits, their indirect effect may be proved, i.e. that they eliminate factors which 
are conducive for the development of this disease. Due to the content of dietary 
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fibre they have a low energy density, even with a higher volume, thus resulting in 
the maintenance of normal body weight. Also, dietary fibre favourably affects the 
motility of the colon and prevents the stagnation of gastric contents in this section 
of the gastrointestinal tract. The stagnation of food results in a long-term contact of 
intestinal walls with secondary bile acids, which exert a negative effect on colon cells 
(colonocytes) (Doyle et al., 2012). It has been confirmed that especially deoxycholic 
acid affects necrosis, hyperplasia, and induction of DNA damage of cells (Renehan et 
al., 2012). Fibre is also a natural medium for favourable bacterial flora (Szczepańska 
et al., 2010). 

Some vegetables and fruits contain insulin. This is a natural prebiotic occurring 
in, e.g. chicory, leek, garlic, onion, Jerusalem artichoke, or bananas, which stimulates 
growth and metabolic activity of some species of intestinal bacteria, which 
favourably affects the functioning of the gastrointestinal tract. In the large intestine, 
insulin is subject to fermentation and contributes to an increase in lactic acid and 
acetic acid bacilli, substances which inhibit the growth of putrefaction bacteria. As 
a result of the insulin fermentation processes, short chain fatty acids are produced 
in the colon, including butter acid, causing the destruction of cancer cells (Schuz 
et al., 2015; Zalega, Szostak-Węgierek, 2013). Similarly, fermented plant products, 
such as soya, cabbage, or cucumbers, due to the content of lactic acid create the 
environment favourable for the development of intestinal microflora, capable of 
synthesising the enzymes which decompose potentially carcinogenic compounds in 
the lumen of the colon (Zalega, Szostak-Węgierek, 2013). 

In vegetables and fruits there are many biologically active substances of 
confirmed anti-cancer effect, such as: vitamins C, E, and A, and β-carotene, folic acid, 
selenium, polyphenols, anthocyanins, among others. They may constitute an active 
instrument in the chemoprevention of colorectal cancer (Schuz et al., 2015). 

The benefits resulting from the consumption of vegetables and fruits are consid-
erable. However, this group of products is not excluded from risk factors, which are 
related with human activity. The problem concerns the preparations such as: pesti-
cides and herbicides used in the processes of growth and storage of plants, as well 
as aflatoxins. These preparations have been preventively classified as carcinogenic, 
because they may induce cancerous processes if in these products a proper level of 
inhibitory factors, such as vitamin C and E, flavonoids and polyphenols is not simulta-
neously found (Hasik, 2001). However, as a result of human interference, the content 
of vitamins and minerals in cultivated plants decreases. 

Despite the lack of unequivocal evidence for the relationship between higher 
overall consumption of vegetables and fruits, and a lower risk of development of 
colorectal cancer, the potential of this group of products in the prevention of the 
disease is tremendous. 

Whole grain cereal products are a rich source of dietary fibre. A negative cor-
relation was found between the consumption of fibre and occurrence of colorectal 
cancer. In individuals who consume 35 g of fibre per day the risk of development of 



[26] Daniela Kamińska, Jolanta Klusek, Justyna Klusek 

gastrointestinal cancer decreases by as much as 40%, compared to those who con-
sume only 15 g of fibre daily (Bienkiewicz et al., 2015).

Dietary fibre from cereals shows a greater importance in the prevention of 
colorectal cancer than fibre from vegetables and fruits (Schuz et al., 2015).

Dietary fibre is not digested and absorbed in the small intestine. It passes to 
the colon in an unaltered form, and it is in this section of the gastrointestinal tract 
that its partial or total fermentation takes place. As mentioned above, fermentation 
processes stimulate the growth or metabolic activity of some strains of intestinal 
bacteria. By hydrolysing fibre, the bacteria obtain energy necessary for their own 
development. Favourable bacterial flora regulates the functioning of the immune 
system, development of the intestine, production of vitamins (biotin and vitamin K), 
as well as enzymes. One of the products of fermentation processes are short chain 
fatty acids: acetic acid, propionic acid and butyric acid. It has been confirmed that 
these acids affect an increase in the proliferation of colonocytes and apoptosis of 
cancer cells (Bienkiewicz et al., 2015; Schuz et al., 2015). 

A diet rich in whole grain cereal products supplies the body with a higher 
amount of dietary fibre, which exerts a beneficial effect on the motility of the large 
intestine. Due to this, gastric content is not retained in the colon, and is passed at 
a proper speed to the subsequent sections of the gastrointestinal tract, therefore 
shortening the duration of contact of digested food with the intestinal wall. This 
prevents constipations which are considered as factors conducive to the occurrence 
of colon and rectal cancer. 

Despite many advantages resulting from the consumption of fibre, the supply 
of fibre for the maintenance of health should not be excessively high, because it may 
hinder the absorption of nutrients and the use of mineral components (Bienkiewicz 
et al., 2015).

Milk and its products are considered as factors of probable protective effect on 
the large intestine against cancer. Many clinical and epidemiological studies suggest 
that this group of products is important in the reduction of risk of development 
of colon and rectal cancer, indicating, at the same time, the need for carrying out 
further observations (Kuczyńska et al., 2013). 

Preventive properties of milk are considered in association with its composition. 
Milk and dairy products are the source of easily absorbed vitamins and mineral 
components, as well as short chain fatty acids. Classified into anti-oxidants present 
in milk are all vitamins soluble in its fats, i.e. vitamins A, D, E and K, which protect 
cells against reactive oxygen species, and vitamins soluble in water – vitamin C and 
vitamins of group B. Other strong antioxidants are contained in milk fat (Cichosz, 
Czeczot, 2012; Kuczyńska et al., 2013).

Calcium present in milk may bind bile acids forming with them insoluble 
calcium salts, thus deactivating the carcinogenic factor. It also shows a capability 
for exerting a direct effect on the intestinal epithelial cells, regulating their cell 
cycle; also limits the growth and differentiation of altered cells (Gałaś et al., 2013). 
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The high digestibility of calcium from milk is not only due to its high content in the 
product, but also due to the presence of other biocomponents, including a beneficial 
proportion of calcium to phosphorus and the presence of vitamins from group D 
(Cichosz, Czeczot, 2012). Vitamin D also contributes to the inhibition of cancerous 
processes in the large intestine. An insufficient supply of vitamin D may disrupt the 
growth and functioning of colonocytes (Olejnik et al., 2010).

In recent studies on the anti-cancer properties of milk, attention is paid to milk 
fat and contained in it natural isomers trans: conjugated linoleic acid (CLA) and 
vaccenic acid. CLA is considered as the most active anti-oxidant in milk fat which 
shows an inhibitory effect on the development of cancer cells in the colon (Cichosz, 
Czeczot, 2012). The anti-cancer effect of this acid in humans was confirmed at 
a dose of 3 per day. In milk products, its content range between 2.9–30 mg/g of fat, 
while with such products as yellow cheese or butter, it reaches 385 mg/100 g of fat 
(Kuczyńska et al., 2013). 

Ester lipids, 13-methyltetradecanoic acid, α-tocopherol, coenzyme Q10, and 
short chain saturated fatty acids also show anti-oxidative and immunosuppressive 
properties. A great advantage of milk is that the oxidants present in it are very 
effective, although their number is small. This results from an active co-action of 
individual compounds, which create a synergistic system where the regeneration of 
one component may take place at the cost of the other, e.g. coenzyme Q10 reconstructs 
α-tocopherol from the tocopherol radical, whereas α-tocopherol may renew 
β-carotene. In addition, anti-oxidants of the lipophilic environment supplement the 
effect of the antioxidant of the hydrophilic environment. 

Anti-cancer effect of milk fat within the large intestine also consists in the 
stimulation of the functioning of the epithelium through short and medium chain 
saturated fatty acids. These compounds from the diet, as well as those produced 
by intestinal flora, affect an increase in the growth of colonocytes and apoptosis of 
cancer cells, and exert a stimulatory effect on motility. In addition, prostaglandins 
present in milk fat possess a capability for binding bacterial toxins and rotaviruses, 
thus preventing the development of inflammatory processes in the intestine 
(Cichosz, Czeczot, 2012).

Milk and its products are also a valuable source of proteins showing a strong 
anti-cancer effect, to which belong whey proteins and casein (Kuczyńska et al., 
2013). 

Conclusions 
Colorectal cancer belongs to civilisation diseases. This is a diet-related disease, 

i.e. the risk of the development of the disease is modifiable by means of nutritional 
habits. The most important dietary factors favouring this disease include: obesity, 
consumption of red meat, meat products, alcohol, and consumption of products 
of high GI and GL. The risk of contracting the disease is decreased by: appropriate 
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consumption of whole grain cereal products, rich in fibre, proper supply of milk, as 
well as vegetables and fruits in the daily diet. 

Colorectal cancer is most frequently diagnosed at older age, in an already 
advanced stage of the disease. Late diagnosis provides little chance for the 
effectiveness of the therapies undertaken. The human life span is constantly 
increasing, which is associated with a higher exposure to carcinogenic factors. 
Therefore, it is worthwhile using diet as a modifiable carcinogenic factor in order to 
reduce the risk of development of the disease. 
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Role of diet in primary prevention of colorectal cancer

Abstract
Colorectal cancer is a diet-related disease classified by the World Health Organization (WHO) 
on the third position from the aspect of the number of cases and deaths. The main factors 
promoting the development of colorectal cancer have been classified as obesity, consumption 
of red meat and alcohol. It is presumed that implementation of a health education, promoting 
life style, i.e. an adequate diet, increased physical effort or maintenance of a proper body 
weight, would result in a significant decrease in the number of new cases of colorectal cancer.
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