
Introduction 

Does a plant based 
diet actually decrease 
the risk of colorectal 
cancer? 

Colorecta l cancer (CRC) is t he t hird m ost prevalent cancer (World Cancer Research 
Fund/American Institute for Cancer Research; Bray et al., 2018) and t he second 
leading cause of cancer mortality worldwide (World Health Organisation). 

There are various lifestyle and dietary risk factors for CRC. Diet is the most influential 
risk factor for CRC other than increasing age, particularly over the age of SO (Baena & 
Salinas, 2015); male gender; and genetic predispositions (Brenner et al., 2014). CRC is 
therefore a threat to public health especially due to increased unhealthy diets r ich in 
meat, processed foods, cholesterol and fat. In fact, CRC incidence is higher in 
developed countries in comparison with less developed countries (Bishehsari et al., 
2014), as studies have shown that a more westernised lifestyle leads to a higher 
prevalence of CRC (Carroll et al., 2014). 

A European study was carried out which involved 347,237 participants who were 
followed up for 12 years, which led to the conclusion that a decrease in CRC risk can 
be obtained through the implementation of lifestyle changes such as increased 
exercise, maintaining a healt hy body mass index (BMI), little to no smoking or alcohol 
intake, and a healthy d iet , r ich in fibre and low in processed and red meats 
(Aleksandrova et al., 2014). Implement ing various of these lifestyle changes led t o t h e 
largest decrease in CRC risk. 
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Meat consumption 

Studies show t hat there is a clear 
correlation between the prevention of 
CRC and the implementation of a 
vegetarian diet (Orlich et al., 2015), as a 
major variable risk factor for CRC is diet. 
Most notably a high consumption of red 
and processed meat are linked to an 
increased risk (Cross et al., 2007; Norat 
et al., 2005), w h ereas a decreased risk is 
linked to plant foods as they are rich in 
d ietary fiber and nutrients (World 
Cancer Research Fund/American 
Institute for Cancer Research, 2011). The 
International Agency for Research on 
Cancer has classified processed meats 
as a Group 1 carcinogen and red meat as 
a Group 2A carcinogen (International 
Agency for Research on Cancer; 
Sobiecki, 2017). 

The World Cancer Research 
Fund/American Institute for Cancer 
Research stated red and processed 
meats lead to an increased CRC risk, 
and therefore one should limit red meat 
in their diet, and avoid processed meats 
as much as possible (WCRF/AICR, 2007; 
WCRF/AICR, 2010). Studies have shown 
that red and processed meats 
encourage precancerous lesions to 
develop in the colons of rats (Pierre et 
al., 2010; Bastide et al., 2015). 

There are various mechanisms which 
have been studied to explain the 
relationship between meat and CRC. 
The mechanisms which seem t o be 
most significant for the development of 
CRC are: (1) Peptide-derived amines 
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found in processed meats may be N
nitrosated into carcinogenic N-nitroso 
compounds in the gastrointestinal tract 
(Bingham et al., 2002); (2) Herne iron 
from red and processed meats promote 
CRC due to the cytotoxic effects of 
heme on epithelial cells (Sesink et al., 
1999; Bastide et al., 2012), as well as 
heme iron acting as a catalyst for both 
the formation of nitrate compounds and 
the oxidative degradation of lipids by 
free radicals which leads to cell injury 
(Glei et al., 2006); and (3) Mutagenic 
heterocyclic amines (HCA) are 
consumed when meat is cooked at high 
temperatures (Sinha et al., 1998). 

The advantages of a vegetarian 

diet in relation to CRC 

Vegetarian diets are also linked t o a 
lower body mass index (BMI), as studies 
have proven that meat-eaters consume 
high protein and low fibre, which is 
associated with an increased BMI 
(Tonstad et al., 2009). The European 
Prospective Investigation found that 
BMI was lowest in vegans, followed by 
vegetarians, fish eaters, and finally 
highest in meat-eaters (Spencer et al., 
2003). Obesity has been proven to 
increase the risk of CRC (Baena & 

Salinas, 2015). 

Fruits and vegetables are rich in 
antioxidants and polyphenols, which 
have been proven to reduce chronic, 
cardiovascular and cancer diseases 
(Vauzour et al., 2010), mainly through 
their effect on metabolic pathways such 
as mitogen-activated protein kinase 



(MAPK) pathways and cytochrome P450 pathways amongst others 
(Androutsopoulos et al., 2010). This interplay with metabolic pathways can inhibit the 
progression of metastatic tumours (Baena & Salinas, 2015). 

Plant foods tend to be rich in dietary fiber and nutrients, which protect against CRC, 
as can be illustrated by Figure 1 below: 

• Carcinogenic substances 
dilute in gut lumen. 

• Reduction of postprandial 
hyperlnsullnemia. 

• Block conversion of 
primary bile acids to 
secondary (deoxicolic 
acid) more toxic. 

• SCFA reduce cell 
proliferation and facilitate 
apoptosis. 

• Time reducction of 
carcinogenics substances 
in contact to epithelial 
cells. 

Figure l. Scheme of potential mechanism s of protection of fiber in colorectal cancer 

(Baena & Salinas, 2015). 

(SCFA = short-chain fatty acids) 
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Folic acid and CRC 

Folic acid, also known as vitamin 89, can 
be obtained naturally in one's diet from 
foods such as broccoli, leafy green 
vegetables, kidney beans and fortified 
breakfast cereals, and has been shown 
to reduce the risk of CRC (Ta rraga Lopez 
et al., 2013). However, when folic acid is 
obtained from folic acid supplements 
and exceeds the daily recommended 
dose of 1000 µg/day, it may increase the 
r isk of neoplasms (Durke & Malecka
Panas, 2014). 

What about pescovegetarians? 

Research has however shown that a 
moderate amount of fish may provide 
some protection against developing 
CRC (Baena & Sal inas, 2015). as fish 
contain high amounts of vitamin D and 
omega-3 fatty acids (Vargas & 
Thompson, 2012). High vitamin D intake 
has been linked to a decreased risk for 
various types of cancer. Various 
epidemiological studies have proven 
that Vitamin D offers a direct protective 
role on CRC (Garland & Garland, 1980; 
Byers et al., 2012) and on the contrary, 
low levels of Vitamin D have been linked 
to increased risk of CRC (Jenab et al., 
2010). Fish are primary sources of n-3 
long chain polyunsaturated fatty acids 
(n-3 LC-PUFAs) (Delarue et al., 2004). 
Research shows that n-3 LC-PUFAs 
produce anti-inflammatory eicosanoids 
which may inhibit tumour development 
(DiNicolantonio & O'Keefe, 2018). 

71 

Individuals who incorporated fish into 
their diet exhibited approximately a 10% 
reduced risk for CRC (Aglago et al., 2019). 

A major study published in the Journal 
of the American Medical Association, 
called the Adventist Health Study 2 
(AHS-2) involved 96,354 Adventist North 
Americans who were followed up for 7.3 
years. This study concluded that overall 
meat-eaters showed an increased 
frequency of CRC, and most notably 
pescovegetarians (vegetarians who 
include fish in their diet) had the largest 
decrease in CRC risk (Orlich et al., 2015). 

In spite of these studies, the World 
Cancer Research Fund analysed various 
studies and concluded that evidence 
that fish reduces the risk for CRC is 
"limited but suggestive," so there is sti ll 
certain uncertainty whether 
implementing fish into one's diet 
prevents CRC (World Cancer Research 
Fund/American Institute for Cancer 
Research, 2018; Aglago et al., 2019). 

The effects of alcohol and smoking 

onCRC 

Alcohol can also d irectly affect one's risk 
for CRC, as when ethanol is metabolised, 
acetaldehyde is produced, which is 
carcinogenic and may lead to CRC 
development (Reidy et al., 2011). There is 
a 16% increase in CRC risk associated 
with 30g/day of alcohol intake, and a 
41% increase in risk associated wit h a 
45g/day intake (Durko & Malecka-Panas, 



2014). indicating that the risk for CRC 
increases w ith increasing alcohol intake 
(Tarraga Lopez et al., 2013). This 
correlation is observed less frequently in 
females than in males (Baena & Salinas, 
2015). 

Smoking is another well known 
carcinogen which is associated with 
CRC. Studies show that non-smokers 
have an increased survival rate when 
compared to smokers (Zhu et al., 2014). 
Therefore there is a clear dose-response 
relationship between smoking and CRC 
outcome (Phipps et al., 2013; Walter et 
al., 2015). 

Conclusion 
CRC incidence is steadily increasing, 
especially due to the fact that more 
countries are adopting a more 
westernised lifestyle. Studies have 
shown there is a direct link between 
high consumption of red and processed 
meat and CRC, as these foods are 
carcinogenic. Therefore, the 
implementation of a vegetarian diet 
may lead to a decrease in CRC risk, 
especially since plant foods are rich in 
antioxidants, polyphenols, dietary fiber 
and nutrients such as folic acid, w hich 
are all protective factors against CRC. 
Pescovegetarians also seem to have a 
further decreased risk of CRC, notably 
due to the fac t that fish contain high 
amounts of vitamin D, which plays an 
active role in immunity and has a 
protective role against various types of 
cancers. Other than these major d ietary 
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risk factors, alcohol and smoking are 
among other major links attributed w ith 
CRC, so eliminating these from one's 
lifestyle further helps to decrease their 
risk of CRC. 

References 

Aglago EK, Huybrechts I, Murphy N, et al. (2020). Consumption 
of Fish and Long-chain n-3 Polyunsaturated Fatty Acids Is 
Associa ted With Reduced Risk of Colorectal Cancer in a Large 
European Cohort. Clin Gastroenterol Hepatol. 18(3):654-666.e6. 
doi :l0.1016/j.cgh.2019.06.031 

Aleksandrova, K., Pischon, T., Jenab, M. et al. (2014). Comb ined 
impact of healthy lifestyle factors on colorectal cancer: a large 
European cohort study. BMC Med 12, 168. 
https://doi.org/10.1186/sl2916·014-0168-4 

Androutsopoulos V.P.. Papakyriakou A., Vourloumis D., 
Tsatsakis A.M., Spandidos D.A. (2010). Dietary flavonoid s in 
cancer therapy and prevention: Substrates and inhibitors of 
cytochrome P450 CYPl enzymes. Pharmacol Therapeut, 126 , 
pp. 9-20 

Baena R~ Salinas P. (2015). Diet and Colorectal cancer. 
Maturitas 80.3: 258·64. 

Bastide NM, Chenni F, Audebert M, et al. (2015). A central role 
for heme iron in colon carcinogenesis associated with red meat 
intake. Cancer Res. 75(5):870-879. doi:l0.1158/0008-5472CAN-
14-2554 

Bastide NM, Pierre FH, Corpet DE. (2012). Herne iron from meat 
and risk of colorectal cancer: a meta-analysis and a review of 
the mechanisms involved. Cancer Prev Res (Phila); 4:177-84. 

Bingham5A, Hughes R, Cross AJ. (2002). Effect of w hite versus 
red meat on endogenous N-nitrosation in the human colon 
and further evidence of a dose response. J Nutr; 132:35225-SS. 

Bishehsari, F., Mahdavinia, M., Vacca, M., Malekzadeh, R., & 
Mariani-Costantini, R. (2014). Epidemiological t ransition of 
colorectal cancer in developing countries: environmental 
factors. molecular pathways, and opportunities for prevention. 
World journal of gastroenterology, 20(20), 60~72. 

https://doi.org/10.3748/wjg.v20.i20.6055 

Bray F., Ferlay J., 5oerjomataram I. (2018). Global cancer 
statistics 2018: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA cancer 
J Clin~ 68: 394-424 

Brenner H. Kloor M, Pox C.P. (2014). Colorectal cancer. Lancet, 
383, pp. 1490-1502 

Byers, S. W., Rowlands. T., Beildeck, M., and Bong, Y. S. (2012). 
Mechanism of action of vitamin D and the vitamin D receptor 
in colorectal cancer prevention and treatment Rev. Endocr. 
Meta b. Disord. 13, 31-38. 



Byers, S. W ., Rowlands, T., Beildeck, M., and Bong, Y. S. (2012). 
Mechanism of action of vitamin D and the vitamin D 
receptor in colorectal cancer prevention and treatment. Rev. 
Endocr. Meta b . Di.sord. 13, 31-38. 

Orlich, M. J. Singh, P. N., Sa bate, J., Fan, J .• Sveen, L, Bennen, 
H. Knutsen, S. F. Beeson, W. L, Jaceldo-Siegl, K. Butler, T. L , 
Herring, R. P., & Fraser, G. E. (2015). Vegetarian dietary 
patterns and the risk of colorectal cancers. JAMA internal 
medicine, 175(5), 767- 776. 
https://doi.org/10.lOOl/jamainternmed.2015.59 

Perera P.S., Thompson R.L, Weseman M.J. (2012). Recent 
evidence for colorectal cancer prevention through h ealthy 
food, nutrition, and physical activity: implications for 
recommendations. Curr Nutr Rep, 1, pp. 44-54 

Perez-Cueto F.J.A., Wim Verbeke w. (2012). Consumer 
implications of de W CRF's permanent update on colorectal 
cancer. Meat Sci, 90, pp. 977-978 

Phipps Al, Shi Q, Newcomb PA, et al. (2013). Associations 
between cigarette smoking status and colon cancer 
prognosis among participants in north central cancer 
treatment group phase Ill trial n0147. J Clin Oncol; 31: 201~ 
23. 

PierreFH, Santarelli RL. Allam 0, TacheS, Naud N, Gueraud F, 
et al. (2010). Freeze-dried ham promotes azoxymethane
induced mucin-depleted foci and aberrant crypt foci in rat 
colon. Nutr Cancer; 62:567-73. 

Reidy J., McHugh E., Stassen LFA (2011). A review of the 
relationship between alcohol and oral cancer. Surgeon, 9, pp. 
278-283 

Sesink ALA, Termont DSML. Kleibeuker JH, Vandermeer R. 
(1999). Red meat and colon cancer: the cytotoxic and 
hyperproliferative effects of dietary heme. Cancer Res; 
59:5704-9. 

SinhaR, Knize MG, Salmon CP, BrownED, Rhodes D, Felton 
JS, et al. (1998). Heterocycl ic amine content of pork products 
cooked by d ifferent methods and to varying degrees of 
doneness. Food Chem Toxicol;36:28~97. 

Sobiecki J. G. (2017). Vegetarianism and colorectal cancer risk 
in a low-selenium environment: effect modification by 
selenium status? A possible factor contributing to the null 
results in British vegetarians. European journal of nutrition, 
56(S), 181~1832. httpsJ/doi.org/10.1007/s00394-016-l364-0 

Spencer EA, Appleby PN, Davey GK, Key TI. (2003). Diet and 
body mass index in 38000 EPIC-Oxford meat-eaters, fish
eaters, vegetarians and vegans. lnt J Obes Relat Metab 
Disord.;27(6):728-734. 

Tonstad S, Butler T, Yan R, Fraser GE. (2009). Type of 
vegetarian diet, body weight, and prevalence of type 2 
diabetes. Diabetes Care.;32(5):791- 796. 

73 

Vargas A.J., Thompson PA (2012). Diet and nutrient factors in 
colorectal cancer risk. Nutr Clin Pract, 27 (5), pp. 613-623 

Vauzour D., Rodriguez-Mateos A., Corona G., Oruna-Concha 
M.J. Spencer J.P.E. (2010). Polyphenols and human health: 
prevention of disease and mechanisms of action. Nutrients, 2, 
pp. 1106-1131 

Walter V, Jansen L. Hoffmeister M, Ulrich A, Chang-Claude J, 
Brenner H. (201S). Smoking and survival of colorectal cancer 
patients: population-based study from Germany. lnt J 
Cancer,137(6):1433-1445. doi:l0.1002/ijc.29511 

World Cancer Research Fund/American Institute for Cancer 
Research (2018). Colorectal cancer statistics. 
httpsJ/www.wcrf.org/dietandcancer/cancer-trends/colorectal
cancer -statistics 

World Cancer Research Fund/American Institute for Cancer 
Research (2011). Continuous Update Project Report. Food, 
Nutrition, Physical Activity, and the Prevention of Colorectal 
Cancer. httpJ/www.wcrf.org/sites/default/files/Colorecta l
Cancer-2011-Report.pdf 

World Cancer Research Fund/American Institute for Cancer 
Research (2007). Food, nutrition, physical activity, and the 
prevention of cancer: a global perspective. Washington DC: 
WCRF and American Institute for Cancer Research;. p. 1-537. 

World Cancer Research Fund/American Inst itute for Cancer 
Research (2010). Systemat ic Literature Review Continuous 
Update Project Report: The associations between food, 
nutrit ion and physical activity and the risk of colorectal 
cancer. Washington DC:WCRF and American Institute for 
Cancer Research; p. l-8SS. 

World Health Organization (2018) httpsJ/www.who.int/news
room/fact-sheets/detaiVcancer 

Zhu Y, Yang SR, Wang PP, et al. (2014). Influence of pre
diagnostic cigarette smoking on colorectal cancer surviva l: 
overall and by tumour molecular phenotype. Br J Cancer; 110: 
135~66. 


