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ABSTRACT  

Colorectal cancer (CRC) is one of the most common malignancies and the leading causes of 

cancer related deaths worldwide. The development of CRC is driven by a combination of 

genetic and environmental factors. There is growing evidence that changes in dietary nutrition 

may modulate the CRC risk, and protective effects on the risk of developing CRC have been 

advocated for specific nutrients such as glucose, amino acids, lipid, vitamins, micronutrients 

and prebiotics. Metabolic crosstalk between tumor cells, tumor microenvironment 

components and intestinal flora further promote proliferation, invasion and metastasis of CRC 

cells and leads to treatment resistance. This review summarizes the research progress on CRC 

prevention, pathogenesis, and treatment by dietary supplementation or deficiency of glucose, 

amino acids, lipids, vitamins, micronutrients, and prebiotics, respectively. The roles played by 

different nutrients and dietary crosstalk in the tumor microenvironment and metabolism are 

discussed, and nutritional modulation is inspired to be beneficial in the prevention and 

treatment of CRC. 
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Colorectal cancer (CRC) is the third most common malignancy of the gastrointestinal tract 

worldwide and the second most prevalent cause of cancer death worldwide.1 With changes in 

people's diets and lifestyles, millions of people die from CRC each year. Despite an overall 

decline in national CRC incidence and mortality due to advances in screening and treatment, 

an unexpected increase in CRC incidence in young adults has occurred.1 More than half of 

the cases and deaths could be attributed to modifiable risk factors such as smoking, unhealthy 

diet, heavy alcohol consumption, lack of physical activity and overweight, and therefore may 

be preventable.2, 3 

Malnutrition and weight loss, affected by reduced intake, intestinal obstruction and 

malabsorption, are common in CRC patients, more than in patients with non-gastrointestinal 

tumors.4 Cancers have been proven that malnutrition increases treatment toxicity, reduces 

quality of life and accounts for 10-20 % of deaths in cancer patients.5 The etiology of CRC is 

not yet fully explained and the immediate causes remain unclear, but years of research have 

enabled us to distinguish many risk factors. The development of CRC is associated with non-

modifiable risk factors, including age and genetic factors, as well as modifiable factors related 

to the environment and lifestyle.6, 7, 8 It is now generally accepted that the development of 

CRC is the result of a combination of dietary, environmental, lifestyle and genetic factors. 
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Numerous studies have confirmed that obesity, poor dietary structure (lack of fruits and 

vegetables, frequent consumption of red and processed meat), excessive alcohol consumption, 

lack of physical activity, sedentary lifestyle, smoking and genetic factors are high risk factors 

for the development of colorectal cancer.9 Of these, dietary factors are crucial risk factors and 

by changing diet and lifestyle habits, the risk of colorectal cancer can be effectively reduced. 

It is estimated that for every 50g processed meat consumed per day, the risk of developing 

CRC increases by approximately 16%, and for every 100g red meat consumed per day, the 

risk of developing CRC increases by approximately 12%.10 

For CRC patients, nutritional interventions play an important role in their treatment, 

explaining the causal and protective role in the development of cancer.11, 12 Therefore, rational 

and effective nutritional supplementation can reduce the damage to the organism caused by 

chemotherapy, prolong the survival of patients and improve life quality. This review focuses 

on the use and small-scale mechanisms of several nutrients (e.g., amino acids, sugars, lipids, 

vitamins, prebiotics, etc.) as CRC prevention strategies. 

 

Regulation of nutrients 

Malnutrition, metabolic abnormalities, immune imbalance and inflammatory responses are 

present throughout the course of tumor development, in which dietary nutrients play a key 

role. Radiotherapy affects the function of normal tissues surrounding the tumor; 

chemotherapy kills tumor cells while damaging normal cells, leading to immune 

dysregulation, malnutrition and other problems.13 Nutritional preparations such as 

saccharides, amino acids, fatty acids, vitamins, microelement and prebiotics are available to 

improve malnutrition, metabolic and immune imbalance in patients.14 

Dietary amino acids 

Amino acids are the basic units that make up proteins and are involved in protein synthesis 

and energy metabolism, as well as in the growth and proliferation of tumor cells through 

several pathways. Some studies have shown a causal relationship between amino acid 

interventions and the incidence of CRC (Table 1).15 Amino acid (AA) restriction can be used 

to target alterations in cancer cell metabolism, and dietary and pharmacological restriction of 

the sulfur-containing AAs methionine (Met) and cysteine (Cys) has been shown to have anti-

cancer effects in colon cancer.16, 17 Met, an essential amino acid for one-carbon metabolism, 

and dietary restriction of Met not only prolongs life-span and inhibit ageing-related disease 

processes, but also contributes to the inhibition of colon tumor development in rats at the 

early stages of carcinogenesis.18 Met is a substrate for S-adenosylmethionine (SAM) 
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metabolism and is important for SAM-dependent downstream methylation reactions.19 

Adequate SAM is required to activate mechanistic target of rapamycin (mTORC1), the 

effector protein kinase of the pro-proliferative oncogenic signaling pathway.20 Dysregulated 

amino acid sensing-induced mTORC1 activation drives chemotherapy resistance and colon 

tumorigenesis in mice, and restriction of leucine and cystine reverses drug resistance and 

leads to metabolic vulnerability.21 Dietary and pharmacological restriction of serine (Ser) and 

glycine (Gly) in the one-carbon cycle has also shown anticancer activity in intestinal cancer.22 

Glucose via the Ser synthesis pathway is a fundamental process in cancer cells, promoting 

tumor growth. The availability and activation of Ser are largely dependent on 

phosphoglycerate dehydrogenase (PHGDH) catalyzing in serine synthesis.23 In many cases, 

Ser synthesis is detrimental to cancer cells because it directs the glycolytic intermediate 3-

phosphoglycerate (3-PG) away from glycolytic completion, thereby reducing energy 

production.23 Ser synthesis from Glycine is harmful to cancer cells, and conversion of glycine 

to serine by the one carbon metabolizing enzyme serine hydroxymethyltransferase (SHMT) 

hinders efficient nucleotide synthesis, thereby affecting the rate of cell proliferation.15, 24 

These findings suggest that serine deprivation is a promising anti-cancer strategy. In addition, 

different metabolites of tryptophan modulate inflammatory bowel disease and CRC by 

affecting the immune system.25 Dietary modulation of arginine (Arg) has also shown activity 

in CRC models.26 A diet adapted to amino acids shows particular promise as a CRC 

prevention program and is a safe and beneficial dietary strategy.  

 

Dietary glucose 

High intakes of dietary carbohydrate may be associated with an increased risk of many health 

problems, such as intestinal diseases like CRC. Hyperglycemic diets, such as the Western 

diet, including refined carbohydrates (e.g., rice and noodles), may contribute to CRC risk 

through their hyperinsulinemia effects. The intake of sugar-sweetened beverage (SSBs) has 

increased significantly in recent decades, and the intake of monosaccharide, especially 

fructose, has increased dramatically.27 High sugar intake contributes to insulin resistance, 

obesity and type 2 diabetes, which in turn promotes colorectal carcinogenesis.28, 29 Growing 

evidence suggests that intake of sugary drinks in adulthood and teenagers contributes to 

increased risk of early-onset colorectal cancer in young people.30 Total sugar intake is 

associated with higher levels of inflammatory and angiogenic biomarkers in CRC patients.31 

Glucose is a key nutrient in a variety of metabolic pathways, including energy production, and 

is consumed by cancer cells to support their high proliferation rate.32 Glucose contributes to 
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cancer progression, resistance to treatment and may even lead to the development of cancer. 

The majority of glucose entering cancer cells flows towards glycolysis and pyruvate 

synthesis. A portion of pyruvate enters the tricarboxylic acid (TCA) cycle via acetyl-CoA for 

Adenosine triphosphate (ATP) production in tumors.33 The tendency of tumor cells to 

enhance anaerobic enzymes to produce lactate for energy is a phenomenon known as the 

Warburg effect, which illustrates how tumor cells rewire their metabolic program to meet 

their unique metabolic demands.34 In vivo, insulin acts to effectively buffer blood glucose 

levels. However, insulin is also sensed by CRC tumor cells and expresses insulin receptor to 

activate the downstream of PI3K signaling pathway.35 Abnormal PI3K activation is a 

signature of cancer, present in most cancer cells, and promotes tumor growth through positive 

regulation of cell cycle and anabolism. Insulin has been shown to inhibit Colorectal neoplasia 

differentially expressed (CRNDE) and Kallikrein 10 (KLK10), genes that drive aerobic 

glycolysis through PI3K/Akt/mTOR signaling pathway in CRC.35, 36, 37 The role of the insulin 

in CRC carcinogenesis through direct cell proliferation and indirectly through altered glucose 

metabolism in tumor cells. Furthermore, chronically high levels of insulin, such as those 

found in obese and diabetic patients, are associated with a higher risk of CRC.38 Many studies 

have demonstrated the benefits of a restricted diet for cancer treatment, with varying degrees 

of restriction in calorie intake leading to a reduction in blood glucose. Compared to obese 

individuals with low-calorie diets, high-calorie diets showed a significant increase in colon 

cell proliferation as assessed by stable isotope tracer method, making CRC a higher risk.39 

Therefore, a change in dietary structure such as glucose intake would be an ideal target to 

improve cancer treatment. 

 

Dietary lipid 

In a global evaluation, at least 12% CRC cases are directly attributed to overweight or 

obesity.40 A fat-rich diet is also a risk factor for obesity and cancer, and an extensive 

literatures describe a high dietary lipid intake leading to an increased risk of approximately 

60% CRC, an effect that appears to be exerted in the colon.41, 42 Intake of red meat and 

processed meat (sources of animal fat) is associated with CRC risk. CRC risk is higher in the 

high-fat intake group than in the low-fat intake group.43 Although dietary lipid has been 

identified as a risk factor for CRC, the association between fatty acids and CRC is 

inconsistent. Different types of dietary lipid play different roles depending on their source, for 

example omega-3 polyunsaturated fatty acids (PUFAs) play a role in preventing inflammation 

in adipose tissue.44 A positive association was found between total lipid, cholesterol, myristic 
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acid, valeric acid and high intake of palmitoleic acid with CRC, while heptanoic acid, oleic 

acid and low intake of palmitic acid were negatively associated with CRC, and these 

associations were stronger in subjects over 50 years of age.41 PUFAs are classified into 

omega-3 and omega-6 families based on their functions and the location of double bonds. In 

general, omega-3 PUFAs inhibit tumor growth and metastasis, whereas omega-6 PUFAs 

exhibit the opposite effect.45 Omega-6 PUFAs may promote the biosynthesis of 

immunosuppressive Prostaglandin E2 (PGE2) in the arachidonic acid pathway. However, 

omega-3 PUFAs were able to reduce the amount of PGE2, suggesting that the ratio of omega-

6 to omega-3 may play an important role in CRC prevention.46 It has also been found that 

omega-3 PUFAs may inhibit tumor growth by regulating the process of 5-methylcytosine 

(5mC) DNA methylation and 5-hydroxymethylocytosine.47, 48 Moreover, an investigation of 

CRC risk and its association with different lipid types showed that CRC risk was higher in 

those with high saturated fat and cholesterol intakes.49 Mechanistically, a high-fat diet may 

increase the risk of CRC, directly through its effects on inflammation, stem cell regulation 

and prostaglandin metabolism, and indirectly through its effects on the intestinal microbiota.50 

Therefore, rationalizing the diet and reducing the intake of dietary lipid, especially saturated 

and trans fatty acids, are promising strategies to reduce the risk of CRC recurrence and to 

reduce its development risk. 

 

Dietary vitamins 

Dietary vitamins are an important group of nutrients that can contribute to the health of the 

body in different ways. A meta-analysis from 13 cohort studies showed that total intake of 

vitamins A, C, E and folic acid from food showed a moderate negative association with CRC 

risk, and the combination of multiple vitamins showed a statistically significant negative 

association with CRC.51 Among these mechanisms, the anti-inflammatory and 

immunomodulatory effects of vitamin D are particularly compelling, reducing CRC risk and 

mortality by inhibiting neoangiogenesis and cell proliferation and inducing apoptosis52 In 

mice with inflammatory bowel disease (CRC risk factor), consumption of a high vitamin D 

diet reduced inflammation, suggesting that vitamin D may play an important role in 

inflammation-related carcinogenesis.53 The B vitamins, including folate (B9), riboflavin (B2), 

pyridoxine (B6) and cobalamin (B12), are involved in one-carbon metabolism and play a vital 

role in the metabolism of sugars, lipids and proteins in the body. Studies have shown a U-

shaped association between CRC risk and vitamin B6 intake, and an inverse U-shaped 

association between rectal cancer risk and vitamin B12.54 Vitamin B2 intake and high blood 
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concentrations was inversely associated with CRC risk.55 Moreover, dietary vitamin A 

supplementation in mice prior to tumor injection reduced the number of tumor cells in liver 

metastases caused by CRC.56  

Abnormal DNA methylation is an early event in the development of colorectal cancer. 

Folic acid (B9) is essential for nucleotide synthesis and is essential for all cell types. Rapidly 

proliferating cells meet their need for new synthesized nucleotides for DNA replication and 

gene expression by consuming high levels of folate-targeted one-carbon metabolism.15 5-

Methyltetrahydrofolate (THF), the major cytoplasmic form of folate, provides the carbon to 

methylate homocysteine to methionine to form SAM, the universal donor of methyl in DNA 

methylation.57 Due to the role as a vector of single carbon groups and DNA methylation, 

inadequate folic acid intake is considered a possible cause of cancer.15 The folate-dependent 

enzyme 5,10-methylenetetrahydrofolate reductase (MTHFR) catalyzes the reduction of 5,10-

methylenetetrahydrofolate to 5-methyltetrahydrofolate.58 Methylenetetrahydrofolate 

(MTHFR) 677 C→T genotype is consistently negatively associated with colorectal cancer 

(CRC) risk and its association with adenoma risk.58 Adequate vitamin B9 intake may prevent 

people from CRC with low Met intake.54 In conclusion, it is well established that dietary 

vitamins have anti-cancer effects, but different vitamins are able to exert different effects in 

different situations (Table 2). Therefore, patients should take multivitamin supplement in their 

daily diet while undergoing oncology treatment. 

 

Probiotic preparations 

The composition of the microbial flora can be instrumental in creating favorable conditions 

for suppressing CRC. When the situation is reversed, ecological disturbance may appear, 

which can lead to problems with function and composition of intestinal microbiota, resulting 

in an immune stress response and inflammation, thereby exacerbating the risk of CRC.59 An 

investigation with polyposis mice models showed that fiber intervention is an effective and 

safe method of reprogramming the microbiota to reduce colon tumorigenesis, and that a high 

fiber diet increased the expression of short-chain fatty acid producing bacteria and the 

butyrate receptor GPR109A, thereby inhibiting CRC.60 The combination of Lactobacillus 

acidophilus and Lactobacillus fermentum reduces cell proliferation in CRC mice, 

demonstrating greater protection against intestinal tumorigenesis and supporting potential use 

as a biologic therapy for CRC prevention.61 Resistant starch with anti-inflammatory and anti-

cancer properties reduces tumor load in a rat model of colitis-associated CRC model by 

modulating microbial populations.62 Probiotics are defined as live microorganisms that, when 
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given in adequate quantities, provide health benefits to the host. Probiotics may be involved in 

the prevention and treatment of CRC through three different mechanisms.63 Firstly, probiotics 

inhibit the colonization of pathogenic bacterium through the release of antimicrobial peptides, 

reducing the luminal pH and competing directly with pathogens for nutrients63, 64 Secondly, 

through unique immunomodulatory effects to reduce inflammation or enhance anti-tumor 

immunity.63, 65 Finally, probiotics increase mucin production and expression of tight junction 

proteins and promote epithelial restoration to enhance intestinal barrier function.63, 66 These 

findings suggest that microbial interventions are beneficial in the treatment of CRC. 

 

Microelement 

Cancer is inextricably linked to minerals in the body. Hydrogen sulfide produced in sulfur 

metabolism has been found to be a harmful by-product that may induce DNA damage, disrupt 

the mucus bilayer and promote inflammation and CRC.67 Studies of large cohorts have found 

that adherence to a sulfur-containing microbial diet is associated with an increased risk of 

CRC in relation to the relative abundance of sulfur-metabolizing gut bacteria, suggesting a 

potential mediating role for sulfur-metabolizing bacteria in the association between diet and 

CRC.68 

Selenium is an essential micronutrient that plays a vital role in development and various 

physiological processes, and higher levels of selenium or selenium supplementation have 

antiviral effects.69 A multicenter prospective cohort study showed that higher serum selenium 

levels were negatively associated with the risk of colorectal cancer, more significantly in 

women than men, and selenium levels below 80 μg/L may be a risk factor for CRC and, 

therefore that increased selenium intake may reduce the risk of CRC.70  

Calcium is an essential mineral in the skeletal structure and is involved in cell 

differentiation and proliferation, as well as in intercellular junctions and signal transduction 

cascade responses, affecting cell cycle regulatory genes, which plays a key role in the 

pathogenesis of CRC.71 Calcium obtained through diet is bound to bile acids at the intestinal 

level to obtain an insoluble form of calcium soap, which prevents cytotoxic effects caused by 

intestinal fatty acids and protects the integrity of the mucosa.72  

Cancer patients rapidly develop many nutritional deficiencies due to inadequate food 

intake of micronutrients, reduced the ability of digesting and absorbing food and disturbance 

of body's internal balance. 
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Effects of nutritional deficiencies on the tumor microenvironment (TME) 

The metabolism of tumor cells is highly sensitive to their environment. This phenomenon 

focuses attention from single nutrient to a complex network system that includes different 

nutrients and microbial components (Figure 1). TME is altered dynamically to support the 

high metabolic demands of neighboring tumor cells.73 The communication between cancer 

cells and microenvironment facilitates their growth and evades immune surveillance.74 The 

conversion of high concentrations of pyruvate to lactate in tumors is toxic and acidifies TME. 

The more glucose ingested, the more lactate produced, and high extracellular lactate displays 

the immunosuppressive function of cytotoxic T cells by reducing cytokine production and 

altering glycolysis.75 The high glutamine depletion in cancer cells leads to glutamine 

deprivation in TME, which impairs the immune function of T cells.76 Adipocytes increase the 

fatty acid oxidation pathway in CRC cells by upregulating CPT1A, which links adipocyte-

mediated cellular metabolism to Wnt signaling in CRC cells, promoting β-catenin acetylation 

and activating the adipocyte-rich TME.77 Homocysteine metabolism is a key amino acid 

associated with folic acid intake and folic acid depletion may increase homocysteine 

methylation of methionine, thereby reducing the production of glutathione required for DNA 

repair.78  

Lack of nutrition and constant competition for glucose, glutamine, serine, methionine and 

tryptophan are associated with immunosuppressive properties. Thus, metabolic 

reprogramming in TME contributes to a pro-tumor immune environment and enables tumor 

cells to evade immune surveillance. 

 

Nutrient utilization in metabolism 

Nutrients, including carbohydrates, fatty acids, amino acids and vitamins, are essential for 

cellular homeostasis and macromolecular synthesis in the body and are processed through 

anabolism or catabolism pathways.79 Catabolism produces energy by decomposing nutrients, 

while anabolism is the synthesis of complex macromolecules synthesized from simple 

molecules. Metabolism is essential for nutrient utilization and energy production. 

One-carbon units, organic groups containing only one carbon atom, are produced during 

the catabolism of amino acids and are important substrates for nucleotide synthesis and 

methylation. As these groups cannot exist in free, they are usually carried by their carrier, 

tetrahydrofolate (THF), to participate in metabolic reactions, collectively known as one-

carbon metabolism80 One-carbon metabolism is composed of folate cycle and methionine 

cycle, with serine being the main source of one-carbon units. Serine/glycine biosynthesis and 
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one-carbon metabolism are essential for maintaining survival and rapid proliferation of cancer 

cells.81 The serine synthesis pathway (SSP) represents a critical turning point in the 

conversion of glucose, where serine from in vitro uptake and in vivo glycolytic branch 

synthesis can be converted to glycine to provide one-carbon units for one-carbon metabolism, 

the over-activation of which drives tumorigenesis.82 One-carbon metabolism is a complex 

network of circulating metabolism that supports the synthesis of porphyrins, thymine, purines, 

glutathione and SAM, which are important precursors for the synthesis of proteins, lipids, 

nucleic acids and other cofactors to maintain tumor growth.83 In addition, one-carbon 

metabolism maintains the redox homeostasis of the tumor microenvironment and provides 

substrates for methylation reactions. 

Aberrant fatty acid metabolic pathways have been reported to drive tumor development 

and progression, and are associated with poor prognosis in CRC patients.84 Primary bile acids 

are synthesized in the liver, bound to taurine or glycine and released in the colon.85 

Subsequently they are decoupled by the bile salt hydrolases of the intestinal microbiota and 

converted to dangerous secondary bile acids by 7α-dehydroxylated bacteria.86 Metabolomic 

analysis has confirmed elevated levels of secondary bile acids, including deoxycholic acid 

(DCA), in adenomas and intramucosal carcinomas.87 In mice, DCA-induced alterations in the 

intestinal microbiota have been found to be accompanied by impaired intestinal barriers, low-

grade inflammation and colon tumors.88 DCA-induced ecological disturbance is characterized 

by an increased abundance of pathogenic bacteria and a decrease of beneficial bacteria, and 

such changes in the structure of the microbial community are sufficient in themselves to cause 

disease. 

 

Conclusion 

Diet is an integral part of a patient's daily life, and the development of CRC may be 

influenced by dietary structure other than genetic factors. People at high risk of CRC improve 

their quality of life, reduce CRC development by consuming dietary components that may 

prevent intestinal ecological and metabolic dysregulation, exert a regulatory effect on the 

tumor microenvironment, arrest the development of CRC. This article lists a large number of 

nutritional elements such as glucose, amino acids, fatty acids, vitamins, microelements and 

prebiotics on the development of CRC, as well as suggestions for adjusting dietary habits. The 

changes in metabolism produced by different nutrients in the body and thus the impacts on 

tumor development are revealed from the perspective of tumorigenesis and abnormal tumor 

metabolism. Dietary structure and metabolism are both variable factors affecting the 
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development of CRC. This article provides a more detailed understanding of their impact on 

CRC, and the combined analysis deepens the understanding of the overall picture and may 

lead to more favorable findings for the treatment of CRC. Dietary management for CRC 

patients is a complex and systematic project. In the future, more effective, reliable and safe 

methods are needed to guide clinical work and to better carry out research on dietary 

management of CRC patients.  
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Table 1. Summary of the included studies of amino acids in colorectal cancer (CRC) 
 
Kind Model Highlight Authors 
Arginine Tumor from 

CRC patients 
and mouse 

Arginine methylation promotes CRC cell proliferation, migration and 
invasion, and thus contributes to CRC progression. 

Yin et al.89 

Asparagine Human CRC 
cells 

Administration of L-asparaginase treatment significantly inhibits 
SOX12-mediated proliferation and metastasis of CRC cells. 

Du et al.90 

Aspartate Tumor from 
CRC patients 
and mouse 

SLC25A22 induces aspartate synthesis, mitogen-activated protein 
kinase and signal-regulated kinase activation to promote proliferation 
and migration in CRC cells and CRC tumors in mouse. 

Wong et al.91 

Glutamine Human CRC 
cells 

CEMIP induces CRC through reprogramming of glutamine 
metabolism, suggesting that combined inhibition of CEMIP and 
glutamine metabolism significantly attenuates CRC metastasis. 

Hua et al.92 

Lysine Human CRC 
cells and tumor 

Lysine-specific histone demethylase 5C-mediated demethylation of 
histone H3 lysine 4 trimethylation in the METTL14 promoter inhibits 
METTL14 transcription, thus suppressing CRC cell migration, invasion 
and metastasis. 

Chen et al.93 

Methionine Mouse Dietary restriction of methionine affects therapeutic response in 
colorectal cancer mice through controlled and reproducible changes in 
single-carbon metabolism. 

Gao et al.17 

Serine Mouse Dietary restriction of serine and glycine reduces tumor growth in 
mouse models of pancreatic and intestinal cancer by antagonizing 
antioxidant responses. 

Oliver et al.94 

Tryptophan Mouse Pharmacological targeting of USP1 reduces IDO1 expression, reverses 
cytotoxic T cell suppression and tryptophan metabolism, increases 
responsiveness to anti-PD-38, and exerts immunotherapeutic effects 
against CRC.  

Shi et al.95 

 
CRC, colorectal cancer; SOX12, sex-determining region Y-box (SOX) 12; SLC25A22, solute carrier family 25 member 22; CEMIP, 
cell migration inducing hyaluronidase 1; METTL14, methyltransferase 14; USP1, ubiquitin specific peptidase 1; IDO1, indoleamine 
2,3-dioxygenase 1; anti-PD-38, Anti-programmed cell death protein 38 
 
 
 
Table 2. Summary of the included studies of vitamins in CRC 
 
Vitamin Model Highlight Authors 
A Clinical 

cohort 
Dietary supplements of vitamin A were not found to be associated 
with CRC risk. 

Andersen et al. 96 

B2 Clinical 
cohort 

Data on the dietary addition of vitamin B2 do not support its beneficial 
effect in reducing the incidence of CRC. 

Yoon et al. 
97 

B6 Clinical 
cohort 

Higher preoperative vitamin B6 status is associated with improved 
overall survival in patients with stage I-III CRC. 

Holowatyj et al. 98 

B9 Clinical 
cohort 

Total folic acid intake is associated with a lower overall CRC risk 
after a long latency period. 

Wang et al.99 

B12 Clinical 
cohort 

LINE12 methylation in tumor and peripheral blood mononuclear cells 
was lower in the high vitamin B12 group, suggesting that vitamin B12 
may be associated with or mediate the epigenetic status of CRC 

Boughanem et al.100 

C CRC cell 
lines 

Vitamin C selectively kills KRAS and BRAF mutated CRC cells by 
targeting GAPDH and has therapeutic use in CRC. 

Yun et al.101 

D Clinical 
cohort 

Higher total vitamin D intake was associated with decreased risks of 
early-onset CRC and precursors. 

Kim et al.52 

E Clinical 
cohort 

CRC associated with low serum vitamin E concentrations. Dong et al.102 

K Colon 26 
cells 

Vitamins K2, K3 and K5 exert effective anti-tumor effects against 
colorectal cancer in vitro and in vivo by inducing cysteine-dependent 
apoptotic death of tumor cells. 

Ogawa et al.103 

 
CRC, colorectal cancer; LINE12, long interspersed nuclear element 12; KRAS, Kirsten rat sarcoma viral oncogene; BRAF, B-Raf 
proto-oncogene; GAPDH, glyceraldehyde 3-phosphate dehydrogenase. 
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Figure 1. The role of dietary nutrients in colorectal carcinogenesis. Glucose promotes colorectal cancer via the tricarboxylic acid 
cycle and PI3K/Akt/mTOR pathway.33, 35, 36, 37 Amino acids, vitamins, fatty acids promote tumorigenesis via S-adenosylmethionine-
dependent methylation.15, 19, 20, 47, 48, 58 Glucoses, amino acids, vitamins contribute to colorectal cancer development through one-
carbon metabolism.15, 22, 24, 57 Fatty acids, prebiotics promote inflammation by affecting gut microorganisms.50, 61, 62 The figure was 
created with BioRender.com.. 
 
 

 

 

 

 

 

 

 

 

 
 


