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Abstract
According to GLOBOCAN 2018 data, colorectal cancer (CRC) is the third most deadly and fourth most commonly diagnosed 

cancer in the world. Nearly 2 million new cases and about 1 million deaths are expected in 2018. CRC incidence has been steadily 
rising worldwide, especially in developing countries that are adopting the “western” way of life. Obesity, sedentary lifestyle, red 
meat consumption, alcohol, and tobacco are considered the driving factors behind the growth of CRC. However, recent advances 
in early detection screenings and treatment options have reduced CRC mortality in developed nations, even in the face of grow-
ing incidence. Genetic testing and better family history documentation can enable those with a hereditary predisposition for 
the neoplasm to take preventive measures. Meanwhile, the general population can reduce their risk by lowering their red meat, 
alcohol, and tobacco consumption and raising their consumption of fibre, wholesome foods, and certain vitamins and minerals.

Introduction
Colorectal cancer (CRC) is already the third leading 

cause of cancer death in the world, and its incidence 
is steadily rising in developing nations. Also known as 
colorectal adenocarcinoma, CRC usually emerges from 
the glandular, epithelial cells of the large intestine. The 
cancer arises when certain cells of the epithelium ac-
quire a series of genetic or epigenetic mutations that 
confer on them a selective advantage [1]. With abnor-
mally heightened replication and survival, these hy-
per-proliferative cells give rise to a benign adenoma, 
which may then evolve into carcinoma and metastasize 
over decades [2].

The primary function of the colon is the reabsorp-
tion of water and remaining minerals and nutrients in 
the chyme. The large intestine contains diverse micro-
flora that can break down remaining starches and pro-
teins. In order to facilitate absorption, the gastrointes-
tinal epithelium is organised as an axis of crypts and 
villi. Colon stem cells and progenitor cells are located in 
the bottom of the crypt. These pluripotent cells function 
in self-renewal [3]. As the progenitor cells differentiate 

into specialised epithelium cells, they migrate out of the 
crypt and up the villus. Differentiated epithelial cells in-
clude Paneth, goblet, and enteroendocrine cells as well 
as enterocytes. Once these cells arrive at the top of the 
villus after about 14 days, they undergo apoptosis, i.e. 
programmed cell death, and are shed and eliminated 
with the faeces [4]. This process is highly regulated by 
a gradient of signalling proteins, among which the most 
common are Wnt, BMP, and TGF-B [5].

The CRCs actually comprise a very heterogeneous 
group of diseases driven by a vast array of mutations 
and mutagens. Because not all CRCs share similar driv-
ing mutations, it has been difficult to design a “catch-
all” molecular therapy [6]. Surgery remains the primary 
course of treatment in cases of early diagnosis, but is 
no longer effective in advanced cases where cancer has 
metastasised, as is the case in about 25% of diagnoses 
[7]. In such patients, the efficacy of neoadjuvant, cyto-
toxic therapies has been stifled by the rapid evolution 
of drug resistance and cancer recurrence [8].

A stronger understanding of the pattern of CRC de-
velopment, the environmental and genetic risk factors, 
and the molecular evolution of the disease can empow-
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er researchers and physicians to prevent and treat this 
deadly neoplasm. 

Epidemiology
Incidence
According to GLOBOCAN 2018 data, cancer of the 

colon is the fourth most incident cancer in the world, 
while cancer of the rectum is the eighth most incident. 
Together, CRCs are the third most commonly diagnosed 
form of cancer globally, comprising 11% of all cancer 
diagnoses (Figure 1) [9, 10].

About 1,096,000 new cases of colon cancer are es-
timated to be diagnosed in 2018, while about 704,000 
new cases of rectal cancer are expected. Together, these 
comprise 1.8 million new cases of CRC. CRC is the most 
diagnosed cancer among men in 10 of the 191 coun-
tries worldwide. No country has CRC as the most diag-
nosed cancer among women [9].

The CRC is more incident among men than wom-
en and 3–4 times more common in developed than in 
developing nations. Age-standardised (world) incidence 
rates per 100,000 of CRC in both sexes is 19.7, in males 
is 23.6, and in females is 16.3 (Figure 2) [11] While 
the age-standardised incidence rate among men is 
30.1/100,000 in high-HDI (human development index) 
nations, it is 8.4 in low-HDI nations (the same statistics 
for women are 20.9 and 5.9, respectively) [9].

In 2018, about 576,000 and 521,000 men and wom-
en, respectively, are projected to be diagnosed with co-
lon cancer. This incidence constitutes a 1.51% cumu-
lative risk of colon cancer among men age 0–74 years, 
and a 1.12% risk among women. About 430,000 men 

and 274,000 women are expected to be diagnosed with 
cancer of the rectum. Their cumulative, lifetime risks are 
1.2% and .65%, respectively [9].

Developed countries are at the highest risk of colon 
and rectal cancer. For colon cancer, Southern Europe, 
Australia/New Zealand, and Northern Europe are the 
regions of highest incidence. For rectal cancer, these re-
gions are Eastern Europe, Australia/New Zealand, and 
Eastern Asia. North America also features among the 
highest incidence rates for both cancers. The country 
with the highest incidence of CRC per 100,00 popula-
tion is Hungary (70.6) among males and Norway (29.3) 
among females (Figure 3). In Japan, South Korea, Saudi 
Arabia, Oman, Yemen, UAE, Bahrain, Qatar, Kuwait, and 
Slovakia CRC is the most diagnosed cancer among men. 
Meanwhile, all regions of Africa, as well as Southern 
Asia, have the lowest incidence rates for both cancers 
between both sexes [9].

Overall, CRC incidence is highly variable by region, 
with up to eight-fold variations between countries. In 
countries undergoing a major developmental transition, 
incidence rates tend to rise uniformly with increasing 
HDI, suggesting a causal relationship [9].

Variation within a nation can also be steep. In the 
US, there was almost a three-fold higher incidence 
among those in Alaska relative to those in the South-
west. Factors that contribute to this variance are dispar-
ities in access to screenings and behaviour [12].

Mortality
The CRC is the second most deadly cancer world-

wide, with about 881,000 deaths estimated for 2018. 

Figure 1. Map showing estimated age-standardised incidence rates (world) in 2018, colorectum, both sexes, 
all ages (reproduced from http://globocan.iarc.fr/ [10])
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Colon cancer is the fifth most deadly cancer with 
551,000 deaths projected for 2018, comprising 5.8% of 
all cancer deaths. Meanwhile, rectal cancer is the 10th 
most deadly, with 310,000 deaths, which constitutes 
3.2% of all cancer deaths. The cumulative risk, at age  
0 to 74 years, of dying from colon cancer is 0.66% 
among men and 0.44% among women. The same risk 
for rectal cancer is 0.46% among men and 0.26% among 
women. Age-standardised (world) mortality rates per 
100,000 of CRC in both sexes is 8.9 (Figure 4) [9].

The CRC is the deadliest cancer among males in 
three countries and the most deadly among females in 

five. In males, these countries are Saudi Arabia, Oman, 
and UAE (all of which also have CRC as the most inci-
dent cancer). In females, these countries are Algeria, 
Belarus, Japan, Spain, and Portugal [9]. The country with 
the highest mortality rates of CRC per 100,00 popula-
tion is Hungary (31.2) among males and (14.8) among 
females (Figure 5).

The mortality from CRC varies with the devel-
opmental status of a nation, but to a lesser degree 
than incidence (about a 2–3-fold difference between 
low and high HDI). The age-standardised mortality is 
12.8/100,000 among males in high HDI nations and 

Figure 2. Bar chart showing age-standardised (world) incidence rates, colorectal cancer, by sex in 2018 on 
left side and age standardised (world) incidence and mortality rates, colorectal cancer in 2018 on right side 
(reproduced from http://globocan.iarc.fr/ [11])
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5.7/100,000 in low HDI nations. These same rates are 
8.5 and 3.8 among females [9].

Trends
The relation between trends in CRC incidence and 

mortality can be characterised into three distinct glob-
al categories. The first category, which is comprised of 
medium HDI nations (often known as semi-periphery 

nations) such as Brazil, Russia, China, Latin America, 
the Philippines, and the Baltics, has witnessed an 
increase in both incidence and mortality in the past 
decade. These nations are undergoing an economic 
transition, which is probably the cause of the increase 
in CRC incidence. The second category, comprised of 
mostly high-HDI nations such as Canada, the United 
Kingdom (UK), Denmark, and Singapore, has seen an 

Figure 3. Bar chart showing country-specific age-standardised (world) incidence rates, colorectal cancer, by 
sex in 2018 (source http://globocan.iarc.fr/ [10])
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increase in incidence but drop-in mortality due to im-
proved treatment options. Lastly, the third category of 
highest HDI nations such as the US, Iceland, Japan, 
and France has witnessed a drop in both mortality and 
incidence due to successes in prevention and treat-
ment [13].

Nevertheless, while those over 50 years of age have 
seen decreases in CRC incidence in the US over the past 
decades, those aged 20–49 years have actually seen 
a growing incidence (Figure 6) [12]. The incidence rates 
of CRC for ages 20–49 years was 9.3 per 100,000 in 
1975 and now is up to 13.7 per 100,000 in 2015, a per-
centage change of 47.31%, whereas incidence rates in 
age groups 50 years and above has steadily decreased. 
Mortality rates have decreased overall, with the most 
significant decrease seen in the age group of 75+ years 
(Figure 7).

The global burden of CRC is expected to increase 
by 60%, to over 2.2 million new cases and 1.1 million 
annual deaths, by the year 2030. This growth is expect-
ed as a product of the economic development of tran-
sitioning and low-to-medium-HDI nations, as well as 
generational changes in developed nations. Increases 
in the incidence of CRC seem to increase uniformly with 
economic development. The growth is hypothesised to 
be a product of environmental changes, such as more 
sedentary lifestyle, greater obesity, processed food, al-
cohol, and meat consumption, and greater overall lon-
gevity [13].

Survival
Improvements in CRC treatment have led to de-

creases in CRC mortality in the second and third catego-
ries of nations, even in the face of increased incidence. 
A driver of greater survival has been the removal of pol-
yps and other early detection efforts, such as colonos-
copies, flexible sigmoidoscopies, computed tomography 
(CT) colonography, faecal immunochemistry, and faecal 
occult blood testing [14]. The introduction of better 
screening tests may have initially increased incidence 
rates due to the diagnosis of previously undiagnosed 
disease but has, in the long term, reduced mortality 
thanks to the removal of pre-cancerous or un-metas-
tasised polyps [13].

The United States (US) is among the third category 
of highest HDI nations, which has seen a decrease in 
CRC incidence and mortality. The 5-year relative survival 
rate for stage I colon cancer in the US is about 92%. 
The rate for stage IIA and stage IIB is 87% and 65%, 
respectively. Surprisingly, the 5-year survival rate for 
stage IIIA and stage IIIB are slightly higher at 90% and 
72%, respectively. Stage IIIC has a survival rate of 53%, 
while stage IV, or metastatic CRC, has a 5-year survival 
of only 12% [12].

The 5-year survival rates for rectal cancer are mostly 
slightly lower, with 88% for stage I, 81% for stage IIA, 
50% for stage IIB, 83% for stage IIIA, 72% for stage IIIB, 
58% for stage IIIC, and 13% for stage IV [12]. These 
stagings are based on the previous version of the TNM 

Figure 5. Bar chart showing country specific age-standardised (world) mortality rates, colorectal cancer, by 
sex in 2018 (source http://globocan.iarc.fr/ [10])
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system. The equipment used for diagnosis and pace of 
various forms of CRC can explain the bizarre uptick in 
survival from stage II to stage III cancers [15].

Variations in survival within a nation can be race 
and status dependent. In the US, African Americans and 
Native Americans, underprivileged minorities often with 
less access to quality healthcare, pre-emptive screen-
ings, and healthy foods, suffer lower survival among all 
stages of CRC (Figure 8) [16, 17].

Etiology
The CRC usually begins with the non-cancerous 

proliferation of mucosal epithelial cells. These growths 
are known as polyps and can grow gradually for 10–20 
years before becoming cancerous. The most common 
form is an adenoma or polyp that originated from gran-
ular cells, whose function is to produce the mucus that 
lines the large intestine [18]. Only about 10% of all ad-
enomas progress to invasive cancer, although the risk 
of cancer increases as the polyp grows larger. Invasive 
cancer arising from such polyps is known as adenocar-
cinoma and accounts for 96% of all CRCs [19].

The CRCs that grow into the wall of the colon or 
rectum can penetrate blood or lymphatic vessels, al-
lowing metastasis to distant organs via the blood or to 
nearby lymph nodes. The extent of invasion determines 
the staging, and thus the prognosis, of a CRC diagno-
sis. In situ cancers are polyps that have not yet invaded 
the colon or rectum wall and are thus not reported as 
CRCs. Local cancers are cancers have grown into the 
wall but have not yet extended past it. Regional can-
cers are those that have invaded nearby lymph nodes 
or tissues, while distant cancers are those that have 
metastasised, via the bloodstream, to distant organs 
with capillary beds where they have taken root, such as 
in the lungs or liver. 

Certain dietary and lifestyle choices can promote 
intestinal inflammation and modify the intestinal mi-
croflora to promote an immune response, both of which 
can facilitate polyp growth and conversion to cancer. 
Likewise, hereditary or spontaneous mutations in onco-
genes and tumour-suppressor genes can provide certain 
mucosal cells with a selective advantage and encour-
age hyper-proliferation and ultimately carcinogenesis. 
Lifestyle modification, early colorectal screening, and 
genetic testing hold promise in preventing CRC. 

Non-modifiable risk factors 
Race and ethnicity
Variations in survival within a nation can be race- 

and ethnicity-dependent. In the US, African Americans 
and Native Americans have a higher incidence of CRC 
and suffer lower survival among all stages of CRC. 
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Figure 7. Trends in colorectal cancer incidence (1975–2015) and mortality (1975–2015) rates by age and 
sex, US [16]
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Meanwhile, Hispanic Americans show the same rates 
and survival for CRC as do white Americans. Before the 
mid-1980s, CRC rates had been similar in whites and 
blacks, but they have since diverged. As per SEER Pro-
gram, the rate of CRC per 100,000 in 1975 in blacks 
was 56.9 and in whites was 60.2. In 2015 the rates in 
blacks was 44.7 and whites was 36.2 (Figure 9) [16]. 
Differences in racial presentation are likely have more 
to do with the disparity in access to quality healthcare, 
pre-emptive screenings, healthy foods, income, and ed-
ucation than a genetic component [20, 21].

Sex
Across all ages and nations, males have about a 1.5-

fold higher chance of developing CRC than females [9]. 
Among older adults in the US, the gender difference has 
shrunk in recent decades to mirror the gender differ-

ence among younger adults [14]. When compared to 
men, women are more prone to right-sided colon can-
cer, which is associated with a more aggressive form 
of neoplasia when compared to left-sided colon cancer 
[22]. The 5-year survival rates for females over 70 years 
of age was lower when compared to males [23].

Age
In the US, those over 65 years old are about three 

times more likely to be diagnosed with CRC than 
those 50–64 years old, and about 30 times more like-
ly to be diagnosed than those 25–49 years old. While 
the incidence rate for the disease has decreased over 
the past decades among those over 50 years old, the 
incidence rate for those under 50 years old has actu-
ally increased [16]. Researchers believe this may be 
a reflection of a more sedentary lifestyle and have 
since recommended lowering the screening age to 
45 years in order to detect cases in younger adults 
earlier [14].

Hereditary mutations
Hereditary CRCs account for 7-10% of all cases and 

include hereditary non-polyposis colorectal cancer (HNP-
CC), and adenomatous (FAP and MAP) and hamartoma-
tous (PJS, JPS, PHTS) polyposis syndromes [24]. Table I  
lists the common hereditary syndromes, the genes in-
volved, and the pattern of inheritance. 

Up to 30% of CRC patients have a family history of 
the neoplasm, meaning there are probably predisposing 
germ-line mutations not yet identified by researchers. 
Those with a first-degree relative with the disease suf-
fer a 2–4 times higher risk. The heightened risk also 
extends beyond first-degree relatives [24].

Figure 8. Colon and rectum cancer 5-year SEER relative survival rates, 2008–2014 by stage at diagnosis and 
race/ethnicity [16]
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The most common hereditary syndrome is HNPCC, 
currently known as Lynch syndrome, which accounts for 
2–4% of all cases. Like most hereditary CRC syndromes, 
Lynch syndrome presents a dominant pattern of hered-
ity. Those with the disease have about a 20% chance 
of developing CRC by age 50 years, and about a 50% 
chance of developing it by age 70 years (although men 
still present a higher risk than women). The condition 
also heightens one’s risk of oesophageal, endometri-
al, small intestine, ovarian, and stomach cancer [25]. 
Less than 1% of the estimated 800,000 Americans with 
Lynch syndrome know of their condition because the 
genetic diagnosis is usually made after a cancer diag-
nosis. Because of the cost-prohibitive nature of genetic 
diagnosis, family history remains the tell-tale sign of the 
condition [26, 27].

Familial adenomatous polyposis (FAP) is the sec-
ond most frequent predisposing syndrome, although it 
accounts for less than 1% of all cases. As a polyposis 
condition (along with MAP), patients with FAP pres-
ent with thousands of pre-cancerous colorectal polyps 
growing by age 10–12 years [28]. As these adenomas 
grow, their chance of carcinogenesis grows with them, 
to the point that those with FAP have an almost 100% 
risk of developing CRC by age 40 years. The FAP can 
also occur spontaneously. Those with attenuated FAP 
develop fewer than 100 polyps, but a heightened risk 
of CRC remains. Meanwhile, MUTYH-associated polypo-
sis (MAP) is less clinically defined, and sufferers may or 
may not develop an exorbitant amount of polyps [29].

Conditions of hamartomatous polyps, such as Peu-
tz-Jeghers syndrome (PJS), juvenile polyposis syndrome 
(JPS), and PTEN hamartoma tumour syndrome (PHTS) 
are rare and poorly-understood, but they are known to 
follow a different progression from adenomatous pol-
yps. These polyps follow the “landscaper effect”, where 
the abnormal changes begin not in the epithelium (as 
with adenomas) but the lamina propria below, and then 
spread to the epithelium [30].

Inflammatory bowel disease (IBD)
Patients with chronic IBD have a two-fold risk of de-

veloping CRC. The IBD is characterised by inflammation 
in the colon over long periods of time. Inflammation 
results in the abnormal release of growth cytokines, ex-
cess blood flow, metabolic free radicals, and other fac-
tors that predispose towards carcinogenesis. The prima-
ry causes behind IBD are ulcerative colitis and Crohn’s 
disease [31] In a recent Swedish cohort study of 9405 
patients, it was found that patients with childhood on-
set of IBD had increased risk for any cancer, especially 
gastrointestinal cancers in childhood and later in life. 
Patients with ulcerative colitis were at higher risk of 

CRC (HR (hazards ratio) 33.3, 95% CI (confidence inter-
val): 23.1 to 49.1) than patients with Crohn’s disease 
(HR = 5.8, 95% CI: 3.2–10.4) [32].

Ulcerative colitis is characterised by inflammation 
and ulcers in the large intestine. Its primary cause re-
mains unknown, although diet, stress, and exercise are 
known to aggravate the condition. Ulcerative colitis is 
believed to be an autoimmune disorder, which follows 
viral or bacterial infection and is known to have a he-
reditary component. A meta-analysis of eight studies 
by Jess et al. showed that ulcerative colitis increases 
the risk of CRC by 2.4 times. Male sex, young age at the 
time of diagnosis with UC, and extensive colitis increase 
the risk of CRC [33].

Crohn’s disease is also an autoimmune, and partially 
hereditary, inflammation of the colon, but it presents 
with deeper-penetrating inflammation and a lack of 
intestinal ulcers. Both IBDs are more common in devel-
oped countries and seem to be increasing in prevalence 

Table I. Common hereditary syndromes associated 
with CRC, genes involved, and pattern of inheritance

Condition Gene Inheritance 
pattern 

Familial adenomatous 
polyposis (FAP) (classic  
and attenuated FAP)

APC Autosomal 
dominant 

Gardner’s syndrome  
(variant of FAP)

APC Autosomal 
dominant

Turcot syndrome  
(variant of FAP)

APC, MLH1 or 
PMS2

Autosomal 
dominant or 
autosomal 
recessive 

Hereditary non-polyposis 
colorectal cancer (HNPCC) 
syndrome (Lynch syndrome)

MLH1, MSH2, 
MSH6, EpCAM 

and PMS2

Autosomal 
dominant 

MUTYH-associated polyposis 
(MAP)

MUTYH, APC Autosomal 
recessive

Juvenile polyposis syndrome 
(JPS)

SMAD4 
(MADH4), 
BMPR1A 
(ALK3)

Autosomal 
dominant

Peutz-Jeghers syndrome (PJS) STK11 (LKB1) Autosomal 
dominant 

Polymerase proofreading-
associated polyposis (PPAP)

POLE, POLD1 Autosomal 
dominant 

PTEN hamartoma tumors 
syndrome (PHTS)

PTEN Autosomal 
dominant

Cowden syndrome PTEN Autosomal 
dominant 

Familial colorectal cancer 
type X

BRCA2, KRAS, 
APC, NTS, 

BRAF, BMPR1A, 
and RPS20

Autosomal 
dominant
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with time. The IBD has been diagnosed in an estimat-
ed 3.1 million Americans. The development seems to 
have an environmental or behavioural component, as 
those with the lowest education and income seem to 
be worst affected [34].

Abdominal radiation
Childhood malignancy survivors who have received 

abdominal radiation are at significantly increased risk 
of subsequent gastrointestinal neoplasms as adults, the 
majority being CRC. A clear radiation dose-response ef-
fect on CRC risk was noted with a 70% increase in risk 
for every 10-Gy increase in the radiation dose. Alkylating 
agent exposure had an 8.8-fold increased risk of second-
ary CRC [35]. Men diagnosed with prostate cancer had 
an increased risk of a subsequent diagnosis of CRC (All 
CRC: HR = 1.14; 95% CI: 1.02–1.27; Rectal Cancer: HR = 
1.36; 95% CI: 1.09–1.71). The treatment of prostate can-
cer with radiation was associated with an increased risk 
for rectal cancer (HR = 2.06; 95% CI: 1.42–2.99) in com-
parison with those not treated with radiation [36, 37].

Cystic fibrosis
Elevated risk of CRC is seen in cystic fibrosis pa-

tients. In a recent meta-analysis of six cohort studies, 
which included 99,925 patients, showed that the risk of 
CRC was 10 times higher in patients with cystic fibrosis, 
with an incidence rate of 0.39 per 1000 person-years 
(95% CI: 0.072–2.08) [38].

Cholecystectomy 
Cholecystectomy is associated with an increased 

risk of proximal and right-sided colon cancers. Intesti-
nal exposure to bile is hypothesised as the underlying 
mechanism [39]. A recent meta-analysis of 10 cohort 
studies showed that an increased risk of CRC was found 
in individuals who underwent cholecystectomy (RR = 
1.22; 95% CI: 1.08–1.38) [40].

Androgen deprivation therapy
In patients with prostate cancer, who undergo an-

drogen deprivation therapy with gonadotropin-releas-
ing hormone (GnRH) agonists or orchiectomy, are at 
increased risk of CRC. The CRC risk with use of GnRH 
agonist therapy for 25 months or more was HR = 1.31, 
95% CI: 1.12–1.53, and with orchiectomy it was HR = 
1.37, 95% CI: 1.14–1.66 [41].

Modifiable risk factors
Obesity and physical inactivity
Both obesity and physical inactivity constitute the 

most significant behavioural contributor to CRC devel-

opment and probably explain the majority of variations 
among people. Studies found that those who are regu-
larly physically active have a 25% lower chance of devel-
oping CRC. Meanwhile, those who are the most seden-
tary have up to a 50% increased risk of developing CRC. 
Physical inactivity usually results in obesity, which can 
alter the gut microflora and irritate and inflame large 
intestine epithelium, thus promoting carcinogenesis. 
Obesity also contributes to the development of cancer 
outside of the digestive tract because adipose tissue 
is the most inflammatory of all tissues and releases 
tumour-promoting cytokines into the bloodstream. Ex-
cess body weight can also disrupt metabolic processes, 
leading to a greater release of mutagenic free oxygen 
radicals. 

Obese men have been found to have a 50% greater 
risk of colon cancer and 20% greater risk of rectal can-
cer (these numbers are 20% and 10% for women, re-
spectively). The excess risk conferred by obesity is inde-
pendent of the risk conferred by physical inactivity (i.e. 
the two risk factors are cumulative). A meta-analysis of 
13 cohort studies showed that a 5-kg weight gain was 
associated with a 3% increased risk of CRC [42]. Ab-
dominal fat is especially dangerous for the development 
of CRC (as well as heart disease and stroke), and thus 
both waist circumference and BMI are used to assess 
increased CRC risk. Obesity and physical inactivity not 
only predispose towards higher rates of incidence but 
also decrease the likelihood of survival [43].

Increases in obesity and physical inactivity in the 
developed world appear to correlate with the growth 
of CRC incidence. The prevalence of obesity in the US 
has more than doubled, from 15% in 1979 to 39.8% 
in 2016 [44]. As many as 70% of Americans today are 
overweight or obese. However, in many developed coun-
tries, this proportion has stopped growing and is even 
beginning to dwindle. The proportion of US adults who 
met physical activity guidelines increased from 41% in 
2006 to 50% in 2012 [45]. Effective campaigns against 
obesity may be contributing to the recent successes in 
CRC prevention in third-category countries such as Ice-
land, Japan, or the US [13].

Diet
Diet can play an adverse or protective role in the 

development of CRC irrespective of obesity. Diet has 
a significant impact on the microbiome of the colon, 
where bacteria outnumber host cells 10-1. In fact, 
in a healthy body, there are more types of bacteria 
cells than human cells, indicating the necessity of 
a diverse microflora. Different foods have different 
effects on the microflora population and intestinal 
inflammation [46].
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Red and processed meats are known to increase 
the risk of CRC, as well as gastric and small intestinal 
cancers. Prospective studies found a relative risk (RR) 
of 1.22 among those who consumed the most red and 
processed meats [47]. A meta-analysis of 60 studies 
recently found that consumption of red meat and pro-
cessed meat increased the overall risk for CRC. CRC RR 
with red meat consumption was 1.12 (95% CI: 1.03–
1.21), and RR with processed meat consumption was 
1.15 (95% CI: 1.07–1.24) [48]. While red meat, especial-
ly grain-fed red meat, is high in fats and inflammatory 
substances such as omega-6, the bulk of carcinogenesis 
probably comes from high-temperature cooking, curing, 
and smoking of meat. In 2015, the International Agen-
cy for Research on Cancer (IARC) designated processed 
meat as “carcinogenic” and red meat as “probably car-
cinogenic”, mostly due to its impact on CRC risk [49].

Meanwhile, calcium, fibre, Vitamin D, and fruit and 
vegetables have all been shown to have a protective 
effect against CRC. Folate supplementation appears to 
inhibit carcinogenesis but promote the growth of ex-
istent tumours. This complex relationship leads most 
agencies to advise against folate consumption unless 
consumers are pregnant or have a specific metabolic 
disorder, such as an MTHFR mutation, which predispos-
es to high homocysteine levels. Fibre found common-
ly in fruit, vegetables, and whole grains are especially 
protective because they promote faster transit times 
for stool and thus minimise the exposure to potential 
carcinogens [50].

Smoking
In 2009, the IARC concluded that smoking tobacco 

does indeed cause CRC. Smoking is the leading prevent-
able cause of cancer deaths, largely due to its impact 
on lung cancer. The relative CRC risk of regular smok-
ing was found to be 1.18 [51]. Smoking was found to 
predispose more towards rectal cancer and to be more 
likely to cause tumours associated with common molec-
ular abnormalities, such as high microsatellite instabili-
ty, CpG methylation, and BRAF mutation. The mutagens 
in tobacco smoke probably promote these and other 
carcinogenic mutations [52]. A recent meta-analysis 
of 14 prospective cohort studies showed that former  
(HR  = 1.12; 95% CI: 1.04–1.20) and current smoking  
(HR = 1.29, 95% CI: 1.04–1.60) were associated with 
poorer CRC prognosis compared with never smoking 
and current smoking. Smoking cessation was associat-
ed with improved overall and CRC-specific survival [53].

Alcohol
Moderate to heavy alcohol consumption (greater 

than one daily serving) are associated with increased 

risk of CRC [54, 55]. People who drink 2–3 alcoholic 
beverages a day have a 20% increased risk of devel-
oping CRC, while for those over three drinks, this risk 
increases to 40%. The association is stronger in men, 
probably due to hormone-related variations in alcohol 
metabolism. Men are also more likely to drink larger 
quantities and under-report how much they drink [51]. 
A meta-analysis of 61 studies showed that the CRC 
RRs were 1.21 (95% CI: 1.13–1.28) for moderate (2–3 
drinks/day) and 1.52 (95% CI: 1.27–1.81) for heavy (≥ 4 
drinks/day) alcohol drinking [55].

Medications
Long-term use of non-steroidal anti-inflammatory 

drugs (NSAIDs) such as aspirin has been shown to low-
er the risk of CRC. Aspirin users with CRC also seem to 
have less aggressive tumours and greater survival. The 
NSAIDs lessen intestinal inflammation and thus protect 
against CRCs as well as gastric and small-intestinal can-
cers. However, the extent of the benefit has not been 
quantified, and NSAIDs are associated with a greater 
risk of gastrointestinal bleeding and heart attack, and 
thus are not recommended for the prevention of CRC in 
the general population. Nevertheless, the US Preventive 
Task Force does recommend low-dose aspirin for those 
over 50 years old with a heightened risk of cardiovas-
cular disease or CRC [56].

Sulindac is another NSAID that has yielded conflict-
ing results in the prevention and treatment of FAP or 
sporadic colorectal adenomas. To circumvent bleeding 
risk and cardiac toxicity, sulindac has been used in 
combination with the ornithine decarboxylase inhib-
itor difluoromethylornithine, which resulted in a 92% 
reduction in advanced adenomas in patients without 
FAP. A further combination with a statin (atorvastatin), 
which exhibits chemopreventive effects against CRC, 
yielded an 80-85% reduction in the proliferation of co-
lon cancer in rats. The combined use of a statin and 
aspirin in a 5-year case-control study showed a 62% 
decrease in CRC risk, which was far greater than the 
effect of either drug alone. Moreover, the combination 
failed to inhibit progression in those with advanced ad-
enomas or colon cancer. A clinical assessment of the 
NSAID/statin duo in combination with a chemothera-
peutic agent has not yet been conducted in humans but 
has shown promise in animal models [57].

The protective effects of postmenopausal hormone 
use remain controversial. While observational studies 
seem to find a decreased risk of CRC, long-term, ran-
domised trials cannot replicate the result. Likewise, oral 
contraceptives were once believed to decrease CRC risk, 
although current studies have found no evidence in 
support of this claim [58].
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Studies seem to suggest that oral bisphosphonates 
(BPs), which are used in the prevention and treatment 
of osteoporosis, may reduce CRC risk. Those with reg-
ular BP use had a CRC odds ratio of 0.87. Bisphospho-
nates can promote the immune response to cancer and 
inhibit tumour angiogenesis, invasion, and adhesion 
of tumour cells, and thus overall tumour progression. 
Nitrogen-containing BPs inhibit protein prenylation 
through the inhibition of the cholesterol synthesis 
pathway, which can also disrupt cancer cell growth and 
metastasis. Along with reduced CRC risk, BPs are also 
associated with reduced risk of breast cancer, all gastro-
intestinal cancers, and bony metastases [59].

Angiotensin-converting enzyme inhibitors (ACE-I), 
used in the treatment of hypertension, have also 
been demonstrated to reduce the risk of CRC. A large 
case-control study with patients with hypertension 
showed a 0.84 odds ratio of developing CRC for those 
with 1 year of ACE-I exposure, and 0.75 odds ratio for 
those with 5 years of exposure. The strength of asso-
ciation increased with dosage. However, the benefits 
seemed to level off after 5 years of treatment [60].

Diabetes and insulin resistance
Diabetes mellitus is known to predispose towards 

a vast array of cancers. Mostly, this increased risk is 
due to shared risk factors such as obesity and a sed-
entary lifestyle. Diabetics also present with abnormally 
high blood sugar levels, which can promote the car-
cinogenic shift to glycolysis (known as the Warburg 
effect) by accelerating glucose metabolism. However, 
those with type 2 diabetes have an increased risk of 
CRC even after adjusting for body mass index (BMI), 
physical activity, and other shared factors. Some stud-
ies have suggested that metformin, a drug that low-
ers blood glucose levels in diabetics, can also reduce 
CRC risk, although other trials have found no associ-
ation. The incidence of diabetes and obesity continue 
to grow in the developed world, which has led many 
to speculate that they are the underlying factor be-
hind the increase in CRC incidence. The population of 
Americans with diabetes more than doubled in the 
period from 1990 to 2012. The CDC estimates that 
29 million Americans (or 9% of the population) suffer 
from diabetes, and as many as 8 million of them go 
undiagnosed [61].

A recent meta-analysis of 29 prospective cohort 
studies (62,924 cases) in China reported a 27% high-
er risk of CRC associated with diabetes [62]. In a re-
cent Chinese prospective study of 0.5 million partici-
pants with diabetes, the adjusted HR of CRC was 1.18  
(95% CI: 1.04–1.33). Longer duration of diabetes was 
associated with decreased HR [63].

Prevention
Variations and trends in CRC incidence suggest that 

the disease has a large behavioural component and 
that effective prevention is possible. Advances in CRC 
screenings have fuelled the reduction in mortality in 
the developed world, even in the face of growing inci-
dence in many nations. There are several recommended 
methods for screenings, all of which have a comparable 
ability to improve survival if performed appropriately. 
Among these screenings are colonoscopies every 10 
years or computed tomographic colonography (CTG), 
double-contrast barium enemas, or flexible sigmoidos-
copies every 5 years. Annual high-sensitivity stool tests 
of different varieties are also comparably effective and 
less invasive [64].

Behavioural modification holds great promise for 
significantly reducing the incidence of CRC, as shown 
by the success of third-category countries such as Ice-
land, Japan, and the US. As previously mentioned, phys-
ical activity and maintaining a healthy weight can each 
reduce the risk of CRC by some 25%, culminating in 
a 50% reduction [43].

Modifications to the diet can further reduce CRC 
risk. Calcium and vitamin D from supplements or low-
fat dairy products, fibre from fruit, vegetables, and 
whole grains, and antioxidants such as those in fruit 
and coffee have yielded some reductions in CRC risk. 
Other potentially protective foods include garlic, magne-
sium, fish, and vitamin B

6. Folate supplementation has 
been shown to be effective in preventing the formation 
of tumours but may lead to the growth of already-pres-
ent tumours, and is therefore not recommended for the 
population. Lastly, a reduction in alcohol, tobacco, and 
red and processed meat consumption could together 
lower CRC risk by over 50% [46, 47, 49].

Certain medications that are commonly prescribed 
for other conditions, such as NSAIDs, statins, and bis-
phosphonates have been shown to protect against CRC, 
especially when used in combination. These compounds 
may also facilitate the treatment of CRC in combina-
tion with chemotherapeutic agents [57–60]. However, 
due to the limited data available and possible side-ef-
fects, these medications are not recommended to the 
general public simply for the prevention of CRC. Those 
with hereditary predispositions towards CRC (the most 
common of which is Lynch syndrome) are more likely to 
benefit from genetic testing, lifestyle modification, and 
prophylactic medication [25, 26].

Conclusions
Cancers of the colon and rectum are among the 

most common and deadly neoplasms, and their glob-
al incidence and mortality are likely to increase in the 
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coming decades. In 2018, nearly 2 million diagnoses 
and 1 million deaths are expected due to this neoplasm. 
The incidence of CRC has been exacerbated by the pro-
liferation of poor diet and sedentary lifestyle in devel-
oped nations. However, successes in treatment and ear-
ly diagnosis have enabled a reduction in mortality from 
the disease among all high-HDI nations, and lifestyle 
modification has even enabled a reduction in incidence 
in the highest-HDI nations. Known hereditary mutations 
cause 7–10% of cases (and possibly more), and greater 
awareness and testing for these conditions could fur-
ther improve survival. Ultimately, avoidance of physical 
inactivity, obesity, red and processed meat, alcohol, and 
smoking, and a greater intake of fibre and certain sup-
plements and medications hold the most promise in 
preventing CRC among the general population around 
the world. 
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