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Abstract Cancers found in colorectal region remain largely
localized to the large intestine and rectum. They are derived
from the epithelium and are considered to be among the
most frequently detected cancers. They are known to occur
in approximately 5 % population of the Western world.
After metastasis, a patient’s 5-year postsurgical survival
chances unfortunately fall from 90 to 10 % or even less.
Adenocarcinoma, the most common cell type of colon can-
cer, alone constitutes 95 % of the cases. Lymphoma and
squamous cell carcinoma can also be found in some cases.
Because 5 % of persons are predisposed to development of
colorectal cancer, this disease has often been addressed as an
important public health issue. Factors that are known in
particular to increase a person’s risk to develop this cancer
are as follows: an individual’s age, dietary habits, any com-
plaint of obesity, diabetes, previous history of cancer or
intestinal polyps, personal habit of alcohol consumption
and smoking, family history of colon cancer, race, sex, and
ethnicity. Since the risk of colorectal cancer is increasing
steadily in Kashmir, India, like in some other corners of
Asia, exhaustive efforts are being made to find the associa-
tion of above given and other risk factors with the

development of this gastrointestinal tract cancer. Adoption
of Western life style, diet mimicry, together with a habit of
having physically inactive life style and consumption of red
meat in particular can be blamed as being active players to a
considerable extent.
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Age-standardized incidence rate

Incidence and epidemiology

Colorectal cancer patient number has been going up
continuously since 1975 (above 500,000). Boyle and
Langman have observed that like most other types of
cancers, different populations in different parts of world
experience colorectal cancer with varying severities and
these keep changing with time. Astonishingly, the adop-
tion of the risk associated with the new community in
the very first generation of migrant groups reflects the
fact that geographic variations in incidence are unrelated
to genetic differences [1].

Almost 9.4 % of cancers occurring among men and
10.1 % among women of the world constitutes colorectal
cancer (CRC) [1]. This incidence, however, is not equal
throughout; if the westernized countries (comprising mainly
of Europe; Australasia, New Zealand, and North America)
are combined, colorectal cancer accounts for 12.6 % of all
incident cancers among men and 14.1 % among women. In
other parts of the world, it represents 7.7 and 7.9 % of all
incident cases in men and women, respectively [1]. Impres-
sive differences in cancer survival are seen to exist between
Great Britain, whole of Europe, and USA. No easy expla-
nation has been given so far for this variation in survival
except for treatment delivery or the stage of CRC at presen-
tation or both [1].
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Worldwide trend

According to GLOBOCAN 2008, approximately 60 % of
the colorectal cancer cases have been reported to occur in
more developed parts of the world. Worldwide incidence
rates are seen to vary tenfold in both the male and female
sexes: the most have been estimated in Western Europe and
Australia/New Zealand, the least in Africa (except for South
Africa) and Southern part of Central Asia, and intermediate
have been estimated in Latin America. Overall, sex ratio of
the age-standardized rates between male and females is
1.4:1. Nearly 608,000 deaths from CRC have been estimated
throughout the world, that alone account for 8 % of total
cancer-related deaths, and thus it is the fourth most common
cause of cancer deaths. Mortality rates like incidence are less
in females than males, except in the Caribbean. The world-
wide rate has been seen to vary sixfold among males and
fivefold among females; the most mortality rates in both sexes
have been estimated in Central and Eastern parts of Europe
(20.3/100,000 for men 12.1/100,000 for women) and the least
in Middle of Africa (3.5 and 2.7, respectively) [3].

Nearly 150,000 residents of USA are diagnosed with
colorectal cancer each year, and approximately one third
of these patients die from the disease [3]. The lifetime risk
of CRC in the USA has been estimated to be 6 %, and the
average age of diagnosis to be 66 years [4, 5]. There are
approximately 64 % chances of 5-year survival for persons
with CRC in USA. It may vary from 90 % to merely 39 %
depending on the stage of its detection [6]. Ferlay et al. have
estimated that colorectal cancer was the second most com-
mon form of cancer in Europe during 2006 with 412,900
cancer diagnoses (12.9 % of total cancers) and 207,400
deaths (ranking second) [6]. Studies show that every year
some 2,000 persons are diagnosed with CRC in New
Zealand and about 1,000 die of it [7].

The disease is however uncommon in Africa, Asia, and
South America, which might suggest a possible link with a
diet rich in animal fat in developed nations [8]. This epidemi-
ological trend is now changing in Asian countries, and the
incidence of colorectal carcinomas is rising steadily [9, 10]
(Fig. 1).

World Health Organization data report has shown that
during past few decades countries like Japan, China, South
Korea, and Singapore have roughly experienced some two
to fourfold increase in CRC incidence rates [11–14].

Indian scenario

While the incidence of colon cancer varies widely from one
country to another throughout the world, according to
GLOBOCAN 2008, the age standardized incidence rate of
colorectal cancer in India is 20/100,000 for men and

16/100,000 for women, with the mortality rates estimated
due to colorectal cancer for both sexes being 25/100,000
(14/100,000 for men and 11/100,000 for women) [2]. Time
trend surveys based on population, carried out over the years
in India, indicate a rising trend in the incidence of CRC [15]
(Fig. 2). The overall 5-year survival rate studies for CRC
patients were found out to be 34.3 %, lower than in either
other Asian or Western countries [16]. Data also show that
the rates of incidence for rectal cancer are higher than colon
cancer throughout India [14, 17], especially in the rural parts
of India [14, 17, 18]. The variation of the incidence rates of
CRC across India is limited, unlike the striking north–south
differences in the incidence rates of stomach cancer and gall
bladder cancer [17, 18]. So strong is the role of lifestyle and
dietary habits in the development of CRC that relative
incidence rates of colorectal cancer in Indian immigrants
to the UK and USA are seen to be quite higher [19–21].

CRC in Kashmir

Kashmir Valley, in the northern most part of India, has its
unique geography and climate. Muslims of Kashmir
representing more than 90 % of the population are known
for their distinct dietary habits, nonmigratory nature, and
distinct social culture. The valley has often been reported as
a high incidence area for cancers of GIT [22, 23]. CRC has
been seen to be the fourth most common cancer among
males; it holds a third rank amongst the female folks of
Kashmir in occurrence [24] and has been observed to con-
stitute 8.3 % of all GIT cancers. A hospital-based study from
Kashmir conducted by Javid et al. shows that the age-
standardized incidence rate of 4.52 per 100,000 of the
population and the age-specific rate for colorectal carcinoma
to be highest in the age group 55–59 years (17.21/100,000),
followed by 65–69 years (14.86/100,000) [25]. The male to
female ratio of occurrence of CRC in Kashmir has been
proposed to be 1.2:1, and that the incidence rates for CRC
among Muslims and Hindus of Kashmir have been reported
to be different, that is 3.64/100,000 and 0.45/100,000, re-
spectively. Their study also suggest that the crude incidence
rate for colorectal carcinoma is highest for Srinagar District
(6.19/100,000 (urban area)) and lowest for Kupwara District
(1.59/100,000 (rural area)), which clearly suggests a possi-
ble role of urbanization in relatively high-risk population of
Srinagar (Table 1).

Risk factors associated with colorectal cancer

According to Boyle and Langman, CRC is believed to be an
environmental disease, as 70–80 % of such cases have been
observed to result from an interplay of ill-defined cultural,
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Fig. 1 Estimated age-standardized rates (world) as per 100,000 IARC, GLOBOCAN 2008

Fig. 2 Trends in incidence of
colorectal cancer in India: age-
standardized rate (W) per
100,000 men and women,
respectively, according to
GLOBOCAN–IARC 2008
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social, and lifestyle-associated factors, clearly identifying
CRC as one of the major neoplasms in which causes may
be readily identified and a considerable portion of the dis-
ease can theoretically be avoided [1]. Non-modifiable risk
factors so far revealed by epidemiological studies include
age, personal or family history of colorectal cancer or ade-
nomatous polyps, and a personal history of chronic inflam-
matory bowel disease [26, 27]. All other factors listed below
fall under the category of modifiable risk factor.

Age

Age can undoubtedly be regarded as the strongest non-
modifiable risk factor for the development of CRC, the like-
lihood for the occurrence of CRC increases after the age of 40.
According to Surveillance Epidemiology and End Results
Cancer Statistics Review, reported between 1998 and 2002,
15 % or even lesser cases of CRC were diagnosed among
persons below 54 years of age, 17 % among those who were
between 55 and 64 years, 26.3 % were between 65 and
74 years, 29.2 % in among those between 75 and 84 years
in age, and 12.6 % of fresh cases were those who were above
85 in age (http://seer.cancer.gov/csr/1975_2002/results_
merged/topic_age_dist.pdf). When colon and rectal cancers
are considered separately, over 50 % of new cases in each
group still occur among those 65 to 84 years old (http://
seer.cancer.gov/csr/1975_2002/results_merged/topic_age_dist.
pdf). Studies have clearly proven that the rate of incidence of
CRC is more than 50 times higher in persons aged 60 to
79 years than in those younger than 40 years [28, 29]. How-
ever, CRC now continuously appears to be increasing among
younger persons [30, 31].

Not much study has been carried out on this malignancy
in India, but what little data is available it suggests that the
vast majority of patients with CRC are above the age of
65 years [32, 33]. CRC occurring before age of 40 years
accounts for less than 10 % of the total colorectal cancer
cases in India [34]. Data from Srinagar suggest that 68.7 %
of the CRC patients have an age falling between 41 and
60 years at the time of diagnosis [35] and ASR is highest in

the age group 55–59 years at 17.21/100,000 followed by the
age group 65–69 years at 14.86/100 [25].

Sex

CRC is nowadays thought to be the third most common
cancer among men (663,000 cases, 10.0 % of the total
cancers) and the second among women (570,000 cases,
9.4 % of the total cases) worldwide [2, 36, 37]. Although
majority of studies suggest that the incidence rates for
cancer of the colon in both the sexes are similar, with a
slight male predominance for rectal cancer [38–41]; in gen-
eral, the incidence and mortality rates of CRC in USA are
about 35 to 40 % higher among males than among females.
The incidence rate of CRC between 2000 and 2004 was
69.2/100,000 population among men and 45.8/100,000 pop-
ulation among women of USA [27, 42].

In India, the male to female ratio of the occurrence of
malignancies of the colon and rectum has been seen to be
almost around unity for cancers of the colon but about 1.5 or
larger for cancers involving the rectum [43]. According to
Javid et al., colorectal carcinoma incidence is 8.77/100,000
in males and 7.66/100,000 in females in Kashmir [25].

Personal history of IBD

Patients having a history of inflammatory bowel disease
(IBD) are at 4 to 20-fold risk of developing colorectal cancer
[44]. IBD is a collective term for two diseases: ulcerative
colitis (UC) and Crohn disease (CD). Ulcerative colitis in-
duces inflammation of the mucosa of the colonic and rectal
walls. Crohn disease induces inflammation of the full thick-
ness of the bowel wall and may involve any part of the GIT
beginning from the mouth to anus [38]. Actually, persons
having IBD for years often are seen to develop dysplasia,
which can change to cancer gradually.

Data suggests that the last 20 years have seen an increase
in the occurrences of both UC and CD throughout Asia [45].
UC was the first among the two seen to emerge in develop-
ing countries; however, in the past two decades, CD has
largely overtaken UC in incidence. Indian reports show of a
UC/CD ratio of 8:1 (previously 10:1) [46]. Although IBD-
CRC accounts for only 1–2 % of total cases of CRC, IBD
with the involvement of the colon comes among the top 3
high-risk conditions for CRC [47].

Personal history of adenomatous polyps

Studies based on epidemiological data have shown that
persons with a history of colorectal adenomatous polyps
have higher chances of developing CRC than individuals
with no previous history of adenomas [48]. The malignancy
rates have been found higher for those with adenomas larger

Table 1 District-wise crude incidence rate of colorectal carcinoma
arranged according to increasing incidence in Kashmir Valley

District Population Incidence Rate

Kupwara 690,182 1.59

Baramullah 1,241,344 2.5

Budgam 667,809 2.55

Anantnag 1,244,161 3.46

Pulwama 692,532 4.49

Srinagar 1,276,010 6.19

Total 58,812,037 3.65

2472 Tumor Biol. (2013) 34:2469–2476

http://seer.cancer.gov/csr/1975_2002/results_merged/topic_age_dist.pdf
http://seer.cancer.gov/csr/1975_2002/results_merged/topic_age_dist.pdf
http://seer.cancer.gov/csr/1975_2002/results_merged/topic_age_dist.pdf
http://seer.cancer.gov/csr/1975_2002/results_merged/topic_age_dist.pdf
http://seer.cancer.gov/csr/1975_2002/results_merged/topic_age_dist.pdf


than 1 cm, having villous architecture and severe dysplasia
[49–51]. In fact, data show that more than 70 % of CRC
develop from sporadic adenomatous polyps; this is especial-
ly true if the polyps were large or if there were more than
one [52].

A study carried out by Tony et al. shows that more than
90 % of polyps are located in the left colon in South Indians
and that larger polyps are associated with severe degree of
dysplasia [53].

Family history of colorectal cancer adenomatous polyps

According to Center for Disease Control and Prevention,
people with a history of CRC or adenomatous polyps in one
or more relatives are at an increased risk [38]. The risk is
higher in people with a strong history of family, like a
history of colorectal cancer or adenomatous polyps in any
first-degree relative younger than age 60, or a history of
colorectal cancer or adenomatous polyps in two or more
first-degree relatives at any age [54]. The reasons for this
although are not yet clear, but it seems that either inherited
genes or shared environmental factors, or may be some
combination of these, have got a role to play [38]. If these
are looked into, large number of CRC cases can be theoret-
ically prevented [1, 55, 56]

Diet

Dietary factors account for some 30 % of cancers in devel-
oped countries and about 20 % in developing countries [57].
A number of dietary factors have been linked to a higher risk
of CRC and changes in food habit might reduce this burden
up to an extent of 70 % [58]. In fact, the World Cancer
Research Fund/American Institute for Cancer Research has
prepared dietary recommendation list for prevention of can-
cers based on epidemiological evidence [39].

A typical “Western” diet is energy dense and consists of
high intakes of red and processed meat; refined grains,
potatoes, and sugar-containing foods; and less fruits and
vegetables. Some studies have shown this dietary pattern
to be positively associated with colorectal cancer [59–61].
Other commonly observed patterns include a “vegetable,”
“prudent,” and the “healthy” diet, all of which are inversely
related to CRC risk [62–64] that includes high intake of
fruits and vegetables, fish and poultry, whole-grain prod-
ucts, and lowfat dairy products. A positive association with
meat consumption that is stronger for colon cancer than
rectal cancer has been documented [38, 65]. Potential un-
derlying mechanisms for a such an association includes the
presence of heme iron in red meat [38, 66, 67] and cooking
at high temperature, which results in the production of
heterocyclic amines and polycyclic aromatic hydrocarbons
[67, 68], both of which are carcinogenic. Diets high in fat,

animal fat in particular, are a major threat in CRC develop-
ment, which favors the bacterial flora development, often
capable of degrading bile salts to potentially carcinogenic N-
nitroso compounds [1, 38, 65, 69]. On the contrary, large
intake of fruits and vegetables, possessing dietary fiber,
dilute fecal content, increase fecal bulk, and reduce transit
time ultimately decreasing the risk [39]. Consumption of
milk and other diets rich in vitamin D and calcium also
decreases the risk of developing CRC [39, 70–73].

Micronutrient deficiency

Cereals, pulses, vegetables, fruits, spice, and other plant
food have been shown to contain many micronutrients such
as vitamins and minerals including phytochemicals, which
have chemoprevention properties [74–76]. One of the haz-
ards of alcohol consumption is that consumers of alcohol
usually have diets low in essential nutrients, making tissues
susceptible to carcinogenesis. Fruits and vegetables may
protect against risk of CRC through their anti-carcinogenic
components such as antioxidants like vitamins C and E,
selenium, carotenoids folate, flavonoids, organosulphides,
and isothiocyanates; vitamins C and E also protect against
lipid peroxidation. Micronutrients like folate, vitamin B6,
vitamin B12, and methionine have been reported to protect
against cancer by preventing against aberrant DNA methyl-
ation patterns that are commonly seen in colorectal tumors
[77–80]. The associations of micronutrients with colon and
CRC cancer risk have been extensively studied in large
epidemiological studies such as the Nurses Health Study
and Health Professionals Follow-Up Study [79, 81] and
the Cancer Prevention Study II [82]. Most evidence has
confirmed the hypotheses of risk reduction due to adequate
micronutrient intake. Calcium may reduce the risk of CRC
by inducing apoptosis and binding bile and free fatty acids
[83, 84], whereas both calcium and vitamin D may reduce
epithelial cell proliferation.

Physical activity and obesity

Epidemiologic studies suggest that high levels of physical
activity decrease the risk of colon cancer among men and
women by possibly as much as 50 % [72]. Majority of the
studies point towards a dose–response effect, which suggest
that the frequency and intensity of physical activity is in-
versely associated with the risk [15, 48, 85, 86]. According
to Haggar et al., the potential biological mechanism under-
lying the relationship is that sustained physical activity
raises the rate of metabolism in the body, increasing gut
motility, and maximal oxygen uptake [38, 39, 48], which in
the longer term, increase the body’s metabolic efficiency
together with the capacity, as well as reducing blood pres-
sure and insulin resistance [86].
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Obesity, suggested to be another factor associated with
the risk of colorectal cancer, notably increases circulating
estrogens and decreases insulin sensitivity, which in turn is
believed to influence cancer risk [38]. The risk of CRC has
been suggested to increase by an estimated 25 % in over-
weight men and 50 % in obese men [87, 88]. WHO has set
forth a standard definition of each weight class based on
BMI. A case–control study conducted by Caan et al. re-
vealed males who had a BMI in the highest quintile were
almost two times as likely to develop colon cancer as males
with a BMI in the lowest quintile (OR=1.96; 95 % CI 1.50–
2.57). Females with a BMI in the highest quintile were
approximately 1.5 times as likely to develop colon cancer
when compared to females with BMIs in the lowest quintile
(OR=1.45; 95 % CI 1.08–1.94) [89].

Smoking and alcohol consumption

The International Agency for Research on Cancer conclud-
ed in November 2009 that tobacco smoking is the cause of
CRC and that the association appears to be stronger for
rectal than for colon cancer [27, 90–92]. A meta-analysis
conducted by Botteri et al. based on 42 observational studies
found that current smokers were at a much higher risk of
developing adenomatous polyps than those who had never
smoked (OR=2.14; 95 % CI 1.86–2.46) [93]. Additionally,
studies have shown that smokers have a greater risk of
recurrent adenomas than nonsmokers [56]. Evidences also
demonstrate an earlier average age of onset incidence of
colorectal cancer among males and women who smoke
cigarettes [94, 95].

Individuals who have a lifetime average of two to four
alcoholic drinks per day have a 23 % higher risk of colo-
rectal cancer than those who consume less than one drink
per day [27]. Alcohol consumption is one of the factors
responsible for the onset of colorectal cancer at a younger
age [94, 95] as well as a disproportionate increase of tumors
in the distal colon [96]. Reactive metabolites of alcohol such
as acetaldehyde have been labeled as being carcinogenic
[38, 97]; it interacts with smoking pathway. Alcohol also
functions as a solvent, resulting in the increased penetration
of other carcinogenic molecules into mucosal cells, and the
effects of alcohol may be mediated through the generation
of free radical oxygen species, lipid peroxidation, and pro-
duction of prostaglandins [38, 97].

Conclusion and future course

This thing has continuously been given stress that the inci-
dent cases of colorectal cancer keep increasing in develop-
ing countries although developed countries have been able
to control it in part by making its detection at an early stage

possible. In order to tackle further the global issue of colo-
rectal cancer and to reduce (loosen) its grip on these devel-
oping parts of the world as well, we need to unravel the
complex synergistic effect of various environmental and
dietary factors that fall in the group of modifiable and
manageable risk factors by recognizing them in various
parts through their exhaustive and thorough screening,
thereby reducing the incidence of this disease in every part
of world including our Kashmir that is unfortunately being
named as “a valley of GIT cancers” now.
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