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ABSTRACT

In this article, the incidence, mortality, and survival rates for colorectal cancer are
reviewed, with attention paid to regional variations and changes over time. A concise
overview of known risk factors associated with colorectal cancer is provided, including
familial and hereditary factors, as well as environmental lifestyle-related risk factors such as
physical inactivity, obesity, smoking, and alcohol consumption.
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Objectives: Upon completion of this article, the reader should be able to identify epidemiologic trends in the incidence, mortality, and

survival rates for colorectal cancer across different patient demographics; describe familial and hereditary risk factors associated with

the development of colorectal cancer; and list dietary and lifestyle factors known to be associated with the risk of colorectal cancer.

INCIDENCE OF COLORECTAL CANCER
Colorectal cancer is a major cause of morbidity and
mortality throughout the world.1 It accounts for over
9% of all cancer incidence.2,3 It is the third most
common cancer worldwide and the fourth most common
cause of death.2 It affects men and women almost
equally, with just over 1 million new cases recorded in
2002, the most recent year for which international
estimates are available.1,4–6 Countries with the highest
incidence rates include Australia, New Zealand, Canada,
the United States, and parts of Europe. The countries
with the lowest risk include China, India, and parts of
Africa and South America.3

In the United States, colorectal cancer is the third
most common cancer diagnosis among men and women
(Figs. 1 and 2).7–12 There are similar incidence rates for
cancer of the colon in both sexes, and a slight male
predominance for rectal cancer.2,7,8 In 2005, the most
recent year for which U.S. statistics are currently avail-
able, �108,100 and 40,800 individuals were diagnosed

with cancer of the colon and rectum, respectively.7 For
2008, it was estimated that �148,900 new cases would
be diagnosed and �49,900 people would die of the
disease.10–12

Geographic Variations

Worldwide, colorectal cancer represents 9.4% of all
incident cancer in men and 10.1% in women. Colorectal
cancer, however, is not uniformly common throughout
the world.3 There is a large geographic difference in the
global distribution of colorectal cancer. Colorectal cancer
is mainly a disease of developed countries with a Western
culture.3 In fact, the developed world accounts for over
63% of all cases.8 The incidence rate varies up to
10-fold between countries with the highest rates and
those with the lowest rates.1,9 It ranges from more than
40 per 100,000 people in the United States, Australia,
New Zealand, and Western Europe to less than 5 per
100,000 in Africa and some parts of Asia.2 However,
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these incidence rates may be susceptible to ascertainment
bias; there may be a high degree of underreporting in
developing countries.

Temporal Trends

Different populations worldwide experience different
incidence rates of colorectal cancer, and these rates
change with time. In parts of Northern and Western
Europe, the incidence of colorectal cancer may be
stabilizing, and possibly declining gradually in the
United States.10 Elsewhere, however, the incidence is
increasing rapidly, particularly in countries with a high-
income economy that have recently made the transition
from a relatively low-income economy, such as Japan,
Singapore, and Eastern European countries.2,3,8 Inci-

dence rates have at least doubled in many of these
countries since the mid-1970s.4,12,13

In the United States, male and female colorectal
cancer incidence rates declined from the mid-1980s to
the mid-1990s, followed by a short period of stabiliza-
tion. From 1998 to 2005 incidence rates have again
declined—an average of 2.8% per year for men and 2.2%
per year among women.10 These decreases in colorectal
cancer incidence have been largely attributed to screen-
ing programs that may have improved the detection of
precancerous polyps.11 However, although national in-
cidence rates have declined slightly over the last decade,
the burden of disease remains high, and disproportionate
within demographic subpopulations. For instance,
before the 1980s, incidence rates for white men were
higher than for black men and approximately equal for

Figure 1 Top 10 U.S. cancer sites in 2005: men, all races. From U.S. Cancer Statistics Working Group.7

Figure 2 Top 10 U.S. cancer sites in 2005: women, all races. From U.S. Cancer Statistics Working Group.7
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black and white women. Since that time, incidence rates
have been higher for men than women, and higher
among the black population versus the white population.

MORTALITY RATES AND TRENDS
Worldwide mortality attributable to colorectal cancer is
approximately half that of the incidence. Nearly 530,000
deaths were recorded in 2002, that is, �8% of all cancer
deaths.2,8 It is estimated that 394,000 deaths from
colorectal cancer still occur worldwide annually,3 making
colorectal cancer the fourth most common cause of death
from cancer.2,8 In the United States, colorectal cancer is
the second leading cause of death among cancers that
affect both men and women.7–12,14,15 It was estimated
that �49,960 people from the United States would die of
the colorectal cancer in 2008.11,12,16

In North America, New Zealand, Australia, and
Western Europe, mortality from colorectal cancer in
both men and women has declined significantly.4 How-
ever, in some parts of Eastern Europe, mortality has been
increasing by 5 to 15% every 5 years.8 In the United
States, deaths from colorectal cancer have decreased
significantly by 4.3% per year from 2002 to 2005.12

The age-standardized death rate was 18.8 per 100,000
men and women combined per year.17 The current
trends in mortality statistics from many of the developed
countries are encouraging. However, it is generally
difficult to interpret temporal changes in mortality as
they are influenced by trends over time in incidence and
survival. The incidence rate may be a more appropriate
indicator of trends in disease occurrence. Colorectal
cancer incidence is unaffected by changes in treatment
and survival, although it has been shown to be influenced
by improved diagnostic techniques and screening
programs.

CANCER SURVIVAL AND PROGNOSIS
Colorectal cancer survival is highly dependent upon
stage of disease at diagnosis, and typically ranges from
a 90% 5-year survival rate for cancers detected at the
localized stage; 70% for regional; to 10% for people
diagnosed for distant metastatic cancer.11,17 In general,
the earlier the stage at diagnosis, the higher the chance of
survival.

Since the 1960s, survival for colorectal cancer at
all stages have increased substantially.11 The relative
improvement in 5-year survival over this period and
survival has been better in countries with high life-
expectancy and good access to modern specialized health
care. However, enormous disparities in colorectal cancer
survival exist globally and even within regions.3,5,18 This
variation is not easily explained, but most of the marked
global and regional disparity in survival is likely due to
differences in access to diagnostic and treatment serv-

ices.3 In the United States, the 5-year survival for color-
ectal cancer improved from 1995 to 2000 by more than
10% for both men and women, from 52 to 63% in
women and from 50 to 64% in men.11 The increase in
survival during this period was not uniform among racial
groups, however, and was reduced among non-whites
compared with whites.12,17,18

NONMODIFIABLE RISKS FACTORS
Several risk factors are associated with the incidence of
colorectal cancer. Those that an individual cannot con-
trol include age and hereditary factors. In addition, a
substantial number of environmental and lifestyle risk
factors may play an important role in the development of
colorectal cancer; modifiable risks factors will be dis-
cussed in the next section.

Age

The likelihood of colorectal cancer diagnosis increases
after the age of 40, increases progressively from age 40,
rising sharply after age 50.2,17 More than 90% of color-
ectal cancer cases occur in people aged 50 or older.13,17

The incidence rate is more than 50 times higher in
persons aged 60 to 79 years than in those younger than
40 years.17,19 However, colorectal cancer appears to be
increasing among younger persons.20,21 In fact, in the
United States, colorectal cancer is now one of the 10
most commonly diagnosed cancers among men and
women aged 20 to 49 years.14

Tables 1 and 2 show the proportion of men or
women in the United States who will be diagnosed with

Table 1 Percentage of U.S. Men Who Develop
Colorectal Cancer over 10-, 20- and 30-Year Intervals
According to Their Current Age, 2003–2005

Current Age 10 Years 20 Years 30 Years

30 0.06 0.29 0.96

40 0.23 0.92 2.29

50 0.71 2.14 4.06

60 1.55 3.64 5.06

70 2.51 4.22 N/A

Table 2 Percentage of U.S. Women Who Develop
Colorectal Cancer over 10-, 20- and 30-Year Intervals
According to Their Current Age, 2003–2005

Current Age 10 Years 20 Years 30 Years

30 0.06 0.26 0.78

40 0.20 0.72 1.74

50 0.54 1.58 3.16

60 1.10 2.76 4.29

70 1.88 3.61 N/A
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colorectal cancer over different time intervals.17 The
time intervals are based on the person’s current age.

Personal History of Adenomatous Polyps

Neoplastic polyps of the colorectum, namely tubular and
villous adenomas, are precursor lesions of colorectal
cancer.8 The lifetime risk of developing a colorectal
adenoma is nearly 19% in the U.S. population.15 Nearly
95% of sporadic colorectal cancers develop from these
adenomas.19 An individual with a history of adenomas
has an increased risk of developing colorectal cancer,
than individuals with no previous history of adenomas.16

A long latency period, estimated at 5 to 10 years, is
usually required for the development of malignancy
from adenomas.16,22 Detection and removal of an
adenoma prior to malignant transformation may reduce
the risk of colorectal cancer.23 However, complete
removal of adenomatous polyp or localized carcinoma
is associated with an increased likelihood of future
development of metachronous cancer elsewhere in the
colon and rectum.16

Personal History of Inflammatory Bowel

Disease

Inflammatory bowel disease (IBD) is a term used to
describe two diseases, ulcerative colitis and Crohn dis-
ease. Ulcerative colitis causes inflammation of the mu-
cosa of the colon and rectum. Crohn disease causes
inflammation of the full thickness of the bowel wall
and may involve any part of the digestive tract from the
mouth to the anus. These conditions increase an indi-
vidual’s overall risk of developing colorectal cancer.13

The relative risk of colorectal cancer in patients with
inflammatory bowel disease has been estimated between
4- to 20-fold.8 Therefore, regardless of age individuals
with IBD are highly encouraged to be screened for
colorectal cancer on a more frequent basis.

Family History of Colorectal Cancer

or Adenomatous Polyps

The majority of colorectal cancer cases occur in persons
without a family history of colorectal cancer or a predis-
posing illness. Nevertheless, up to 20% of people who
develop colorectal cancer have other family members
who have been affected by this disease.2,24 People with a
history of colorectal cancer or adenomatous polyps in
one or more first-degree relatives are at increased risk. It
is higher in people with a stronger family history, such as
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.25 The reasons for
the increased risk are not clear, but it likely due to

inherited genes, shared environmental factors, or some
combination of these.

Inherited Genetic Risk

Approximately 5 to 10% of colorectal cancers are a
consequence of recognized hereditary conditions.18

The most common inherited conditions are familial
adenomatous polyposis (FAP) and hereditary nonpoly-
posis colorectal cancer (HNPCC), also called Lynch
syndrome. Genes responsible for these forms of inher-
ited colorectal cancer have been identified. HNPCC is
associated with mutations in genes involved in the DNA
repair pathway, namely the MLH1 and MSH2 genes,
which are the responsible mutations in individuals with
HNPCC.2,26 FAP is caused by mutations in the tumor
suppressor gene APC.9

HNPCC may account for �2 to 6% of colorectal
cancers.2,13 The lifetime risk of colorectal cancer in
people with the recognized HNPCC-related mutations
may be as high as 70 to 80%,27,28 and the average age at
diagnosis in their mid-40s.13 MLH1 and MSH2 muta-
tions are also associated with an increased relative risk of
several other cancers, including several extracolonic ma-
lignancies, namely cancer of the uterus, stomach, small
bowel, pancreas, kidney, and ureter.2 FAP accounts for
less than 1% of all colorectal cancer cases.2,13,22 Unlike
individuals with HNPCC, who develop only a few
adenomas, people with FAP characteristically develop
hundreds of polyps, usually at a relatively young age, and
one or more of these adenomas typically undergoes
malignant transformation as early as age 20.22 By
age 40, almost all people with this disorder will have
developed cancer if the colon is not removed.2,13APC-
associated polyposis conditions are inherited in an auto-
somal dominant manner. Approximately 75 to 80% of
individuals with APC-associated polyposis conditions
have an affected parent. Prenatal testing and preimplan-
tation genetic diagnosis are possible if a disease-causing
mutation is identified in an affected family member.29

ENVIRONMENTAL RISK FACTORS
Colorectal cancer is widely considered to be an environ-
mental disease, with ‘‘environmental’’ defined broadly to
include a wide range of often ill-defined cultural, social,
and lifestyle factors. As such, colorectal cancer is one of
the major cancers for which modifiable causes may be
readily identified, and a large proportion of cases theo-
retically preventable.3,30 Some of the evidence of envi-
ronmental risk comes from studies of migrants and their
offspring. Among migrants from low-risk to high-risk
countries, incidence rates of colorectal cancer tend to
increase toward those typical of the population of the
host country.8,30 For example, among offspring of south-
ern Europe migrants to Australia and Japanese migrants

194 CLINICS IN COLON AND RECTAL SURGERY/VOLUME 22, NUMBER 4 2009



to Hawaii, the risk of colorectal cancer is increased in
comparison with that of populations of the country of
origin. In fact, colorectal cancer incidence in the off-
spring of Japanese migrants to the United States now
approaches or surpasses that in the white population, and
is three or four times higher than among the Japanese in
Japan.2,3 Apart from migration, there are some other
geographic factors influencing differences in incidence of
colorectal cancer. One of them is urban residence. The
incidence is consistently higher among urban residents.
Current residence in an urban area is a stronger predictor
of risk than is an urban location of birth.8 This excess
incidence in urban areas is more apparent among men
than women, and for colon cancer than for rectal cancer.3

Nutritional Practices

Diet strongly influences the risk of colorectal cancer, and
changes in food habits might reduce up to 70% of this
cancer burden.31 Diets high in fat, especially animal fat,
are a major risk factor for colorectal cancer.3,8 The
implication of fat, as a possible etiologic factor, is linked
to the concept of the typical Western diet, which favors
the development of a bacterial flora capable of degrading
bile salts to potentially carcinogenic N-nitroso com-
pounds.32 High meat consumption has also been impli-
cated in the development of colorectal cancer.32,33 The
positive association with meat consumption is stronger
for colon cancer than rectal cancer.32 Potential under-
lying mechanisms for a positive association of red meat
consumption with colorectal cancer include the presence
of heme iron in red meat.33,34 In addition, some meats
are cooked at high temperatures, resulting in the pro-
duction of heterocyclic amines and polycyclic aromatic
hydrocarbons,33,35 both of which are believed to have
carcinogenic properties. In addition, some studies sug-
gest that people who eat a diet low in fruits and
vegetables may have a higher risk of colorectal cancer.13

Differences in dietary fiber intake might have been
responsible for the geographic differences in the color-
ectal incidence rates.8 For example, dietary fiber has been
proposed as accounting for the differences in the rates of
colorectal cancer between Africa and Westernized coun-
tries—on the basis that increased intake of dietary fiber
may dilute fecal content, increase fecal bulk, and reduce
transit time.2

Physical Activity and Obesity

Several lifestyle-related factors have been linked to
colorectal cancer. Two modifiable and interrelated risk
factors, physical inactivity and excess body weight, are
reported to account for about a fourth to a third of
colorectal cancers. There is abundant evidence that
higher overall levels of physical activity are associated
with a lower risk of colorectal cancer, including evidence

of a dose–response effect, with frequency and intensity of
physical activity inversely associated with risk.3,16,36

Regular physical activity and a healthy diet can help
decrease the risk of colorectal cancer, although the
evidence is stronger for colonic than for rectal disease.2,37

The biologic mechanisms potentially responsible for the
association between reduced physical activity and color-
ectal cancer are beginning to be elucidated. Sustained
moderate physical activity raises the metabolic rate and
increases maximal oxygen uptake.16 In the long term,
regular periods of such activity increase the body’s
metabolic efficiency and capacity, as well as reducing
blood pressure and insulin resistance.36 In addition,
physical activity increases gut motility.2 The lack of
physical activity in daily routines also can be attributed
to the increased incidence of obesity in men and women,
another factor associated with colorectal cancer.16,38

Several biologic correlates of being overweight or obese,
notably increased circulating estrogens and decreased
insulin sensitivity, are believed to influence cancer risk,
and are particularly associated with excess abdominal
adiposity independent of overall body adiposity.16

However, the increased risk associated with overweight
and obesity does not seem to result merely from increased
energy intake; it may reflect differences in metabolic
efficiency.16 Studies suggest that individuals who use
energy more efficiently may be at a lower risk of colorectal
cancer.3

Cigarette Smoking

The association between tobacco cigarette smoking and
lung cancer is well established, but smoking also is
extremely harmful to the colon and rectum. Evidence
shows that 12% of colorectal cancer deaths are attributed
to smoking.39 The carcinogens found in tobacco increase
cancer growth in the colon and rectum, and increase the
risk of being diagnosed with this cancer.13 It has been
estimated that 12% of colorectal cancer deaths are
attributable to smoking.39 Cigarette smoking is impor-
tant for both formation and growth rate of adenomatous
polyps, the recognized precursor lesions of colorectal
cancer.40 Larger polyps found in the colon and rectum
were associated with long-term smoking. Evidence also
demonstrates an earlier average age of onset incidence of
colorectal cancer among men and women who smoke
cigarettes.39,41

Heavy Alcohol Consumption

As with smoking, the regular consumption of alcohol
may be associated with increased risk of developing
colorectal cancer. Alcohol consumption is a factor in
the onset of colorectal cancer at a younger age,39,41 as
well as a disproportionate increase of tumors in the
distal colon.37 Reactive metabolites of alcohol such as
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acetaldehyde can be carcinogenic.42 There is also an
interaction with smoking.39 Tobacco may induce specific
mutations in DNA that are less efficiently repaired in the
presence of alcohol.42 Alcohol may also function as a
solvent, enhancing penetration of other carcinogenic
molecules into mucosal cells.42 Additionally, the effects
of alcohol may be mediated through the production of
prostaglandins, lipid peroxidation, and the generation
of free radical oxygen species.42 Lastly, high consumers
of alcohol may have diets low in essential nutrients,
making tissues susceptible to carcinogenesis.2

CONCLUSION
The transition from identification of theoretically avoid-
able causes of colorectal cancer to implementation of
preventive strategies depends on the delineation of ex-
posures considered to be causally associated with devel-
opment of the disease. From analytical epidemiology,
some clear ideas have now emerged about measures for
reducing the burden of colorectal cancer. There are
several factors considered to be causally associated with
the development of colorectal cancer. For instance, the
risk of colorectal cancer is clearly increased by a Western
diet. Genes responsible for the most common forms of
inherited colorectal cancer have also been identified.
Fortunately, the vast majority of cases and deaths from
colorectal cancer can be prevented by applying existing
knowledge about cancer prevention. Appropriate dietary
changes, regular physical activity, and maintenance of
healthy weight, together with targeted screening pro-
grams and early therapeutic intervention could, in time,
substantially reduce the morbidity and mortality associ-
ated with colorectal cancer.

REFERENCES

1. World Health Organization. Cancer Incidence in Five
Continents. Lyon: The World Health Organization and
The International Agency for Research on Cancer; 2002

2. World Cancer Research Fund and American Institute for
Cancer Research. Food, Nutrition, Physical Activity, and the
Prevention of Cancer: A Global Perspective. Washington,
DC: American Institute for Cancer Research; 2007

3. Boyle P, Langman JS. ABC of colorectal cancer: Epidemi-
ology. BMJ 2000;321(7264):805–808

4. Boyle P, Ferlay J. Mortality and survival in breast and
colorectal cancer. Nat Clin Pract Oncol 2005;2(9):424–425

5. Parkin D, Bray F, Ferlay J. Global cancer statistics, 2002. CA
Cancer J Clin 2006;55:74–108

6. Ferlay J, Bray F, Pisani P, Parkin DM. GLOBOCAN 2002:
Cancer incidence, mortality and prevalence worldwide. Lyon:
International Agency for Research on Cancer; 2004

7. U.S. Cancer Statistics Working Group. United States Cancer
Statistics: 1999–2005 Incidence and Mortality Web-based
Report. Atlanta, GA: U.S. Department of Health and
Human Services, Centers for Disease Control and Prevention

& National Cancer Institute; 2009; Available at: www.cdc.
gov/uscs. Accessed October 21, 2009
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