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ABSTRACT

Introduction: the incidence of colorectal cancer is one of the
highest on a global level. Many epidemiological studies have identified
risk and protective factors, many of which have a behavioral com-
ponent and, therefore, are potentially avoidable or subject to modi-
fication. This study investigated the incidence rates of colorectal
cancer by gender in twenty different countries, taking into account
the dietary habits of the habitants of each country.

Material and methods: adjusted incidence rates, according to
gender, were obtained for each country from the International
Agency for Research on Cancer during the period 1971-2002.
Annual per capita consumption data of the different dietary variables
were obtained for the period 1961-2007 from the Food and Agri-
culture Organization of the United Nations. Pearson’s correlation
coefficients were calculated comparing incidence rates according to
gender with different dietary variable using ten-year delay intervals.

Results: there is an important variation in trends of colorectal
cancer incidence worldwide which were found to be related with the
dietary habits of each country.

Discussion: based on the trends observed, each country was
classified into one of four different situations based on the range of
values of their incidence rates and linear trends observed. Due to
the potential of primary prevention programs for colorectal cancer
and to the delay between changes in the exposure to risk and pro-
tective factors and the effects on the incidence of this tumor, the
application of legislative and educational measures promoting a
healthy diet has become an urgent issue to stop the increasing ten-
dency of colorectal cancer reported worldwide.
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INTRODUCTION

The latest available data from the Cancer Registries
supervised by the International Agency for Research on
Cancer (IARC), show that, globally, in men, colorectal can-
cer is the second most incident tumor in Australia, China,
Israel, Japan, New Zealand, Norway and Sweden; the third
in Canada, Costa Rica, England, France, Germany, Italy,
Spain, Thailand and USA; the fourth in Brazil and Colom-
bia; the fifth in India and the sixth in Ecuador. In women,
this tumor has the second highest incidence in Australia,
China, France, Germany, Israel, Italy, Japan, New Zealand,
Norway, Spain, Sweden and USA; the third in Brazil, Cana-
da, England and India; the fourth in Colombia, Costa Rica
and Thailand and the eighth in Ecuador (1).

Variations in colorectal cancer incidence in these twenty
countries from four continents are considerable. In 2002,
in men, differences in colorectal cancer incidence rates
adjusted to worldwide population per 100,000 inhabitants
between India (lowest incidence) and Germany (highest
incidence) is 47.5 points, which represents a variation of
819.0%. The same comparison in women shows a differ-
ence of 33.1 points between India and New Zealand (lowest
and highest incidence, respectively), which represents a
variation of 788.1%.

Major variation in incidence of colorectal cancer in dif-
ferent geographical regions is probably due to the different
level of exposure to risk and protective factors related to
colorectal cancer (2). It is noteworthy that many of these
factors are associated with behavioral practices, thus they
are potentially avoidable or subject to modification (3-8).
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There are excellent reviews that analyze in a detailed
manner the diverse behavioral factors related with col-
orectal cancer (9,10). Risk factors include alcohol (11,12),
red meat consumption (11,13-16), low vegetable and
folate intake (17,18), smoking (19-21), sedentary lifestyle,
overweight, obesity (22-24), diabetes (25) and short dura-
tion and poor quality of sleep (26); protective factors
include fish consumption (14,15), hormone replacement
therapy (27,28), oral contraceptive use (29), calcium
intake (30), higher bone mass levels (31) and physical
exercise (11,32-34). The results from several epidemio-
logical studies are inconsistent concerning the effects of
dietary fiber intake (35-39). A meta-analysis including
thirteen case-control studies showed that animal fat was
not related with colorectal cancer risk after adjustment of
total energy (40) and most cohort studies do not support
a causal association between this factor and colorectal
cancer (41).

Some studies have demonstrated the influence of changes
in the exposure to these factors on the incidence of this kind
of tumor (3-8).

The aim of this study is to analyze the evolution of the
incidence of colorectal cancer in twenty countries from four
continents in the last decades and its relationship with
changes in the dietary habits of the population.

MATERIAL AND METHODS

Annual colorectal cancer incidence rates adjusted to
worldwide population per 100,000 inhabitants —codes C18-
C21, 10" revision of the International Classification of Dis-
eases (ICD)- in men and women were obtained from the
IARC for the period 1971-2002. Rates were compiled dur-
ing the aforementioned period starting with the first year
with accessible data in the Cancer Registries of each country
until the year 2002, which is the last year with accessible
data at the time of this study (up to October, 20" 2010).
Spain is the only exception, which has only been registered
until the year 2000.

Data from the IARC correspond to different types of
Cancer Registries. Local Cancer Registries cover specific
areas in each country such as in Germany (Saarland) in
Europe; Brazil (Goiania), Colombia (Cali) and Ecuador
(Quito) in America; and Thailand (Chiang Mai) in Asia.
Central Cancer Registries gather and homogenize the infor-
mation from several Local Cancer Registries, such as in
England (Birmingham and West Midlands Region,
Merseyside and Cheshire, North Western, Oxford and
Yorkshire), France (Bas-Rhin, Calvados, Doubs, Haut-
Rhin, Herault, Isere, Somme and Tarn), Italy (Florence,
Lombardy Varese Province, Modena, Parma, Ragusa
Province, Romagna and Torino) and Spain (Granada, Mur-
cia, Navarra, Tarragona and Zaragoza) in Europe; Canada
(Alberta, British Columbia, Manitoba, New Brunswick,
Newfoundland, Nova Scotia, Ontario, Prince Edward
Island and Saskatchewan) and USA (Atlanta, Connecticut,
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Detroit, lowa, Los Angeles, New Mexico, New Orleans,
San Francisco, Seattle and Utah) in America; China (Hong
Kong and Shanghai), India (Chennai and Mumbai) and
Japan (Miyagi Prefecture, Osaka Prefecture and Yamagata
Prefecture) in Asia; and Australia (New South Wales,
South, Tasmania, Victoria and Western) in Oceania. Finally
National Cancer Registries cover the whole population of
the country, such as in Norway and Sweden in Europe;
Costa Rica in America; Israel (Jews) in Asia; and New
Zealand in Oceania (1).

Annual per capita data of alcohol (in liters), cereals,
fruit, vegetable, legume, poultry, red meat and fish (in kilo-
grams) consumption for the period 1961-2007 were
obtained from the data published (up to October, 20" 2010)
by the Food and Agriculture Organization of the United
Nations (FAO) (42). The linear regression coefficients were
calculated for each dietary variable. Consumption data are
shown during the period of study for each country and in
ten-year intervals.

Pearson’s correlation coefficients were calculated by
gender using ten-year delay intervals, i.e. annual colorectal
cancer incidence rates adjusted to worldwide population
per 100,000 inhabitants in men and women are correlated
to annual per capita consumption data in the previous ten
years, according to the available period in each country
studied. The statistical analyses were done using Stata 10.0
StataCorp LP, Texas, USA.

RESULTS

Annual colorectal cancer incidence rates are shown for
men and women in Europe for England, France, Germany,
Italy, Norway, Spain and Sweden; in America for Brazil,
Canada, Colombia, Costa Rica, Ecuador and USA; in Asia
for China, India, Israel, Japan and Thailand; and in Oceania
for Australia and New Zealand, according to the available
period in each country (Table I).

In England, France, Germany, Italy, Norway, Spain, Swe-
den (Europe); Canada, Costa Rica, USA (America); China,
India, Japan (Asia); Australia and New Zealand (Oceania)
incidence rates in men are higher than in women during the
complete period studied for each country. In Israel (Asia)
incidence rates in men are higher than in women except in
the year 1977. Only in Brazil, Colombia, Ecuador (Amer-
ica) and Thailand (Asia) are incidence rates in women high-
er than in men for more than one year; in Brazil in eleven
of the fifteen years studied, in Colombia in ten of the twenty
years, in Ecuador in fourteen of the eighteen years and in
Thailand in five of the twenty years.

In men, incidence rates follow an increasing linear trend
in all countries during the period of study except for in
France (Europe); USA (America); and New Zealand (Ocea-
nia). In women, there is a decreasing linear trend in Eng-
land, France (Europe); Canada, USA (America); and New
Zealand (Oceania), while the trend is increasing in the
remaining countries.
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IN TWENTY COUNTRIES FROM FOUR CONTINENTS DURING THE PERIOD 1971-2002

In Germany, Italy, Norway, Spain, Sweden (Europe);
Brazil, Colombia, Costa Rica, Ecuador (America); China,
India, Israel, Japan, Thailand (Asia); and Australia (Ocea-
nia), incidence rates in both genders show an increasing
tendency with a greater slope in men than in women. Excep-
tions to this are seen in Colombia where the inverse situa-
tion is observed and in Thailand where linear trends are
approximately parallel between genders.

Annual per capita consumption of alcohol, cereals, fruits,
vegetables, legumes, poultry, red meat and fish and their
linear regression coefficients are shown in table II.

In Europe, food of vegetable origin is the most consumed,
with cereals, fruits and vegetables at the forefront. During
specific periods in England, France, Germany, Norway and
Sweden, red meat is the third most consumed food. Con-
versely, legume intake is minimal, being the least consumed
food in all countries studied. Among food of animal origin,
red meat is the most consumed, much more than poultry or
fish, in all countries except for Norway, where red meat and
fish intake levels are similar. During the period of study, there
is an increasing linear trend in food of vegetable origin (cere-
als, fruits, vegetables), except for vegetables in France and
cereals in Italy and Spain. Legume intake remains practically
the same. Concerning red meat intake, an increasing linear
trend is observed in all countries except for England and Nor-
way. Similarly, poultry and fish consumption show an
increasing linear trend in all countries, except for fish intake
in England. In Norway, alcohol intake almost tripled during
the period of study and in France and Italy, it decreased.

In America, food of vegetable origin is the most con-
sumed, with cereals and fruits at the forefront. In Ecuador,
fruit consumption is the highest above all other food during
the period of study. In Brazil, Colombia and Costa Rica,
cereals and fruits alternate as the most consumed food
throughout the period of study. Legume consumption is the
lowest in all analyzed countries, although in Brazil, legume
consumption is very high during the period of study, with
levels higher than twenty kg/person during several years.
Regarding food of animal origin, red meat is the most con-
sumed followed by poultry and fish. During the last few
years, red meat and poultry consumption have reached sim-
ilar levels in countries such as Colombia and Costa Rica.
An increasing linear trend is observed in consumption of
food of vegetable origin (cereals, fruits and vegetables) in
all countries except for fruits and vegetables in Ecuador.
During the period of study, legume consumption remains
constant in Costa Rica and USA, decreases markedly in
Ecuador and Brazil (in spite of high levels of legume con-
sumption in Brazil) and increases in Canada and Colombia.
Concerning red meat consumption, an increasing linear
trend is observed in Brazil (markedly), Costa Rica and
Ecuador while a decreasing trend is observed in Canada
(notably), Colombia and USA. On the other hand, increas-
ing linear trends are observed in poultry consumption in
all countries. With regards to fish consumption, notable
increases are only observed in Canada and USA. Alcohol
intake slightly increases in all countries and, although it
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has been mild in most of them, in Brazil alcohol intake has
almost tripled during the period of study.

In Asia, food of vegetable origin is the most consumed,
although in Japan, fish intake is high, being the third most
consumed food after cereals and vegetables but before
fruits. In India, Japan and Thailand, the most consumed
food during the period of study are cereals. In China, veg-
etable consumption has overtaken cereals, although only
in the last few years. In Israel, cereals, fruits and vegetables
alternate as the most consumed foods. Legume consumption
is the lowest in all countries studied, although in India,
legume consumption is very high during the period of study,
with levels higher than twenty kg/person during several
years. Regarding food of animal origin, in China the most
consumed is red meat followed by fish and poultry; in
Israel, poultry is the most consumed followed by red meat
and fish; in India, Japan and Thailand the most consumed
is fish followed by red meat and poultry. Regarding con-
sumption of food of vegetable origin (cereals, fruits and
vegetables), an increasing linear trend is observed in China
and India, with fruit consumption decreasing in Israel and
cereals and vegetable consumption decreasing in Japan and
Thailand. Legume consumption remains approximately the
same in Japan and Thailand, decreases in China and India
and slightly increases in Israel. The linear trend regarding
intake of food of animal origin is mildly increasing in China
with respect to red meat, fish and poultry consumption; in
India, it is slightly increasing for fish while remaining essen-
tially the same for red meat and poultry; in Israel, poultry
consumption increases notably, while red meat and fish
consumption only slightly increase; in Japan, red meat and
poultry consumption mildly increase, while fish consump-
tion slightly increases, although decreases in the last few
years; in Thailand, fish consumption increases markedly,
poultry consumption mildly and red meat only slightly.
Regarding alcohol intake, the linear tendency remains
approximately constant in India and Israel and increases
slightly in China, Japan and Thailand, where alcohol intake
increases nine times during the period of study.

In Oceania, the most consumed food during the latest
years is food of vegetable origin, especially fruits and veg-
etables. In Australia, red meat was the most consumed food
during the late 70’s, while in New Zealand it was the most
consumed during two decades, the 60’s and the 70’s. Con-
versely, legumes are the least consumed in both countries.
Regarding food of animal origin, red meat consumption is
notably higher than that of poultry and fish. A linear trend in
consumption of food of vegetable origin (cereals, fruits and
vegetables) is increasing in both countries, except for cereals
in Australia. Legume consumption remains about the same
during the period of study. Concerning red meat consump-
tion, the linear trend is decreasing in both countries. The
linear trends of poultry and fish consumption are both pos-
itive, but with a higher slope in the case of poultry. Regarding
alcohol intake, the linear trend remains constant during the
period of study, with slight increases in the 70’s and 80’s and
reaching values similar to those of the 60’s in both countries.
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Table III shows Pearson’s correlation coefficients
between the studied variables according to gender.

In men, correlation coefficients were positive in fourteen
of the twenty countries for alcohol consumption, ten for
cereals, twelve for fruits, fourteen for vegetables, nine for
legumes, seventeen for poultry, seventeen for red meat and
twelve for fish.

In women, correlation coefficients were positive in thir-
teen of the twenty countries for alcohol consumption, nine
for cereals, ten for fruits, eleven for vegetables, seven for
legumes, thirteen for poultry, nineteen for red meat and
eleven for fish.

DISCUSSION

In this study it has been seen that certain changes in
dietary habits may have contributed to the increase in col-
orectal cancer incidence in Europe.

Important differences in incidence rates according to
genders, normally shown as higher values in men (in fifteen
countries, incidence rates in men are higher than in women
during the period of study), may be the result of a higher
exposure to risk factors related to lifestyle, such as dietary
habits, or others such as smoking, sedentary lifestyle, over-
weight, obesity and diabetes.

During the period 1971-2002, four different situations
are observed in relation to worldwide colorectal cancer inci-
dence trends:

— Situation I (both genders): Brazil, Colombia, Costa

Rica, Ecuador (America); India, Thailand (Asia).

* Relatively low incidence rates. Diet: remarkable
cereals and fruit consumption (except for India, with
scarce fruit intake), legume consumption much
higher than in countries in situations 2, 3 or 4
(except for Thailand, with similar rates than in those
countries) and only slight red meat consumption.
Alcohol: scarce consumption.

* Incidence rates with increasing linear trends. Diet:
increasing linear trend for red meat consumption in
Brazil, Costa Rica, Ecuador and Thailand and
decreasing lineal trend for legume consumption in
Brazil, Ecuador and India. Alcohol: slightly increas-
ing trends in all countries, especially Brazil and
Thailand.

— Situation 2 (both genders): Germany, Italy, Norway,
Spain, Sweden (Europe); China, Israel, Japan (Asia);
Australia (Oceania).

* High incidence rates. Diet: very scarce legume con-
sumption, high red meat consumption (except for
Israel and Japan) and low fish and poultry consump-
tion (except for fish in Norway and Japan and poul-
try in Israel). Alcohol: notable consumption (except
for Israel).

* Incidence rates with increasing linear trends. Diet:
increasing linear trend for red meat consumption
(except for Australia and Norway) and an important

REV Esp ENFERM DIG (Madrid)

decrease in cereals consumption in countries such
as Italy, Spain, Japan and Australia. Alcohol: marked
decrease in Italy and notable increases in Norway,
Japan and, especially, in China.

— Situation 3: England (Europe); Canada (America).

* High incidence rates. Diet: minimal legume con-
sumption and high red meat consumption. Alcohol:
significant intake.

* Incidence rates with increasing linear trends in men
and decreasing in women. Diet: decrease in linear
trends of red meat consumption, increasing linear
trend for fish consumption and slight increase in the
consumption of legumes, only in Canada. Alcohol:
increasing linear trend in England.

— Situation 4 (both genders): France (Europe); USA

(America); New Zealand (Oceania).

* High incidence rates. Diet: minimal legume con-
sumption, high red meat consumption and scarce
poultry and fish consumption. Alcohol: significant
intake.

* Incidence rates with decreasing linear trends. Diet:
notable increase in cereals, fruit, vegetable, poultry
and fish consumption (except vegetables for
France), marked decreases in the linear trend of red
meat consumption in USA and, especially, in New
Zealand. Legume consumption remains approxi-
mately the same during the period of study. Alcohol:
marked decrease in France.

In a recent study carried out in UK the effects of modi-
fying five behavioral risk factors was assessed, including
lower red meat consumption, higher fruit and vegetable
intake, less than three alcoholic beverages per day in men
and two per day in women, thirty minutes of physical exer-
cise five days a week and a strict control of body weight.
The study concluded that, these modifications could be
responsible for present and further decreases in colorectal
cancer rates. This suggest potential benefits in terms of
reducing the mortality of this tumor by could be even
greater than applying national screening programs or
improving treatment options (3).

It is estimated that in median age men, the risk attribution
percentage for colorectal cancer due to six risk factors,
including red meat consumption, low folic acid intake, alco-
hol intake, obesity, sedentary lifestyle and youth smoking,
is 71% (4).

Epidemiological evidence has identified different risk and
protective factors related to diet for colorectal cancer (9,10),
as well as the enormous potential of primary prevention by
modifying the exposure to these factors (3-8). The evolution
in the consumption of the studied dietary variables may
potentially be consistent with the trend in incidence rates in
the different studied countries, classifying each one of them
in one of the four situations previously described.

In this study, the role of other factors such as smoking,
sedentary lifestyle, overweight, obesity and diabetes has
not been included. These factors could have contributed to
the trends of colorectal cancer observed in this study.
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Table Ill. Pearson’s correlation coefficients of dietary variables compared to annual colorectal cancer incidence rates
adjusted to worldwide population per 100,000 inhabitants with a ten-year delay in men and women per country. Alcohol
(pure) (L/person/year); cereals, fruits, vegetables, legumes, poultry, red meat, fish (kg/person/year)

Men

n Alcohol Cereals Fruits Vegetables Legumes Poultry Red meat Fish
Europe

18 England 0.53 -0.29 0.75 0.49 0.49 0.65 -0.36 0.50
"5 France 0.33 0.38 -0.40 -0.33 -0.53 -0.41 0.06 -0.36
°32 Germany 0.84 0.21 0.69 0.86 -0.57 0.86 0.79 0.58
"5 ltaly -0.95 -0.79 0.77 0.71 0.71 0.77 0.90 0.95
232 Norway 0.96 0.49 0.90 0.72 -0.91 0.87 0.35 0.49
916 Spain -0.76 -0.58 0.85 0.41 -0.60 0.76 0.96 0.11
232 Sweden 0.54 0.25 0.55 0.80 0.16 0.85 0.59 0.24
America

"5 Brazil 0.72 -0.49 0.60 0.69 -0.37 0.57 0.60 -0.48
25 Canada 0.31 0.03 0.47 0.52 0.18 0.27 -0.05 0.45
20 Colombia 0.24 0.67 -0.47 -0.27 0.67 0.60 0.28 -0.28
23 Costa Rica 0.71 0.53 0.58 0.82 0.14 0.88 0.38 -0.37
18 Ecuador -0.24 0.17 -0.48 0.01 -0.34 0.23 0.13 -0.07
028 USA -0.12 -0.79 -0.48 -0.50 -0.15 -0.79 0.77 -0.77
Asia

"5 China 0.91 0.40 0.97 0.94 -0.96 0.93 0.97 0.96
20 India 0.14 -0.04 0.40 0.36 -0.33 0.15 0.30 -0.10
232 Israel -0.58 0.68 -0.01 0.33 0.40 0.90 0.31 0.25
20 Japan 0.91 -0.91 -0.82 -0.52 -0.72 0.92 0.87 0.26
20 Thailand 0.56 -0.53 -0.19 -0.64 0.23 0.69 0.41 0.61
Oceania

20 Australia -0.32 -0.56 0.36 0.69 0.78 0.83 -0.56 0.68
20 New Zealand 0.38 -0.64 -0.07 -0.28 -0.15 -0.18 0.14 -0.18
Women

n Alcohol Cereals Fruits Vegetables Legumes Poultry Red meat Fish
Europe

18 England 0.01 -0.42 -0.44 -0.24 -0.07 -0.50 0.39 -0.33
"5 France 0.52 0.05 -0.54 -0.51 -0.46 -0.56 0.14 -0.53
°32 Germany 0.82 0.30 0.60 0.70 -0.60 0.75 0.76 0.52
"5 Italy -0.63 -0.45 0.44 0.34 0.55 0.48 0.67 0.67
232 Norway 0.93 0.49 0.92 0.68 -0.91 0.85 0.22 0.45
916 Spain -0.77 -0.24 0.65 0.27 -0.53 0.51 0.83 0.18
232 Sweden 0.60 0.18 0.64 0.47 -0.11 0.60 0.50 0.26
America

"5 Brazil 0.53 -0.50 0.56 0.44 -0.41 0.41 0.45 -0.47
25 Canada 0.25 -0.07 -0.84 -0.84 -0.40 -0.75 0.42 -0.77
20 Colombia 0.38 0.69 -0.57 -0.18 0.68 0.66 0.11 -0.25
23 Costa Rica 0.58 0.62 0.51 0.71 0.24 0.77 0.45 -0.40
18 Ecuador -0.15 -0.18 -0.36 -0.31 -0.19 -0.02 0.03 0.38
28 USA -0.63 -0.79 -0.82 -0.76 0.07 -0.87 0.61 -0.87
Asia

"5 China 0.92 0.34 0.97 0.92 -0.95 0.95 0.97 0.97
20 India -0.09 -0.22 0.32 0.19 -0.36 0.00 0.29 -0.24
232 Israel -0.54 0.63 -0.02 0.40 0.38 0.86 0.29 0.28
20 Japan 0.90 -0.90 -0.80 -0.51 -0.71 0.91 0.86 0.23
20 Thailand 0.65 -0.54 -0.14 -0.66 0.52 0.84 0.65 0.79
Oceania

20 Australia -0.11 0.10 0.22 0.27 0.28 0.30 -0.13 0.33
20 New Zealand 0.28 -0.34 -0.32 -0.49 -0.52 -0.34 0.29 -0.41

*Comparison of annual consumption during the period 1961-1992 with annual incidence rates during the period 1971-2002. *Comparison of annual consumption during the
period 1965-1992 with annual incidence rates during the period 1975-2002. <Comparison of annual consumption during the period 1968-1992 with annual incidence rates
during the period 1978-2002. “Comparison of annual consumption during the period 1970-1992 with annual incidence rates during the period 1980-2002. Comparison of
annual consumption during the period 1973-1992 with annual incidence rates during the period 1983-2002. ‘Comparison of annual consumption during the period 1975-
1992 with annual incidence rates during the period 1985-2002. °®Comparison of annual consumption during the period 1975-1990 with annual incidence rates during the
period 1985-2000. "Comparison of annual consumption during the period 1978-1992 with annual incidence rates during the period 1988-2002.
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The data presented implies that if no preventative mea-
sures are taken, the situation in various countries will wors-
en, passing from situation 1 to 4, going through interme-
diate situations 2 and 3. Taking into account the delay of
years that is necessary for changes in exposure to risk and
protective factors to exert any effect on the incidence of
this tumor, and considering demographic, economic, social
and cultural characteristics of each country, legislative and
educational measure should be adopted in an urgent man-
ner (43) to promote a healthy diet in countries with an
emergent socio-economical situation (situation 1) and, for
those countries with favourable socio-economical situa-
tions (situations 2, 3 or 4), to stop the increasing trends or
to maintain the decreasing tendency until reaching the
same levels or lower than those observed in countries with
situation 1.
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