
INTRODUCTION
olorectal cancer is one of the most common tumors and
represents about 30 percent of all cancers in our popula-

tion (1). In Serbia, it is the third malignant tumor in men, after the
cancer of lungs and prostate. Among women it is in second place,
after breast cancer, and is one of the most frequent cause of mor-
tality from malignant tumors (2,3). The incidence is similar, most-
ly after the age of 50 years. 
In our country the data about the incidence and mortality are dif-
ferent, depending of regions. Standardize rate of the incidence in
Serbia for the period from 1980 to 1995 was 37.5 per 100 000
inhabitants. The mortality rate for the same interval was 12.6 per
100 000 inhabitants. For central Serbia the incidence rate for
given period was 44 to 44.8 per 100 000 inhabitants, for Belgrade
it was 61.1, for Vojvodina 61.5, and for Kosovo 7.1. The mortali-

ty rate in the region of central Serbia was 6.5 for cancer of colon,
and 7.9 for cancer of rectum. In Vojvodina it was 9.5 for cancer
of colon and 12.0 for cancer of rectum, and finally, in Kosovo and
Metohija it was 0.65 for cancer of colon and 1.2 for cancer of rec-
tum (4). The incidence rate for cancer of colon in the city of Nis
in 1987 was 16.6 per 100 000 in men and 20.6 per 100.000 in
women, while for cancer of rectum it was 19.2 per 100 000 for
men and 11.2 per 100 000 for women (5).
Colorectal cancer is the second leading cause of death from can-
cer in the United States, also. It is a third leading cause of cancer
death in men after lung and prostate cancer, respectively, and
after lung and breast cancer deaths among women. More than
130,000 cases are diagnosed in the United States every year with
over 56,000 of those patients dying. 
The incidence of colorectal cancer increases during the fifth
decade of life with its maximum at the age 75 years, but every
year there are numerous cases in younger people. Six percent of
the United States population will develop colorectal cancer in their
lifetime.
Risk factors that have been identified include a personal history of
colorectal cancer or adenomas, a family history of colon cancer
or adenomas, inherited colorectal cancer syndromes, and long
standing inflammatory bowel disease. There is convincing evi-
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Colorectal cancer is one of the most common cancers in human population. It causes
significant morbidity and mortality in our country. The incidence of colorectal cancer
increases in the fifth decade of life. The aim of this study was to evaluate the association
between colorectal cancer and potential risk factors. A case-control study of colorectal
cancer was carried out between 1998 and 1999 in Clinical Center of Serbia, Center for
Digestive Surgery. A total of 100 cases of newly diagnosed patients with colorectal can-
cer confirmed by histopathology and an equal number of controls, individually matched
by gender and age (+/-5 years), were chosen from patients from the same hospital with
no history of cancer at all. McNemar test and conditional logistic regression were used in
the analysis. According to logistic regression analysis the following risk factors were
independently related with the occurrence of colorectal cancer: cigarette smoking, alco-
hol consumption, and diet rich in red meat and fat promote the carcinogenic process;
food rich in vegetables, fruits, grains, vitamin C, physical activity, and oral contraceptive
use inhibit the same process. A family history of cancer and long standing inflammatory
bowel diseases also have significant role.  There is convincing evidence that nutrition
affects colorectal carcinogenesis in a complex fashion.
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dence that nutrition affects colorectal carcinogenesis in a com-
plex fashion. A diet high in fat and red meat, low in fruits and veg-
etables, high caloric intake, low levels of physical activity, and
obesity, smoking and excessive alcohol intake, may play a role in
colon cancer development. Dietary components either promote or
inhibit the carcinogenic process.
The aim of the present investigation was to evaluate the associa-
tion between colorectal cancer and potential risk factors, with
special reference to nutritional and life-style aspects.

MATERIAL AND METHODS

This hospital-based case-control study of colorectal cancer
(CRC) was carried out between 1998 and 1999 in Clinical Center
of Serbia. A total of 100 patients with colorectal cancer
histopathologically confirmed were recruited from the Institute of
Digestive Diseases, Clinical Center of Serbia, in Belgrade. An
equal number of controls, individually matched by sex and age
(+/-2 years) were chosen among patients from the same hospi-
tal with no history of cancer at all. They have suffered from her-
nia. Only a few patients were chosen among patients from the
Institute for Cardiovascular Diseases with rupture abdominal
aorta. 
A standardized questionnaire with 193 variables was used to
obtain information on demographic characteristics of CRC
patients and their controls: age, marital status, formal education,
occupation, personal and family history, residence, body mass
index, life style, physical activity, and some habits: diet, cigarette
smoking, alcohol consumption and coffee drinking were com-
pared and statistically analyzed. An interviewer-administered food
frequency questionnaire covering 148 food items, including the
quantity consumed, was used to assess the typical dietary pat-
tern. In participants who reported previous malignant tumors,
medical records were checked in order to verify diagnosis. The
same person always interviewed all participants of the project.
McNemar test (10) was the first test applied in the analysis. The
confidence intervals (95% CI) of the odds ratio (OR) were deter-
mined with the help of Miettinen's (11) simple test-based proce-
dure. In order to account simultaneously for the potential con-
founding effect of various risk factors, the conditional logistic
regression analysis was used (12). According to McNemar test,
out of 193 variables only 21 were significantly related to colorec-
tal cancer (Table 2).  Its significance is seen by its consistent
association as an independent predictor of colon cancer as well as
by its impact on the odds ratios associated with other factors. All
of these variables entered the model of conditional regression
analysis. According to multiple logistic regressions analysis 17
variables were independently related to colorectal cancer (Table 3).

RESULTS

Table 1 gives the distribution of patients with colorectal cancer
and their controls according to age, marital status, education,
occupation and place of residence.

The youngest patient was 24 and the oldest 79 years old, the
median age being 52 years. Most of patients were married and
urban dwellers, and had primary or secondary school education.
They were of various occupations. No significant difference in the
aforementioned socio-demographics between patients and con-
trols emerged. 
The most predominant type was adenocarcinoma (89/100). The
second type in our study was mucinous carcinoma (9/100). The
most frequent localization was rectum (73), followed by colon
sigmoid (10).
According to McNemar test, out of 193 variables only 21 were
significantly related to colorectal cancer (Table 2).  Its signifi-
cance is seen by its consistent association as an independent
predictor of colon cancer as well as by its impact on the odds
ratios associated with other factors. All of these variables entered
the model of conditional regression analysis.
According to multiple logistic regressions analysis 17 variables
were independently related to colorectal cancer (Table 3).
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Table 1. Demographic characteristics of colorectal cancer patients and their controls



The number of cigarette smoking among patients was statistical-
ly significantly higher than in the control group with OR=12.766.
Concerning regular alcohol consumption for 28 years on the aver-
age, in a quantity of 4.6 dl for patients and 2.1 dl for controls,
there was significant difference between types and kinds of alco-
hol drinks. Plum brandy and cognac with brand name Vinjak
show statistically significant difference between patients and con-
trol group, for plum brandy with OR=5.012 and for Vinjak with
OR=8.950. We did not find statistically significant difference
between patients and control group concerning wine and beer
consumption.
As concerning fat in diet there was also statistically significant dif-
ference between patients and control group. The number of
patients was nine times higher then in control group: 36 vs. 4. In
McNemar test P was 0.001.
Out of 100 patients 24 had history of previous colon diseases,
especially hemorrhoids. In the control group, according to

McNemar test, there was statistically significant difference, and
previous colon diseases were reported only in 6 patients.
Malignant tumors in the first-degree relatives were also signifi-
cantly more frequent in patients than in their controls. Among the
relatives of both patients and controls, mother was most fre-
quently affected by malignant tumor and the most frequent tumor
was cancer of uterus.
There was statistically significant difference between patients and
their controls concerning to going in for sports with OR=0.344
according to multiple logistic regressions analysis (Table 3) and
recreations with P =0.001 according to McNemar test (Table 2).
Concerning the use of oral contraceptives, there was statistically
significant difference, because women in control group used it
almost four times more then women in patient group.

DISCUSSION

Colorectal cancer is one of the leading causes of mortality from
malignant disease (1-5). Case-control and cohort studies provide
strong support for a role of diet in the etiology of CRC. However,
to establish causal relationships and to identify more precisely the
dietary components involved, intervention studies in human sub-
jects are required (27). Our study showed that the most predom-
inant type was adenocarcinoma (89 out of 100). The second type
in our study was mucinous carcinoma (9 out of 100). These
results are in agreement with Morson and Dawson (35). The most
frequent localization was rectum (73), followed by colon sigmoid
(10). This similar distribution is also in agreement with Morson
and Dawson (35).
Current data suggest that consuming a Western style diet, that is,
one high in meat, refined grains, and sugar and low in vegetables
and fiber, may contribute to risk of colon cancer. Risk factors that
have been identified include a personal history of colorectal can-
cer or adenomas, a family history of colon cancer or adenomas,
inherited colorectal cancer syndromes, and long standing inflam-
matory bowel disease (13-15, 26-33). Risk factors considered
were obesity, physical inactivity, alcohol consumption, early
adulthood cigarette smoking, red meat consumption, and low
intake of folic acid from supplements. In the present study the risk
of developing colorectal cancer was strongly related to other
investigations. These include smoking, alcohol consumption, and
diet (10,12,16-21,24,25,32-34). Dietary modifications along with
secondary prevention measures may have a major impact on
reducing the mortality from colorectal cancer (22). Our findings
are in agreement with the results, recently reported by Scheppach
et al. (17), and Slattery et al. (20).
The relation of cigarette smoking and alcohol drinking to colorec-
tal cancer risk has been inconsistent in the epidemiological liter-
ature. Although cigarette smoking and alcohol drinking in general
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Table 2. Risk factors for colorectal cancer - McNemars test

Table 3. Risk factors for colorectal cancer - conditional logistic regression analysis



were not risk factors for colorectal cancers in Shanghai, there were
small excess risks for rectal cancer among heavy smokers and
colon cancer among heavy drinkers (8,9,14). However, our data
lend some additional support to the possibility that cigarette smok-
ing and alcohol drinking may contribute to risk of colon cancer.
There is evidence of familial aggregation of colorectal cancer sug-
gesting that genetic susceptibility may be important in the etiolo-
gy of the disease (6). Only limited data are available comparing
risk factors for colorectal cancer with and without a family histo-
ry. There are arguments suggesting that individuals with a first-
degree relative with colorectal cancer are at a greater risk from a
diet high in energy than individuals without such a family history
(14). Higher frequency of any cancer among family members in
the present study is in agreement with the findings of some other
authors (6, 14). Our findings are in agreement with the results
Jedrychowski et al. (8) and Ji et al. (9) concerning exposure to
alcohol.
Oral contraceptive drugs contain a hormone estrogen and prog-

esterone in different proportion and relation, and these hormones
may prevent or reverse the formation of polyps and colon cancer.
Our results have shown that diets containing substantial amounts
of red meat may increase the risk of colorectal cancer. The asso-
ciation with red meat intake may be due to a combination of fac-
tors, such as content of fat, protein, and iron, and/or meat prepa-
ration (e.g. cooking or preserving methods). Laboratory results
have shown that meats cooked at high temperatures contain het-
erocyclic amines (HCAs) known to be mutagenic and carcino-
genic in animals (17).
Our results show that fruit and vegetable have protective role, but
there is currently no consensus as to recommendations on what
type of fiber and the optimal amount that should be consumed. A
high fiber intake (>25-30 g/day) based on a variety of food
sources (fruit, vegetable, legumes, cereals) is the only way to
avoid many of the disorders mentioned. The consumption of a
particular type of fiber (soluble or insoluble) is limited to the treat-
ment of certain processes, because its individual relationship with
many disorders is still pending determination. High consumption
of vegetables and fruits and the avoidance of highly refined sugar
containing foods are likely to reduce risk of colon cancer (18, 23).
We cannot explain almost opposite effect in our results concern-
ing the role of carrots and potatoes in the diet. The only accept-
able explanation is inaccurate answers in our interview.
Further studies covering larger groups of patients would probably
make possible to draw at more reliable conclusion about precise
calculation of risk factors and risk score. Larger study would also
make possible the investigation of potential risk factors for indi-
vidual histological types of colorectal cancer.

CONCLUSION

Cigarette smoking is positive risk factor and increases colorectal
cancer risk. It is thought that it is an independent factor, which is
very often in connection with alcohol intake and represents risk
factor for many tumors of digestive system. Alcohol (plum
brandy, cognac) also represents positive risk factor, and the risk
increases in association with cigarette smoking. Meat (pork, poul-
try, and fish): red meat is positive-independent risk factor, while
white meat (fish) is cancer protective.
On the basis of these data one can conclude that many factors
may play a role in development of colorectal cancer. Some of
them have protective significance, but also there are established
predisposed risk factors. Balance between these two groups is
cancer protective and maintains mucous membranes of the colon
in normal status. The combined effect of these dietary factors, as
well as modifiable non-dietary factors such as cigarette smoking,
suggest that the majority of cases of colon cancer are pre-
ventable.
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