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Abstract

Background:Colorectal cancer defined as cancer of the colon or rectum, is the third most frequently diagnosed cancer in men
and the second in women, and, according to the World Health Organization database GLOBOCAN, it accounts for nearly
1.4 million new cases annually worldwide. The occurrence of colorectal cancer is associated with nonmodifiable risk factors,
including age and hereditary factors, as well as with modifiable environmental and lifestyle factors.

Methods: The study included 800 patients, 400 diagnosed with colorectal cancer and 400 within the control group, who gave
their written informed consent to participate in the study. Patients with cancer other than colorectal cancer were randomly
selected for control group I, and patients with no cancer diagnosis were selected for control group II. The method used was a
case-control study – an observational and analytical study with a control group, conducted among patients of the Clinical
Oncology Centre and the Provincial Hospital in the years 2019–2020. The study comparing the exposure was carried out in a
group of people who developed the endpoint, that is colorectal cancer, with the exposure in a well-matched group of controls
who did not reach the endpoint. Assessment of activity and BMI was used according toWHO recommendations, as well as the
expert system. The data were tested for the distribution and the homogeneity of variance was validated before applying the
parameter tests. Comparison of quantitative variables between groups was performed using ANOVA.

Results: The mean age of the patients was 64.53 ± 8.86 years, of the control group I – 59.64 ± 9.33 and the control group II – 57.5
(7.83). There was a strong positive association between the incidence of ulcerative colitis and the risk of colorectal cancer (P < .01).
Among obese subjects, the risk of developing colorectal cancer was 1.27 (95% CI, 1.06–1.53) compared with nonobese subjects. A
strong positive relationship was found between low physical activity converted to metabolic equivalent of MET effort per week and the
risk of colorectal cancer (P < .001). The relative risk for current smokers was 2.17 (95% CI 1.79–2.66). There was an association
between higher fat consumption and higher red meat consumption and the risk of developing colorectal cancer (P < .01).

Conclusions:Obesity, low physical activity, active and passive smoking and high salt and red meat consumption have been associated
with an increased risk of colorectal cancer. These findings provide further evidence of the importance of maintaining a healthy lifestyle.
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Introduction

Colorectal cancer (CRC), defined as cancer of the colon or
rectum, for over 40 years, has become an increasing problem
in developed countries, where it is one of the leading neo-
plastic locations. Recent reports show that the burden is also
increasing in most low- and middle-income countries, pos-
sibly as a result of urbanisation and the increased incidence of
risk factors associated with Western lifestyles.1,2 In 2017,
there were 1.8 million (95% UI 1.8–1.9) cases of colorectal
cancer worldwide, with an age-standardised incidence rate of
23.2 (22.7–23.7) per 100 000 person-years, which increased
by 9.5% (4.5-13.5) in the years 1990–2017. Colorectal cancer
in 2017 caused 896 000 (876 300–915 700) deaths worldwide.
Slovakia, the Netherlands and New Zealand had the highest
standardised incidence rates in 2017, while Greenland,
Hungary and Slovakia had the highest standardised death
rates. The number of cases and deaths was higher in men than
in women aged up to 80–84, with the highest rates observed in
the oldest age group (≥95 years) for both sexes in 2017.3 In
2018, there were 1 849 518 (10.2% of all cancers) colorectal
cancer cases worldwide, causing 880 792 (9.2%) deaths.4

There are estimated 1.93 million new CRC cases diagnosed,
and .94 million CRC caused deaths in 2020 worldwide,
representing 10% of the global cancer incidence (total
19.29 million new cases) and 9.4% of all cancer caused deaths
(total 9.96 million deaths).5 Incidence rates are highest in
Western Europe and North America and lowest in developing
countries in Africa and Asia. It is the third most common
cancer diagnosed in both men and women in the United States.
The American Cancer Society estimate of the number of
colorectal cancer cases in the United States in 2020 indicates
104 610 new cases of colon cancer and 43 340 new cases of
rectal cancer.1,2 In the 1960s, Poland was a country with very
low mortality from these cancers – the mortality rates were in
the range of 5–6/105. Changes in the frequency of colorectal
cancer within 30 years made Poland a country with a high risk
of dying from colorectal cancer (mortality rate 20/105 in men,
10/105 in women). The time trend of the mortality rates for
malignant colorectal neoplasms in Poland, especially in men,
is characterised by one of the highest upward trends among
European countries. Every year, more than 13 000 Poles
develop colorectal cancer, of which over 9000 dies. The
lifetime risk of developing colorectal cancer is approximately
1 in 23 (4.4%) for men and 1 in 25 (4.1%) for women.6 The
global burden of CRC is expected to increase by 60% to more
than 2.2 million new cases and 1.1 million deaths annually by
2030. This increase will be the result of economic, social,
environmental and generational changes in developed
countries.7-9

The aetiology of colorectal neoplasms has not been fully
explained and the immediate causes are still unknown, but
many years of research have allowed us to distinguish many
risk factors. The occurrence of colorectal cancer is associated
with nonmodifiable risk factors, including age and hereditary

factors, as well as modifiable factors related to the environ-
ment and lifestyle.10–12 The age of the patient is considered to
be the main cause. Although cancer occurs also in young
people the chance of developing cancer increases after the age
of 50 and 9 out of 10 people who develop cancer are over
50 years of age. The peak incidence occurs after the age of 70.
Past inflammatory diseases are another risk factor for colo-
rectal cancer. The risk of developing the disease increases 20
times in ulcerative colitis and 3 times in Crohn’s disease.3

Many risk factors are related to lifestyle. Scientific research
indicates low physical activity, a low-residue diet rich in fat,
high in calories, rich in red meat, but also low in calcium or
folic acid. Besides, alcohol consumption and smoking are also
mentioned, which in the US are associated with 1/5 of in-
testinal cancers. Strong scientific evidence shows that obese
people have a greater risk of developing colorectal cancer, and
that risk increases with increasing BMI. Elderly people with
BMI>30 have a 5–100% higher risk of developing the disease
compared to people with BMI<23.13–15 It is also important to
pay attention to the genetic background, especially familial
adenomatous polyposis (FAP), which is associated with a
100% lifetime risk of developing colorectal cancer, and he-
reditary nonpolyposis colorectal cancer (HNPCC), where the
risk is 70–80%.3,16,17

Today, many scientific reports present risk factors for
colorectal cancer, but less research has been done on the
strength of individual factors and the interactions between
specific risk factors and cancer risk. In this study, we compared
3 groups of patients to investigate the relationship of demo-
graphic, environmental and lifestyle factors to the risk of
developing colorectal cancer. In the literature, we did not find
similar studies that used 2 control groups. We wanted to
compare the results obtained in the group of patients with
colorectal cancer in relation to patients with cancer other than
colorectal cancer and patients without a cancer diagnosis. Our
research is innovative in this area, and the obtained results will
allow us to state whether it would have any scientific sig-
nificance in the future. Data on differences in levels and trends
in colorectal cancer are needed to understand the impact of
each risk factor.

Objective of the Work

The aim of the study is to identify and evaluate patient
characteristics, demographic and lifestyle factors that are
associated with colorectal cancer at diagnosis.

Data and Method

Study Design

The case-control study, which was an observational and an-
alytical study with a control group, was conducted among
patients of the Podkarpackie Clinical Oncology Center and the
Provincial Hospital in Rzeszów in 2019–2020. The study
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comparing the exposure was carried out in a group of people
who developed the endpoint, that is colorectal cancer, with the
exposure in a well-matched group of controls who did not
reach the endpoint. The reference population from which
study participants were recruited into both the case and control
groups met the following common criteria: they resided in the
same geographic area, were treated in the same healthcare
institution and were in the 34–85 age group. The study group
included patients diagnosed with histopathologically con-
firmed colorectal cancer, patients in the control group diag-
nosed with cancer other than colorectal cancer and patients
with a different disease entity that was not cancer. The se-
lection of 2 control groups for the group of cases made it
possible to simultaneously analyse many potential causal
factors and use methods to eliminate their mutual influences.
Due to the small sample size, the proportion of patients with
fairly consistent characteristics was important. The size of the
sample resulted from the limited time of the study, which is
preliminary and at this stage is to be used to develop an expert
system, facilitating the identification of people from risk
groups, during a routine interview conducted at every level of
the health care system. The developed system will be tested in
subsequent studies on a wider group of patients.

Eligible patients received an information pack from a
member of the research group. The information package
consisted of a letter describing the objectives of the study and
its course, a consent form to be completed if patients were
interested in the study and a refusal sheet. After giving their
written informed consent, the patient chose to participate in a
face-to-face interview conducted in the clinic by an inter-
viewer who was a member of the research group or to fill in the
interview form online. The interview lasted approximately 40
minutes. The direct interview, in the case of the patient’s
fatigue, was divided into parts to maintain the physical and
mental comfort of the patient. The online interview could be
completed at any time by the patient.

Participant Recruitment, Inclusion and
Exclusion Criteria

The inclusion criterion common to the group of cases and
controls was the place of residence in the Podkarpackie
Province, treatment at the Provincial Clinical Hospital in
Rzeszów or the Podkarpackie Oncology Center, and the age of
34–85 years. Eligible participants were randomly selected
from the general population.

All types of histopathologically confirmed colorectal
cancer cases, regardless of their stage, were included in the
study. The main indicators of participation in the study were
the diagnosis of cancer at least 3 months before the study, life
expectancy >6 months, age over 18 and awareness of the
diagnosis. Patients who did not express their willingness to
participate in the study, the ones covered by palliative care and
those diagnosed within the last 3 months were excluded from
the study because the initial period of diagnosis and treatment

is associated with a huge psychological burden and the need to
adapt to the new situation and that could introduce errors in the
results. Patients who were too physically ill, too emotionally
stressed, under the age of 18 or unable to read in Polish were
also excluded.

Patients with cancer other than colorectal cancer were
randomly selected for control group I, and patients with no
cancer diagnosis were selected for control group II.

Sample

The study included 800 patients, 400 diagnosed with colo-
rectal cancer, 200 from the control group I and 200 from the
control group II. The mean age of the patients was 64.53 ±
8.86 years, the control group I 59.64 ± 9.33 and the control
group II 57.5 (7.83).

Questionnaire for the Patient

The method used in the research was a clinical, direct, in-
dividual, structured interview, which was in-depth and fo-
cused. The qualitative interview questionnaire was a
standardised measuring instrument and was verified by testing
a group of 30 patients during the month. The questionnaire
contained open-ended, single and multiple-choice questions to
obtain demographic, epidemiological, lifestyle and risk be-
haviour information, as well as risk factors.

Body Mass Index Assessment

Body mass index (BMI) expressed in kg/m2 was calculated
from the baseline height and weight and divided into 3 cat-
egories according to the WHO standard: normal (<25 kg/m2),
overweight (25–29.9 kg/m2) and obesity (>/30 kg/m2).

Assessment of Physical Activity

Assessment of activity according to WHO recommendations
was used: undertaking at least moderate activity for about
30 minutes 5 times a week, moderate or intense physical effort
performed for at least 45 minutes on at least 5 days a week,
undertaking 18–27 hours of metabolic effort (MET) equiva-
lent per week (hour of jogging, cycling, tennis, swimming – 7
MET, an hour of aerobics, lawn mowing – 6MET, walking for
an hour 6 days a week – 18 MET).

Assessment of Covariates

Potential confounders of colorectal cancer risk were selected
based on published evidence from European Prospective
Investigation into Cancer and Nutrition (EPIC), the Interna-
tional Agency for Research on Cancer (IARC) and the World
Cancer Research Fund (WCRF), which included: smoking
(never smoking, passive smoking, active smoking, age at
which they started and stopped smoking, and number of

Lewandowska et al. 3



cigarettes smoked), weekly alcohol consumption based on a
relatively safe portion of pure alcohol per day for women (10 g)
and formen (20 g), that is one glass of wine and a glass of beer or a
small glass of strong alcohol. A portion is 30 mL of vodka (40%/
vol.), 100 mL of wine (12%/vol.), 285 mL of strong beer (4.9%/
vol.) or 375 mL of light beer (3.5%/vol.), compliance 0 g per day,
consumption of 600–800 g with fruit and vegetable guidelines
defined as eating more than 2 portions of fruit and 5 portions of
vegetables per day or 400–800 g of fibre per day, consumption of
red meat less than 80 g per day or 500 g per week.

Expert System

The research method was an individual analysis of cancer risk
performed with the use of a computer application based on an
expert system. The tools included a skeleton expert system
Jess, allowing the formation of decision rules and conclusions.
The graphic interface was created with the use of a pro-
gramming language JavaFx, which allows creation of ad-
vanced forms using the CSS styles.

Ethical Considerations

The studywas approved by the Ethics Committee at theUniversity
of Rzeszów (Resolution No.1 December 2019). Participation in
the studywas voluntary and anonymous, and the respondentswere
informed of their right to refuse or withdraw from the study at any
time. Each participant was informed about the study objective and
the time of study termination.

Data Analysis

Data analysis was performed with the SPSS statistical package
version 15.0 for Windows.

Descriptive analysis, bivariate and multivariate logistic
regression models were carried out. The adjusted odds ratio
(AOR) was used to determine the association between the
dependent variable and independent variables with a statis-
tically significant level at a 95% confidence interval (CI). The
data were tested for the distribution and the homogeneity of
variance was validated before applying the parameter tests.
Comparison of quantitative variables between groups was
performed using ANOVA/Kruskal-Wallis Test. Quantitative
comparison of the variables between the groups was done
using the unpaired t/Mann-Whitney test. The comparison of
qualitative variables between the groups was performed using
the exact Chi-square/Fisher test. Statistical significance was
used at the conventional 5% level (P < .05).

Results

Demographic Data

A total of 800 patients participated in the study with a 100%
response rate. The study group consisted of 400 cases, 200 of the

control group I and 200 of the control group II. The mean age of
the patients was 64.53 ± 8.86 years, while in the control group I
59.64 ± 9.33 and in group II 57.5 (7.83). Increasing age was
strongly associated with the risk of developing colorectal cancer.
The incidence of colorectal cancer correlatedwith both the place of
residence (P < .01) and the level of education (P < .01). Multi-
variate logistic regression showed that the overall incidence of
colorectal cancer was significantly higher among those with low
educational attainment (AOR = 1.86; 95% CI: 1.26, 2.75) and
those in the countryside (AOR = 0, 45; 95% CI: 0.30, 0.67)
compared to the corresponding groups. Table 1 presents other
descriptive statistics identifying the studied group.

Family History of Neoplastic Diseases

When assessing the incidence of neoplastic diseases in the
families of the respondents, it was shown that in the group of
patients 47% reported the presence of neoplastic diseases, in
the control group I 60% and in group II 31%. Family history of
neoplastic diseases was not significantly associated with the
risk of colorectal cancer (Figures 1 and 2).

Personal Medical History

An important element of the analysis was the assessment of the
occurrence of diseases increasing the risk of colorectal cancer
among the studied patients. Therewas a strong positive association
between the incidence of ulcerative colitis and the risk of colorectal
cancer (P < .01) (Figure 3). Patients were asked to perform
preventive examinations up to 5 years back. Regular prophylactic
examinations were performed on 41% of patients, 57% in the
control group I and 46% in the control group II. Among the
prophylactic tests performed by patients, there are also cancer
markers, defined as high-molecular substances present in the
blood, urine or attached to the surface of cancer cells, the iden-
tification andmeasurement ofwhich allowdiagnosing patients and
planning therapy. The most frequently determined marker in the
group of cases was BRCA1 (11%) (Figure 4). During the as-
sessment of the frequency of colonoscopy, it was shown that the
largest group of patients underwent examination every 10 years
(8% of patients, 9% in the control group I and 6% in the control
group II), then every 5 years (5% of patients, 2% in the control
group I and 3% in the control group II) and every 2 years (6% of
patients, 1% in the control group I and 0% in the control group II).
Although patients from the group of cases diagnosed previously
with ulcerative colitis had indications to perform colonoscopy
every 2 years, according to the procedure in force in Poland, they
did not undergo this examination. Therefore, the group of patients
with incidence of previous adenomas accounted for 5%.

Bodyweight and Physical Activity

60% of patients had BMI greater than 25 kg/m2, 20% in
control group I and 35% in group II. Increasing BMI was
associated with an increased risk of colorectal cancer (P < .01).
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Among obese subjects, the risk of developing colorectal
cancer was 1.27 (AOR = 1.27; 95% CI, 1.06–1.53) compared
with nonobese subjects. Of the patients, 29% did not meet the
guidelines for moderate activity, 47% did not meet the
guidelines for vigorous activity, with control group II being
more likely to follow them. Patients and subjects from the
control group I spent more hours a day in a sitting position. A
strong positive relationship was found between low physical
activity converted to metabolic equivalent of MET effort per
week and the risk of colorectal cancer (P < .001) (Table 2).

Substance Use

30% of patients were smokers, 21% in control group I and 8%
in control group II. Only the group of patients among the
respondents chewed tobacco leaves (7%). The lowest age at

the start of smoking was 14 years in the group of patients (7%).
Patients and control group I were significantly more often
smokers (P < .01), and those groups started smoking at an
early age (P < .03) significantly more often. The risk of co-
lorectal cancer was significant when smoking more than 30
cigarettes a day (P < .01). Patients who started smoking at an
early age (AOR = 2.83; 95% CI: 1.49, 5.37) and smoked more
than 30 cigarettes a day (AOR = 2.12; 95%CI: 1.15, 3, 93) had
a 2.8 and 2.1 times greater risk of developing cancer. Alcohol
consumption was not significantly associated with the risk of
colorectal cancer (Table 3).

Diet

There were no significant associations between the con-
sumption of vegetables and fruits and the way food was

Table 1. Descriptive Statistics of the Examined Group of Patients.

Demographic information

Characteristics % (N) Cases (n 400) Controls I (n = 200) Controls II (n = 200) P

Sex
Women 40% (160) 37% (74) 88% (176) .21
Men 60% (240) 63% (126) 12% (24)

The age of the study group
SD 64.53 (8.86) 59.64±9.33 57.5 (7.83) .12
95%CI <34; 82> <34; 79> <35; 85>

Place of residence
City 27% (108) 49% (98) 36% (72) .01
Village 73% (292) 51% (102) 64% (128)

Financial situation
Very good 7% (28) 4% (8) 20% (40) .19
Good 20% (80) 30% (60) 51% (102)
Average 61% (244) 60% (120) 20% (40)
Bad 12% (48) 6% (12) 9% (18)

Age groups
34–44 1% (4) 3% (6) 15% (30) .07
45–55 6% (24) 11% (22) 12% (24)
56–66 53% (212) 37% (74) 27% (54)
67–77 33% (132) 12% (24) 23% (46)
78–88 7% (28) 37% (74) 23% (46)

Education of the study group
Higher education 10% (40) 23% (46) 20% (40) .01
Secondary education 20% (80) 46% (92) 71% (142)
Vocational education 43% (172) 23% (46) 5% (10)
Primary education 27% (108) 8% (16) 4% (8)

Marital status
Married 19% (76) 54% (108) 65% (130) .62
Widowed 70% (280) 12% (24) 11% (22)
Unmarried 11% (44) 34% (68) 24% (48)

Source of income
Professionally active 33% (132) 31% (62) 65% (130) .59
Annuity 13% (52) 20% (40) 12% (24)
Unemployed 7% (28) 18% (36) 9% (18)
Retirement 47% (188) 31% (62) 14% (28)
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prepared. However, the daily consumption of fat in the
diet was declared by as many as 87% of the patients, and
in control group I by 54% of the respondents and in group
II by 51%. A high salt intake was also observed in the
group of patients (89%) and control group I (93%). There
was an association between higher fat consumption and
higher red meat consumption and the risk of developing
colorectal cancer (P < .01) (Table 4).

Discussion

The latest reports, and most of all forecasts for the future, were
the basis for starting our research. This study looked at the
patient’s characteristics, demographic and lifestyle factors that
are associated with colorectal cancer at diagnosis. Our study
provided an opportunity to evaluate both nonmodifiable and
modifiable risk factors, and one of the strengths of our study
was the inclusion of 2 control groups, which allowed for better
comparisons and visualisation of differences.

Among the nonmodifiable factors that we assessed was
age, which is a major risk factor for sporadic CRC. Colorectal
cancer is rare before the age of 40, the incidence begins to
increase significantly between the ages of 40 and 50, and
incidence rates increase with each subsequent decade. More
than 90% of colorectal cancer cases occur in people over the
age of 50. The incidence is over 50 times higher in people aged
60–79 than in people under 40.12,18 The above data were
confirmed by our research that shows that a clear peak in-
cidence occurred in the age groups of 56–66 (53%) and 67–77
(33%), which was emphasised by the results regarding the age
of onset in the control groups. Our results show the continuing
trend in the United States, where incidence of diagnosis with
CRC in a group of people aged over 65 is about 3 times more
likely than people aged 50–64 and about 30 times more likely

than people aged 25–49,19,20 although, the most recent data
from the United States Surveillance, Epidemiology and End
Results (SEER) database suggest that the incidence of CRC is
increasing in the under 50 age group while it is decreasing in
older groups. In the United States, the incidence of CRC in
men and women under the age of 50 continued to increase at a
rate of 2% annually from 1995 to 2016. Some registries report
an increased incidence of CRC even among young adults aged
20–39 years, although the absolute number of cases in this age
group remains significantly lower than that of adults aged
50 years and older.21–30 Research by O’Connell and Fairley
confirms these results.31-33

Our studies also attempted to assess the effect of sex on the
risk of colorectal cancer. In the group of cases, the difference
between the sex was visible (40% of women and 60% of men),
but the greatest difference was in the control group I (37% of
women and 63% of men). Although the difference in inci-
dence in the group of cases was not statistically significant, it
confirmed international reports. Across all age groups and
nations, males are approximately 1.5 times more likely to
develop CRC than females, and mortality is approximately
25% higher in males than females.34,35 Most cases of colo-
rectal cancer occur in people with no family history of co-
lorectal cancer or a predisposing disease, as our research
confirms. In our study, none of the patients had a diagnosis of
congenital syndrome predisposing to colorectal cancer, and no
such burden was found in the assessment of oncological
pedigree. Family history of cancer was not significantly as-
sociated with the risk of colorectal cancer. The incidence of
neoplastic diseases in total concerned 47% of the subjects,
colorectal neoplasms 15% and colorectal polyps 8%, and these
results were comparable to the results of the control groups.
Nevertheless, up to 30% of people who develop bowel cancer

Figure 1. The occurrence of neoplasms in the respondents’ family.
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have other family members affected by the disease. People
with a history of colorectal cancer or adenomatous polyps in
one or more first-degree relatives are at increased risk.12,18

We also assessed the impact of other diseases, including
gastrointestinal diseases, on cancer risk. Neoplastic colon
polyps are precursors of colorectal cancer. The lifetime risk of
developing colorectal adenoma in the US population is almost
19%. Almost 95% of sporadic colorectal cancers develop from

these adenomas. A subject with a history of adenomas has an
increased risk of developing colorectal cancer than those with
no previous history of adenomas.12,18 Besides, patients with
chronic inflammatory bowel disease have a doubled risk of
developing CRC. The relative risk of colorectal cancer in IBD
patients has been estimated from 4 to 20 times. Patients with
ulcerative colitis are more likely to have CRC (HR (hazard
ratio) 33.3, 95% CI (confidence interval): 23.1–49.1) than

Figure 3. History of illness among the respondents.

Figure 2. The occurrence of neoplasms in the respondents’ family.
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patients with Crohn’s disease (HR = 5.8, 95% CI: 3.2–
10.4).36-45 Our research confirms the above results. There was
a strong positive association between the occurrence of ul-
cerative colitis and the risk of colorectal cancer. Compared to
control groups, colorectal polyps (10%), ulcerative colitis
(71%) and Crohn’s disease (18%) were significantly more
frequent among patients with colorectal cancer. Other

conditions associated with both the case group and the control
group were not related to cancer, and this also applies to
people with diabetes, which is associated with an increased
risk of CRC.46 As evidenced by the results of the metaanalysis
conducted by Yuhar H et al, The risk of colon cancer in di-
abetics was 38% higher than in nondiabetics, and in the case of
rectal cancer by 20% higher.47 There were no patients in the

Table 2. Lifestyle of the Respondents.

Variables

Characteristics/% (N) Cases (n = 400) Controls I (n = 200) Controls II (n = 200) P

BMI
<25 40% (160) 80% (160) 65% (130) .71
25.0–29.9 25% (100) 14% (28) 23% (46) .59
≥30 35% (140) 6% (12) 12% (24) .01

Metabolic equivalent of MET effort per week
<10 MET 82% (328) 62% (124) 51% (102) .01
10–17 MET 9% (36) 31% (62) 29% (58) .59
18–27 MET 9% (36) 7% (14) 20% (40) .14

Weekly activity time
Lack of activity 29% (116) 24% (48) 9% (18) .53
5 days a week for 30 minutes 47% (188) 38% (76) 67% (134) .16
5 days a week for 1 hour 9% (36) 31% (62) 15% (30) .16
7 days a week for 30 minutes 9% (36) 7% (14) 9% (18) .32

Sedentary hours/day
1 –2 38% (152) 32% (64) 72% (144) .53
3–5 32% (128) 41% (82) 22% (44) .53
6–8 11% (44) 7% (14) 4% (8) .10
>8 19% (76) 20% (40) 2% (4) .53

Stress
Acute 31% (124) 9% (18) 27% (54) .73
Chronic 20% (80) 20% (40) 53% (106) .88

Figure 4. Performing screening tests among respondents.
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studied groups with diseases that, as numerous reports have
shown, are related to CRC. Increased risk, even 10 times
higher, occurs in patients with cystic fibrosis moreover,37,48

an increased incidence is observed in acromegaly, espe-
cially in people with the uncontrolled disease, as well as
cholecystectomy.49,50

Colorectal cancer is widely regarded as an environmental
disease involving a wide range of cultural, social and lifestyle
factors.12,18 Low socioeconomic status is associated with an
increased risk of developing CRC. In a study by Doubeni et al,
it was estimated that the risk of CRC increased by approxi-
mately 30% in the lowest socioeconomic status quintile
compared to the highest. The overall incidence of CRC was
significantly higher among those with low educational at-
tainment or living in low socioeconomic districts.51,52 Very
similar results were obtained by Kawakatsu et al, who showed
that lower socioeconomic status was associated with an in-
creased risk of gastrointestinal cancer. Compared to people
with lower education, people with higher education showed a
statistically significantly lower risk of developing colorectal
cancer 0.52 (0.38–.71).53 Our research confirmed the above
results. Colorectal cancer mainly affected people with

vocational (43%) or primary (27%) education and with an
unsatisfactory economic situation. The differences were sig-
nificant compared to the control groups.

Potentially modifiable behaviours such as physical inac-
tivity, unhealthy diet, smoking and obesity are thought to
account for a significant part (30–50%) of the socioeconomic
imbalance in the risk of developing CRC. Diet strongly in-
fluences the risk of colorectal cancer. A diet high in fat, es-
pecially animal fats, high-temperature meal preparation, red
meat and diets low in fruit and vegetables are major risk
factors for colorectal cancer.12,18 In 2015, the International
Agency for Research on Cancer of the World Health Orga-
nization (IARC) reviewed the evidence linking the con-
sumption of red and processed meat to CRC and classified the
consumption of processed meat as carcinogenic to humans
and the consumption of red meat as possibly carcinogenic.
This position was echoed in the 2020 report. In 2018, the
World Cancer Research Fund/American Institute for Cancer
Research (WCRF/AICR) similarly concluded that evidence
was convincing that consumption of processed meat increased
the risk of CRC, while the evidence of the consumption of
unprocessed red meat was classified as probable. It has been

Table 3. Lifestyle of the Respondents.

Variables

Characteristics/% (N) Cases (n = 400) Controls I (n = 200) Controls II (n = 200) P

Smoking
Never 16% (64) 37% (74) 58% (116) .94
Passive smoking 40% (160) 46% (92) 7% (14) .94
An active smoker 30% (120) 21% (42) 8% (16) .01
Former smoker 47% (188) 31% (62) 27% (54) .94

Age at the start of regular smoking
10–14 years 7% (28) 0% (0) 0% (0) .03
15–20 years 33% (132) 20% (40) 4% (8) .59
21–25 years 7% (28) 3% (6) 8% (16) .52
>25 years 53% (212) 77% (154) 88% (176) .94

Time of smoking a cigarette
<10 years 7% (28) 55% (110) 25% (50) .62
10–20 years 20% (80) 14% (28) 64% (128) .65
>20 years 73% (292) 31% (62) 11% (22) .01

Number of cigarettes smoked
Up to 10 cigarettes a day 7% (28) 16% (32) 12% (24) .12
From 10 to 20 a day 20% (80) 43% (86) 70% (140) .59
Over 30 a day 73% (292) 41% (82) 18% (36) .01

Consuming alcohol
Abstinent 33% (132) 43% (86) 39% (78) .94
30 mL of vodka daily 14% (56) 3% (6) 4% (8) .12
100 mL of wine daily 14% (56) 9% (18) 7% (14) .52
380 mL of beer a day 0% (0) 9% (18) 10% (20) .94
60 mL of vodka daily 0% (0) 9% (18) 2% (4) .94
200 mL of wine a day 14% (56) 6% (12) 24% (48) .59
700 mL of beer a day 14% (56) 6% (12) 6% (12) .12
More 11% (44) 15% (30) 8% (16) .59
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estimated that for every 50 g of processed meat consumed
daily, the risk of developing CRC increases by about 16%, and
for every 100 g of red meat consumed daily, it increases by
about 12%. For colon cancer, these estimates were 23% and
22%, respectively.54 Prospective studies have shown a relative
risk (RR) of 1.22 among those who eat the most red and
processed meats.55 A metaanalysis of 60 studies found that
consumption of red meat and processed meat increased the
overall risk of developing CRC. The CRC with red meat
consumption was 1.12 (95% CI: 1.03–1.21), and the RR with
processed meat consumption was 1.15 (95% CI: 1.07–1.24).56

While red meat is rich in fats and inflammatory substances
such as omega-6, most carcinogens likely come from high-
temperature cooking, curing, and smoking.57 It should be
noted that the data from randomised trials do not agree with
the hypothesis that eating red, processed meat increases the
risk of developing colorectal cancer. The Women’s Health
Initiative has not been able to demonstrate that reducing di-
etary fat, including animal fat, reduces the risk of CRC after
more than 8 years of follow-up.58,59 Our research found no
significant correlation between fruit and vegetable con-
sumption and the way food was prepared. However, as many
as 87% of patients declared daily consumption of fat in the
diet. There was an association between higher fat consumption
and higher red meat consumption and the risk of developing
colorectal cancer (P < .01).

Both obesity and lack of exercise are the most important
behavioural factors in the development of colorectal cancer,
and a sedentary lifestyle has been proposed as an independent
risk factor in colorectal carcinogenesis. Our studies showed

that increasing BMI was associated with an increased risk of
colorectal cancer (P < .01). Of the patients, 29% did not meet
the guidelines for moderate physical activity and spent more
hours per day sitting in a class. According to numerous
studies, people with the most sedentary lifestyles have up to a
50% higher risk of developing CRC. Obese men have been
found to have a 50% greater risk of colon cancer and a 20%
greater risk of rectal cancer.36 A metaanalysis of 13 cohort
studies showed that a 5 kg increase in body weight was as-
sociated with a 3% increase in the risk of CRC.60 In a recent
evaluation of observational studies on body obesity and cancer
risk, the International Agency for Research on Cancer reported
a 30% increased likelihood of developing CRC in those with
the highest BMI compared to the lowest.61 A recent meta-
analysis of prospective studies showed a 47% increase in the
risk of colon cancer and a 15% increase in rectal cancer,
comparing the highest BMI category with the lowest.62,63 An
analysis by Nunez et al showed that the group with the highest
BMI was associated with an increased risk of colon cancer,64

and a metaanalysis of data from studies showed that weight
gain between early adulthood and middle age was associated
with a moderate but significant increase in CRC risk, and
weight gain between middle and older adulthood was lower
but still statistically significant62,65

The study also assessed the effect of substances on the risk
of colorectal cancer. We showed that patients and control
group I were significantly more often smokers (P < .01), and
that those groups started smoking at an early age (P < .03)
significantly more often. In 2009, the IARC concluded that
smoking does cause colon cancer. It has been found that the

Table 4. Eating Habits among the Respondents.

Variables

Characteristics/% (N) Cases (n = 400) Controls I (n = 00) Controls II (n = 200) P

Fresh vegetables, fruits
Several times every day 47% (188) 23% (46) 41% (82) .18
Daily once a day 20% (80) 37% (74) 29% (58) .21
Often several times a week 33% (132) 40% (80) 30% (60) .17

Preparation of dishes
Boiled/steamed 47% (188) 37% (74) 57% (114) .20
Fried 20% (80) 30% (60) 18% (36) .55
Baked 13% (52) 30% (60) 26% (52) .73
Grilled 20% (80) 3% (6) 5% (10) .71

Fatty meals
Daily 87% (348) 54% (108) 51% (102) .01
A few times a week 7% (28) 31% (62) 33% (66) .41
Several times a month 6% (24) 15% (30) 16% (32) .37

Consumption of salt
<6 g/day 11% (44) 7% (14) 27% (54) .91
>6 g/day 89% (356) 93% (186) 73% (146) .01

Consumption of red meat
<80 g/ day or 500 g/week 13% (52) 46% (92) 66% (132) .82
>80 g/ day or > 500 g/week 87% (348) 54% (108) 34% (68) .01
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relative risk of CRC with regular smoking is 1.18.36 A recent
metaanalysis of 14 prospective cohort studies found that prior (HR
= 1.12; 95%CI: 1.04–1.20) and current smoking (HR= 1.29, 95%
CI: 1.04–1.60) were associated with a worse prognosis in CRC
compared to nonsmokers and smokers.66 In a metaanalysis of 106
observational studies, it was estimated that the risk of CRC was
increased among cigarette smokers compared to those who had
never smoked (RR 1.18, 95% CI 1.11–1.25).67 The risk of dying
from CRC was also increased among smokers (RR 1.25, 95% CI
1.14–1.37). In both morbidity and mortality, the relationship was
stronger in rectal cancer than in colon cancer.68 Passive smoking is
also carcinogenic, as smoke from the incandescent tip of a cigarette
is 4 times more toxic than smoke from the smoker. In a smoky
room, a nonsmoker inhales 3 times more carbon monoxide, more
than 10 timesmore nitrosamines, 15 timesmore benzene and up to
70 times more ammonia than during active smoking. The
American Cancer Society report showed that secondhand smoke
increases the risk of developing, among others, anal cancer.1 As
with smoking, regular consumption of alcohol may be associated
with an increased risk of developing colorectal cancer.12 People
who drink 2–3 alcoholic drinks a day have a 20% higher risk of
developing CRC, while for those over 3 drinks, this risk increases
to 40%.37 Several studies have found an association between
alcohol consumption and an increased risk of CRC.69,70 A met-
aanalysis of 27 cohort studies and 34 case-control studies found
that compared to those who never drank, there was a sig-
nificant increase in the risk of CRC for moderate (2 to 3 drinks
a day RR 1.21, 95% CI 1.13–1.28) and heavy drinkers (≥4
drinks a day, RR 1.52, 95% CI 1.27–1.81) but not light
drinkers (≤1 drink a day, RR 1.00, 95% CI 0, 95–1.05).69

These results are consistent with other summary analyses.71-73

However, contrary to previous studies, the dose-response anal-
ysis showed a significant 7% increase in the risk of CRC even in
light drinkers (RR with 10 g/day ethanol consumption 1.07 95%
CI 1.04–1.1074 Alcohol consumption was not significantly as-
sociated with the risk of colorectal cancer in our studies.

Recent epidemiological evidence generally suggests that
psychosocial factors, including stress, may be considered risk
factors for certain types of cancer, including colorectal cancer.75–80

A case-control study by Azizi and Esmaeila in 4 Iranian hospitals
found a link between stressful life events and colon cancer. After
taking into account the known risk factors, the authors found a
2.49 times higher risk of colorectal cancer associated with the
death of loved ones compared to the control group.81 Kikuchi et al
analysed participants’ data from the Japan Collaborative Cohort
Study to measure the relationship between perceived stress as-
sessed and the incidence of colorectal cancer. The authors found a
significant association between daily perceived stress of moderate
or high/severe intensity and the incidence of rectal cancer, for
example a 2.16-fold and 1.75-fold increase in risk in men, re-
spectively, but not in colon cancer.82

Our study explored the effect of exposure variables on
colorectal cancer risk among patients diagnosed with cancer
and linked the data to administrative data. The main strengths
of this analysis are the use of 2 control groups in the study and

a large number of all cases (n = 800). However, there are some
limitations to consider. Exposure variables were derived from
self-report, however, BMI and physical activity were vali-
dated. Our research should be interpreted as exploratory.

In the future, we want to compare the risk of individual risk
factors among patients with colorectal cancer from the western
parts of Poland. We know from studies by other authors that
there is a large geographical difference in the global distribution
of colorectal cancer and that colorectal cancer is mainly a
disease of developed countries with Western culture. We want
to check whether such differences are visible in a smaller
territorial range and whether it also applies to the criterion of a
given country. We will increase the sample size to reinforce the
results in this way. In addition, we would like to use the ob-
tained data to create an algorithm that uses artificial intelligence
to verify the potential risk of colorectal cancer in a patient
during routine visits to the health care system. In our research,
we used traditional statistical analysis techniques, but in the
future studies it is possible to apply the data-mining technology
mine information to discover knowledge based on the premise
of unclear assumptions in connection with public databases.83

Conclusions

1. When comparing the occurrence of risk factors in 3
groups of patients with and without neoplastic disease,
it is easier to notice certain relationships. Neoplasms
are more common in men, including colorectal cancer,
and among people over 50 years of age. Diseases of
the gastrointestinal tract predisposing to colorectal
cancer are a significant predictor. An inactive and
unhealthy lifestyle is the overall burden of cancer.

2. Much of the socioeconomic difference in the risk of
developing colorectal cancer can be attributed to the
higher incidence of adverse health behaviours in low-
status populations and lower education levels.

3. Obesity, low physical activity, active and passive
smoking and high salt and red meat consumption have
been associated with an increased risk of colorectal
cancer. These findings provide further evidence of the
importance of maintaining a healthy lifestyle.

4. The move from identifying theoretically avoidable
causes of colorectal cancer to implementing prevention
strategies depends on the determination of exposures
deemed to be causally related to disease development.

5. This analysis confirms the importance of independently
following strict guidelines for physical activity,
achieving and maintaining a healthy BMI, and ad-
hering to dietary recommendations.
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