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Abstract
Background: Colorectal cancer (CRC), de�ned as cancer of the colon or rectum, is one of the most frequently
diagnosed cancers, and, according to the World Health Organisation database GLOBOCAN, it accounts for about
1.4 million new diagnoses annually worldwide. There is an association between the occurrence of colorectal
cancer and non-modi�able risk factors, including age and hereditary factors, as well as with modi�able factors
linked to the environment and lifestyle choices.

Methods: The study included 800 patients, 400 diagnosed with colorectal cancer and 400 within the control
group. The research was based on a clinical, direct, individual, structured, in-depth and focused interview.
Assessment of activity and BMI was used according to WHO recommendations, as well as the expert system.

Results: The average 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). The association between the incidence of ulcerative colitis and the risk of
colorectal cancer was clearly positive (p<0.001). Among obese subjects, the colorectal cancer risk was 1.27
(95% CI, 1.06-1.53) in comparison with non-obese subjects. The relative risk for current smokers was 2.17 (95%
CI 1.79-2.66). Higher fat consumption and higher red meat consumption were also associated with the higher
risk of colorectal cancer (p=0.01).

Conclusions: Obesity, low physical activity, active and passive smoking and high salt and red meat consumption
have been linked to a higher risk of colorectal cancer. The results give further evidence of the importance of
maintaining a healthy lifestyle.

Introduction
For over 40 years, CRC has become an increasing problem in developed countries, where it is one of the leading
neoplastic locations. It is now responsible for 655,000 deaths a year worldwide. Incidence rates are highest in
the European and American countries and and lowest in developing countries. It is the third most common
cancer diagnosed in both men and women in the United States. The estimations of the American Cancer Society
indicate 104,610 diagnoses of colon cancer and 43,340 diagnoses of rectal cancer in 2020 in the United States.
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 9,000 dies. The risk of developing colorectal cancer during the lifetime for men is approximately 1
in 23 (4.4%) and for women − 1 in 25 (4.1%) [1–6]. The occurence of CRC worldwide is assumed to increase by
60% to over 2.2 million diagnoses and 1.1 million deaths annually before 2030. This increase will be the result
of economic, social, environmental and generational changes in developed countries [7].

The etiology 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 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 cancer patients are older than 50 years of age. The peak incidence
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occurs after the age of 70. Past in�ammatory diseases are another factor that increases the risk for colorectal
cancer. The risk of developing the disease increases 20 times in case of ulcerative colitis and in case of Crohn’s
disease − 3 times Many risk factors are related to lifestyle. Scienti�c 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 intestinal
cancers. Strong scienti�c evidence shows that obese people develop colorectal cancer more often, and with
increasing BMI this risk increases. Elderly people with BMI > 30 have a 5-100% higher risk of the disease in
comparison with people with BMI < 23. It is also important to pay attention to the genetic background, especially
familial adenomatous polyposis (FAP), which is linked with a 100% lifetime colorectal cancer risk, and
hereditary non-polyposis colorectal cancer (HNPCC), where the risk is 70–80% [3, 8–12].

Objective Of The Work

The objective of the study is identi�cation and evaluattion of patient characteristics, demographic and lifestyle
factors linked to colorectal cancer at diagnosis.

Method And Data
Study plan

We conducted a multi-area cross-sectional population-based research among patients of the Oncology Center,
Clinical Provincial Hospital in 2019–2020. Patients diagnosed with colorectal cancer (shown by histopathology)
and the control group without a diagnosis of colorectal cancer received an invitation to take part in the study. As
the sample size was small, the proportion of patients with similar characteristics was important.

Quali�ed patients received an informational pack from a research group member. The information package
consisted of a letter describing the objectives of the study and its course, a consent form for patients willing to
take part in the study, and a refusal form. Giving their consent, the patient chose to participate in a face-to-face
interview conducted in the hospital by a research group member or to �ll in the interview form online. The
interview lasted approximately 40 minutes. To maintain the physical and mental comfort of the patient, the
interview was divided into parts. The online interview could be completed at any time by the patient.
Participant recruitment, inclusion and exclusion criteria

All types of histopathologically con�rmed colorectal cancer cases, regardless of their stage, were included in the
research. The main indicators to participate in the study were tlife expectancy > 6 months, the diagnosis of
cancer at least three months before the study, age of 18 years and more 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 three months were excluded from the study as the �rst months of diagnosis and
treatment cause a great psychological burden as well as the need to adapt to the new situation and that could
introduce errors. Patients with servere physical symptoms, too stressed, under the age of 18 or unable to read in
Polish were also excluded.

Patients with cancer other than colorectal cancer were selected for control group I, and patients of the Provincial
Clinical Hospital without a cancer diagnosis, aged 34 to 85 years were in control group II.
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Sample
800 patients were included in the study, 400 from the control group and 400 diagnosed with colorectal cancer.
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).

Patient Questionnaire
The research included a clinical, direct, individual, structured interview, in-depth and focused. The initial
questionnaire was a standardised measuring tool veri�ed by testing 30 patients for one month. The questions
were open-ended, single and multiple-choice and aimed at obtaining demographic, epidemiological, lifestyle and
risk behaviour data, as well as risk factors.

BMI assessment
Body mass index (BMI) in kg/m2 was calculated from the baseline height and weight and divided into three
categories as per the WHO standard: regular (< 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 �ve times a week, moderate or intense physical effort performed for > 45 minutes on at > 5
days a week, undertaking 18–27 hours of metabolic effort (MET) equivalent per week (hour of jogging, cycling,
tennis, swimming − 7 MET, an hour of aerobics, lawn mowing − 6 MET, 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 EPIC (European
Prospective Investigation into Cancer and Nutrition), IARC (International Agency for Research on Cancer) and
WCRF (World Cancer Research Fund), which included: smoking (never smoking, passive smoking, active
smoking, age at which they started and stopped smoking, number of cigarettes smoked), weekly alcohol
consumption based on a relatively safe portion of pure alcohol per day for men (20 g) and for women (10 g),
i.e.one glass of wine, a glass of beer, a small glass of strong alcohol. A portion is an equivalent of 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 with vegetable and fruit consumption guidelines de�ned as eating more than 2 portions of
fruit and 5 portions of vegetables per day or 400–800 g daily, consumption of 600–800 g of �bre 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 formation of
decision rules and conclusions. The graphic interface was created with the use of a programming language
JavaFx, which allows creation of advanced forms using the CSS styles.

Ethical concerns
The study received an approval from the Ethics Committee. Participants took part in the study voluntarily and
anonymously, and the information of the right to refuse or withdraw from the study at any time was provided to
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them. Each participant received information about the study objective and the time of study termination.

Data analysis
Prism 4.0 software was used to obtain and analyse data. Con�dence intervals and descriptive statistics were
used for participant characteristics, demographics and prevalence of needs analysis. Statistical characteristics
of continuous variables are presented in the form of arithmetic means, standard deviations, medians. Step and
qualitative variables statistical characteristics were presented as numerical and percentage distributions.
Cronbach’s α composite scales and subscales were used for assessment of internal consistency. Linear
regression was used to analyse the relations between unmet needs and quality of life. The repeatability of
answers to individual questions was assessed with Kappa Cohen statistics. The correlations were determined
using the Pearson test, while χ 2 was used for the comparison between the groups. Signi�cance was assessed
at the level of P < 0.05. Missing data were removed from analyses.

Results
Demographic data

The study group consisted of 800 people, 400 cases and 400 of the control group. The average 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 linked to the risk of developing colorectal cancer. The colorectal cancer incidence correlated
with the place of residence (p < 0.0001) and the level of education (p < 0.0001). The general incidence of
colorectal cancer was signi�cantly higher for those with low educational attainment and those in the
countryside compared to the corresponding groups. Table 1 shows other descriptive statistics obtained from the
studied group.
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Table 1
Descriptive statistics of the examined group of patiens.

Demographic Information Cases (n = 400) Controls I (n = 200) Controls II (n = 200) P

Characteristics % (N)  

Sex  

women 40% (160) 37% (74) 88% (176) 0,21

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) 0,12

95%CI < 34; 82> < 34; 79> < 35; 85>

Place of residence  

city 27% (108) 49% (98) 36% (72) 0,01

village 73% (292) 51% (102) 64% (128)

Financial situation  

very good 7% (28) 4% (8) 20% (40) 0,19

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) 0,07

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) 0,01

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) 0,62

widowed 70% (280) 12% (24) 11% (22)
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Demographic Information Cases (n = 400) Controls I (n = 200) Controls II (n = 200) P

unmarried 11% (44) 34% (68) 24% (48)

Source of income  

professionally active 33% (132) 31% (62) 65% (130) 0,59

annuity 13% (52) 20% (40) 12% (24)

unemployed 7% (28) 18% (36) 9% (18)

retirement 47% (188) 31% (62) 14% (28)

 

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 clearly associated with the colorectal cancer risk (Table 2,3).

Table 2
The occurrence of neoplasms in the respondents' family.

Family history of diseases Cases

(n = 400)

Controls I

(n = 200)

Controls II (n = 200) RR

(95% CI)

P

Characteristics /% (N)  

Family history of polyps  

No 92% (368) 99% (198) 100% (200) 1,0  

Yes 8% (32) 1% (2) 0% (0) 1,03 (0,88 − 1,22) 0,19

Cancer family history  

No 53% (212) 40% (80) 69% (138) 1,26 (0,84 − 1,89) 0,71

Yes 47% (188) 60% (120) 31% (62) 1,15 (0,96 − 1,40) 0,21
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Table 3
The occurrence of neoplasms in the respondents' family.

Type of cancer Cases

(n = 400)

Controls I

(n = 200)

Controls II (n = 200) P

Characteristics /% (N)

Nervous system 0% (0) 1% (2) 3% (6) 0.55

Lung 0% (0) 10% (20) 24% (48) 0.41

Colorectal 15% (60) 9% (18) 15% (30) 0.71

Oral cancer 0% (0) 4% (8) 1% (2) 0.91

Breast 23% (92) 14% (28) 20% (40) 0.88

Ovary 10% (40) 13% (26) 10% (20) 0.54

Prostate 14% (56) 11% (22) 5% (10) 0.91

Pancreas 13% (52) 6% (12) 0% (0) 0.44

Liver 14% (56) 6% (12) 0% (0) 0.91

Skin 1% (4) 0% (0) 2% (4) 0.74

 
Personal medical history

An important element of the analysis was the assessment of the occurrence of diseases increasing colorectal
cancer risk among the studied subjects. There was a clear positive association between the incidence of
ulcerative colitis and the risk of colorectal cancer (p < 0.001) (Table 4).

Table 4
History of illness among the respondents.

Recognized diseases Cases

(n = 400)

Controls I

(n = 200)

Controls II (n = 200) P

Characteristics /% (N)

Diabetes 11% (44) 21% (42) 29% (58) 0,99

Ulcerative colitis 71% (284) 1% (2) 4% (8) 0,01

Crohn's disease 18% (72) 0% (0) 0% (0) 0,41

Intestinal polyps 10% (40) 0% (0) 0% (0) 0,55

Hypertension 16% (64) 26% (52) 45% (90) 0,88

Heart arythmia 4% (16) 4% (8) 18% (36) 0,74

Rheumatic disease 0% (0) 0% (0) 4% (8) 0
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Bodyweight and physical activity

60% of patients had BMI greater than 25 kg / m2, 20% in control group I, while in group II 35%. Increasing BMI
was linked to an increased risk of colorectal cancer (p = 0.01). Among obese subjects, the colorectal cancer risk
was 1.27 (95% CI, 1.06–1.53) compared with non-obese subjects. Of the patients, 29% did not meet the
guidelines for moderate activity, 47% did not meet the guidelines for energetic activity, while control group II was
more likely to follow them. Patients and subjects from the control group I spent more hours a day in a sitting
position (Table 5).
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Table 5
Life style of the respondents.

Variables Cases

(n = 400)

Controls I

(n = 200)

Controls II (n = 200) RR

(95% CI)

P

Characteristics /% (N)  

BMI  

< 25 40% (160) 80% (160) 65% (130) 1,26 (0,84 − 1,89) 0,71

25,0–29,9 25% (100) 14% (28) 23% (46) 1,09 (0,92 − 1,28) 0,59

≥ 30 35% (140) 6% (12) 12% (24) 1,27 (1,06 − 1,53) 0,01

Metabolic equivalent of MET effort per week  

< 10 MET 82% (328) 62% (124) 51% (102) 1,26 (0,84 − 1,89) 0,59

10–17 MET 9% (36) 31% (62) 29% (58) 1,10 (0,87 − 1,39) 0,59

18–27 MET 9% (36) 7% (14) 20% (40) 0,58 (0,36 − 0,95) 0,14

Weekly activity time  

Lack of activity 29% (116) 24% (48) 9% (18) 0,93 (0,63 − 1,38) 0,53

5 days a week for 30 minutes 47% (188) 38% (76) 67% (134) 1,83 (0,52 − 6,50) 0,16

5 days a week for 1 hour 9% (36) 31% (62) 15% (30) 0,63 (0,97 − 1,10) 0,16

7 days a week for 30 minutes 9% (36) 7% (14) 9% (18) 0,60 (0,32 − 1,10) 0,32

Seating hours / day  

1–2 38% (152) 32% (64) 72% (144) 0,81 (0,65 − 1,0) 0,53

3–5 32% (128) 41% (82) 22% (44) 0,93 (0,63 − 1,38) 0,53

6–8 11% (44) 7% (14) 4% (8) 2,07 (1,14 − 3,77) 0,10

> 8 19% (76) 20% (40) 2% (4) 1,26 (0,84 − 1,89) 0,53

Stress

Acute 31% (124) 9% (18) 27% (54) 1,16 (0,94 − 1,42) 0,73

Chronic 20% (80) 20% (40) 53% (106) 0,70 (0,33 − 1,51) 0,88

 

Substance Use

30% of patients were smokers, 21% in control group I and 8% in control group II. Only the group 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 signi�cantly more often smokers (p < 0.0001), and those groups
started smoking at an early age (p = 0.03) signi�cantly more often. An association has been noticed between
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cigarette smoking and the risk of developing colorectal cancer. The relative risk for smokers was 2.17 (95% CI,
1.79–2.66). The colorectal cancer risk was signi�cant when smoking more than 30 cigarettes per day (p = 0.01).
There was no signi�cant association between alcohol consumption and the risk of colorectal cancer (Table 6).
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Table 6
Life style of the respondents.

Variables Cases

(n = 400)

Controls I

(n = 200)

Controls II (n = 200) RR

(95% CI)

P

Characteristics /% (N)  

Smoking  

Never 16% (64) 37% (74) 58% (116) 0,98 (0,75 − 1,28) 0.94

Passive smoking 40% (160) 46% (92) 7% (14) 1,11 (0,80 − 1,54) 0.94

An active smoker 30% (120) 21% (42) 8% (16) 2,17 (1,79 − 2,66) 0,01

Former smoker 47% (188) 31% (62) 27% (54) 0,98 (0,75 − 1,28) 0.94

Age at the start of regular smoking

10–14 years 7% (28) 0% (0) 0% (0) 1,11 (0,80 − 1,54) 0,03

15–20 years 33% (132) 20% (40) 4% (8) 1,27 (1,06 − 1,53) 0,59

21–25 years 7% (28) 3% (6) 8% (16) 1,05 (0,90 − 1,22) 0,52

> 25 years 53% (212) 77% (154) 88% (176) 2,18 (1,80 − 2,65) 0,94

Burning time

< 10 years 7% (28) 55% (110) 25% (50) 0,64 (0,30 − 1,35) 0,62

10–20 years 20% (80) 14% (28) 64% (128) 1,16 (0,72–1,87) 0,65

> 20 years 73% (292) 31% (62) 11% (22) 3,42 (1,91 − 6,11) 0,01

Number of cigarettes smoked

up to 10 cigarettes a day 7% (28) 16% (32) 12% (24) 1,05 (0,90 − 1,22) 0,12

from 10 to 20 a day 20% (80) 43% (86) 70% (140) 1,11 (0,80 − 1,54) 0,59

over 30 a day 73% (292) 41% (82) 18% (36) 2,18 (1,80 − 2,65 0,01

Consuming alcohol  

Abstinent 33% (132) 43% (86) 39% (78) 0,98 (0,75 − 1,28) 0.94

30 ml of vodka daily 14% (56) 3% (6) 4% (8) 0,88 (0,68 − 1,14) 0,12

100 ml of wine daily 14% (56) 9% (18) 7% (14) 3,42 (1,91 − 6,11) 0,52

380 ml of beer a day 0% (0) 9% (18) 10% (20) 1,51 (0,80 − 2,86) 0,94

60 ml of vodka daily 0% (0) 9% (18) 2% (4) 1,20 (0,73 − 1,98) 0,94

200 ml of wine a day 14% (56) 6% (12) 24% (48) 1,33 (0,75 − 2,36) 0,59

700 ml of beer a day 14% (56) 6% (12) 6% (12) 1,64 (0,97 − 2,79) 0,12

More 11% (44) 15% (30) 8% (16) 1,13 (0,83 − 1,56 0,59
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Diet

There were no signi�cant associations with the consumption of vegetables and fruits and the way food was
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 consumption of red meat and the colorectal cancer risk (p = 0.01) (Table 7).

Table 7
Eating habits among the respondents.

Variables Cases

(n = 400)

Controls I

(n = 200)

Controls II (n = 200) RR

(95% CI)

P

Characteristics /% (N)  

Fresh vegetables, fruits  

several times every day 47% (188) 23% (46) 41% (82) 1,06 (0,76 − 1,48) 0,18

daily once a day 20% (80) 37% (74) 29% (58) 0,95 (0,67 − 1,36) 0,21

often several times a week 33% (132) 40% (80) 30% (60) 0,92 (0,65 − 1,29) 0,17

Preparation of dishes  

boiled / steamed 47% (188) 37% (74) 57% (114) 1,30 (0,92 − 1,84) 0,20

fried 20% (80) 30% (60) 18% (36) 1,38 (0,98 − 1,95) 0,55

baked 13% (52) 30% (60) 26% (52) 1,07 (0,74 − 1,56) 0,73

grilled 20% (80) 3% (6) 5% (10) 1,48 (0,76 − 2,87) 0,71

Fatty meals  

daily 87% (348) 54% (108) 51% (102) 1,53 (0,84 − 2,77) 0,01

a few times a week 7% (28) 31% (62) 33% (66) 1,45 (1,19 − 1,77) 0,41

several times a month 6% (24) 15% (30) 16% (32) 1,27 (1,03 − 1,56) 0,37

Consumption of salt  

< 6 g/day 11% (44) 7% (14) 27% (54) 1,07 (0,88 − 1,31) 0,91

> 6 g/day 89% (356) 93% (186) 73% (146) 1,16 (0,94 − 1,42) 0,01

Consumption of red meat  

< 80 g/ day or 500 g/week 13% (52) 46% (92) 66% (132) 1,77 (1,04 − 3,03) 0,82

> 80 g/ day or > 500g/week 87% (348) 54% (108) 34% (68) 2,28 (1,23 − 4,24) 0,01
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Discussion
Colorectal cancer, cancer of the colon or rectum, is the third most frequent cancer in men and the second in
women, and per the World Health Organization database GLOBOCAN, it accounts for about 1.4 million new
diagnoses annually worldwide. The occurrence of colorectal cancer is associated with non-modi�able risk
factors, including age and hereditary, and modi�able factors related to the environment and lifestyle [13, 14, 15].

Age is a main risk factor for sporadic CRC. Colorectal cancer is rare among patients younger than 40 years, the
incidence increases signi�cantly between 40 and 50 years, and incidence rates increase with each subsequent
decade. In people over the age of 50 more than 90% of colorectal cancer cases occur. The incidence is over 50
times higher in people aged 60 to 79 than in people under 40 [15, 16]. The above data were con�rmed by our
research that shows that a clear peak of incidents occurred in the age groups of 56–66 (53%) and 67–77 (33%),
which was emphasized by the results regarding the age of onset in the control groups. More recent data from
SEER database suggest that the incidence of CRC is becoming higher in the age group under 50 and it is
decreasing in older groups. The incidence of CRC in men and women under the age of 50 in the United States
continued to increase at a rate of 2% annually from 1995 to 2016. Registries show an increased incidence of
CRC among young adults aged 20–39 years, although the total number of cases in this age group remains
signi�cantly lower than that of adults aged 50 years and older [17–26]. Most cases of colorectal cancer occur in
people with no family history of colorectal cancer or a predisposing disease, as our research con�rms. Family
history of cancer was not signi�cantly associated 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. However, up to 30% of people who develop bowel
cancer have other family members affected by the disease. People who have history of colorectal cancer or
adenomatous polyps in �rst-degree relatives are at increased risk. About 5 to 10% of colorectal cancer cases are
a consequence of known hereditary diseases, eg. familial adenomatous polyposis (FAP) and hereditary
colorectal cancer (HNPCC) [15, 16].

Neoplastic colon polyps are precursors of colorectal cancer. The colorectal adenoma risk in the US population is
almost 19%. Almost 95% of sporadic colorectal cancers develop as a result of these adenomas. A history of
adenomas in a subject increases risk of developing colorectal cancer than patients who had no history of
adenomas [15, 16]. Besides, patients with chronic in�ammatory 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 (con�dence interval):
23.1 to 49.1) than patients with Crohn's disease (HR = 5.8, 95% CI: 3.2–10.4) [27–36]. Our research con�rms the
above results. There was a strong positive association between the occurrence of ulcerative colitis and the risk
of colorectal cancer. Compared to control groups, colorectal polyps (10%), ulcerative colitis (71%) and Crohn's
disease (18%) were signi�cantly more frequent among patients with colorectal cancer.

Colorectal cancer is considered to be an environmental disease involving cultural, social and lifestyle factors
[15, 16]. Low socioeconomic status is linked to an increased risk of developing CRC. In a study by Doubeni et al.,
it was estimated that the risk of CRC increased by approximately 30% in the lowest socioeconomic status
quintile compared to the highest. The overall incidence of CRC was clearly higher among those with low
educational attainment or living in low socioeconomic districts [37, 38]. Very similar results were obtained by
Kawakatsu et al., who showed that lower socioeconomic status was associated with an increased risk of
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gastrointestinal cancer. Compared to people with lower education, people with higher education had a
statistically signi�cantly lower risk of developing colorectal cancer 0.52 (0.38–0.71) [39]. Our research
con�rmed the above results. Colorectal cancer mainly affected people with vocational (43%) or primary (27%)
education and with an unsatisfactory economic situation. The differences were signi�cant compared to the
control groups.

Possibly modi�able factors such as lack of physical activity and healthy diet, smoking and obesity are thought
to account for a signi�cant part (30–50%) of the socioeconomic imbalance in the risk of developing CRC [37,
38, 40]. Diet strongly in�uences the risk of colorectal cancer. A diet high in fat, especially animal fats, high-
temperature meal preparation, red meat, and diets low in fruit and vegetables are major risk factors for
colorectal cancer [15, 16]. In 2015, the International Agency for Research on Cancer of the World Health
Organization (IARC) studied the evidence linking the consumption of red and processed meat to CRC and
classi�ed the consumption of processed meat as carcinogenic to humans and the consumption of red meat as
possibly carcinogenic. This was echoed in the 2020 report. In 2018, the World Cancer Research Fund / American
Institute for Cancer Research (WCRF / AICR) also 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
classi�ed as probable. It has been estimated that for every 50 grams of processed meat consumed daily, the risk
of developing CRC increases by about 16%, and for every 100 grams of red meat consumed daily, it increases by
about 12%. For colon cancer, these estimates were 23% and 22%, respectively [41, 42]. Prospective studies have
shown a relative risk (RR) of 1.22 among those who eat the most red and processed meats [43]. A meta-analysis
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) [44]. While red meat is rich in fats and in�ammatory substances
such as omega-6, most carcinogens likely come from high-temperature cooking, curing, and smoking [45]. Our
research found no signi�cant correlation between fruit and vegetable consumption 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 = 0.01).

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.
Studies have shown that 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 [27, 46]. A meta-analysis of 13 cohort studies showed that a 5 kg increase in body weight was
associated with a 3% increase in the risk of CRC [44]. 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 [47]. 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 [48]. An analysis by Nunez et al. showed that the group with
the highest BMI was associated with an increased risk of colon cancer [49]. Our studies showed that increasing
BMI was associated with an increased risk of colorectal cancer (p = 0.01). Among obese subjects, the risk of
developing colorectal cancer was 1.27 (95% CI, 1.06–1.53) compared with non-obese subjects. Of the patients,
29% did not meet the guidelines for moderate physical activity and spent more hours per day sitting in a class.
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In 2009, the IARC concluded that smoking does cause colon cancer. It has been found that the relative risk of
CRC with regular smoking is 1.18 [27]. A recent meta-analysis 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 non-smokers and smokers [50]. In a meta-analysis 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) [51]. 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 [52]. In our research, patients and control group I was signi�cantly more often
smokers (p < 0.0001), and those groups started smoking at an early age (p = 0.03) signi�cantly more often.

As with smoking, regular consumption of alcohol may be associated with an increased risk of developing
colorectal cancer [15]. People who drink 2–3 alcoholic drinks a day have a 20% higher risk of developing CRC,
while those who drink 2–3 drinks a day have this risk increased to 40% [27]. Several studies have found an
association between alcohol consumption and an increased risk of CRC. A meta-analysis of 27 cohort studies
and 34 case-control studies found that compared to those who never drank, there was a signi�cant increase in
the risk of CRC for moderate (two to three 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) [53].
These results are consistent with other summary analyses [54–56]. However, contrary to previous studies, the
dose-response analysis showed a signi�cant 7% increase in the risk of CRC even in light drinkers (RR with 10 g /
day ethanol consumption 1.07 [95% CI 1.04–1.10] [57–59] Alcohol consumption was not signi�cantly
associated with the risk of colorectal cancer in our studies.

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 two 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, physical activity was validated. Our research
should be interpreted as exploratory.

Conclusions
1. 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.
2. 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 �ndings provide further evidence of the
importance of maintaining a healthy lifestyle.

3. 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.

4. This analysis con�rms the importance of independently following strict guidelines for physical activity,
achieving and maintaining a healthy BMI, and adhering to dietary recommendations.
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